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The National Center for Environmental Assessment has prepared this handbook to 

address factors commonly used in exposure assessments. This handbook was first published in 

1989 in response to requests from many EPA program and regional offices for additional 

guidance on how to select values for exposure factors. 

Several events have sparked the efforts to revise the Exposure Factors Handbook. 

First, since its publication in 1989, new data have become available. Second, the Risk 

Assessment Council issued a memorandum titled "Guidance on Risk Characterization for Risk 

Managers and Risk Assessors" dated February 26, 1992 which emphasized the use of multiple 

descriptors of risk (i.e., central tendency, high end of individual risk, population risk, 

important subpopulations). Third, EPA published the final Guidelines for Exposure 

Assessment. 

As part of the efforts to revise the handbook, the EPA Risk Assessment Forum 

sponsored a two-day peer involvement workshop which was conducted during the summer of 

1993. The workshop was attended by 57 scientists from academia, consulting, private 

industry, the states, and other federal agencies. The purpose of the workshop was to identify 

new data sources, discuss adequacy of the data and the feasibility of developing statistical 

distributions and establish priorities. 

As a result of the workshop, two new chapters have been added to the handbook. These 

chapters are: consumer products use and the reference residence. This document also 

provides a summary of the available data on consumption of drinking water; consumption of 

fruits, vegetables, beef, dairy products, and fish, soil ingestion; inhalation rates; skin surface 

area; lifetime; activity patterns; and body weight. 
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1. INTRODUCTION 

1.1. BACKGROUND 

The Exposure Factors Handbook is intended to serve as a support document to EPA' s 

Guidelines for Exposure Assessment (U.S. EPA, 1992) by providing data on standard factors 

that may be needed to calculate human exposure to toxic chemicals. The Guidelines were 

developed to promote consistency among the various exposure assessment activities that are 

carried out by the various EPA program offices. This handbook should assist in this goal by 

providing a consistent framework to calculate dose. 

The handbook is organized by grouping the factors into those needed for each specific 

route of exposure (i.e., ingestion, inhalation, or dermal), or those needed for more than one 

route. Finally, procedures for analyzing uncertainty in exposure assessments are presented. 

The Exposure Factors Handbook is an extension of earlier efforts towards standardizing 

the Agency's exposure assessment calculations sponsored by the Exposure Assessment Group, 

Office of Health and Environmental Assessment, Office of Research and Development. 

U.S. EPA (1985) presents detailed information on body weight, body surface area, and 

respiration rate in the report "Development of Statistical Distributions or Ranges of Standard 

Factors Used in Exposure Assessments." The results of this earlier study are incorporated into 

this handbook. 

This handbook is the update of an earlier version prepared in 1989. Revisions, 

updates,· and additional information are reflected through, but not limited to, the following 

areas: 

• 
• 
• 
• 
• 

• 

• 

addition of drinking water rates for children; 
changes in soil ingestion rates for children; 
addition of soil ingestion rates for adults; 
addition of tapwater consumption for adults and children; 
addition of mean daily intake of food class and subclass by region, age and per 
capita rates; 
addition of mean moisture content of selected fruits, vegetables, grains, fish, 
meat and dairy products; 
addition of food intake by class in dry weight per day; 
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• 
• 
• 
• 
• 
• 

update of homegrown food intake; 
expansion of data in the dermal chapter; 
update of fish intake data; 
expansion of data for time spent at residence; 
update of body weight data; 
update of population mobility data; 

f DRAFr I , DO BOT QUOTE OR 
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• addition of new data for average time spent in different locations and various 
microenvironments; 

• 
• 
• 
• 

addition of data for occupational mobility; 
addition of breast milk ingestion; 
addition of consumer product use; and 
reference residence factors . 

The 1989 Exposure Factors Handbook was divided into two parts: Part I which 

provided the equations and data on factors used in assessing exposure by ingestion, inhalation, 

and dermal routes; and Part II which demonstrated how to apply the standard factor statistics 

summarized in Part I to specific exposure scenarios. During the workshop held in 1993, 

panelists were provided with several options for revising Part II of the handbook. These 

options were: 

• present methods (i.e., equations) but no values for assessing exposures; 
• list examples of exposure scenarios 
• list exposure scenarios that represent current exposure assessment methods with 

default values; and 
• eliminate Part II. 

About half of the participants recommended eliminating Part II of the handbook. One 

of the major concerns with Part II was that the values used in the standard scenarios may 

become default values and that this will discourage risk assessors from accounting for the 

uniqueness of site-specific situations. Therefore, this revised version of the handbook does not 

include standard scenarios. However, the methods and equations have been included in the 

relevant parts of the document. A separate guidance document and a series of technical 

support documents that illustrate the process for constructing risk descriptors are currently 

under development. 
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This handbook is a compilation of available data from a variety of different studies. 

With very few exceptions, the data presented in this handbook are the analyses done by the 

authors of the studies or papers. No additional analyses of the raw data were conducted by the. 

authors of this Handbook. The studies (e.g., surveys, papers, etc.) discussed in this Handbook 

to define a particular factor were grouped into Key Studies and Other Relevant Studies 

depending on the adequacy of the data and its applicability to the exposure factor being 

evaluated. The recommended values for each exposure factor are based on the results of the 

Key Studies. The strengths and limitations of each study are discussed to provide the reader 

with a better understanding of the uncertainties associated with the values derived from each 

one of these studies. For some exposure factors, data are so limited that studies could not be 

grouped into Key or Relevant. In those cases, the recommended values for the exposure factor 

are based on the data available. 

Since the studies included in this Handbook varied in terms of their objectives, design, 

scope, presentation of results, etc., the level of detail and the statistics discussed in this 

Handbook for each study may vary from study to study. For example, some authors used 

geometric means to present their results, while others used means or distributions. To the 

extent possible, every effort was made to present discussions and results in a consistent 

manner. 

Terms that have been used to describe racial populations may include a number of 

different terminologies for the same population. However, to avoid misreporting results of the 

studies, the classifications reported in this Handbook are ones as reported in the original 

reference source. 

Some of the steps for performing an exposure assessment are (1) determining the 

pathway of exposure, (2) identifying the environmental media which transports the 

contaminant, (3) determining the contaminant concentration, (4) determining the exposure 

time, frequency, and duration, and (5) identifying the exposed population. Many of the issues 

related to characterizing exposure from selected exposure pathways have been addressed in a 

number of existing EPA guidance documents include, but not limited to are the following: 
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• Dermal Exposure Assessment: Principles and Applications (U.S. EPA 1992b); 
• Guidance for Dermal Exposure Assessment (U.S. EPA 1992c); 
• Methodology for Assessing Health Risks Associated with Indirect Exposure to 

Combustor Emissions (U.S. EPA, 1990); 
• Risk Assessment Guidance for Superfund (U.S. EPA, 1989); 
• Estimating Exposures to 2,3,7,8-TCDD (U.S. EPA, 1988a); 
• Superfund Exposure Assessment Manual (U.S. EPA, 1988b); 
• Selection Criteria for Models Used in Exposure Assessments (U.S. EPA 

1988c); 
• Selection Criteria for Mathematical Models Used in Exposure Assessments 

(U.S. EPA 1987); 
• Standard Scenarios for Estimating Exposure to Chemical Substances During Use 

of Consumer Products (U.S. EPA 1986); 
• Pesticide Assessment Guidelines, Subdivisions Kand U (U.S. EPA, 1984, 

1986); and 
• Methods for Assessing Exposure to Chemical Substances (U.S. EPA, 1983). 

These documents serve as valuable information resources to assist in the assessment of 

exposure. The reader is encouraged to refer to them for a more detailed discussion. 
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The definition of exposure as used in the Guidelines (U.S. EPA, 1992) is "condition of 

a chemical contacting the outer boundary of a human." This means contact with the visible 

exterior of a person such as the skin, and openings such as the mouth, nostrils, and lesions. 

The amount of chemical ingested, inhaled, or in material applied to the skin is called potential 

dose. Starting with a general integral equation for exposure (U.S. EPA 1992), several dose 

equations can be derived depending upon boundary assumptions. One of the more useful of 

these derived equations is the Average Daily Dose (ADD). The ADD, which is used for many 

noncancer effects, averages the total dose over the period of dosing. The ADD can be 

calculated by averaging the potential dose (Dp0 J over body weight and an averaging time. 

(1-1) ADDpot - [Total Dose]/[Body Weight x Averaging Time] 

For effects such as cancer, where the biological response is usually described in terms 

of lifetime probabilities, even though exposure does not occur over the entire lifetime, doses 

are often presented as lifetime average daily doses (LADDs). The LADD takes the form of 

the equation 1-1 with lifetime replacing averaging time. The LADD is a very common term 

used in carcinogen risk where linear non-threshold models are employed. 

The total dose can be expanded as follows: 

(1-2) Total Dose = Contaminant Concentration x Intake Rate x Exposure Duration 

Contaminant concentration is the concentration of the contaminant in the medium (air, 

food, soil, etc.) contacting the body and has units of mass/volume or mass/mass. 

The intake rate refers to the rates of inhalation, ingestion, and dermal contact 

depending on the route of exposure. For ingestion, the intake rate is simply the amount of 

food containing the contaminant of interest that an individual ingests during some specific time 

period (units of mass/time). Much of this handbook is devoted to standard rates of ingestion 

for some broad classes of food. For inhalation, the intake rate is the rate at which 
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contaminated air is inhaled. Factors that affect dermal exposure are the amount of material 

that comes into contact with the skin, and the rate at which the contaminant is absorbed. 

The exposure duration is the length of time that contaminant contact lasts. The time a 

person lives in an area, frequency of bathing, time spent indoors vs. outdoors, etc. all affect 

the exposure duration. The Activity Patterns Section (Section 5.3) gives some examples of 

population behavior patterns, which may be useful for estimating exposure durations to be 

used in the exposure calculations. 

When the above parameter values remain constant over time, they are substituted 

directly into the dose equation. When they change with time, a summation approach is needed 

to calculate dose. In either case, the exposure duration is the length of time exposure occurs at 

the concentration and intake rate specified by the other parameters in the equation. 

Dose can be expressed as a total amount (with units of mass, e.g., mg) or as an dose 

rate in terms of mass/time (e.g., mg/day), or as a rate normalized to body mass (e.g., with 

units of mg of chemical per kg of body weight per day (mg/kg-day)). The LADD is usually 

expressed in terms of mg/kg-day or other mass/mass-time units. 

In using the LADD, the upper-bound cancer risk is estimated by adjusting the exposure 

to account for absorption into the body and multiplying by the slope factor of the 

dose-response function. Since the slope factor is derived on the basis of administered dose, the 

dose should be expressed on a comparable basis. If the absorption from the medium used in 

the animal studies is the same as that occurring in the human exposure scenario, no adjustment 

is needed. 

The lifetime value used in the above equation is the period of time over which the dose 

is averaged. For carcinogens, this should represent the average life expectancy of the exposed 

population. For dose estimates to be used for assessments other than carcinogenic risk, 

different averaging periods are frequently used. For acute exposures, the administered doses 

are usually averaged over a day or single event. For chronic noncancer effects, the time 

period used is the actual period of exposure. The objective in selecting the averaging time is 

to express the dose in a way which makes it comparable to the dose-response relationship used 

in conjunction with the dose estimate to calculate risk. 
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The body weight used to calculate the potential dose in the above equation should 

reflect the average weight of the exposed population during the time when the exposure 

actually occurs. If the exposure occurs continuously throughout an individual's life or only 

during the adult ages, using an adult average weight of 70 kg should provide sufficient 

accuracy. However, when the exposure is limited to childhood, the weight representing those 

ages should be used. Body weight is covered in more detail in the section on other factors 

needed for exposure calculations in Section 5. 

Some of the parameters used in estimating exposure (primarily concentrations) are 

exclusively site specific, and therefore default recommendations could not be used. 

Note that only the average body weight value is recommended under the set of values 

for the parameter ranges. Since the body weight appears in the denominator of the dose 

equation, a smaller value would lead to larger doses. This would make the combination of 

values used in the high-end estimate less likely, since the combination of low body weight and 

high consumption (or inhalation) rates is not likely to occur. 

Similarly, only the average lifetime value is recommended under the set of values for 

the parameter ranges. Use of a short lifetime estimate in the high-end estimate scenario could 

be unlikely in conjunction with a long exposure duration assumption. Additionally, certain 

lifetime assumptions are made in derivation of the cancer potency factor. Sorting out how to 

maintain consistency between the dose and potency values while adjusting lifetime over a 

relatively narrow range implies more precision than is appropriate in risk assessment. 

The link between the intake rate value and the exposure duration value is a common 

source of confusion in defining exposure scenarios.· It is important to define the duration 

estimate so that it is consistent with the intake rate: 

• The intake rate can be based on an individual event, such as 100 g of fish eaten 
per meal. The duration should be based on the number of events or, in this 
case, meals. 

• The intake rate can also be b~sed on a long-term average, such as 10 g/day. In 
this case the duration should be based on the total time interval over which the 
exposure occurs. 
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The objective is to define the terms so that when multiplied together they give the 

appropriate estimate of mass of contaminant contacted. This can be accomplished by basing 

the contact rate on either a long-term average (chronic exposure) or an event (acute exposure) 

basis, as long as the duration value is selected appropriately. Consider the case in which a 

person eats a 100-g fish meal every 10 days (long-term average is 10 g/day) for 40 years: 

(100 g/meal) (meal/10 days) (365 days/year) (40 years) = 146,000 g 

(10 g/day) (365 days/year) (40 years) = 146,000 g 

Thus, a duration of either 36.5 meals/year or 365 days/year could be used as long as it is 

matched with the appropriate intake rate. 

Normally, exposure scenarios such as those presented in this document are used to 

estimate individual risks. If the scenario is considered representative of a population, then the 

population risk is estimated by multiplying the individual risk by the population size. Note 

that exposure duration less than an individual's lifetime were typically recommended. In these 

cases, the population risk must be computed using the total population exposed over a 70-year 

period. For example, if the exposure duration is assumed to last 10 years for an individual, 

the exposed population over 70 years could be 7 people since a different person could be 

exposed during each 10-year period. 

1.3. ORGANIZATION 

The handbook is organized as follows: 

Chapter 2 

Chapter 3 

Chapter 4 

Chapter 5 

Provides factors for estimating human exposure to toxic compounds 
through ingestion of contaminated water, food and soil. 

Provides factors for estimating exposure as a result of inhalation of 
vapor and particulates. 

Presents factors for estimating dermal exposure to environmental 
contaminants that come in contact with the skin. 

Provides additional factors which are not presented in Chapters 2, 3,, 
and 4, but are necessary to calculate exposure from ingestion, inhalation 
and dermal exposure routes. 
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Chapter 6 

Chapter 7 

Chapter 8 

Presents data on consumer product use. 
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Presents factors used in estimating residential exposures. 

Presents an analysis of uncertainty and discusses methods that can be 
used to evaluate and present the uncertainty associated with exposure 
scenario estimates. 

1-9 



D~ •• ·- 7' 

1.4. REFERENCES FOR CHAPTER 1 

'

I DO NOT QU(l'rE OR 
•·CITE --------' 

U.S. EPA. (1983-1989) Methods for assessing exposure to chemical substances. 
Volumes 1-13. Washington, DC: Office of Toxic Substances, Exposure Evaluation 
Division. 

U.S. EPA. (1984a) Pesticide assessment guidelines subdivision K, exposure: reentry 
protection. Office of Pesticide Programs, Washington, DC. EPA/540/9-48/001. 
Available from NTIS, Springfield, VA; PB-85-120962. 

U.S. EPA. (1985) Development of statistical distributions or ranges of standard 
factors used in exposure assessments. Washington, DC: Office of Health and 
Environmental Assessment. EPA No. 600/8-85-010. Available from: NTIS, 
Springfield, VA. PB85-242667. 

U.S. EPA. (1986) Standard scenarios for estimating exposure to chemical substances during 
use of consumer products. Volumes I and II. Washington, DC: Office of Toxic 
Substance, Exposure Evaluation Division. 

U.S. EPA. (1986) Pesticide assessment guidelines subdivision U, applicator exposure 
monitoring. Office of Pesticide Programs, Washington, DC. EPA/540/9-87/127. 
Available from NTIS, Springfield, VA; PB-85-133286. 

U.S. EPA. (1987) Selection criteria for mathematical models used in exposure assessments: 
surface water models. Exposure Assessment Group, Office of Health and 
Environmental Assessment, Washington, DC. WPA/600/8-87/042. Available from 
NTIS, Springfield, VA; PB-88-139928/ AS. 

U.S. EPA. (1988a) Estimating exposure to 2,3,7,8-TCDD. Office of Health and 
Environmental Assessment, Washington, DC. EPA/600/6-88/00SA. Available from 
NTIS, Springfield, VA; PB-88-231196/ AS. 

U.S. EPA. (1988b) Superfund exposure assessment manual. Office of Emergency and 
Remedial Response, Washington, DC. EPA/540/1-88/001. Available from NTIS, 
Springfield, VA; PB-89-135859. 

U.S. EPA. (1988c) Selection criteria for mathematical models used in exposure assessments: 
groundwater models. Exposure Assessment Group, Office of Health and Environmental 
Assessment, Washington, DC. EPA/600/8-88/075. Available from NTIS, Springfield, 
VA; PB-88-248752/ AS. 

1-10 



2. INGESTION ROUTE 

Contaminated water, food, and soil are potential sources of human exposure to toxic 

compounds that may be ingested. The potential dose of a toxic compound resulting from 

ingestion is a function of consumption rate, contaminant concentration, and exposure 

duration. This chapter focuses on consumption rates of broad classes of food including 

water, fruits and vegetables, beef, dairy products, and fish. 

Nondietary soil ingestion is also a potential exposure route of toxic compounds. A 

variety of studies have been conducted to estimate soil consumption rates. The results of 

these studies are also summarized in this chapter, and may be used by the assessor to 

estimate exposure to contaminants based on soil ingestion. 

2.1. DOSE EQUATION FOR JINGESTION 

The general ADDroT (average daily potential dose) equation for ingestion exposure 

on a per-unit-body weight basis is: 

where: 

ADDPOT 
c 
IR 
DF 
ED 
BW 
AT 

ADDroT = [C x IR x DF x ED]/[BW x AT] 

= average daily potential dose (mg/kg-day); 
= contaminant concentration in each medium (mg/Lor mg/g); 
= intake rate (L/day or g/day); 
= diet fraction; 
= exposure duration (days); 
= body weight (kg); and 

(Eqn. 2-1) 

= averaging time (days) for noncarcinogenic effects AT =ED, and for 
carcinogenic effects AT = 70 years or 25,550 days. 

Intake rate refers to the quantity of material consumed -per unit time. It is preferable that 

intake rates be determined for the population of interest. However, in the absence of such 

data, they can be estimated from generic rates which are derived from relevant regional 

studies or national consumption surveys. The contaminant concentration refers to the 

concentration in food or whatever is being ingested. It is determined by analyzing samples 
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from the contaminated source. The diet fraction is the fraction of material consumed from 

the contaminated source. Exposure duration refers to the time an individual ingests material 

(i.e., food, water, soil) from a contaminated source. Total exposure by ingestion is 

calculated by summing exposure from specific sources (i.e., drinking water, fruits, 

vegetables, meat, soil, etc.). 

For assessments where lifetime averaging is appropriate (such as when evaluating 

chemicals with chronic, cancer endpoints), averaging time is replaced by lifetime (LT = 70 

years x 365 days/yr), and the ADD becomes the Lifetime Average Daily Dose (LADD). 

Similar assumptions apply as for the ADD calculations. 

2.2. DRINKING WATER CONSUMPTION 

2.2.1. Background 

Drinking water is a potential source of human exposure to toxic substances. 

Contamination of drinking water may occur, for example, by percolation of toxics through 

the soil to ground water that is used as .a source of drinking water, by runoff or discharge to 

surface water that is used as a source of drinking water, intentional or unintentional addition 

of substances to treat water (e.g., chlorination), and leaching of materials from plumbing 

systems (e.g., lead). Estimating the magnitude of the potential dose of toxics from drinking 

water requires information on the quantity of water consumed. The purpose of this section is 

to describe key published studies that provide information on drinking water consumption 

(Section 2.2.2) and to provide recommendations of consumption rate values that should be 

used in exposure assessments (Section 2.2.6). 

Currently, the U.S. EPA uses the quantity of 2 L per day for adults and 1 L per day 

for infants (individuals of 10 kg body mass or less) as default drinking water intake rates 

(U.S. EPA, 1980). These rates include drinking water consumed in the form of juices and 

other beverages containing tapwater (e.g., coffee). The National Academy of Sciences 

(NAS, 1977) estimated that daily consumption of water may vary with levels of physical 

activity and fluctuations in temperature and humidity. It is reasonable to assume that some 
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individuals in physically-demanding occupations or living in warmer regions may exceed this 

level of water intake. 

Numerous studies have generated data on drinking water intake rates. In general, 

these sources support EPA's use of 2 L/day for adults and 1 Uday for children as upper

percentile tapwater intake rates. Many of the studies have reported fluid intake rates for both 

total fluids and tapwater. Total fluid intake is defined as consumption of all types of fluids 

including tapwater, milk, soft drinks, alcoholic beverages, and water intrinsic to purchased 

foods. Total tapwater is defined as food and beverages that are prepared or reconstituted 

with tapwater (i.e., coffee, tea, frozen juices, soups, etc.). Data for both consumption 

categories are presented in the sections that follow. However, for the purposes of exposure 

assessments involving source-specific contaminated drinking water, intake rates based on 

total tapwater are more representative of source-specific tapwater intake. Given the 

assumption that purchased foods and beverages are widely distributed and less likely to 

contain source-specific water' the use of total fluid intake rates may overestimate the 

potential exposure to toxic substances present only in local water supplies. 

All studies on drinking water intake that are currently available are based on short

term survey data. Although short-term data may be suitable for obtaining mean intake values 

that are representative of both short- and long-term consumption patterns, upper-percentile 

values may be different for short-term and long-term data because more variability generally 

occurs in short-term surveys. It should also be noted that most drinking water surveys 

currently available are based on recall. This may be a source of uncertainty in the estimated 

intake rates because of the subjective nature of this type of survey technique. 

The available studies on drinking water consumption are summarized in the following 

sections. They have been classified as either key studies or other relevant studies based on 

the applicability of their survey designs to exposure assessment needs. Recommended intake 

rates are based on the results of key studies, but other relevant studies are also presented to 

provide the reader with added perspective on the current state-of-knowledge pertaining. to 

drinking water intake. 
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Cantor et al. - National Cancer Institute Study - The National Cancer Institute (NCI), 

in a population-based, case control study investigating the possible relationship between 

bladder cancer and drinking water, interviewed approximately 8,000 adult white individuals, 

21-84 years of age (2,805 cases and 5,258 controls), using a standardized questionnaire 

(Cantor et al., 1987). The individuals interviewed were asked to recall the level of intake of 

tapwater and other beverages in a typical week during the winter prior to the interview. 

Total beverage intake was divided into the following two components: (1) beverages derived 

from tapwater; and (2) beverages from other sources. Tapwater used in cooking foods and 

in ice cubes was apparently not considered. Participants also supplied information on the 

primary source of the water consumed (i.e., private well, community supply, bottled water, 

etc.). The control population was randomly selected from the general population to match 

bladder cancer cases in terms of age, sex, and geographic location of residence. Although 

the control population was not entirely representative of the U.S. population as a whole, it 

was used in estimating water intake rates. The fluid intake rates for the bladder cancer cases 

were not used because their participation in the study was based on selection factors that 

could bias the intake estimates for the general population. Based on responses from 5,258 

white controls (3,892 males; 1,366 females), average intake rates for a "typical" week were 

compiled by sex, age group, and geographic region. These rates are listed in Table 2-1. 

The average total fluid intake rate was 2.01 L/day for men of which 70 percent (1.4 L/day) 

was derived from tapwater, and 1.72 L/day for women of which 79 percent (1.35 L/day) was 

derived from tapwater. The overall average adult total tapwater intake rate was 1.39 L/day. 

Frequency distribution data reported by Cantor et al. (1987) for total tapwater intake are 

presented in Table 2-2. These data suggest a 50th percentile value of approximately 1.3 

Uday and an upper percentile value of approximately 2.0 L/day (this value is between 82nd 

and lOOth percentile, based on Table 2-2; the 95th percentile intake rate was not reported by 

Cantor et al. 1987). These values represent the usual level of intake for this population of 

adults. 

A limitation associated with this data set is that the population surveyed was not 

representative of the general U.S. population. Also, the data are based on recall of behavior 
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Table 2-1. Average Total Tapwater Intake Rate by Sex, Age, and Geographic Area 

Average 
Total Tapwater 

Number of Intake a,b 
' 

Group/Subgroup Respondents L/day 

Total group 5,258 1.39 
Sex 

Males 3,892 1.40 
Females 1,366 1.35 

Age, years. 
21-44 291 1.30 
45-64 1,991 1.48 
65-84 2,976 1.33 

Geographic area 
Atlanta 207 1.39 
Connecticut 844 1.37 
Detroit 429 1.33 
Iowa 743 1.61 
New Jersey 1,542 1.27 
New Mexico 165 1.49 
New Orleans 112 1.61 
Seattle 316 1.44 
San Francisco 621 1.36 
Utah 279 1.35 

a Standard deviations not reported in Cantor et al. (1987). 
b Total tapwater defined as all water and beverages derived from tapwater. 

Source: Cantor et al., 1987. 
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Frequency Distribution of Total Tapwater Intake Ratesa . . . . ·. 

Consumption 
Rate (L/day) 

~0.80 
0.81-1.12 
1.13-1.44 
1.45-1.95 

~1.96 

Frequencyb (%) 

20.6 
21.3 
20.5 
19.5 
18.1 

Cumulative 
Frequency(%) 

20.6 
41.9 
62.4 
81.9 

100.0 

• Represents consumption of tapwater and beverages derived from tapwater in a 
"typical" winter week. 

b Extracted from Table 3 in Cantor et al. (1987). 

Source: Cantor, et al., 1987. 
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from a previous time period. This may somewhat degrade response accuracy. Other 

limitations are that the time period surveyed was 1 week in the winter when water intake 

rates may be somewhat lower than at other times of the year (i.e., summer). Finally, the 

relatively short-term nature of the survey make extrapolation to long-term consumption 

patterns difficult. 

~anada Department of Health and Welfare - Tapwater Coruumption in Canada - In a 

study conducted by the Canadian Department of Health and Welfare, approximately 1,000 

individuals were surveyed to determine the per capita total tapwater intake rates for various 

age/sex groups during winter and summer seasons (Canadian Ministry of National Health and 

Welfare, 1981). Intake rate was also evaluated as a function of physical activity. A 

representative sample of the Canadian population was surveyed based on the 1971 Canadian 

census format. Participants monitored water intake for a 2-day period (1 weekday, and 1 

weekend day) in both the summer and winter during 1977 and 1978. The amount of 

tapwater consumed was estimated based on the respondents' identification of the type and 

size of beverage container used, compared to standard sized vessels. The survey 

questionnaires included a pictorial guide to help participants in classifying the sizes of the 

vessels. For example, a small glass of water was assumed to be equivalent to 4.0 ounces of 

water, and a large glass was assumed to contain 9.0 ounces of water. The study also 

accounted for water derived from ice cubes and popsicles, and water in soups, infant 

formula, and juices. The survey did not attempt to differentiate between tapwater consumed 

at home and tapwater consumed away from home. The survey also did not attempt to 

estimate intake rates for fluids other than tapwater. Consequently, no intake rates for total 

fluids were reported. 

For adults (over 18 years old) only, the average total tapwater intake rate was 1.49 

L/day, and the 90th percentile rate was 2.50 L/day. Daily consumption distribution patterns 

for various age groups are presentf'..d in Table 2-3. Intake rates for specific age groups and 

seasons are presented in Table 2-4. Based on the daily total tapwater intake rates for all ages 

and seasons combined, the average rate was 1.34 L/day, and the 90th percentile rate was 

2.36 L/day. Average daily total tapwater intake rates based on the level of physical activity 
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Table 2-3. Daily Total Tapwater Intake Distribution by Age Group (Approx. 0.20 L 
Increments, Both Sexes, Combined Seasons) 

Ae:~ Qrou.12 

Amount Consumeda 5 and Under 6-17 18 and Over 
L/day % Number % Number % Number 

0.00- 0.21 11.1 9 2.8 7 0.5 3 

0.22 - 0.43 17.3 14 10.0 25 1.9 12 

0.44 - 0.65 24.8 20 13.2 33 5.9 38 

0.66- 0.86 9.9 8 13.6 34 8.5 54 

0.87 - 1.07 11.1 9 14.4 36 13.1 84 

1.08 - 1.29 11.1 9 14.8 37 14.8 94 

1.30 - 1.50 4.9 4 9.6 24 15.3 98 

1.51 - 1.71 6.2 5 6.8 17 12.1 77 

i.72 - 1.93 1.2 1 2.4 6 6.9 44 

1.94 -2.14 1.2 1 1.2 3 5.6 36 

2.15 -2.36 1.2 1 4.0 10 3.4 22 

2.37 -2.57 0 0.4 1 3.1 20 

2.58 -2.79 0 2.4 6 2.7 17 

2.80 - 3.00 0 2.4 6 1.4 9 

3.01 - 3.21 0 0.4 1 1.1 7 

3.22 - 3.43 0 0 0.9 6 

3.44- 3.64 0 0 0.8 5 

3.65 - 3.86 0 0 0 

>3.86 0 1.6 4 2.0 13 

TOTAL 100.0 81 100.0 250 100.0 639 

• Includes tapwater and foods and beverages derived from tapwater. 

Source: Canadian Ministry of National Health and Welfare, 1981. 
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Table 2-4. Average Daily Total Tapwater Intake by Age and Season (L/day)a 

Age (years) 

Average 

Summer 
Winter 
Summer/Winter 

90th Percentile 

Summer/Winter 

<3 

0.57 
0.66 
0.61 

1.50 

3-5 

0.86 
0.88 
0.87 

1.50 

6-17 

1.14 
1.13 
1.14 

2.21 

18-34 

1.33 
1.42 
1.38 

2.57 

a Includes tapwater and foods and beverages derived from tapwater. 

Source: Canadian Ministry of National Health and Welfare, 1981. 

2-9 

35-54 

1.52 
1.59 
1.55 

2.57 

~55 All Ages 

1.53 
1.62 
1.57 

2.29 

1.31 
1.37 
1.34 

2.36 
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of the survey participants are presented in Table 2-5. The amounts of tapwater consumed 

that are derived from various foods and beverages are presented in Table 2-6. 

These data provide useful information on the seasonal variability of total tapwater 

intake. The survey also included data for some tapwater-containing items not covered by 

other studies (i.e., ice cubes, popsicles, and infant formula) and may, therefore, be more 

representative of total tapwater consumption than some other less comprehensive surveys. 

However, the estimated intake rates were based on identification of standard vessel sizes. 

The accuracy of this type of survey data is not known. This study estimated tapwater intake 

rates in Canada which may not be representative of tapwater intake rates in the United 

States. In addition, certain age groups were under represented. These data were also based 

on a short-term survey and may not be entirely representative of long-term consumption 

patterns. 

Ershow and Cantor - Total Water and Tapwater Intake - Ershow and Cantor (1989) 

estimated water intake rates based on data collected by the USDA 1977-1978 Nationwide 

Food Consumption Survey (NFCS). Daily intake of tapwater and total water was calculated 

for various age groups for males, females, and both sexes combined. Tapwater was defined 

as "all water from the household tap consumed directly as a beverage or used to prepare 

foods and beverages." Total water was defined as tapwater plus "water intrinsic to foods and 

beverages" (i.e., water contained in purchased food and beverages). Daily total tapwater 

intake rates by age group are presented in Table 2-7. These data indicate that total tapwater 

intake for adults (ages 20-64) ranges from approximately 0.15 to 3. 78 L/day with a mean 

intake rate of 1.37 L/day. Total tapwater intake for children (ages 1-10) ranges from 

approximately 0.06 to 1.95 with a mean intake rate of 0.74 L/day. The 90th percentile rate 

is 2.27 Uday for adults (ages 20-64) and 1.29 L/day for children (ages 1-10). Table 2-8 

depicts the daily intake rates for total fluids by age. The mean intake rate for total fluids is 

2.24 Uday for adults (ages 20-64) and 1.56 L/day for children (ages 1-10). The 90th 

percentile rates are 3.32 Uday and 2.24 L/day for adults and children, respectively. Total 

tapwater intake rates, as defined by this study, should be more representative of the rates of 

source-specific water consumed and should be used in assessing exposure to contaminants in 

local drinking water supplies. Ershow and Cantor (1989) also reported total tapwater intake 
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Table 2-5. Average Daily Total Tapwater Intake as a Function of Physical Activity at 
Work and in Spare Time (16 Years and Older, Combined Seasons, L/day) 

WQrk S12are Time 
Activity Consumptionb Number of Consumptionb Number of 
Level• L/day Respondents L/day Respondents 

Extremely Active 1.72 99 1.57 52 

Very Active 1.47 244 1.51 151 

Somewhat Active 1.47 217 1.44 302 

Not Very Active 1.27 67 1.52 131 

Not At All Active 1.30 16 1.35 26 

Did Not State 1.30 ~ 1.31 26 

TOTAL 688 688 

a The levels of physical activity listed here were not defined any further by the survey report, and 
categorization of activity level by survey participants is assumed to be subjective. 

b Includes tapwater and foods and beverages derived from tapwater. 

Source: Canadian Ministry of National Health and Welfare, 1981. 

2-11 



I l>RAFT 

I DO NOT QUOTE Ol 
CITE 

Table 2-6. Average Daily Tapwater Intake Apportioned Among Various Beverages--(Boih Sexes, 
by Age, Combined Seasons, L/day)• · 

Aa,t~ arQYJ2 

Under 3 3-5 6-17 18-34 35-54 55 and Over 

Total in Group 34 47 250 232 254 153 

Water 0.14 0.31 0.42 0.39 0.38 0.38 

Ice/Mix 0.01 0.01 0.02 0.04 0.03 0.02 

Tea * 0.01 0.05 0.21 0.31 0.42 

Coffee 0.01 * 0.06 0.37 0.50 0.42 

"Other Type of Drink" 0.21 0.34 0.34 0.20 0.14 0.11 

Reconstituted Milk 0.10 0.08 0.12 0.05 0.04 0.08 

Soup 0.04 0.08 0.07 0.06 0.08 0.11 

Homemade Beer/Wine * * 0.02 0.04 0.07 0.03 

Homemade Popsicles 0.01 0.03 0.03 0.01 * * 
Baby Formula, etc. 0.09 * * * * * 

TOTAL 0.61 0.86 1.14 1.38 1.55 1.57 

a Includes tapwater and foods and beverages derived from tapwater. 

* Less than 0.01 L/day 

Source: Canadian Ministry of National Health and Welfare, 1981. 
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Table 2-7. Total Tapwater Intake (ml/day) for Both Sexes Combineda 

Number of Percentile Distn'bution 
-

Age (yr) Observations Mean SD S.E. of Mean 1 5 10 25 50 75 90 95 99 

<0.5 182 272 247 18 * 0 0 80 240 332 640 800 * 
0.5 - 0.9 221 328 265 18 * 0 0 117 268 480 688 764 * 
1-3 1498 646 390 10 33 169 240 374 567 820 1162 1419 1899 

4-6 1702 742 406 10 68 204 303 459 660 972 1302 1520 1932 

7 -10 2405 787 417 9 68 241 318 484 731 1016 1338 1556 1998 

11 - 14 2803 925 521 10 76 244 360 561 838 1196 1621 1924 2503 

15 - 19 2998 999 593 11 55 239 348 587 897 1294 1763 2134 2871 

N 20-44 7171 1255 709 8 105 337 483 766 1144 1610 2121 2559 3634 
I ..... 

w 45 -64 4560 1546 723 11 335 591 745 1057 1439 1898 2451 2870 3994 

65 - 74 1663 1500 660 16 30! 611 766 1044 1394 1873 2333 2693 3479 

75+ 878 1381 600 20 279 568 728 961 1302 1706 2170 2476 3087 

Infants (ages < 1) 403 302 258 13 0 0 0 113 240 424 649 775 1102 
Children (ages 1-10) 5605 736 410 5 56 192 286 442 665 960 1294 1516 1954 
Teens (ages 11-19) 5801 965 562 7 67 240 353 574 867 1246 1701 2026 2748 
Adults (ages 2()..64) 11731 1366 728 7 148 416 559 870 1252 1737 2268 2707 3780 
Adults (ages 65 +) 2541 1459 643 13 299 598 751 1019 1367 1806 2287 2636 3338 
All 26081 1193 702 4 80 286 423 690 1081 1561 2092 2477 3415 

a Total tapwater is defined as "all water from the household tap consumed directly as a beverage or used to prepare foods and beverages." 12-
* Value not reported due to insufficient number of observations. 

~ 
0 

Source: Ershow and Cantor, 1989. I o t-3 ~ 
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Table 2-8. Tot.al Fluid Intake (ml/day) for Both Sexes Combined' 

Number of Percentile Distribution 

Age (yr) Observations Mean SD S.E. of Mean 1 5 10 2S so 75 90 95 99 

<0.5 182 1014 294 22 * 587 652 842 974 1168 1344 1516 * 
0.5 - 0.9 221 1258 322 22 * 769 854 1038 1250 1463 1629 1766 * 
1-3 1498 1356 450 12 552 731 842 1041 1299 1601 1915 2220 2703 

4-6 1702 1520 482 12 613 835 967 1197 1464 1796 2144 2374 2913 

7- 10 2405 1711 508 10 774 990 1119 1355 1652 1990 2392 2609 3209 

11-14 2803 1918 651 12 702 1041 1191 1469 1822 2278 2738 3140 3876 

IV 15 - 19 2998 2049 768 14 729 1013 1206 1508 1933 2454 3029 3469 4500 
I ..... 
~ 20-44 7171 2171 839 10 788 1083 1266 1597 2032 2589 3239 3702 5054 

45-64 4560 2359 826 12 948 1256 1439 1805 2241 2771 3436 3921 5129 

65-74 1663 2249 739 18 902 1216 1388 1738 2151 2680 3237 3580 4414 

75+ 878 2103 697 24 739 1175 1305 1633 2040 2485 2940 3267 4074 

Infants (ages < 1) 403 1148 332 17 510 631 759 920 1120 1339 1597 1727 2060 
Children (ages 1-10) 5605 1559 507 7 617 838 970 1210 1497 1843 2236 2507 3013 
Teens (ages 11-19) 5801 1989 719 9 717 1025 1196 1489 1874 2369 2908 3336 4251 
Adults (ages 20-64) 11731 2243 839 8 821 1133 1324 1665 2109 2663 3318 3793 5081 
Adults (ages 65 +) 2541 2199 728 14 860 1196 1352 1700 2109 2616 3132 3482 4370 
All 26081 2072 803 5 728 1012 1188 1511 1950 2485 3098 3550 4655 

• Total fluid is defined as tapwater plus "water intrinsic to foods and beverages.• ,g-
* Value not reported due to insufficient number of observations. 

~ 
0 

Source: Ershow and Cantor, 1989. (08~ 
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as percentages of total fluid intake, and the percentages of total fluids derived from food, 

drinking water, and beverages for each age group. These data are reported in Tables 2-9 

and 2-10. 

These data were based on the USDA NFCS which is a large geographically and 

seasonally balanced survey of a representative sample of the U.S. population. However, it 

should be noted that the data are based on short-term recall. These factors introduce an 

unknown degree, of uncertainty into the estimation of standard intake rates for the population. , 
Roseberry and Burmaster - Lognormal Distributions for Water Intake - Roseberry and 

Burmaster (1992) fit lognormal distributions to the water intake data reported by Ershow and 

Cantor (1989) and estimated population-wide distributions for total fluid and total tapwater 

iritake based on proportions of the population in each age group. The mean was estimated as 

the zero intercept, and the standard deviation was estimated as the slope of the best fit line 

for the natural logarithm of the intake rates plotted against their corresponding z-scores 

(Roseberry and Burmaster, 1992). Least squares techniques were used to estimate the best 

~t straight lines for the transformed data. Summary statistics for the best-fit lognormal 

distribution are presented in Table 2-11. Tables 2-12 and 2-13 present the estimated 

quantiles and arithmetic averages for total tapwater and total fluid intake rates reported by 

Roseberry and Burmaster (1992). The mean total tapwater intake rates for the two adult 

populations (age 20-65 years, and 65+ years) were estimated to be 1.27 and 1.34 L/day. 

These intake rates are based on the data originally presented by Ershow and Cantor 

(1989). Consequently, the same advantages and disadvantages associated with the Ershow 

and Cantor (1989) apply to this data set. 

2.2.3. Other Relevant General Population Studies 

National Academy of Sciences-Drinking Water and Health - NAS (1977) calculated the 

average per capita water (liquid) consumption per day to be 1.63 L. This figure was based 

ori a survey of the following literature sources: Evans (1941); Bourne and Kidder (1953); 

Walker et al. (1957); Wolf (1958); Guyton (1968); McNall and Schlegel (1968); Randall 

(1973); NAS (1974); and Pike and Brown (1975). Although the calculated average intake 

volume was 1.63 L per day, NAS (1977) adopted a larger volume (2 L per day) to represent 
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Table 2-9. Total Tapwater Intake (as Percent of Total Water Intake) by Broad Age Cat.egocy&>b 

ABc (yr) Mean Percentile JlistributiQ!! 
1 s 10 25 so 75 90 95 99 

<1 26 0 0 0 12 22 37 55 62 82 

1-10 45 6 19 24 34 45 57 67 72 81 

11-19 47 6 18 24 35 47 59 69 74 83 

2().64 59 12 27 35 49 61 72 79 83 90 

65+ 65 25 41 47 58 67 74 81 84 90 

• Docs not include pregnant women, lactating womea, or breast-fed cbildnm. 
b Total tapwater is defined as •all water from the household tap consumer directly as a beverage or used to 

prepare foods and beverages.• 
0 - Less than 0.5 peree.nt. 

Source: Ershow and Cantor, 1989. 
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Table 2-10. General Dietary Sources of Total Fluid by Broad Age Category" 

mUdaI % of Total mUdaI -
Standard Percentile Distribution Standard Percentile Distribution 

Age (yr) Source Meanb Deviation s 25 so 1S 9S 99 Mean Deviation s 25 so 1S 9S 99 

<l Foodc 250 198 0 72 236 371 633 843 21 16 0 8 21 32 so 60 
Drinking Water 197 186 0 0 240 240 480 880 16 14 0 0 17 24 39 60 
Other Beverage• 701 23S 333 SS8 693 839 108S 1332 63 19 33 Sl 63 76 97 100 

All Sources 1148 332 631 920 1120 1339 1727 2060 100 

1-10 Foodc 409 17S 17S 283 384 S06 727 924 27 10 13 20 26 33 44 S3 
Drinking Water sos 3S4 0 240 480 720 1200 1600 30 16 0 20 30 41 S6 68 
Other Beverages 64S 247 283 483 630 784 1083 1372 43 14 21 33 42 S2 66 77 

All Sources 1SS9 S01 838 1210 1497 1843 2501 3013 100 

11-19 Foodc 515 230 204 349 487 638 933 1197 27 10 12 20 26 33 44 S4 
Drinking Water 664 483 0 320 S60 880 1600 2160 31 17 0 20 31 42 60 73 
Other Beverage• 809 382 289 S66 7S6 984 1490 210S 42 IS 18 32 41 SI 67 711 

All Sources 1989 719 1025 1489 1874 2369 3336 4251 100 

20-64 Foodc S4S 239 223 31S S09 678 992 12S4 26 10 11 18 24 32 44 SS 
Drinking Water 674 SSS 0 320 S60 960 1760 2S60 28 17 0 16 28 40 S9 71 

l\.l Other Beverages 1024 S39 3S8 668 925 1267 2001 2912 46 17 20 3S 46 51 7S 84 
I 

..... 
-..J All Sources 2243 839 1133 166S 2109 2663 3793 5081 100 

65+ Foodc 515 243 238 406 542 711 1028 1273 27 10 12 20 26 33 4S 54 
Drinking Water n6 SS4 0 400 720 1040 1920 2400 33 17 0 22 33 45 61 74 
Other Beverages 849 381 310 604 807 1032 1523 2037 40 lS 16 30 39 49 66 78 

All Sources 2190 728 1196 1700 2109 2616 3482 4370 100 

All Food" 517 236 201 351 483 647 9SS 1220 26 10 12 19 25 32 44 S4 
Drinking Water 6Sl S20 0 240 S60 880 1600 2400 30 17 0 17 29 41 59 71 
Other Beverages 904 481 318 596 811 1110 1774 2612 44 16 19 33 44 SS 73 83 

All Sources 2072 803 1012 1511 19SO 248S 3SSO 46SS 100 

,-8 -, 
a Docs not include pregnant women, lactating women, or breast-fed children. t 
b Individual values may not add to totals due to rounding. 
c Food category includes soups. lo~~ 0 = LeBS than O.S g/day or O.S percent. 

Ho~ 
Source: Ershow and Cantor, 1989. I ~,.:::i-z.J 
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Table 2-11. Summary Statistics for Best-Fit Lognormal Distributions for Water Intake-Ratesa 

Group 

0 <age <1 

1 ~age <11 

11 ~age <20 

20 ~age <65 

65 ~age 

All ages 

Simulated balanced population 

Group 

0 < age< 1 

1 ~age< 11 

11 ~age <20 

20 ~age <65 

65 ~age 

All ages 

Simulated balanced population 

In Total Fluid 
Intake Rate 

CT 

6.979 0.291 

7.182 0.340 

7.490 0.347 

7.563 0.400 

7.583 0.360 

7.487 0.405 

7.492 0.407 

In Total Tapwater 
Intake 

µ, CT 

5.587 0.615 

6.429 0.498 

6.667 0.535 

7.023 0.489 

7.088 0.476 

6.870 0.530 

6.864 0.575 

0.996 

0.953 

0.966 

0.977 

0.988 

0.984 

1.000 

0.970 

0.984 

0.986 

0.956 

0.978 

0.978 

0.995 

• These values were used in the following equations to estimate the quantiles and averages for total 
tapwater and total fluid intake shown in Tables 2-12 and 2-13. 

97.5 percentile intake rate= exp[µ + (1.96 · CT)] 
75 percentile intake rate = exp [µ + (0.6745 · CT)] 
50 percentile intake rate = exp [µ] 
25 percentile intake rate = exp [µ - (0.6745 · CT)] 
2.5 percentile intake rate = exp [µ - (1.96 · CT)] 
Mean intake rate - exp [µ + 0.5 · a2)] 

Source: Roseberry and Burmaster, 1992. 

2-18 



r- DRAFT 
i ·DO NOT QUOTE OR 

L_ CITE 

Table 2-12. &timated Quantiles and Means for Total Tapwater Intake Rates (mL/day)a 

fm:"entil~ Arithmetic 
Group' 2.S 25 so 75 97.5 Average 

0 <age< 1 80 176 267 404 891 323 

1 sage< 11 233 443 620 867 1,644 701 

11 sage< 20 275 548 786 1,128 2,243 907 

20Sage<65 430 807 1,122 1,561 2,926 1,265 

65 sage 471 869 1,198 1,651 3,044 1,341 

All ages 341 1574 963 1,377 2,721 1,108 

Simulated 
Balanced 310 1549 957 1,411 2,954 1,129 
Population 

a Total tapwater is defined as "all water from the household tap consumed directly as a beverage or 
used to prepare foods and beverages." 

Source: Roseberry and Burmaster, 1992. 
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Table 2-13. Estim~ted Quantiles and Means for Total Fluid Intake Rates· (mL/day)A 

fm:~~ntil~ 
Group 2.S 2S so 75 91.S Mean 

0 <age< 1 (HI 882 1,074 1,307 1,900 1,120 

1 sage< 11 676 1,046 1,316 1,655 2,562 1,394 

11 sage< 20 907 1,417 1,790 2,262 3,534 1,901 

20 sage< 65 879 1,470 1,926 2,522 4,218 2,086 

65 sage 970 1,541 1,965 2,504 3,978 2,096 

AllNFCS 807 1,358 1,785 2,345 3,947 1,937 

Simulated 
Balanced 808 1,363 1,794 2,360 3,983 1,949 
Population 

a Total fluid is defined as tapwater plus "water intrinsic to foods and beverages." 

Source: Roseberry and Burmaster, 1992. 
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the intake of the majority of water consumers. This value is relatively consistent with the 

total tapwater intakes rate estimated from the key studies presented previously. However, 

the use of the term "liquid" was not clearly defined in this study, and it is not known 

whether. the populations surveyed are representative of the adult U.S. population. 

Consequently, the results of this study are of limited use in recommending total tapwater . 

intake rates. 

Pennington - Total Diet.Study - Based on data from the U.S. Food and Drug 

Administration's (FDA's) Total Diet Study, Pennington (1983) reported average intake rates 

for various foods and beverages for five age groups of the population. The Total Diet Study 

is conducted annually to monitor the nutrient and contaminant content of the U.S. food 

supply and to evaluate trends in consumption. Representative diets were developed based on 

24-hour recall and 2-day diary data from the 1977-1978 U.S. Department of Agriculture 

(USDA) Nationwide Food Consumption Survey (NFCS) and 24-hour recall data from the 

Second National Health and Nutrition Examination Survey (NHANES II). The number of 

participants in NFCS and NHANES II was approximately 30,000 and 20,000, respectively. 

The diets were developed to "approximate 90 percent or more of the weight of the foods 

usually consumed" (Pennington, 1983). For the purposes of this report, the consumption 

rates for the food categories defined by Pennington (1983) were used to calculate total fluid 

and total tapwater intake rates for five age groups. Total tapwater includes tapwater, tea, 

coffee, soft drinks, and soups and frozen juices that are reconstituted with tap water. 

Reconstituted soups were assumed to be composed of 50 percent tapwater, and juices were 

assumed to contain 75 percent tapwater. Total fluids include total tapwater in addition to 

milk, ready-to-use infant formula, milk-based soups, carbonated soft drinks, alcoholic 

beverages, and canned fruit juices. These intake rates are presented in Table 2-14. Based 

on the average intake rates for tot~ tapwater for the two adult age groups, 1.04 and 

1.26 L/day, the average adult intake rate is about 1.15 L/day. These rates should be more 

representative of the amount of source-specific water consumed than are total fluid intake 

rates. Because intake rates estimated by Pennington (1983) are based on the USDA NFCS, 

the same limitations associated with the Ershow and Cantor (1989) data apply to these data. 
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Table 2-14. Average Daily Fluid Intake Rate by Age Group from the Total Diet Study 

Age Group 

6-11 months 
2 years 
14-16 years 
25-30 years 
60-65 years 

Ayera11e Daily Consumption Rate CL/day) 

Total 
Fluids• 

0.80 
0.99 
1.47 
1.76 
1.63 

Total 
Tapwater'> 

0.20 
0.50 
0.72 
1.04 
1.26 

• Includes milk, "ready-to-use" formula, milk-based soup, carbonated soda, alcoholic beverages, canned 
juices, water, coffee, tea, reconstituted juices, and reconstituted soups. Does not include reconstituted 
infant formula. 

b Includes water, coffee, tea, reconstituted juices, arid reconstituted soups. 

Source: Derived from Pennington, 1983. 
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Gillies and Paulin - New z.ealand Study - Gillies and Paulin (1983) conducted a study 

to evaluate variability of mineral in.take from drinking water. A study population of 109 

adults (75 females; 34 males) ranging in age from 16 to 80 years (mean age = 44 years) in 

New Zealand was asked to collect duplicate samples of water consumed directly from the tap 

or used in beverage preparation during a 24-hour period. Participants were asked to collect 

the samples on a day when all of the water consumed would be from their own home. 

Individuals were selected based on their willingness to participate and their ability to 

comprehend the collection procedures. The mean total tapwater intake rate for this 

population was 1.25 (±0.39) Uday, and the 90th percentile rate was 1.90 Uday. The 

median total tapwater intake rate (1.26 Uday) was very similar to the mean intake rate 

(Gillies and Paulin, 1983). The reported range was 0.26 to 2.80 Uday. 

The advantage of these data are that they were generated using duplicate sampling 

techniques. Because this approach is more objective than recall methods, it may result in 

more accurate response. However, these data are based on a short-term survey that may not 

be representative of long-term behavior, and the population surveyed may not be 

representative of the U.S. population. 

Hopkin and Ellis - Dri'nking Water Co11Sumption in Great Britain - A study conducted 

in Great Britain over a 6-week period during September and October 1978, estimated the 

drinking water consumption rates of 3,564 individuals from 1,320 households in England, 

Scotland, and Wales (Hopkins and Ellis, 1980). The participants were selected randomly and 

were asked to complete a questionnaire and a diary indicating the type and quantity of 

beverages consumed over a 1-week period. Total liquid intake included total tapwater taken 

at home and away from home; purchased alcoholic beverages; and nontapwater-based drinks. 

Total tapwater included water content of tea, coffee, and other hot water drinks; homemade 

alcoholic beverages; and tapwater consumed directly as a beverage. The assumed tapwater 

contents for these beverages are presented in Table 2-15. Based on responses from 3,564 

participants, the mean intake rates and frequency distribution data for various beverage 

categories were estimated by Hopkin and Ellis (1980). These data are listed in Table 2-16. 

The mean per capita total liquid intake rate for all individuals surveyed was 1.59 Uday, and 

the mean per capita total tapwater intake rate was 0.95 Uday. Liquid intake rates were also 
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Table 2-15. Assumed Tapwater Content of Beverages 

Beverage 

Cold Water 

Home-made Beer/Cider/Lager 

Home-made Wine 

Other Hot Water Drinks 

Ground/Instant Coffee:• 
Black 
White 
Half Milk 
All Milk 

Tea 

Hot Milk 

Cocoa/Other Hot Milk Drinks 

Water-based Fruit Drink 

Fizzy Drinks 

Fruit Juice lb 

Fruit Juice 2b 

Milk 

Mineral Water: 

Bought cider/beer/lager 

Bought Wine 

I DRAFT 
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% Tapwater 

100 

100 

100 

100 

100 
80 
50 
0 

80 

0 

0 

75 

0 

0 

75 

0 

0 

0 

0 

• Black - coffee with all water, milk not added; White - coffee with 80% water, 20% milk; 
Half Milk - coffee with 50% water, 50% milk; All Milk - coffee with all milk, water not added; 

b Fruit juice: individuals were asked in the questionnaire if they consumed ready-made fruit juice (type 
1 above), or the variety that is diluted (type 2); 

0 Information on volume of mineral water consumed was obtained only as "number of bottles per 
week." A bottle was estimated at 500 mL, and the volume was split so that 2/7 was assumed to be 
consumed on weekends, and 5/7 during the week. 

Source: Hopkins and Ellis, 1980. 
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Table 2-16. Intake of Total Liquid, Total Tapwater, and Various Beverages (L/day) 

All Individuals I Consumers Only 

Beverage Approx. 
Approx. 95% 95% 
Confidence Percentage of Mean Approx. Confidence 

Mean Approx. Std. Interval for 10 and 90 1and99 Total Intake Std. Interval for 
Intake Error of Mean Mean Percentiles Percentiles Number of Error of Mean 

Individuals Mean 

Total liquid 1.S89 0.0203 1.S47-1.629 0.77-2.57 0.34-4.50 I 100.0 1.589 0.0203 1.547-1.629 

Total liquid 1.104 0.0143 1.075-1.133 0.49-1.79 0.23-3.10 100.0 1.104 0.0143 1.075-1.133 
Home 

Total liquid 0.484 0.01S2 0.454-0.514 0.00-1.15 0.00-2.89 I 89.9 0.539 0.0163 0.506-0.512 
Away 

Total Tapwater 0.955 0.0129 0.929-0.981 0.39-1.57 0.10-2.60 99.8 0.958 0.0129 0.932-0.984 

Total Tapwater 0.754 0.0116 0.731-0.777 0.26-1.31 0.02-2.30 99.4 0.7S9 0.0116 0. 736-0. 782 
Home 

t-.> 
I 

Total Tapwater 0.201 0.0056 0.190-0.212 0.00-0.49 0.00-0.96 I 79.6 0.253 0.0063 0.240-0.266 t-..> u. 
Away 

Tea 0.584 0.0122 O.S60-0.608 0.01-1.19 0.00-2.03 90.9 0.643 0.0125 0.618-0.668 

Coffee 0.190 0.0059 0.178-0.202 0.00-0.56 0.00-1.27 63.0 0.302 0.0105 0.281-0.323 

Other Hot 0.011 0.0015 0.008-0.014 0.00-0.00 0.00-0.25 I 9.2 0.120 0.0133 0.093-0.147 
Water Drinks 

Cold Water 0.103 0.0049 0.093-0.113 0.00-0.31 0.00-0.85 I 51.0 0.203 0.0083 0.1864-0.220 

Fruit Drinks 0.051 0.0027 0.052-0.062 0.00-0.19 0.00-0.49 46.2 0.123 0.0049 0.113-0.133 

Non Tapwater 0.427 0.0058 0.415-0.439 0.20-0.70 0.06-1.27 99.8 0.428 0.0058 0.416-0.440 ,-8·---· 
Home-brew 0.010 0.0017 0.007-0.013 0.00-0.00 0.00-0.20 7.0 0.138 0.0209 0.096-0.180 I ~ 

Bought 0.206 0.0123 0.181-0.231 0.00-0.68 0.00-2.33 43.5 0.474 0.0250 0.424-0.524 I .,~" Alcoholic ::;,~ ~ 
Beverages 

t:r.1 ~ .. tzj 
Q~ 

~ 
Source: Hopkin and Ellis, 1980. I 0 
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estimated for males and females in various age groups. Table 2-17 summarizes the total 

liquid and total tapwater intake rates for 1,758 males and 1,800 females grouped into six age 

categories (Hopkin and Ellis, 1980). The mean total liquid intake rate reported for adults 

was 1.79 Uday (1.07 Uday for tapwater based drinks and 0.72 Uday for non-tapwater 

based drinks). 

The advantage of using these data is that the responses were not generated on a recall 

basis, but by recording daily intake in diaries. The latter approach may result in more 

accurate responses being generated. Also, the use of total liquid and total tapwater was well 

defined in this study. However, the relatively short-term nature of the survey make 

extrapolation to long-term consumption patterns difficult. Also, these data were based on the 

population of Great Britain and not the United States. Drinking patterns may differ among 

these populations as a result of varying weather conditions and other socio-economic factors. 

U.S. EPA - Office of Radiation Programs - Using data collected by USDA in the 

1977-78 NFCS, U.S. EPA (1984d) determined daily food and beverage intake levels by age 

to be used in assessing radionuclide intake through food cc:>nsumption. Tapwater, water

based drinks, and soups were identified subcategories of the total beverage category. Daily 

intake rates for tapwater, water-based drinks, soup, and total beverage are presented in 

Table 2-18. As seen in the table, mean tapwater intake for different adult age groups (age 

20 and older) ranged from 0.62 to 0. 76 Uday, water-based drinks intake ranged from 0.34 

to 0.69 Uday, soup intake ranged from 0.03 to 0.06 Uday, and mean total beverage intake 

levels ranged from 1.48 to 1. 73 Uday. Total tapwater intake rates were estimated by 

combining the average daily intakes of tapwater, water-based drinks, and soups for each age 

group. For adults (ages 20 and older), mean total tapwater intake rates range from 1.04 to 

1.47 Uday, and for children (ages < 1 to 19), mean intake rates range from 0.19 to 0.90 

Uday. These intake rates do not include reconstituted infant formula. The total tapwater 

intake rates, derived by combining data on tapwater, water-based drinks, and soup should be 

more representative of source-specific drinking water intake than the total beverage intake 

rates reported in this study. These intake rates are based on the same USDA NFCS data 

used in Ershow and Cantor (1989). Therefore, the data limitations discussed previously also 

apply to this study. 
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Table 2-17. Summary of Total Liquid and Total Tapwater Intake for Males and Females (Uday) 

Number Mean Intake Approx. Std. Error of Mean Approx 9S % Confidence 
Beverage Age . Interval for Mean 

Group 
Male Female Male Female Male Female Male Female 

1-4 88 7S 0.853 0.888 0.05S7 0.0660 o. 742-0.964 0.7S6-1.020 

S-11 249 201 0.986 0.902 0.0296 0.0306 0.917-1.045 0.841-0.963 

12-17 180 169 1.401 1.198 0.0619 0.0429 1.277-1.S25 l.112-1.284 
Total 
Liquid 18-30 333 350 2.184 1.547 0.0691 0.0392 2.046-2.322 1.469-1.625 

Intake 31-54 512 SSl 2.112 1.601 0.0526 0.021S 2.007-2.217 1.558-1.694 

SS+ 396 454 1.830 1.482 0.0498 0.0356 1.730-1.930 1.411-1.553 

t-.> 1-4 88 1S 0.477 0.464 0.0403 0.0453 0.396-0.5S8 0.373-0.SSS ~ 
...J 

S-11 249 201 o.sso O.S33 0.0223 0.0239 0.505-0.S9S 0.48S-O.S81 

Total 12-17 180 169 0.805 0.725 0.0372 0.0328 0.731-0.8790 0.659-0.791 
Tapwater 
Intake 18-30 333 350 1.006 0.991 0.0363 0.0304 0.933-1.079 0.930-1.052 

31-54 S12 SSl 1.201 1.0'Jl 0.0309 0.0240 1.139-1.263 1.043-1.139 

SS+ 396 454 1.133 1.027 0.0347 0.0273 1.064-1.202 0.972-1.082 

Source: Hopkin and Ellis, 1980. 

10 and 90 Percentiles 

Male 

0.38-1.51 

0.54-1.48 

0.7S-2.27 

1.12-3.49 

1.15-3.27 

1.03-2.77 

0.17-0.85 

0.22-0.90 

0.29-1.35 

0.4S-l.62 

0.64-1.88 

0.62-1.72 

Female 

0.39-1.48 

O.Sl-1.39 

0.6S-1.74 

0.93-2.30 

0.9S-2.36 

0.84-2.17 

0.1S-0.8S> 

0.22-0.9l 

0.31-1.16 

0.50-1.SS 

0.62-1.68 

O.S4-1.S1 

______ ...... - . . 
t:1 
0 

~ 
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Table 2-18. Mean and Standard Error for the Daily Intake of Beverages and Tapwater by Age 

Tapwater Intake Water-Based Soups Total Beverage Intakeb 
Age (mL) Drinks (mL)1 (mL) 

All ages 662.S ± 9.9 457.1 ± 6.7 45.9 ± 1.2 1434.0 ± 13.7 
Under 1 170.7 ± 64.S 8.3 ± 43.7 10.1 ± 7.9 307.0 ± 89.2 
1to4 434.6 ± 31.4 97.9 ± 21.S 43.8 ± 3.9 743.0 ± 43.S 
s to 9 521.0 ± 26.4 116.S ± 18.0 36.6 ± 3.2 861.0 ± 36.S 
10 to 14 620.2 ± 24.7 140.0 ± 16.9 35.4 ± 3.0 1025.0 ± 34.2 
ts to 19 664.7 ± 26.0 201.S ± 17.7 34.8 ± 3.2 1241.0 ± 35.9 
20 to 24 656.4 ± 33.9 343.1 ± 23.1 38.9 ± 4.2 1484.0 ± 46.9 
25 to 29 619.8 ± 34.6 441.6 ± 23.6 41.3 ± 4.2 1531.0 ± 48.0 
30 to 39 636.S ± 27.2 601.0 ± 18.6 40.6 ± 3.3 1642.0 ± 37.7 
40 to 59 735.3 ± 21.1 686.S ± 14.4 51.6 ± 2.6 1732.0 ± 29.3 
60 and over 762.S ± 23.7 561.1 ± 16.2 59.4 ± 2.9 1547 .0 ± 32.8 

~ 
00 

• Includes water-based drinks such as coffee, etc. Reconstituted infant formula does not appear to be included in this group. 
b ~eludes tapwater and water-based drinks such as coffee, tea, soups, and other drinks such as soft drinks, fruitades, and alcoholic drinks. 

Source: U.S. EPA, 1984d. 
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International Commission on Radiological Protection - Reference Man :-J:>ata on fluid 

intake levels have also been summarized by the International Commission on Radiological 

Protection (ICRP) in the Report of the Task Group on Reference Man (ICRP, 1981). These 

intake levels for adults and children are summari7.ed in Table 2-19. The amount of drinking 

water (tapwater and water-based drinks) consumed by adults ranged from about 0.37 Ilday 

to about 2.18 Ilday under "normal" conditions. The levels for children ranged from 0.54 

to 0. 79 Ilday. Because the populations, survey design, and intake categories are not clearly 

defined, this study has limited usefulness in developing recommended intake rates for use in 

exposure assessment. It is reported here as a relevant study because the findings, although 

poorly defined, are consistent with the results of other studies. 

2.2.4. Pregnant and Lactating Women 

Ershow et al., 1991 - Intake o/Tapwater and Total Water by Pregnant and Lactating 

Women - Ershow et al. (1991) used data from the 1977-78 USDA NFCS to estimate total 

fluid and tOtal tapwater intake among pregilant and lactating women (ages 15-49 years). 

Data for 188 pregnant women, 77 lactating women, and 6,201 nonpregnant, nonlactating 

control women were evaluated. The participants were interviewed based on 24 hour recall, 

and then asked to record a food diary for the next 2 days. "Tapwater" included tapwater 

. consumed directly as a beverage and tapwater used to prepare food and tapwater-based 

beverages. "Total water" was defined as all water from tapwater and nontapwater sources, 

including water contained in food. &timated total fluid and total tapwater intake rates for 

the three groups are presented in Tables 2-20 and 2-21, respectively. Lactating women had 

the highest mean total fluid intake rate (2.24 Ilday) compared with both pregnant women 

(2.08 Ilday) and control women (1.94 Ilday). Lactating women also had a higher mean 

total tapwater intake rate (1.31 Ilday) than pregnant women (1.19 Ilday) and control women 

(1.16 Ilday). Ershow et al. (1991) also reported that rural women (n=l,885) consumed 

more total water (1.99 Ilday) and tapwater (1.24 Ilday) than urban/suburban women 

(n=4,581, 1.93 and 1.13 Ilday, respectively). Total water and tapwater intake rates were 

lowest in the northeastern region of the United States (1.82 and 1.03 Ilday) and highest in 

the western region of the United States (2.06 Ilday and 1.21 Uday). Mean intake per unit 
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Table 2-19. Measured Fluid Intakes (mL/day) 

I DO NOT QUOTE OR I .... ,, CITE 

Subject 

Adults ("normal" conditions)b 

Adults (high environmental 
temperature to 32 °C) 

Adults (moderately active) 

Children (5-14 yr) 

Total Fluids 

1000-2400 

2840-3410 
3256 ± 
SD= 900 

3700 

1000-1200 

1310-1670 

• Includes tea, coffee, soft drinks, beer, cider, wine, etc. 

Milk 

120-450 

330-500 

540-650 

Tap water 

45-730 

ca. 200 

Water-Based 
Drinks11 

320-1450 

ca. 380 

540-790 

b "Normal" conditions refer to typical environmental temperature and activity levels. 

Source: ICRP, 1981. 
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Table 2-20. Total Fluid Intake of Women 15-49 Years Old 

Percentile Distribution 

Reproductive Status& Mean Standard 5 10 25 50 15 
Division 

mL/day 

Control 1940 686 995 1172 1467 1835 2305 

Pregnant 2076 743 1085 1236 1553 1928 2444 

Lactating 2242 658 1185 1434 1833 2164 2658 

mL/kg/dav 

Control 32.3 12.3 15.8 18.5 23.8 30.5 38.7 
N 
I w Pregnant 32.1 11.8 16.4 17.8 22.8 30.5 40.4 -

Lactating 37.0 11.6 19.6 21.8 28.4 35.1 45.0 

a Number of observations: nonpregnant, nonlactating controls (n = 6,201); pregnant (n = 188); lactating (n = 77). 

Source: Ershow et al., 1991. 

90 95 

2831 3186 

3028 3475 

3169 3353 

48.4 55.4 

48.9 53.5 

53.7 59.2 

l
--·----
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0 
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0 
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Table 2-21. Total Tapwater Intake of Women 15-49 Years Old 

Percentile Distribution 

Reproductive Status& Mean Standard s 10 25 50 75 90 95 
Deviation 

mL/day 

Control 1157 635 310 453 709 1065 1503 1983 2310 

Pregnant 1189 699 274 419 713 1063 1501 2191 2424 

Lactating 1310 591 430 612 855 1330 1693 1945 2191 

mL/ke/day 

Control 19.1 10.8 5.2 7.5 11.7 17.3 24.4 33.1 39.1 
N w Pregnant 18.3 10.4 4.9 5.9 10.7 16.4 23.8 34.5 39.6 N 

Lactating 21.4 9.8 7.4 9.8 14.8 20.5 26.8 35.1 37.4 

FractiQn Qf d!lil! flyid intake th11t is tmlwat~r (~} 

Control 57.2 18.0 24.6 32.2 45.9 59.0 70.7 79.0 83.2 

Pregnant 54.1 18.2 21.2 27.9 42.9 54.8 67.6 76.6 83.2 

Lactating 57.0 15.8 27.4 38.0 49.5 58.1 65.9 76.4 80.5 

a Number of observations: nonpregnant, nonlactating controls (n = 6,201); pregnant (n = 188); lactating (n = 77). 1-·g---, 
I 

Source: Ershow et al., 1991. I 21 
0 
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body weight was highest among lactating women for both total fluid and total tapwater 

intake. Total tapwater intake accounted for over 50 percent of mean total fluid in all three 

groups of women {Table 2-21). Drinking water accounted for the largest single proportion 

of the total fluid intake for control (30 percent), pregnant (34 percent), and lactating women 

(30 percent) {Table 2-22). All other beverages combined accounted for approximately 46 

percent, 43 percent, and 45 percent of the total water intake for control, pregnant, and 

lactating women, respectively. Food accounted for the remaining portion of total water 

intake. 

The same advantages and limitations associated with the Ershow and Cantor (1989) 

data also apply to these data sets (Section 2.2.2). A further advantage of this study is that iit 

provides information on estimates of total water and tapwater intake rates for pregnant and 

lactating women. This topic has rarely been addressed in the literature. 

2.2.5. High Activity Levels/Hot Climates 

McNall and Schlegel, 1968 - Practical Thermal Environmental Limits for Young 

Adult Males Working in Hot, Hwnid Environments - McNall and Schlegel (1968) conducted 

a study that evaluated the physiological tolerance of adult males working under varying 

degrees of physical activity. Subjects were required to pedal pedal-driven propeller fans for 

8-hour work cycles under varying environmental conditions. Two groups of eight subjects 

each were used. Work rates were divided into three categories as follows: high activity 

level [0.15 horsepower (hp) per person], medium activity level (0.1 hp per person), and low 

activity level (0.05 hp per person). Evidence of physical stress (i.e., increased body 

temperature, blood pressure, etc.) was recorded, and individuals were eliminated from 

further testing if certain stress criteria were met. The amount of water consumed by the test 

subjects during the work cycles was also recorded. Water was provided to the individuals on 

request. The water intake rates obtained at the three different activity levels and the various 

environmental temperatures are presented in Table 2-23. The data presented are for test 

subjects with continuous data only (i.e., those test subjects who were not eliminated at any 

stage of the study as a result of stress conditions). Water intake was the highest at all 

activity levels when environmental temperatures were increased. The highest intake rate was 

2-33 

' I ' ~"' .. 



Table 2-22. Total Fluid (mL/Day) Derived from Various Dietary Sources by Women Aged 15-49 Years' 

Control Women Pregnant Women Lactating Women 

Percentile Percentile Percentile 

Sources 
Meanb 

50 95 
Meanb 

50 95 
Meanb 

50 95 

Drinking Water 583 480 1440 695 640 1760 677 560 1600 
Milk and Milk Drinks 162 107 523 308 273 749 306 285 820 
Other Dairy Products 23 8 93 24 9 93 36 27 113 
Meats, Poultry, Fish, Eggs 126 114 263 121 104 252 133 117 256 

· Legumes, Nuts, and Seeds 13 0 77 18 0 88 15 0 72 

Grains and Grain Products 90 65 257 98 69 246 119 82 387 
Citrus and Noncitrus Fruit Juices 57 0 234 69 0 280 64 0 219 
Fruits, Potatoes, Vegetables, Tomatoes 198 171 459 212 185 486 245 197 582 

N Fats, Oils, Dressings, Sugars, Sweets 9 3 41 9 3 40 10 6 50 
I 

Tea 148 630 0 617 253 Y.> 0 132 77 848 
~ 

Coffee and Coffee Substitutes 291 159 1045 197 0 955 205 80 955 
Carbonated Soft Drinksc 174 110 590 130 73 464 117 57 440 
Noncarbonated Soft Drinksc 38 0 222 48 0 257 38 0 222 
Beer 17 0 110 7 0 0 17 0 147 
Wine Spirits, Liqueurs, Mixed Drinks 10 0 66 5 0 25 6 0 59 
All Sources 1940 NA NA 2076 NA NA 2242 NA NA 

a Number of observations: nonpregnant, nonlactating controls (n = 6,201); pregnant (n = 188); lactating (n = 77). 
b Individual means may not add to all-sources total due to rounding. ,-i-
c Includes regular, low-calorie, and noncalorie soft drinks. ! 'Z 

0 
NA: Not appropriate to sum the columns for the 50th and 95th percentiles of intake. 108! ~.o 

~ c:: 
Source: Ershow et al., 1991. I ts.i~~ 
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Table 2-23. Water Intake at Various Activity Levels (L/hr)8 

Room Temperatureb (°F) 

High C0.15 hp/man)c 

100 

95 

90 

85 

80 

No.d 

18 

7 

7 

16 

Intake 

0.540 
(0.31) 

0.286 
(0.26) 

0.218 
(0.36) 

0.222 
(0.14) 

• Data expressed as mean intake with standard deviation in parentheses. 
b Humidity = 80 percent; air velocity = 60 ft/min. 
c The symbol "hp" refers to horsepower. 
d Number of subjects with continuous data. 

· Source: McNall and Schlegel, 1968. 

Activity Level 

Medium C0.10 hp/man)c 

No, 

12 

7 

16 

Intake 

0.345 
(0.59) 

0.385 
(0.26) 

0.213 
(0.20) 

Low {Q,05 hp/man}c 

No. Intake 

15 0.653 
(0.75) 

6 0.50 
(0.3i) 

16 0.23 
(0.20) 

tJ 
0 

~ 
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observed at the low activity level at 100°F (0.65 Ilhour) however, there were no data for 

higher activity levels at 100°F. It should be noted that this study estimated intake on an 

hourly basis during various levels of physical activity. These hourly intake rates cannot be 

converted to daily intake rates by multiplying by 24 hours/day because they are only 

representative of intake during the specified activity levels and the intake rates for the rest of 

the day are not known. Therefore, comparison of intake rate values from this study cannot 

be made with values from the previously described studies on drinking water intake. 

United States Anny - Water Consumption Planning Factors Study - The U.S. Army 

has developed water consumption planning factors to enable them to transport an adequate 

amount of water to soldiers in the field under various conditions (U.S. Army, 1983). Both 

climate and activity levels were used to determine the appropriate water consumption needs. 

Consumption factors have been established for the following uses: (1) drinking, (2) heat 

treatment, (3) personal hygiene, (4) centralized hygiene, (5) food preparation, (6) laundry, 

[T) medical treatment, (8) vehicle and aircraft maintenance, (9) graves registration, and 

(10) construction. Only personal drinking water consumption factors are described here. 

Drinking water consumption planning factors are based on the estimated amount of 

water needed to replace fluids lost by urination, perspiration, and respiration. It assumes 

that water lost to urinary output averages one quart/day (0.9 Ilday) and perspiration losses 

range from almost nothing in a controlled environment to 1.5 quarts/hour (1.4 Ilday) in a 

very hot climate where individuals are performing strenuous work. Water losses to 

respiration are typically very low except in extreme cold where water losses can range from 

1 to 3 quarts/day (0.9 to 2.8 Ilday). This occurs when the humidity of inhaled air is near 

:zero, but expired air is 98 percent saturated at body temperature (U.S. Army, 1983). 

Drinking water is defined by the U.S. Army (1983) as "all fluids consumed by individuals to 

satisfy body needs for internal water.• This includes soups, hot and cold drinks, and 

tapwater. 

Planning factors have been established for hot, temperate, and cold climates based on 

the following mixture of activities among the work force: 15 percent of the force performing 

light work, 65 percent of the force performing medium work, and 20 percent of the force 

performing heavy work. Hot climates are defined as. tropical and arid areas where the 
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temperature is greater than 80°F. Temperate climates are defined as areas where the mean 
daily temperature ranges from 32°F to 80°F. Cold regions are areas where the mean daily 

temperature is less than 32 °F. Drinking water consumption factors for these three climates 

are presented in Table 2-24. These factors are based on research on individuals and small 

unit training. exercises. The estimates are assumed to be conservative because they are 

rounded up to account for the subj~tive nature of the activity mix and minor water losses 

that are not considered (U.S. Army, 1983). The advantage of using these data is that they 

provide a conservative estimate of drinking water intake among individual performing at 

various levels of physical activity in hot, temperate, and cold climates. However, the 

planning factors described here are based on assumptions about water loss from urination, 

perspiration, and respiration, and are not based on survey data or actual measurements. 

2.2.6. Recommendations 

The key studies described in this section were used in selecting recommended 

drinking water (tapwater) consumption rates for adults, children, and other subpopulations. 

Although different survey designs and populations were utilized by key and relevant studies 

described in this report, the mean and upper-percentile estimates reported in these studies 

appear to be relatively consistent. The general design of both key and relevant studies and 

their limitations are summari7.ed in Table 2-25. It should be noted that studies that surveyed 

large representative samples of the population provide more reliable estimates of intake rates 

for the general population. Survey results based on recall may be somewhat biased because 

of the subjectivity involved. However, Cantor et al. (1987) noted that retrospective dietary 

assessments generally produce moderate correlations with •reference data from the p~. • 

Most of the surveys described here are based on short-term recall. 
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Planning Factors for Individual Tapwater Consumption --------

Environmental Condition 

Hot 

Temperate 

Cold 

Recommended Planning 
Factor (gal/day)S 

Recommended Planning Factor 
(L/day)a.b 

11.4 

5.7 

7.6 

• Based on a mix of activities among the work force as follows: 15% light work; 65% medium work; 
20% heavy work. These factors apply to the conventional battlefield where no nuclear, biological, 
or chemical weapons are used. 

b Converted from gal/day to L/day. 

0 This assumes 1 quart/12-hour rest period/man for perspiration losses and 1 quart/day/man for 
urination plus 6 quarts/12-hours light work/man, 9 quarts/12-hours moderate work/man, and 12 
quarts/12-hours heavy work/man. 

d This assumes 1 quart/12-hour rest period/man for perspiration losses and 1 quart/day/man for 
urination plus 1 quart/12-hours light work/man, 3 quarts/12-hours moderate work/man, and 6 
quarts/12-hours heavy work/man. 

0 This assumes 1 quart/12-hour rest period/man for perspiration losses, 1 quart/day/man for urination, 
and 2 quarts/day/man for respiration losses plus 1 quart/12-hours light work/man, 3 quarts/12-hours 
moderate work/man, and 6 quarts/6-hours heavy work/man. 

Source: U.S. Army, 1983. 
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Table 2-25. Drinking Water Intake Surveys 

Number of Type of Water Time Period/ Survey Population 
Study Individuals Consumed Type Surveyed Comments 

Canadian Ministry 970 Total tapwater Weekday and All ages; Seasonal data; includes many tapwater-
of National Health consumption weekend day in both Canada containing items not commonly 
and Welfare, 1981 summer and winter; surveyed; possible bias because 

estimation based on identification of vessel size used as 
sizes and types of survey techniques; short-term study 
containers used 

Cantor et al., 1987 S,258 Total tapwater; 1 week/usual intake Adults only; Based on recall of behavior from 
total fluid in winter based on weighted previous winter; short-term data; 
consumption recall toward older population not representative of general 

adults; U.S. U.S. population 
population 

Ershow and Cantor, Based on data from Total tapwater; 3-day recall, diaries All ages; large Short-term recall data; seasonally 
t-..> 1989 NFCS; approximately total fluid sample balanced data 
I w 30,000 individuals consumption representative 

\0 
of U.S. 
population 

Gillies and Paulin, 109 Total tapwater 24 hours; duplicate Adults only; Based on short-term data 
1983 consumption water samples New 7.ealand 

collected 

Hopkin and Ellis, 3,564 Total tapwater, 1 week period, All ages; Great Short-term diary data 
1980 total liquid diaries Britain 

consumption 

ICRP, 1981 Based on data from Water and water- NA• NA8 Survey design and intake categories not 
several sources based drinks; clearly defined 

milk; total fluids 

McNall and Based on 2 groups of Tapwater 8-hour work cycle Males between Based on short-term data tJ; Schlegel, 1968 8 subjects each 17-25 years of 
age; small 
sample 
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Table 2-25. Drinking Water Intake Surveys (continued) 

Number of Type of Water Time Period/ Survey Population 
Study Individuals Consumed Type Surveyed Comments 

NAS 19TI Calculated average Average per NA• NA• Total tapwater not reported; population 
based on several capita •Jiquid• and survey design not reported 
sources consumption 

Pennington, 1983 Based on NFCS and Total tapwater; NFCS:24-hour recall NFCS: 1 month Based on short-term recall data 
NHANES II; total fluid on 2-day dairy; to 97 years; 
approximately 30,000 consumption NHANES 11:24-hour NHANES 11:6 
and 20,000 recall months to 74 
participants, years; 
respectively representative 

samples of US 
population 

Rosenberry and Based on data from Total tapwater; 3-day recall, diaries All ages; large Short-term recall data; seasonally 
N Burmaster, 1992 Ershow and Cantor, total fluid sample balanced; suitable for Monte Carlo 
J:,. 1987 consumption representative simulations 0 

of US 
population 

U.S. Army, 1983 NA All fluids NA NA Study designed to provide water 
consumed to consumption planning factors for 
satisfy body needs various activities and field conditions; 
for internal water; based on estimated amount of water 
includes soups, required to account for losses from 
hot and cold urination, perspiration, and respiration 
drinks and 
tap water 

USEPA, 1984d Based on NFCS; Tapwater; water 3-day recall, diaries All ages; large Short-term recail data; seasonally ,-8 approximately 30,000 based foods and sample balanced 
individuals beverages; soups; representative 

/s!~ beverage of US 
consumption population 

~ c:: ltj 
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Adults - The total tapwater consumption rates for adults that have been reported in 

these surveys can be summarized as follows: 

Mean a.Jdayl 

1.63 (calculated) 
1.39 
1.25 
1.04 (25 to 30 yrs) 
1.26 (60 to 6S yrs) 
1.49 

1.04-1.47 (ages 20+) 
1.37 (20 to 64 yrs) 
1.46 (65 + yrs) 
1.27 (20 to 64 yrs) 
1.34 (65+ yrs) 

90th 
percentile 

CL/day) 

1.90 

2.50 

2.27 
2.29 

Reference 

NAS, 1977. 
Cantor et al., 1987. 
Gillies and Paulin, 1983. 
Pennington, 1983. 
Pennington, 1983. 
Canadian Ministry of Health 
and Welfare, 1981. 
U.S. EPA, 1984d. 
Ershow and Cantor, 1989. 
Ershow and Cantor, 1989. 
Roseberry and Burmaster, 1992 
Roseberry and Burmaster, 1992 

The combined results of the studies discussed above suggest that the average adult drinking 

water intake rate is between 1.30 and 1.40 Uday. Based on the key surveys that are most 

applicable to general population exposure assessments (i.e., Cantor et al., 1987; Ershow a1.1d 

Cantor; 1989), 1.4 Uday is recommended as the average drinking water consumption rate. 

This average rate differs from the widely used default adult drinking water consumption rate 

of 2.0 Uday. A 2.0 Uday intake rate appears to represent the upper 80th-90th percentile of 

intake rates among the adult population. The higher value is supported by the 90th percentile 

tapwater intake rate suggested by Brshow and Cantor (1989) which was 2.27 Uday, and the 

82nd percentile rate estimated by Cantor et al. (1987) which was 1.96 Uday. Because these 

values are based on short-term data, a value of 2.0 Uday is recommended as the upper

percentile drinking water consumption rate for adults for use in chronic exposure 

assessments. For acute assessments, the higher value should probably be used (i.e., 2.27 

Uday). Alternatively, the lognormal distribution data (Tables 2-11 and 2-12) generated by 

Roseberry and Burmaster (1992) may be used. 
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Children - The intake rates for children reported by various studies on drinking water 

intake rates are sununari7.ed below. 

Arithmetic 
Ayera2e CL/day) 

0.20 (6-11 months) 
0.19(<1 yr) 
0.30(<1 yr) 
0.32 (<1 yr) 
0.50 (2 yrs) 
0.61 ( < 3 yrs) 

0.58 (1-4 yrs) 
0.87 (3-5 yrs) 

0.67 (5-9 yrs) 
0.74 (1-10 yrs) 
0.70 (1-10 yrs) 
1.14 (6-17 yrs) 

0.80 (10-14 yrs) 
0.72 (14-16 yrs) 
0.90 (15-19 yrs) 
0.97 (11-19 yrs) 
0.91 (11-19 yrs) 

90th 
percentile 

CL/day> 

0.65 

1.50 

1.50 

1.29 

2.21 

1.70 

Reference 

Pennington, 1983. 
U.S. EPA, 1984d. 
Ershow and Cantor, 1989. 
Roseberry and Burmaster, 1992. 
Pennington, 1983. 
Canadian Ministry of National 
Health and Welfare, 1981. 
U.S. EPA, 1984d. 
Canadian Ministry of National Health 
and Welfare, 1981 
U.S. EPA, 1984d. 
Ershow and Cantor, 1989. 
Roseberry and Burmaster, 1992. 
Canadian Ministry of National 
Health and Welfare, 1981. 
U.S. EPA, 1984d. 
Pennington, 1983. 
U.S. EPA, 1984d. 
Ershow and Cantor, 1989. 
Roseberry and Burmaster, 1992. 

For children less than 1 year old, 0.3 Uday appears to represent the average intake rate for 

water-based beverages, and 0. 7 Uday appears to be an appropriate upper-percentile value for 

drinking water consumption. However, these values may not include water used to prepare 
• 

powdered infant formula. Based on data from Ershow and Cantor (1989) and Roseberry and 

Burmaster (1992), the recommended average drinking water intake rate is 0. 7 Uday for ages 

1-10 years, and the upper-percentile rate is 1.3 Uday. For older children (ages 11-19 

years), the recommended average is 1.0 Uday, and the upper-percentile value is 1. 7 Uday. 

Intake rates for specific percentiles of the distribution may be selected using the lognormal 

distribution data generated by Roseberry and Burmaster (1992) (Tables 2-11and2-12). 

Pregnant and Lactating Women - Based on the data from Ershow and Cantor (1991) 

the recommended average drinking water intake rate for pregnant women is 1.2 Uday, and 
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the upper-percentile value is 2.2 L/day. For lactating women, the recommended average 

drinking water intake rate is 1.3 L/day, and the upper-percentile value is 1.9 Uday. 

High Activity/Hot Climates - Data intake rates for individuals performing strenuous 

activities under various environmental conditions are limited. However, the data presented 

by McNall and Schlegel (1968) and U.S. Army (1983) provide bounding intake values-for 

these individuals. According to McNall and Schlegel (1968), hourly intake can range from 

0.21 to 0.65 Uhour depending on the temperature and activity level. Intake among 

physically active individuals can range from 6 Uday in temperate climates to 11 Uday in hot . 

climates (U.S. Army, 1983). 
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The primary source of information on consumption rates of fruits and vegetables among 

the United States population is the U.S. Department of Agriculture's (USDA) Nationwide Food 

Consumption Survey (NFCS). Data from the NFCS have been used in various studies to 

generate consumer-only and per capita intake rates for both individual fruits and vegetables and 

total fruits and total vegetables. Consumer-only intake is defined as the quantity of fruits and 

vegetables consumed by individuals who ate these food items during the survey period. Per 

capita intake rates are generated by averaging consumer-only intakes over the entire population 

of users and non-users. In general, per capita intake rates are appropriate for use in exposure 

assessment for which average dose estimates for the general population are of interest because 

they represent both individuals who ate the foods during the survey period and individuals who 

may eat the food items at some time, but did not consume them during the survey period. Total 

fruit intake refers to the sum of all fruits consumed in a day including canned, dried, frozen, and 

fresh fruits. Likewise total vegetable intake refers to the sum of all vegetables consumed in a 

day including canned, dried, frozen, and fresh vegetables. For the purposes of this Handbook, 

the distinctions between fruits and vegetables are those commonly used, not the botanical 

definitions. For example, in this report, tomatoes are considered vegetables, although 

technically they are fruits. 

Intake rates may be presented on either an as consumed or ch}' weight basis. As 

consumed intake rates (g/day) are based on the weight of the food in the form that it is 

consumed. In contrast, dry weight intake rates are based on the weight of the food consumed 

after the moisture content has been removed. In calculating exposures based on ingestion, the 

unit of weight used to measure intake should be consistent with those used in measuring the 

contaminant concentration in the produce. 

Estimating source-specific exposures to toxic chemicals in fruits and vegetables may also 

require information on the percentage of fruits and vegetables grown above and below ground. 

The percentages of foods grown above and below ground will be useful when the concentrations 

of contaminants in foods are estimated from concentrations in soil, water, and air. For example, 

vegetables grown below ground may be more likely to be contaminated by soil pollutants, but 
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leafy above ground vegetables may be more likely to be contaminated by deposition of air 

pollutants on plant surfaces. 

The purpose of this section is to provide: (1) intake data for individual fruits and 

vegetables, and total fruits and total vegetables; (2) data for converting between as consumed 

and dry weight intake rates; and (3) percentages of fruits and vegetables grown above and below 

ground. Values for these variables tha~ are recommended for use in exposure assessment are 

also presented. Recommendations are based on average and upper-percentile intake among the 

general population of the U.S. Available data have been classified as being either a key or a 

relevant study based on the applicability of the data to exposure assessment needs. 

Recommendations are based on data from key studies, but relevant studies are also presented to 

provide the reader with added perspective on this topic. It should be noted that all of the key 

studies and many of the relevant studies are based on data from USDA's NFCS. The USDA 

NFCS is described below. 

2.3.2. 

2.3.2.1. 

Intake Studies 

U.S. Department of Agriculture Nationwide Food Consumption Survey 

USDA conducts the NFCS approximately every 10 years. The three most recent NFCSs 

were conducted in 1965-66, 1977-78, and 1987-88. The purpose of these surveys was to 

"analyre the food consumption behavior and dietary status of Americans" (USDA, 1992). The 

survey uses a statistical sampling technique designed to ensure that all seasons, geographic 

regions of the U.S., and demographic and socioeconomic groups are represented. There are two 

components of the NFCS. The household component collects information over a 7-day period 

on the socioeconomic and demographic characteristics of households, and the types, value, and 

sources of foods consumed. The individual component collects information on food intakes of 

individuals within each household over a 3-day period (USDA, 1993). 

The same basic survey design was used for the three most recent NFCSs, but the sample 

siz.es and statistical classifications used were somewhat different (USDA, 1992). In 1965-66, 

10,000 households were surveyed (USDA, 1972). The sample sire increased to 15,000 

households (over 36,000 individuals) in 1977-78, but decreased to 4,500 households in 1987-88 

because of budgetary constraints and a low response rate (37 percent). Data from the 1977-78 
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NFCS are presented in this Handbook because the data have been published by USDA in various 

publications and reanalyz.ed by various EPA offices according to the food items/groups 

commonly used to assess exposure. Published one-day data from the 1987-88 NFCS and the 

results of a recently conducted EPA analysis of the 1987-88 NFCS data are also presented. 

Individual daily intake rates and average user and per capita intake rates calculated from 

NFCS data are based on averages of reported indivi.dual intakes over one day or three 

consecutive days. Such short-term data are suitable for estimating average daily per capita 

intake rates representative of both short-term and long-term consumption. However, upper 

percentile individual intakes reported either as user intakes or per capita intakes are likely to be 

higher than the true long-term upper percentile daily average intakes because interindividual 

variability in a distribution will decrease with the length of time over which the factor is 

measured. The individual upper percentile intakes rates represent intakes by users of the 

products over the three-day survey period. Long-term estimates require that the average intake 

over three days is the same as the average intake over 365 days for each individual, that is, the 

product is consumed every day of the year, resulting in the long-term overestimate. 

2.3.2.2. Key Intake Studies Based on the USDA NFCS 

Pao et al. (1982) - Foods Commonly Eaten by Individuals - Using data gathered in the 

1977-78 USDA NFCS, Pao et al. (1982) calculated percentiles for the average quantities of . 
individual fruit and vegetables consumed by members of the U.S. population who had consumed 

these fruits and vegetables over a 3-day period. The data were collected during NFCS home 

interviews of 37,874 respondents, who were asked to recall food intake for the day preceding 

the interview, and record food intake the day of the interview and the day after the interview. 

Pao et al. (1982) reported mean intake rates for consumers, standard deviations, intake rates for 

consumers at various percentiles, maximum amounts consumed, percentages of individuals using 

the food in the 3-day study, quantities consumed per eating occasion, and per capita intake rates. 

For example, as shown in Table 2-26, 74.4 percent of the individuals surveyed used white 

potatoes in three days, the mean daily intake rate for consumers was 78 g/day and the average 

quantity consumed per eating occasion was 125g. Per capita intake rates were calculated by 

multiplying the average intake rate for consumers by the fraction of individuals using the food 
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Food category 

Raw veiretables 

White potatoes 

Cabbage and eolelllaw 

Carrots 

Cucumben 

Lettuce and tolled 
ealad 

Mature onions 

Tomatoea 

Cooked vegetables 

Broccoli 

Cabbage 

Carrots 

Com, whole kernel 

Lima beans 

Mixed vegetables 

Cowpes1, field peu, 
black-eyed peas 

Green pea• 

Spinach 

String beans 

Summer aquallh 

s 

14 

s 

3 

3 

10 

12 

13 

6 

7 

7 

11 

11 

7 

8 

6 

11 

Table 2-26. Quantity ("as co11111med ") of F111its and Vegetables Co11111med and the Percentage of Individuals Ulling The11e Fooda in 3 Daya 

Consumers-only 
'lbree-Day Averages at Specified Peicentiles (g/day'f 

2S 

33 

1S 

s 
12 

13 

6 

20 

26 

2S 

1S 

26 

2S 

30 

29 

19 

30 

23 

36 

so 

62 

20 

17 

23 

31 

7 

30 

31 

so 
2S 

28 

29 

31 

44 

28 

34 

23 

36 

7S 

103 

40 

22 

47 

S4 

lS 

60 

S7 

so 
39 

Sl 

SS 

62 

SS 

SS 

6S 

47 

72 

90 

lSS 

40 

41 

79 

90 

24 

91 

62 

100 

S2 

S7 

SS 

7S 

117 

S7 

6S 

69 

lOS 

9S 

202 

60 

51 

lOS 

113 

37 

123 

99 

102 

71 

SS 

113 

123 

117 

84 

103 

93 

143 

99 

309 

90 

% 

220 

186 

73 

20S 

137 

200 

103 

133 

170 

1S7 

233 

113 

137 

140 

287 

Maxiinum 
consumed in 
anyone day 

(g/day) 

1,560 

1,080 

soo 

840 

1,080 

660 

9<11 

6SO 

7SO 

736 

SSO 

87S 

4S4 

1,0SO 

850 

4S4 

840 

860 

Consume~nly 
Three-day Avenge 
quanlity comwned 

(g/day) 

Average 

78 

27 

l! 

37 

40 

13 

44 

41 

so 
30 

3S 

43 

46 

S3 

3S 

45 

3S 

56 

Standard 
Deviation 

65 

20 

!9 

4S 

39 

16 

42 

27 

39 

21 

27 

33 

33 

42 

26 

29 

29 

46 

Quantity consumed per 
eating occasion 

Jg) 

Avenge 

125 

68 

43 

80 

6S 

31 

81 

112 

128 

70 

95 

110 

117 

131 

90 

121 

86 

14S 

Standard 
Deviation 

90 

4S 

40 

76 

S9 

33 

SS 

68 

83 

S9 

S6 

7S 

69 

88 

51 

70 

S4 

93 

~ 
lndiv. 
using 

food in 
3 day• 

74.4 

9.7 

s 
S.6 

50.1 

8.S 

27.8 

6.2 

4.7 

9.8 

23.9 

2.8 

3.4 

2.9 

18.3 

4.S 

27.3 

2.8 

Per capita lbree
day avenge 

quantity conaumed 
(g/day)b 

S8.0 

2.6 

0:9 

2.1 

20.3 

1.1 

12.2 

2.S 

2.4 

2.9 

9.1 

1.2 

1.6 

1.S 
--

6.4 

2.0 

9.6 

1.6 

1::1 
;. 0 ,, ~ 

0 
o~O 
t-1.o~ 
~ c:: f:tj 

0 t-:1 

~ 

~ 



Table 2-26. (cOOlimJcd) 

Comumcn-ollly 
Threo-Day Avoraioa at Specified Porcenliloa ~/day'f 

Food cato1ory 5 25 50 15 90 95 99 Maximum Comumcl'l-Ollly Quantity comumed per ~ Per capita threo-
co11111med in Threo-day Avcraae catm, occalioa Jndiv, dayavcra1c 
any ODO day quamity consumed {I) usi111 quantity comwned 

(g/day) <.!day) food in (g/day)• 

Avcraae Standard Avcraio Standard 
3 day• 

Deviation Deviation 

Sweet poCatoel 14 34 38 68 as 132 200 1,020 52 38 136 S7 4.1 2.1 

Tomato juice 30 45 11 121 182 243 354 1,879 94 72 91 122 3.9 3.7 

Cucumber picklea 2 6 11 22 43 50 90 810 18 20 45 45 9.2 1.7 

fl!!i!! 

.Grapefruit 38 45 19 110 165 205 268 804 90 58 159 58 4.7 4.1 

Grapefruit juice 41 63 13 165 250 329 658 1,976 131 115 202 99 3.6 4.7 
t-.> 
~ OmJaca 24 41 41 97 145 180 co 190 1,160 78 54 146 51 9 7.0 

Oranpjuice 42 73 125 166 249 190 496 1,992 133 92 190 14 35.5 47.1 

Apples 23 46 46 92 138 184 176 1,272 15 53 141 49 18.1 13.6 

APPlcuucc, cooked 11 31 43 85 127 160 253 1,016 61 47 134 116 9.1 6.0 
1pplc1 

APPie juice 41 61 13 145 227 189 496 1,302 116 98 191 101 3.8 4.4 

Cantaloupe 21 45 68 91 181 181 172 1,361 81 61 171 91 3.3 1.7 

Raw peaches 25 51 51 101 263 203 355 760 84 66 160 15 4.5 3.8 

Rawpcan 2i 55 55 109 114 164 273 2,132 75 50 163 69 3.1 1.3 

Raw 1tr1wbenies 12 2S 37 50 99 120 225 600 46 44 100 58 2.1 1.0 
-·· 

a Percentiles arc cunudalivc; for example, 50 percent of people cat 62 g white poeatoea per day or lcu. I t1 
0 

• Per capita inlatca were calculated by multiplying the average quantity comumcd for COlllUDIC~Y by the fraction of individuals using the food item in 3 days. 

I~~! Source: Total comwnplion data from Pao ct al., 1982. 

~p 
l,zJ c:: b;j 
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8 
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in 3 days. For white potatoes, the per capita intake rate was estimatedtO' be 58 g/day 

(78g/day x 0. 744). The intake rate.s are presented on an as consumed (g/day) basis. The data 

presented in Table 2-26 are for all ages of the population, combined. If age-specific intake data 

.are needed, refer to Pao et al. (1982). 

Although Pao et al. (1982) reported distributions of intake rates for individual fruits and 

vegetables, these tabulated data cannot be used to derive a distribution of intake rates for total 

fruits and vegetables. Obtaining a frequency distribution for all fruits and vegetables by 

summing the distributions for individual fruits and vegetables is not appropriate because a person 

whose intake rate for tomatoes falls in the 90th percentile may not have a 90th percentile intake 

rate of broccoli. Summing ingestion rates would also imply that all individuals consume all of 

the fruit and vegetables listed in Table 2-26. Consequently, these data should only be used in 

exposure assessments where the consumption of individual fruits and vegetables is of interest. 

Intake data for total fruits and total vegetables are presented later in this Section. 

The advantages of using these data are that they were derived from the USDA NFCS and 

are representative of the U.S. population. This data set provides distributions for a number of 

commonly eaten fruits and vegetables, but the list of foods is limited and does not account for 

fruits and vegetables included in complex food dishes. Also, these data are based on short-term 

dietary recall and it's quite unlikely that they accurately reflect long-term consumption patterns. 

The U.S. EPA's Dietary Risk Evaluation System (DRES) - USEPA, Office of Pesticide 

Programs - The U.S. BP A, Office of Pesticide Programs (OPP) uses the Dietary Risk Evaluation 

. System (formerly the Tolerance Assessment System) to assess the dietary risk of pesticid~ use 

as part of the pesticide registration process. OPP sets tolerances for specific pesticides on raw 

agricultural commodities based on estimates of dietary risk. These estimates are calculated using 

pesticide residue data for the food item of concern and relevant consumption data. Intake rates 

are based primarily on the USDA 1977-1978 NFCS although intake rates for some food items 

are based on estimations from-production volumes or other data (i.e., some items were assigned 

an arbitrary value of 0.000001 g/kg-day (Kariya, 1992). OPP has calculated per capita intake 

rates of individual fruits and vegetables for 22 subgroups (age, regional, and seasonal) of the 

population by determining the composition of NFCS food items and disaggregating complex food 

dishes into their component raw agricultural commodities (RACs) (White et al. 1983). 
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The DRF.S per capita, as consumed intake rates for all age/sex/demographic groups 

combined are presented in Table 2-27. These data are based on both consumers and non 

consumers of these food items. Data for specific subgroups of the population are not presented 

here, but are available through OPP via direct request. The data in Table 2-27 may be useful 

for estimating the risks of exposure associated with the consumption of individual fruits and 

vegetables. It should be noted that these data are indexed to the actual body weights of the 

survey respondents and are expressed in units of grams of food consumed per Kg bodyweight 

per day. Consequently, use of these data in calculating potential dose does not require the body 

weight factor in the denominator of the average daily dose (ADD) equation. It should also be 

noted that conversion of these intake rates into units of g/day by multiplying by a single average 

body weight is not appropriate because the DRF.S data base did not rely on a single body weight 

for all individuals. Instead, DRF.S used the body weights reported by each individual surveyed 

to estimate consumption in units of g/kg-day. 

The advantages of using these data are that complex food dishes have been disaggregated 

to provide intake rates for a very large number of fruits and vegetables. These data are also 

based on the individual body weights of the respondents. Therefore, the use of these data in 

calculating exposure to toxic chemicals may provide more representative estimates of potential 

dose per unit body weight. However, because the data are based on NFCS short-term dietary 

recall the same limitations discussed previously for other NFCS data sets also apply here. 

Food and Nutrient Intakes of Individuals in One Day in the U.S., USDA (1980, 1992b) -

USDA calculated mean intake rates for total fruits and total vegetables using NFCS data from 

1977-78 and 1987-88 (USDA, 1980; USDA, 1992b). The mean total intake rates are presented 

in Tables 2-28 and 2-29 for fruits and Tables 2-30 and 2-31 for vegetables. These values are 

based on intake data for one day from the 1977-78 and 1987-88 USDA Nationwide Food 

Consumption Surveys, respectively. Data from both surveys are presented here to demonstrate 

that although the 1987-88 survey had fewer respondents, the mean per capita intake rates for all 

individuals are in good agreement with the earlier survey. Also, slightly different age 

classifications were used in the two surveys providing a wider range of age categories from 

which exposure assessors may select appropriate intake rates. Tables 2-28 through 2-31 include 

both per capita intake rates and intake rates for consumers-only for various ages of individuals. 
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Table 2-27. Mean Per Capita Intake Rates for Fruits and Vegetables Based on All Sex/Age/Demographic Subgroups 

Raw Agricultural Commodicya 

Alfalfa Sprouts 

Apples-Dried 

Apples-Fresh 

Apples-Juice 

Apricots-Dried 

Apricots-Fresh 

Artichokes-Globe 

Artichokes-Jerusalem 

Asparagus 

Avocados 

Bamboo Shoots 

Bananas-Dried 

Bananas-Fresh 

Bananas-Unspecified 

Beans-Dry-Blackeye Peas (cowpeas) 

Beans-Dry-Broad Beans (Mature Seed) 

Beans-Dry-Garbanm (Chick Pea) 

Beans-Dry-Great Northern 

Beans-Dry-Hyacinth (Mature Seeds) 

Beans-Dry-Kidney 

Beans-Dry-Lima 

Beans-Dry-Navy (Pea) 

Beans-Dry-Other 

Average Consumption 
(Grams/Kg Body Weight-Day) 

0.0001393 

0.0002064 

0.4567290 

0.2216490 

0.0004040 

0.0336893 

0.0032120 

0.0000010 

0.0131098 

0.0125370 

0.0001464 

0.0004489 

0.2240382 

0.0032970 

0.0024735 

0.0000000 

0.0005258 

0.0000010 

0.0000000 

0.0136313 

0.0079892 

0.0374073 

0.0398251 

Standard Error 

0.0000319 

0.0000566 

0.0142203 

0.0142069 

0.0001457 

0.0022029 

0.0007696 

"' 
0.0010290 

0.0020182 

0.0000505 

0.0001232 

0.0088206 

0.0004938 

0.0005469 

"' 
0.0001590 

"' 
"' 

0.0045628 

0.0016493 

0.0023595 

0.0023773 

t:J--i 

o I 
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Table 2-'J:/ (cootinucd) 

Raw Agricultural Commodi~ Average Consumption Standard Errof' 
{Gmm/Kg Body Weight-Day) 

Beans-Dry-Pigeon Beans 0.0000357 0.0000357 

Beans-Dry-Pinto 0.0363498 0.0048479 

Beans-SUcculent-Broad Beans (Tmmttmo Seed) 0.0000000 * 
Beans-SUcculent-Green 0.2000500 0.0062554 

Beans-Succulent-Hyacinth (Young Pods) 0.0000000 • 
Beans-Succulent-Lima 0.0256648 0.0021327 

Beans-Succulent-Other 0.0263838 0.0042782 

Beans-8ucculent~ Yellow, Wax 0.0054634 0.0009518 

Beans-Unspecified 0.0052345 0.0012082 

N Beets-Roots 0.0216142 0.0014187 
~ 
N Beets-Tops (Greens) 0.0008287 0.0003755 

Bitter Melon 0.0000232 0.0000233 

Blackberries 0.0064268 0.0007316 

Blueberries 0.0090474 0.0008951 

Boysenberries 0.0007313 0.0006284 

Bread Nuts 0.0000010 • 
Bread Fruit 0.0000737 0.0000590 

Broccoli 0.0491295 0.0032966 

Brussel Sprouts 0.0068480 0.0009061 -c,--1 
Cabbage-Chinese/Celery, Inc. Bok Choy 0.0045632 0.0020966 0 

Cabbage-Green and Red 0.0936402 0.0039046 .• ~ .· 0 
o~t1 

Cactus Pads 0.0000010 • t--fp~ 
~c: -

Cantaloupes 0.0444220 0.0029515 I !" Caram bola 0.0000010 • 
!;cl 



Table 2-27 (continued) 

Raw Agricultural Commodicya Average Consumption Standard Error 
(Grams/Kg Body Weight-Day) 

Carob 0.0000913 0.0000474 

Carrots 0.1734794 0.0041640 

C'..A.u.hu . 0.0007703 0.0003057 

Cassava (Yuca Blanca) 0.0002095 0.00001574 

Cauliflower 0.0158368 0.0011522 

Celery 0.0609611 0.0014495 

Cherimoya 0.0000010 • 
Cherries-Dried 0.0000010 • 
Cherries-Fresh 0.0321754 0.0024966 

Cherries-Juice 0.0034080 0.0009078 

Chicory (French or Belgian Endive) 0.0006707 0.0001465 
.. 

~· Chili Peppers 0.0000000 • 
tJ'I 
CA> Chives 0.0000193 0.0000070 

Citrus Citron 0.0001573 0.0000324 

Coconut-Copra 0.0012860 0.0000927 

Coconut-Fresh 0.0001927 0.0000684 

Coconut-Water 0.0000005 0.0000005 

Collards 0.0188966 0.0032628 
-·-.. -····· 

Com, Pop 0.0067714 0.0003348 0 
0 

Com, Sweet 0.2367071 0.0062226 f·~ ·o 
Crabapples 0.0003740 • o~t1 

t-4 (U 
~p •.• 

Cranberries 0.0150137 0.0006153 tzJ c:: ttj 
01-:i 
~ 

Cranberries-Juice 0.0170794 0.0022223 I P.I 
0 

Crenshaws 0.0000010 ... ,, 



Table 2-V (continued) 

Raw Agricultural Commodity- Average Coosumption Standard Error 
(Gmmll{g Body Weight-Day) 

Cress, Uptmd 0.0000010 • 
Cress, Garden, Field 0.0000000 • 
Cucumbers 0.0720821 0.0034389 

Currants 0.0005462 0.0000892 

Dandelion 0.0005039 0.0002225 

Dates 0.0006662 0.0001498 

Dewberries 0.0023430 • 
Eggplant 0.0061858 0.0007645 

Elderberries 0.0001364 0.0001365 

I\) Endive, Curley and Escarole 0.0011851 0.0001929 I . 

U1 
~ Fennel 0.0000000 • 

Figs· 0.0027847 0.0005254 

Garlic- 0.0007621 0.0000230 

Genip (Spanish Lime) 0.0000010 • 
Ginkgo Nuts 0.0000010 • 
Gooseberries 0.0003953 0.0001341 

Grapefruit-Juice 0.0773585 0.0053846 

Grapefruit-Pulp 0.0684644 0.0032321 

Grapes-Fresh 0.0437931 0.0023071 
I '=' 

Grapes-Juice 0.0900960 0.0058627 
I 0 

!i= 
Grapes-Leaves 0.0000119 0.0000887 0 

ot-30 

Grapes-Raisins 0.0169730 0.0009221 
Hp~ 
8 c:: ttj 
ts.I 0 1-3 

Groundcherries (Poha or Cape-Gooseberries) 0.0000000 • t-3 
l'=J 

Guava 0.0000945 0.0000558 0 
!:lj 



Table 2-27 (continued) 

Raw Agricultural Commodity" Average Consumption Standard Error 
(Grams/Kg Body Weight-Day) 

Honeydew Melons 0.0183628 0.0042879 

Huckleberries (Gaylussacia) 0.0000010 ... 

Juneberry 0.0000010 ... 

Kale 0.0015036 0.0006070 

Kiwi 0.0000191 0.0000191 

Kohlrabi 0.0002357 0.0001028 

Kumquats 0.0000798 0.0000574 

Lambsquarter 0.0000481 0.0000481 

Leafy Oriental Vegetables 0.0000010 * 
Leeks 0.0000388 0.0000221 

Lemons-Juice 0.0189564 0.0009004 

':.fl,.) Lemons-Peel 0.0002570 0.0001082 ; I . en 
cn Lemons-Pulp 0.0002149 0.0000378 

Lemons-Unspecified 0.0020695 0.0003048 

Lentiles-Split 0.0000079 0.0000064 

Lentiles-Whole 0.0012022 0.0002351 

Lettuce-Head Varieties 0.2122803 0.0059226 

. Lettuce-Leafy Varieties 0.0044328 0.0003840 

Lettuce-Unspecified 0.0092008 0.0004328 

LimeS-Juice 0.0032895 0.0005473 
-g~·--~, 

I 

,Limes-Pulp 0.0000941 0.0000344 ?2: 
0 

Limes-Unspecified 0.0000010 ... o~O 
HI)~ 
1-3 c:: ltj 

Loganberries 0.0002040 ... tsJ 0 ~ 

Logan Fruit 0.0000010 ... I ~ 
~ 



Table 2-?:l (continued) 

Raw Agricultural Commodicya Average Consumption Standard Error 
(Grams/Kg Body Weight-Day) 

Loquats 0.0000000 • 
Lychee-Dried 0.0000010 • 
Lychees (Litchi) 0.0000010 ... 

Maney (Mammee Apple) 0.0000010 ... 

Mangoes 0.0005539 0.0002121 

Mulberries 0.0000010 ... 

Mung Beans (Sprouts) 0.0066521 0.0006462 

Mushrooms 0.0213881 0.0009651 

Mustard Greens 0.0145284 0.0024053 

Nectarines 0.0129663 0.0013460 

Okra 0.0146352 0.0017782 
·"-> 
·1 Olives 0.0031757 0.0002457 111 
'm 

Oillons-Dehydrated or Dried 0.0001192 0.0000456 

Onions-Dry-Bulb (Cipollini) 0.1060612 0.0021564 

Onions-Green 0.0019556 0.0001848 

Oranges-Juice 1.0947265 0.0283937 

Oranges-Peel 0.0001358 0.0000085 

Oranges-Pulp 0.1503524 0.0092049 

·Papayas-Dried 0.0009598 0.0000520 -~·-1 

0.0005055 
•, 0 

Papayas-Fresh 0.0013389 1'21 - ·o 
Papayas-Juice 0.0030536 0.0012795 o~~ 

H.o~ 
Parsley Roots 0.0000010 ... H C: 1-tj 

taJ 0 ~ 
8 

Parsley 0.0036679 0.0001459 M 
0 

- Parsnips 0.0006974 0.0001746 ~ 



Table 2-27 (continued) 

Raw Agricult'.ual Commodity8 Average Consumption Standard Error 
(Grams/Kg Body Weight-Day) 

Passion Fruit (Granadilla) 0.0000010 ... 

Pawpaws 0.0000010 ... 

Peaches-Dried 0.0000496 0.0000152 

Peaches-Fresh 0.2153916 0.0078691 

Pears-Dried 0.0000475 0.0000279 

Pears-Fresh 0.1224735 0.0050442 

Peas (Garden)-Oreen Immature 0.1719997 0.0067868 

Peas (Garden)-Mature Seeds, Dry 0.0017502 0.0002004 

Peppers, Sweet, Garden 0.0215525 0.0010091 

Peppers-Other 0.0043594 0.0004748 
f\) 
I 

Persimmons 0.0004008 0.0002236 CJ'I ..... 
Persian Melons 0.0000010 ... 

Pimentos 0.0019485 0.0001482 

Pineapple-Dried 0.0000248 0.0000195 

Pineapple-Fresh, Pulp 0.0308283 0.0017136 

Pineapple-Fresh, Juice 0.0371824 0.0026438 

Pitanga (Surinam Cherry) 0.0000010 ... 

Plantains 0.0016370 0.0007074 ,---
t7 

Plums, Prune-Juice 0.0137548 0.0017904 
0 

-~ 

Plums (Damsons)-Fresh 0.0248626 0.0020953 
0 

0 1-i" 
H..O~ 

Plums-Prunes (Dried) 0.0058071 0.0005890 ~ c: ttj 
t:sJ 0 t-3 

Poke Greens 0.0002957 0.0001475 ~ 
Pomegranates 0.0000820 0.0000478 I ~ -Potatoes (White)-Whole 0.3400582 0.0102200 



Table 2-Zl (cootinned) 

Raw Agricultunl Commodity- Average Consumption Standard Error 
(Grams/Kg Body Weight-Day) 

Potatoes (Wh.itc)-Unspecifiod 0.0000822 0.0000093 

Potatoes (White)-Peeled 0.7842573 0.0184579 

Potatoes (White)-Dry 0.0012994 0.0001896 

Potatoes (White)-Peel Only 0.0000217 0.0000133 

Pumpkin 0.0044182 0.00043S4 

Quinces 0.0001870 • 
Radishes-Roots 0.001S558 0.0001505 

Radishes-Tops 0.0000000 • 
Raspbenies 0.0028661 0.000584S 

Rhubarb 0.0037685 0.0006588 

Rutabagas-Roots ~ 0.0027949 0.0009720 

Rutabagas-Tops 0.0000000 • 
Salsify (Oyster Plant) 0.0000028 0.0000028 

Shallots 0.0000000 • 
I\) Soursop (Annona Muricata) 0.0000010 • 

I 
UI 
()C) Soybeans-Sprouted Seeds 0.0000000 • 

Spinach 0.0435310 0.00306S6 

Squash-Summer 0.0316479 0.0022956 

Squash-Winter 0.0324417 0.0026580 

Strawbenies 0.0347089 0.0020514 f g 
Sugar Apples (Sweetsop) 0.0000010 • !a: 

0 

Sweetpotatoes (including Yams) 0.0388326 0.0035926 
0..;)" 
t-4.o~ 
t; c:: ~ 

Swiss Chard 0.0016915 0.0004642 t:".!01-:3 
1-:3 

Tangelos 0.0025555 0.0006668 
t:".! 

0 
::tj 



Raw Agricultural Commodity* 

Tangerine-Juice 

Tangerines 

Tapioca 

Taro-Greens 

Taro-Root 

Tomatoes-Catsup 

Tomatoes-Juice 

Tomatoes-Paste 

Tomatoes-Puree 

Tomatoes-Whole 

I'\) Towelgourd 
I 

en 
Turnips-Roots U) 

TUmips-Tops 

Water Chestnuts 

Watercress 

Watermelon 

Yam.bean, Tuber 

Yautia, Tannier 

Youngberries 

"' Not reported 

• Consumed in any raw or prepared form 

SoUl"'...e: DRES data base. 

Table 2-27 (continued) 

Average Consumption 
(Grams/Kg Body Weight-Day) 

0. 0000839 

0.0088441 

0.0012199 

0.0000010 

0.0000010 

0.0420320 

0.0551351 

0.0394767 

0.17012311 

0.4920164 

0.0000010 

0.0082392 

0.0147111 

0.0004060 

0.0003553 

0.0765054 

0.0000422 

0. 0000856 

0.0003570 

Standard Error 

0. 0000567 

0.0010948 

0.0000951 

... 

... 

0.0015878 

0.0029515 

0.0012512 

0.0054679 

0.0080927 

... 

0.0014045 

0.0025845 

0.0000682 

0.0001564 

0.0068930 

0.0000402 

0. 0000571 

... 

' 

-------
~ 
0 

~ 
o~O 

TJ
~cO~. 

1-:] 
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Table 2-28. 

Age (yr) 

M!Y~ !Dd E~mal~ 
1 and under 
1-2 
·3-5 
6-8 

~ 

9-11 
12-14 
15-18 
19-22 
23-34 
35-50 
51-64 
65-74 
75 and over 

Females 

9-11 
12-14 
15-18 
19-22 
23-34 
35-50 
51-64 
65-74 
75 and over 

Mal~ ~!I females 

All &&es 

I DRAFT 

I 
DO Nor QUOTE o: 

:·.;:-.. CITE 
Mean Total Fruit Intake in a Day by Sex and Age (1977-1978)' --------

Per Capita Intake Percent of Population Intake (g/day) for Users 
(g/day) Using Fruit in a Day Onlyl' 

169 86.8 196 
146 62.9 231 
134 56.1 239 
152 60.1 253 

133 50.5 263 
120 51.2 236 
147 47.0 313 
107 39.4 271 
141 46.4 305 
115 44.0 262 
171 62.4 275 
174 62.2 281 
186 62.6 197 

148 59.7 247 
120 48.7 247 
126 49.9 251 
133 48.0 278 
122 47.7 255 
133 52.8 252 
171 66.7 256 
179 69.3 259 
189 64.7 292 

142 54.2 263 

• Based on USDA Nationwide Food Consumption Survey (1977-1978) data for one day. 
" Intake for users only was calculated by dividing the per capita intake rate by the fraction of the population llsing 

fruit in a day. 

Source: USDA, 1980. 

2-60 



I 

b 

Table 2-29. 

I DRAFT 
1 DO NOT QUOTE OR 

I ~~· CITE 
Mean T<:1tal Fruit Intake in a Day by Sex and Age (1987-1988)" 

Per Capita Intake (g/day) Percent of Population Intake (g/day) for Users 
Age (yr) Using Fruit in 1 Day Onlyb 

Males and Females 

5 and under 157 59.2 265 

Males 

6-11 Ul2 63.8 285 

12-19 158 49.4 320 

20 and over 133 46.5 286 

Females 

6-11 154 58.3 264 

12-19 1311 47.1 278 

20 and over 140 52.7 266 

Males and Females 

All Ages 14Z 51.4 276 

Based on USDA Nationwide Food Consumption Survey (1987-1988) data for one day. 
Intake for users only was calculated by dividing the per capita intake rate by the fraction of the population using fruits 
in a day; 

Source: USDA, 1993. 
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Table 2-30. Mean Total Vegetable Intake in a Day by Sex and Age (1977-1978)" 1--··~-----

Ago (yr) Per Capita Intake Percent of Population Intake (g/day) for 
(g/day) Using Vegetables in a Day Users Only" 

Mal~ imd females 

1 and under 76 62.7 121 
1-2 91 78.0 116 
3-5 100 79.3 126 
6-8 136 84.3 161 

~ 

9-11 138 83.5 165 
12-14 184 84.5 217 
15-18 216 85.9 251 
19-22 226 84.7 267 
23-34 248 88.5 280 
35-50 261 86.8 300 
51-64 285 90.3 316 
65-74 265 88.5 300 
75 and over 264 93.6 281 

Females 

9-11 139 83.7 166 
12-14 154 84.6 183 
15-18 178 83.8 212 
19-22 184 81.1 227 
23-34 187 84.7 221 
35-50 187 84.6 221 
51-64 229 89.8 255 
65-74 221 87.2 253 
75 & over 198 88.1 226 

Mal~ imd Femat~ 

All Ages 201 85.6 235 

• Based on USDA Nationwide Food Consumption Survey (1977-1978) data for one day • 
.., Intake for users only was calculated by dividing the per capita intake rate by the fraction of the population using 

vegetables in a day. 

Source: USDA, 1980. 
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Table 2-31. Mean Total Vegetable Intake in a Day by Sex and Age (1987-1988)• L__ CITE 

Per Capita Intake (g/day) Percent of Population Intake (g/day) for Users 
Age (yr) Using Vegetables in Only1' 

1 Day 

Males and Females 

Sand under 81 74.0 109 

Males 

6-11 129 86.8 149 

12-19 173 85.2 203 

20and over 232 85.0 273 

Females 

6-11 129 80.6 160 

12-19 129 75.8 170 

20 and over 183 82.9 221 

Males and Females 

All Ages 182 82.6 220 

Based on USDA Nationwide Food Consumption Survey (1987-1988) data for one day . 
Intake for users only was calculated by dividing the per capita intake rate by the fraction of the population using 
vegetables in a day. 

Source: USDA, 1993. · 
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Intake rates for consumers-only were calculated by dividing the per capita consumption rate Dy 

the fraction of the population using vegetables or fruits in a day. The average per capita 

vegetable intake rate is 201 g/day based on the 1977-78 data (USDA, 1980) and 182 g/day based 

on the 1987-88 data (USDA, 1992). For fruits the average per capita intake rate is 142 g/day 

based on the two most recent USDA NFCSs (USDA, 1980; USDA, 1993). 

The advantages of using these data are that they provide intake estimates for all fruits and 

all vegetables combined. Again, these estimates are based on short-term dietary data which 

provide valid estimates of the means of usual consumption. 

U.S. EPA Analysis of 1987188 USDA NFCS Data - EPA analy:zed data from the 1987-88 

USDA NFCS to generate distributions of intake rates for various fruit and vegetable 

items/groups. The fruit and vegetable items/groups selected for analysis included total fruits, 

total vegetables, selected individual food items; fruits and vegetables categori7.ed as exposed, 

protected, and roots; and various USDA fruit· and vegetable categories (i.e., dark green 

vegetables, deep yellow vegetables, other vegetables, citrus fruits, and other fruits). Food 

items/groups were identified in the NFCS data base according to NFCS-defined food codes. 

Appendix 2-A presents the codes used to determine the various food groups. Intake rates for 

these food items/groups represent intake of all forms of the product (i.e., homeproduced and 

commercially produced). The USDA data were adjusted by applying the sample weights 

calculated by USDA to the data set prior to analysis. These weights were designed to "adjust 

for survey nonresponse and other vagaries of the sample selection process" (USDA, 1987/88). 

Intake rates were indexed to the body weight of the survey respondent and reported in units of 

g/kg-day. The food analysis was accomplished using the SAS statistical programming system 

(SAS, 1990). 

Distributions of intake rates were determined by apportioning the amount of food used 

by a household among family members based on average serving si7.es for specified age groups 

of the population and the number of weekly meals consumed by each family member. A 

detailed description of the methodology used to generate distributions of homegrown intake is 

presented in Section 2. 7 (Intake Rates for Various Homeproduced Food Items) of this Handbook. 

The same method was used to determine the intake rates of all forms (i.e., homeproduced and 

commercially prepared) of fruits and vegetables presented in this section. 
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Intake rates for various subcategories of the population within census -regions are 
presented in Tables 2-32 through 2-36 for total fruits and Tables 2-37 through 2-41 for total 

vegetables. Tables 2-42 through 2-63 present intake rates for individual fruit and vegetable 

items/grQups. Intake rates for exposed, protected, and root produce are presented in Tables 2-64 

through 2-68, and intake rates based on the various USDA categories are presented in Tables 

2-69 through 2-73. These distributions represent intake rates for consumers of the food 

item/group of interest. These data represent one-week average intake rates for family members 

from those surveyed households who reported eating the food item/group of interest during the 

survey period. The total number of individuals in the data set (i.e., both individuals who ate 

the food item and those who did not eat the food item during the survey period) are presented 

in Table 2-185 in Section 2.7.2. These total number of individuals surveyed may be used with 

the consumer only data presented here to calculate per capita intake rates for the survey 

population as shown in Section 2.7.2. 

The advantages of these data are that they provide distributions for the various food 

items/groups. Also, ~e NFCS was designed to be representative of the U.S. population. 

However, these data are based on mort-term dietary recall and may not accurately reflect long

term intake patterns. Additional advantages and limitations of this analysis are outlined in 

Section 2.7.4 of this Handbook. 

2.3.2.3. Relevant Intake Studies 

U.S. EPA - Office of Radianon Programs - The U.S. EPA Office of Radiation Programs 

(ORP) has also used the USDA 1977-1978 NFCS to estimate daily food intake (U.S. EPA, 

1984d; 1984e). ORP uses food consumption data to assess human intake of radionuclides m 
foods. The_1977-1978 NFCS data have been reorganized by ORP, and food items have been 

classified according to the characteristics of radionuclide transport. Data for selected agricultural 

products are presented in Table 2-74 and Table 2-75. These dam represent per capita, u 

consumed intake rates for total, leafy, exposed, and protected produce as well as total grains, 

breads, and cereals. Exposed produce refers to products that can intercept atmospherically 

deposited materials (e.g., apples, pears, berries, etc.). The term protected refers to products 

that are protected from deposition from the atmosphere (e.g., citrus fruit, carrots, com, etc.). 
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Pcpallticn N N 
~ ~ 'lln•a'd ,,_ 

~ 

Tobi 42l2200) 239' S-'0!4ilt l.$1Ml 

Aic 
<01 112000 "4 3.22E+ol .C.'lOS-Ol 
01~ 1712000 f7 U31!+tl IAlUl 
03-0$ 2113000 Ill l.ll!itl USJl.43 
~II 3l90000 1-41 US!!+ol JM!-03 
12·19 5()8.4000 211 3.19l!+oo 1.7111-43 
20-39 14062000 740 3.JOBtOt l.ISB-03 
41).-69 12097000 '93 Ull!+GO l.G43 
70+ 30$0000 173 S.OJB+oo 2.2l&03 

Seatonl 
Fal 13714000 473 S.OOl!+oo ~ 
siuw '4S2000 '21 4.671!+GO 2.26£.43 
Suaner '132009 303 '.361!+oo S.2$!!.03 
Wlllls 10524000 '" 3.94E+oo 1.41&03 

Uibenizltion 
Cril!Cily 1'lll1000 m f.761!+oo 3.49&03 
Ncx~ 12962000 90 4.22l!+oo 1.46&03 
Sudluzblll 13678000 •II s.sm+oo 1.131!-GJ 

~ 
Alim l49000 37 1.38ll+OI 3.16&02 
BllCt 2$72000 115 1.191!+01 1.53&02 
Nlliw~ 116000 6 :Z.SOll+oo S.31J!.f3 
OlbldNA l90000 n S.041!+oo 4-'8&03 
Wllill 3139SOOO 220I S.0111+00 l.otll-G3 

!-.> a...,.. lo Quel1icxnlrt 

°' Do J'Oll pnlen'I 21223000 1204 S.2611+oo 1.48£.0S 
00 DoJ'Olllirm? 2514000 161 4.llB+oo 3.07l!-03 

Table 2-34. Intake of Total Fruits (ilks-day)- M'idw~ Rcsioa 

PO Pl !'$ PIO P1S P.SO 

·~ l.49S41 3.41&41 6.29&11 1.m+oo 3.11E+GO 

S.IOIWI S.IOMI l.s6E+oo US!+oo 9.'llR-+00 IJ6l!+tl 
'.lOUI Ul&OI l.l3et«I 3,.Ql!+oo Ufl!+«I l.2Sl!iill 
111&41 3.4SUI l.271!+oo l.92i+GO .C.631!+oo 7.6ll!+oo 
U31!-0I 2.09!!-01 S~I l.29!!iill Ul!+oo UC!!.+00 

O.OO!+oo l.ISB-01 ~I .C.SOS.01 l.27E+oo 2.7Sl!+oo 
O.ool!+tO 1.46&01 :z.9SB.OI 4.71&01 l.09B+oo :Z.llll+oo 
O.OO!!+oo l.171!-0I 3.26Jl.41 6.JJl!.01 IJSl!+oo Ull!.+00 
1"68-01 U48-0I 1.11£.01 l.04!!+oo 2.19!!+oo 4.271!+oo 

O.OOE+oo Ul&OI 4.5011-0I 1.11&01 l.671!+oo 3.16B.+OO 
O.OOB+oo lJl&Ol 2.11&01 S.$61!-0l l.271!+t0 2.16B+oo 
0.00~ l.IS&OI Ul&OI 4.1611-0I 1.76ll+oo 4.53B+oo 
l.041WI l.'1&01 4.08!!-01 6.19&01 1.221!+«1 2.SOB+oo 

O.OOB+oo 1.4611-0I 2.8111-0I 4.6211-0I l.31B+oo 3.08l!+oo 
O.OOB+oo 1.49&01 3.0IS&GI S.SS&OI l.33B+oo 2.13B+oo 
O.OOB+oo 1.971!-0I 7.2611-0I 9.9S&ol l.78E+oo 3.4'E+oo 

4.86&01 4.1611-0I 1.488-01 1.161!-0I l.22B+oo 3.7411+oo 
O.OOB+oo O.OOB+oo Ul&OI 2.1711-0I l.27&01 3.56B+oo 
S.69&ol S.69&41 S.69&41 S.6911-0I 1.21B+oo l.52B+oo 
7.50&01 7.so&fl l.2411+oo l.63B-+GO l.90ll+oo 3.SSB+oo 

O.OOl!+ao 1.471!-0I 3.9211-0I 6.47&01 l.4SB+oo 3.IOB+oo 

0.0011-HIO US&OI 4.$61!-0I 1.41111-0I U611-HIO 3.21R+OO 
1.46&02 l.IS&OI 2.72&01 J.OJB41 '.12£.0I J.SOB+OO 

m PM PtS 

U2&+oo 1.171ttl l.73l!itl 

2.161!+ol l.16!it1 l.m+Ol 
:Z.~+tl U31!-ltl '-"l!+ol 
l.AO!!+tl :Z.701!-ttl 3.231!+ol 
7.22&+o0 l.2S!ttl 2.J.Cl!+ol 
S.ll!!+GO l.59Btt0 1.2l!+ol 
3.791!+oo U31!ito l.73!!+t0 
S.12E.+oo UOl!ttO l.32B+ol 
U91!+oo 9.4'E+t0 1,2.C!!iill 

S.41l!+GO 9.Ml!+oo 139B+ol 
S.411!.+00 l.OSRttl l.53Biill 
9.0Sl!+oo 2.llE+ol 3.60l!+ol 
S.o.l!!+oo l.22Bi00 l.21B+ol 

6.361!+oo l.21Rttl 2.'IOB+ol 
S.24!!+oo 9.0IB+oo l.lOE+ol 
6.34B+oo 1.27!!-!0l l.7ll!+ol 

7.ffil+oo 3.llll+cl H9ll+ol 
l.21R+oo 3.17Bi01 7.41B+Ol 
4.86B+oo 4.16B-+t0 4.16B+t8 
7.1211+oo l.cnll+ol 1.211!+01 
S.941!+oo l.07ll+tl l.Sll!+ol 

6.09B+oo l.llllitl UJB+tl 
6.34B+OO LllB-+01 l.40Biill 

,,, 
....... 1 

IMZ+tl 
l.fflitl 
4.24!ttl 
3.llB+tl 
l.ta!Ml 
UG!ttl 
2.lll!itl 
l.MB+ol 

3.llB+ol 
:uoB+ol 
U9B+ol 
:u2l!+Ol 

7.Gttl 
2.241!+ol 
3.47B+ol 

l.44Bif2 
1.331!+02 
USB+oo 
2.2011itl 
"411-ttl 

147B+ol 
2.6!111iill 

Plot 

l.4GM1 

l.4C&tfl 
l.Mitl 
UEitl 
.usllttl 
2.321!ttl 
09e+fl 
-.~+ol 
Ull!ttl 

UCl!it2 
l.IQ!+o2 
l.33E+02 
02Bitl 

l.44B+o2 
U6B+ol 
7.0ISB+ol 

l.4G!+o2 
l.m+02 
4.11111-+tO 
2.291!-ltl 
l.HB+t2 

7.168 ... 1 
1(!91!+fl 

0 
0 

:,; !2: 
0 

oHO 
::: .0 ~ 
tzj c: ltj 
o~ 
8 
txJ 

S1 



Population N N 
Group !!I!!! 1lmilrtd Meon SE 

Tollll 57855000 3070 5.07E-+OO 9.15Jl.04 

Age 
<01 mooo .. 2.011!-+tl 2.11£.02 
01-02 1750000 101 l..SCl!-+tl 1.17£.02 
03-05 2328000 127 1.131!-+tl 7.36£.03 
06-11 4630000 254 5.651!-+00 2.22&-03 
12-19 5961000 J30 3.851!-+00 1.501!-03 
:Z0.39 190'2000 !M7 3.121!-+00 8.08£.04 
~ 17961000 1114 4.561!+oo l.29Jl.03 
'10+ 5316000 219 6.118+oo 2.901!-03 

Seasons 
Fill 111181000 399 4.3.51!+oo 1.491!-03 
sin. 14919000 1219 I 4.79B+oo l.64Jl.03 
Summer 15538000 4'1 U9ll+oo 2.491!-03 
W"art<r 154Slll00 191 4.181!-+00 l.22Jl.03 

thbonlzalien 
Centn!Cily 1'326000 631 "16!!-+tO !.93!!--03 
Nonmell'OpOlilln 16913000 1070 5.118+oo l.73Jl.03 
ISmW.t.:I 25S46000 l:N9 4.99B+oo l.m.oJ 

RKc 
Alim 534000 211 U9l!+oo 6.53Jl.03 
llllCi. 11765000 - 5.00l!+oo l.96Jl.03 
.Nllift.Amedcm 111000 ' 5.92B+oo U4£.02 
OlherlNA 1372000 7' l.60ll+oo l.39&G 
While 44073000 2213 4.99l!+oo 9.79£.04 

ltapanM '° Qmlliamoire 
DoJUUpnlm? 191S4000 IOS7 S.421!+oo 1.56&43 

N DoJUUllm? 215'000 123 4.2611+oo 3.36Jl.03 

~ 

Table 2-35. Intake of Total Fruits (g/kg-day)- South Region 

PO Pl PS PIO P2.5 P50 

0.00l!+oo 1.19£.01 3.73£.01 6.62£.01 1.401!-+00 3.091!-+00 

1.121!+«! 1.121!-+00 1.561!-+00 2.461!+oo 6.321!-+tO 1.501!-+tl 
6.52£.01 9.~£.01 2.0E+oo 3.471!+oo 5.121!+oo l.OBB+ol 
7.79£.01 9.29£.01 1.64l!+oo 2.241!+oo 5.lll!+oo 8.231!-+00 
0.00l!+oo 0.001!-+00 6.34£.01 1.0611-+00 2.20l!+oo 4.6.51!+oo 
0.001!-+tO 0.001!-+00 3.26£.01 5.1811-41 1.491!-+tO 2.761!-+00 
0.001!-+00 9.82!!-02 2.6911-0l 4.1911-0l 9.661!-0l 2.021!-+00 
0.001!-+00 1.3511-0l 4.1411-0l 6.9711-0l 1.461!-+00 2.981!+oo 
0.001!-+00 2..SC£.01 6.34Jl.Ol l.OIB+oo 2.471!-+00 4.67l!+oo 

9.26£.02 2.00£.01 4.1511-0l 6.6211-0l 1.431!-+00 3.lll!+oo 
0.001!-+00 1.3111-0I 3.ll8Jl.OI UIJl..01 l.301!+oo 2.'18B+oo 
O.OOl!+oo O.OOl!+oo 2.1111-0l 5.7811-41 1.271!-+tO 3.128+oo 
0.001!-+00 1.67J!.Ol 4.6711-0l 7.4011-0l 1.631!-+00 3.291!+oo 

0.00!!~ O.C!ll!-+CG 3.53Jl.CI ,,Qll!.;J t~l!~ l.271Hw 
O.OOl!+oo 1.648-01 3.58£.01 5.9Q!.OI l.25l!+oo 2.831!+oo 
O.OOl!+oo 9.821!-02 4.3111-0l 6.98&41 l.47B+oo 3.IOB+oo 

2.6511-0l 2.6511-0I 2.TIJl..01 3~1 l.02l!+oo 4.00B+oo 
0.00l!+oo O.OOB+oo 3.5311-0l 5.4611-0I l.248+oo 2.96B+oo 
3.2611-0i 3.2611-0l 3.2611-0l 3.2611-0l UIJl..01 2.0E+oo 
1.1611-0l 1.2911-0l 3.06Jl.01 6.9111-0l l.47B+oo 2.29l!+oo 

O.OOB+oo 1.3111-0l 3.9811-0l 6.1411-01 l.G+oo 3.141!+oo 

0.00l!+oo 2.1811-0l 4.6411-0l 7.3211-0l U6l!+oo 3.49l!+oo 
O.OOl!+oo 0.008+oo 2..SCJl..01 4.1511-0l 9.04!!-01 169l!+oo 

P15 P90 P95 

5.991!+oo l.lll!+ol l.621!+ol 

U21!-+tl 4.67l!+ol 7.401!+01 
Ull!+ol 3.0l!+ol 4.50l!+ol 
l.461!+ol 2.0.51!+ol 2.941!+ol 
7.631!-+00 1.231!+01 l.49l!+ol 
5.1.51!-+tO 7.831!+oo 1.20l!+ol 
4.0ll!+oo 6.491!-+00 9.601!-+tO 
5.511!+oo 9.671!-+00 1.371!+01 
7.441!+oo l.121!+ol 1.441!+ol 

5.7ll!+oo U71!+oo 1.191!+01 
5.511!+oo l.05l!+ol U7B+ol 
6.611!+oo l.~l!+ol 2.091!+01 
6.20B+oo l.06B+ol 1.48B+ol 

6.JOi!+W 1.iiiR-1111 l.lOl!+OI 
5.SIE+oo l.lll!+ol 1.751!+01 
6.041!-+00 l.IOB+ol 1.551!+01 

6.651!+oo Ull!+oo 1.13B+ol 
5.911!+oo l.19B+ol 1.741!+01 
l.1611+oo UOB+ol UOl!+ol 
6.06l!+oo 1091!+01 4.671!+01 
5.991!+oo 1.0ll!+ol l.51B+ol 

U41!+oo l.1611+01 1.6611+01 
4.651!+oo 1.218+01 1.7'8+01 

P99 

3.5ll!+ol 

7.811!-+tl 
8.1611+ol 
7.601!-+tl 
1.951!+01 
1.771!-+0l 
1.83l!+ol 
2.91B+ol 
4.501!-+tl 

U51!+ol 
3.23l!+ol 
4.991!+ol 
2.371!-+tl 

2.m-+tl 
3.9811-+01 
2.94B+ol 

2.98B+ol 
3.39B+ol 
2.601!+01 
8.16B+ol 
3.22B+ol 

3S-+tl 
Ulll+Ol 

PIOO 

B.16B+o1 

7.8ll!+ot 
8.16B+ot 
7.601!-+tt 
3.39B+ol 
u.m+o1 
3JQl+oJ 
4.991!-+0l 
5.898-+0l 

7.818+ol 
U211-+0l 
U6B+ol 
4.821!+ol 

U6ll+ol 
7.818+ol 
7.60B+ol 

2.98B+ol 
7.118+ol 
160l!+ol 
1.161!+01 
7.60!!+01 

7.408+01 
3.238+01 

r;~-
00 

0 8 ~ H.,o 
H C:: 
l=J 0 ~ 

8 
tzJ 

~ 



Table 2-36. l!Ukc of Total Fniitl (i/ki-day)- Wea ReJion 

PopWdion N N 
Clroup !!ll!! llr•11d McM S! l'O Pl ~ Pll 

Tobi 3J9'mOt 1732 S.dl!+tO 1.2JB.f3 1.00E+«I ln&CI S.7.C&fl ,.21&41 

A&< 
<01 S6IOOO J2 2.46!-+tl 111~ 1.101!-+«I 1.70£+0! U.Cl!tGO 4.Jll!tOO 
01.oi 1050000 S1 U51!+tl I.II~ l.77E-+«1 l.77EtGO 2.13EtGO 3.391!+00 
83-0$ 1700000 'I l.171!t01 7.~ S.218-01 l.47B-OI 2.051!+0! 113E+OO 
~II 342SOOO 193 7.1-ClltOO 3.198-03 3.298-01 SJSB-01 1.16lltGO 1.161!+0! 
12·1' "~ Ill 3.M!+tO UIB-83 1.13S.Ol 3.llSSOI S . .C.C~l 1.00E+GO 
20-3' 10631000 m 3.631!tOO LIQ!.13 O.OOl!iO> U9S.OI 4.001!-GI 6.llB-Gl 
~ 100l3000 $20 4.77E+t0 1.72B43 0.001!-tQI 1.121!-0I '.311!-GI 9.461!-01 
10+ 2'03000 13S 5.69!!+oo 2.491!.«l 0.001!-tQI 0.00EtOO U71!-Gl l.5'2B+oo 

Scucx\I 
Piii 10121000 3'S 5.lSE+tO 2.SOB-03 O.OOB+oO 1.02&01 6.148-01 9.21&41 
llpisw 771MOOO "3 S.6-CE+oo 2.64&43 O.OOB+eo 1.ISB-01 5.l!E-01 7.?9Jl.41 
!bnmcr 7420000 227 U71!tOO 2.J9B.03 1.6411-Gl 2.n&-01 S.16&41 1.051!+oo 
W'dlr l6l2000 "" 5.36B+oo 2.23&43 1.468-41 l.IJE.01 $,56g.ol 9.21Jl.41 

lh1'oni:zalioo 
ccm.ICily 11313000 4Sll 5.GOl!+oo 1.10!!-03 1.69Jl.41 l.ln!-01 '.Sl&tl 9.90Jl.41 
Nai~ 5631000 341 4.91E+oo 2.621!-03 O.OOl!+oo 2.40Jl.41 5.371!-Gl 6.981!-0I 
lludiuition 16983000 '26 6.311!+o0 1.99£.03 O.OOE+oo 1.72&41 5.531!-tl 9.34Jl.41 

,_ 
.Aliln $COOO 31 6.02B+oo uec 7.33&41 7.33&41 9.78&41 9.71E-Ol 
Bid: 1415000 69 4.338+oo 5.lQl.03 :1.311&41 2.ICS.01 7.12&41 7.49Jl.41 
Naliw Americln 1017000 '° 3.771!+oo 7.0QE.413 2.35Jl.01 2.51&01 2.99&41 4.2411-01 
OlbcdNA 1176000 " Ull!+oo 2.99J!.l3 2.$7&41 2.57&41 U.cJl.41 l.OSl!+oo 
W1litl 29774000 1513 5.11511+oo 1.J.Cl!.43 O.OOBitO l.llJ!.Gl 5.891!-tl 9.71&41 

1t.ponle"' QJestiaimoire 
t-..> Do,.., prden'I 12418000 6515 5.50E+oo 1.74&43 1.6911-41 2.32&41 7.GJl.41 1.171!+oo 

.!J DoJOllllmn'/ lSlOOOO • U7B+o0 3.l2J!.03 1.71&01 1.121!-0l 4.10£.41 1.IOl!+oo 

0 

P2S P50 PIS ~ 

1.14!+«1 3..SIE+OO "731+«1 l.2(!t01 

UCl!-+«I l.6'21litl 1Ul!+tl S.611!+GI 
UIE+OI 1.38E+tl 2.291!tOI 3.'1Cl!+ol 
S.07l!t00 S..SO!!tGO l.7ll!t01 2.271!ttl 
2.751!+00 4.82l!t00 l.64EtGO l.45l!+ol 
Ull!tGO 3.ISl!iOQ olS71!+oo 7.Sll!tOO 
1.111!+«1 2.47l!+oo S.o.ll!tGO 7.ISl!t(IO 
l.'lllltOO 3.23!!+oo S.69l!t00 9.531!+oo 
2.941!-tQI 4.161!+oo 7.1611+oo l.OOB+ol 

1.74E+oo 3.0.CE+oo 5.311!+<>0 l.OSl!+ol 
1.121!+oo 3.SSl!+oo 6.78l!t00 1.221!+(11 
2.2SE+oo 4.71R+oo l.24E+o0 1.S.Cl!tOl 
l.65l!+oo 3.421!+oo 6.491!+oo 1.091!+ol 

1.77l!+oo 3.31E+oo 6.0IB+oo 1.0ll!+ol 
l.771!+oo 3.391!+oo S.74E+oo 9.90l!+oo 
1.m+oo 3.771!+oo 7.40B+oo lJOl!+ol 

1.49E+oo 3.lOB+oo l.10E+oo U4B+oo 
l.13B+oo 2.491!+oo 5.0.CS+oo 7.4SB+oo 
1.17l!+oo 2.4611+o0 3.llB+oo 6.43l!+oo 
2.0JB+oo 3.1161!-+oo 6A611+o0 S.SIB+oO 
U91!+oo 3.6'2B+oo UlB+oo l.29B+ol 

2.13B+oo 3.IOB+oo U21!+oo 1.171!t01 
2.161!-+eo 3.4711-+tO 5.341!t00 7.651!t00 

"" "' 
l.IOl!ttl lillMI 

"53!t01 l.071!t02 
3.16EtOI 5.0IEtOI 
l.261!+tl 4.72Et01 
2.121!+(11 4.24Et(ll 
1.ISl!+ol 1.19!!+ol 
1.0Sl!tOl UOl!+ol 
1.Sll!+ol 2.901!t01 
l.21Bt01 2.llEiOI 

U6l!t01 5.0lE+ol 
1.77l!t01 3.361!+ol 
UJE+ol 2.901!+ol 
1.741!.0I 3.47llt01 

1.59l!t01 2.91Bt01 
l.4711t01 2.90B+ol 
2.0.CB+ol 4.24Bt01 

U3Bt01 4.72Bt01 
1.441!+ol 3.161!t01 
7 • .c.cE+oo 5.24Bt01 
9.19B+oo J.3.Cl!+ol 
U9l!i01 3.<lll!+ol 

U511+ol 3.3Qlt01 
1.171!+ol 3.4711+01 

PIM 

U71!t02 

1.mt02 
S.OIE+ol 
6.36Rt01 
UllHOl 
2.441!+ol 
U7l!t01 
S"91!+tl 
2.lll!+tl 

'.5311-+01 
l.0711+o2 
USll+ol 
6.361l+ol 

5.67ll+ol 
5.341!+tl 
l.C1711+o2 

4.72Bt01 
3.1611t01 
S.24Bt01 
l.IJB+ol 
l.071!+o2 

6.3611t01 
3A71!t01 

~ 
0 

,.; !!C 
0 

oH" 
Hp~ 
t-3 c: ltj 
tzJ 0 1-:l 

8 
tzJ 

~ 



Population N N 
~ WRtd unwlrtd Mean 

Total 183106000 9634 S.60l!+oo 

Age 
<01 2788000 1" 334B+ol 
01-02 S66'1000 311 UIB-+01 
03.QS 8030000 "'' l.02E+ol 
06-11 16489000 926 7.0Sl!<Oll 
12-19 201'8000 1070 4.20B+oo 
20-39 593S6000 2966 3.S9E-IGI 
~ 5'361000 2m 4.87E+oo 
70+ 1ID7000 169 5.311!-+tO 

Saaoiis 
Piii 46344000 U37 S.54E+oo 
Spirw 44729000. 361 5.41B+oo 
Summer 44394000 1390 U4E-+t0 
W"mter 47639000 21151 5.32B+oo 

sm2000 216'2 5.76Bt@O 
43843000 2934 S.S6B-+t0 
114481000 4536 5.36l!+oo 

hcc 
Aliln 2413000 114 1.0SE-+01 
1llldc 21077000 IOlll 5.92B+oo 
Nlliw .Amaiclll 1449000 90 l.OSB+ol 
OdiedNA 4683000 225 UOB-+tO 
White 153424000 11115 5.39B-IGI 

t.J 
.!J ltaponle tlO Qaellialwire - Do you prdcn? 672A7000 37\111 5.631!-t{IO 

Do you limn? 7329000 43S 6.30l!+oo 

Table1 2-37. Intake1 of Total Ve1ge1table1· (alJca-day) - All ReJiona Combined 

SE PO Pl PS PIO P2S PSO 

S.13&44 O.OOE+oo 2.0JE--01 6.601!--0l 1.131!-+00 2.IBE-tGO 3.931!<0D 

l.6SE--02 0.00E+oo 2.441!+oo 4.S41!+oo 1.0SE-+01 1.64£-+tl 1391!-+0l 
S.19E-03 3.68E.QI 6.701!.0I 3.0SE-tGO 4.411!+oo 7.63B-tGO 1.m+tl 
2.33!!-03 O.OOE-tGO 3.52&01 2.001!-tGO 3.JOl!+oo ,.331!-tGO l.'9l!+Gll 
l.27E.Q3 0.001!-tGO 3.891!--0I 1.141!-+00 2.08E+oo 3-'9B+CIO UG!ttl 
6.94£.04 O.OOl!+oo 0.00l!+oo 7.621!.CJl 1.131!+oo 2.09E-IGI 14'Ett0 
4.04E.CJ4 0.00l!+oo 1.27E.CJI 4.63E.ol 11.08!!-Gl 1.-..00 1ISl!+Oll 
5.40E.CJ4 0.00l!+oo 2.3211.Ql 7.63E.CJI 1.2SE+oo 2.27&tGO 1"l!-+tO 
9.23E.CJ4 0.00l!+oo 4.99E.CJI l.04l!+oo l.4111!+oo 2.7SE-IGI U2l!tOO 

l.llJ!.03 O.ooB+oo 2.0SE.CJI 6.SOB.CJI l.06l!+oo 2.0SE+oo 3Sl!tOll 
9..SIE.CJ4 O.OOl!+oo 1.lllB.CJI 5.66B.CJI 9.60&41 10BE+oo 1lmtGD 
l.llE-03 0.00l!+oo 9.16E-02 6.36B.CJI 1.22!-IGI 147E+oo 4.3lll!+OD 
9.J9E.CJ4 0.001!-+tO 3.401!--0I UIE.ol l.34E+oo 120E+oo llll!+GO 

1.11!!!-e 0.001!~ 1.27&-0J $~1 9~1 IS51i+Gii liiBfil 
1.01£.03 O.OOB+oo 2.46B.QI U'IE-01 l.261!+oo 1431!-tGO 4.2G!iGO 
6.16E.CJ4 O.GOl!-+00 2.191!--0I 7.99E.CJI l.201!+oo 2.21E-IGI 191J!+GI 

1.32&02 149B.QI 2.49B.CJI 7.72B.CJI l.66E+oo 2.621!-tGO S2lll4GO 
1.76B.CJ3 O.OOl!+oo O.OOl!+oo 7.oo&ol l.l6!+oo 2.0Sl!fGO 1lllBttO 
1.85&02 4.621!-tl 7.69B.CJI l.ISE+oo 1.41B+oo 1371!-tGO 4.l1l!tto 
3.SQ.03 O.OOE+oo 2.39Jl.OI U4B.CJI l.24EfGO 1'1BiOll ....... 
4.76E.CJ4 O.OOl!+oo 2.191!--0I 6..54B.CJI l.131!+oo 2.IBE+oo J.Slll!ttl 

6.921!.Q4 l.OOl+oo 2.7611.QI l.63B.CJI l.3l!+oo 1441!fGO 4.Ull+tO 
2.04£.03 0.00B+oo 2.601!.CJI 9.39E.CJI l.30E+oo 2.16E-t00 U.IEttll 

P75 P90 P9S 

6.70l!+oo 1.IOB-+tl UCl!-+tl 

.um+Gl 6.241!-+01 ll.26E-+Ol 
l.9ll!ttl 2.971!-+0I 3.SIE-+tl 
l.l51!tGI l.l12l!+tl 2.3611-+0I 

'.2111!+GO 1.3911-+tl l.72E-+tl 
S.4ill!ftl 11.131!-IGI l.OlE-+01 
U1EtW 7.ISl!-+00 9.16B+oo 
629l!ftO U9!+oo 1.16B+ol 
7.tOl!ftll 9.931!-HIO l.24E-+tl 

6lJllttO l.07E-+OI IS7B+ol 
6.5ll!it0 U71!+ol l..SSE+ol 
7.76l!+ol 1.ISB+ol l.60E+ol 
UIE+oo 1.CMl!+ol l.38E-+tl 

~ 1.IZl!+ol l.681!+ol 
1.-.. l.l6B+Ol IS7B+ol 
6.Sll!fGO l.06l!+ol l.44E+ol 

'.fllltGO 1.94B+ol 199E+ol 
6-.. 1.24E+ol l.748+ol ...... l.4'Bf01 4.ISB+ol ...,... 1..sm+o1 U'IE+ol 
U1l!ttl l.om+ol l.46B+ol 

6Jattll l.IOl!+OI l.44B+ol 
1.l&+oo U6E+GI l.611!+ol 

P99 PlOO 

3.22B-+tl 1.S'1!+Q 

USE-+02 U'1!-+t2 
S.03B-+OI l.31B-+t2 
3.IBE-+tl 3.66Ei01 
2.34E-+OI 4.22)!-+01 
1.64E-+Ol 2.36B+ol 
l.42Bi01 3.79E+ol 
l.9SEfOI 4.911!-+01 
l.69B-+tl 3.JOE+ol 

3.441!+ol l.S'1!+o2 
3.2911-+0I U71!+ol 
3.441!+ol l.16B+o2 
2.971!-+0I l.31E+o2 

3.79B-+OI U'1!+o2 
2.93B+ol l.29J!+o2 
3.llB-+01 9.63l!+ol 

l-"l!+o2 USl!+o2 
3.36B+ol 1.16B+o2 
Ull+o2 l.311!+o2 
3.79B+ol 6.0Sl!+ol 
2.93l!+ol l.16B+o2 

2.S3E+ol U6B+ol 
2.45l!+ol 4.65E+ol 

.g 
t~ 
(')~ ~ 
~p> 
f!lJ c:: lzj 

0 1-3 
~ 
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~ N N 
!!!!!!!! ~ ... rtd MMR SS 

Tobi 403*00 I,.. $.138+00 'nu4 

Aic 
<II ~ 2' 3.A!+tl 2.42&42 
01-42 1010000 " IJ1!+ol .. ~ 
~ 1"90000 n IM!+tl 6.09E-03 
06-11 3S1*0 JU 7JSl!+t0 1938-03 
12·19 .cwooo lit 4.12E+GO l.6S&fl 
20-39 12432000 '16 3.73E+oo 9.$1&44 
~ mmoo 04 ,,OIE+01 1.10£.03 
70+ 36-40000 161 '-'48+«1 I~ 

~ 

Pal 9219000 271 f.22E+OO 2.728-03 
l!pilw 1020'°80 713 '.IS!+OO l.'76£.03 
s.- 9308000 271 6.21!+00 1.92£.03 
Wllller 11606000 '" S.CE+oo l-'4B-G3 

™*1izalion 
CamlCily 92l4000 317 UOE+oo 2.661!-43 
Ncametrapolilln SC21000 362 S.14B+oo 2.138-03 
Sl8IMban 2S621000 1301 S.19E+oo 1.13&t3 

bee 
Am 333000 13 UIB+ol 3.201!-02 
Bid: "°8000 131 f.OOB+oo 3.611!-G3 
Nme .Ameliclll 38000 4 s.1'711+00 u~ 

OlbalNA 1012000 4' 1.02l!+ol 1.248-02 
WIDt »441llOO 1117 S-'2B+oo 9.48&04 

t-.> llapcl.e to Quellicnrllire 
.!.i Doywprden? 1:z.mooo 663 S.64B+oo l.'Tl&tJ 
t-.> Doywliml? llOOOO 42 S.11B+oo 494&03 

Tabk 2-311. 1:iUkc of Total Voictablca (J/k1-day) • Nor1l>cul Rcsiol:i 

.. ~I 
,, P!O P2S pjQ 

t.OGl!+eo l.Mtl l.OllWI l.241i+OJ 233!+t0 .C.l!Pll+OO 

t.OOE+tO O.OOE+oo 7-'411+GO 1.1,ll+tl 2.lSE+ol 3.7S!+tl 
l.21!t00 l.21!+GO 2.tSB+tO 4.39E+eo 7.07!!-ttll l.ISl+tl 
IJS!!+tO USl!+oo 2.CIHOll 3.21E+OO ,.611!+00 ,,121!+t0 
3-'0&41 7.12&01 l.J.l!+O) 2.12Et00 3.'71!-+00 S.IOl+oo 
l.OOE+tO 3.591!-41 uetl IA3E+GO 2.26B+GO 3.Mll+oo 
O.OOE+GO IJll!.01 S.m.GI 1.691!-0I 1.621!+00 3.031!-lto 
1.7$8.fl 4.6JB.tl l~I l.2Sl!+GO 2.SJB+OO 4.20il+oo 
1.04!!-01 Uls.tl l.32B+GO UOB+OO 3.02E+OO U9E-tGI 

O.OOE+OO 2.291!-0I l.07!!-01 1.218+00 2.24E+oo .C.04B+t0 
O.OOE+oo 2.791!-0I f-'9MI l.G7l!+OO 2.12B+oo 3.801!+oo 
1.$81!.0I 4-'2f!.OI f.~I l.07E+oo 2.60B+OO UIB+eo 

O.OOB+<>O 4.4531!-41 9-'6B-OI 1.49E-+i!O 2.448+00 4.22l!+oo 

3-'911-GI Ulf!.01 9.171!-GI 1.381!+<>0 2.48E+oo 4.46B+oo 
O.OOB-+00 3.31&41 S.211!-0I l.27E+oo 2.73E+oo 4.4711+00 
O.OOB+oo 2.761!-0I 1.021!-GI l.lll!+oo 2.24B+oo 4.03B+oo 

7.m.GI 7.m.GI 7.m.GI 7.72E-Ol l.SSB-01 4.93B+oo 
3.SOll-Gl S.OOl!-41 l.13E+oo l.CB+oo 2.20B+oo 3.61ll+OO 
1.4811+00 l.411!+oo l.Cll+oo l.48E+oo 1.48!!+00 1m+eo 
6-'411-GI 6.SCl!-01 l.061!+oo l.39B+oo 4.13B+oo USl!+oo 

O.OOB+oo 3.4'1E-tl 7.BOI 1.23E+oo 2.33E+oo 4.llB+oo 

O.OOB+oo 3.'68-01 1.078-GI 1.30B+oo 2.33B+oo 4.22B+GO 
1.0411-Gl 2.3011-GI 4.3SIWI 9.1'11-41 l.36l!+oo 4.24B+oo 

m "° m 
6.7)f;+t0 l.ltll•tl l-"11 ... 1 

.C.'m+tl f.24l!+tl f.2.attt 
UOE+tl 2.471l+tl 1221 ... 1 
l.lll!+tl 2.JQ!+ol 2.SU+tl 
J.37!.00 l-'91!+tl U911+tl 
U71!+GO J.-OE+OO 1.12l!+tl 
Ol!ttO 7.J.IE+eo 9.0G+eO 
f.31!+t0 9.761!+eo l.23l!+ol 
7Jl!+oo l.OIE+ol 1.11B-ltl 

6.461!+oo 1.111!-+0I U7B+ol 
"31B+oo 9.961!+00 l.37B+ol 
UIE+oo l.ISl!+ol l-'9B+ol 
,,44E+oo 1.07E+ol l.JSB+ol 

U9B+oo IJ7B+ol 2.121!+ol 
7.20B+oo l.22E+ol UOB+ol 
6.41B+oo l.821!+ol l.32B+ol 

9.21E+oo 6.24B+ol U4B+ol 
UIB+oo IJIB+ol U2l!+ol 
7.71B+oo l.4'B+ol l.4511+ol 
l.OSl!+ol l.17B+ol 3.1911+ol 
d.69B+oo l.071!+ol l.46B+ol 

U7B+oo l.07B+ol l.37B+ol 
7.llB+oo 1.02l!+ol UOl!+ol 

"' 
1"!+tl 

7.MB+ol 
3.90&+01 
JM!!+tl 
117!+ol 
USl!+tl 
1.22!-+tl 
IJ3l!ttl 
l.Cl?+tl 

UIB+ol 
3.IOB+tl 
170l!+ol 
3.0ll!+ol 

4.6611+ol 
2.13B+ol 
3.22B+ol 

UG!+ol 
3.lll!+ol 
1.4'1!+01 
U'l!+ol 
3.21B+ol 

3-'2B+ol 
2.13B+ol 

,-
1 

PIDI 

7."-!+tl 

7.Ml+tl 
09B+tl 
:JME+tl 
1131!+tl 
l.7311+ol 
17'1!+tl 
3.'llB+ol 
3.loe+tl 

f.241!+tl 
7.M!+ol 
4.S21!+ol 
4.661!+01 

USl!+ol 
09l!+ol 
7.M!+ol 

UCB+ol 
4.fclB+ol 
l.4'B+ol 
USl!+ol 
7.~+ol 

1.94&+ol 
2.13E+ol 

0 
0 

~ 

o" 0 1-3 =o 
H.o> 
1-3 C::: lxj 
tzJ 0 1-3 
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Population N N 
Group !.II!!! unWJlld Meal SE 

Total 4SSOSOOO 1542 S.39EiGI 1.11&43 

.Age 
<01 112000 44 3.471!+ol 4.0IJ!.02 
01'°2 1748000 100 l.421!+ol 6.9SEGJ 
03-0S 2209000 130 USB+OO 4..QB.OJ 
06-11 4221000 260 6.24E+OO 2.2SJ!.GJ 
12·19 S436000 JOG 3.77B+OO l.JJE.OJ 
:Z0.39 15112000 7'11 3.321!+00 1.-.. 
4IM9 12809000 729 041!+00 1.1784J 
70+ 3158000 176 4.821!+00 2.04&43 

Scaaonl 
Fall 14211000 491 S.lSB+OO 2.3m4) 

8pirw 10277000 WI 5-411!+00 2.22Sl3 
Bumm« 10071000 m 6.72E+OO 3.86£.Gl 
Winter 10940000 721 4.441!+00 1.32£.«J 

thtllniation 
CadnlCily 17144000 670 S.171!+00 2.62E«J 
N~ 14018000 1033 S.OSE+oo l.39BG 
SUdMblrl 14343000 839 S.131!-+tll i.Gfl 

~ 
Alim ll49000 37 U71!i0l 3.l9M2 
Blla1c 27730Gil 12' 9.761!-ta 9.6SOJ 
Nllift.Amabn 116000 6 2.94B+GO lM&e 
OlllerlNA 966000 37 1.011!+00 7.f'IMJ 
Wlilll 40801000 2337 4.161!+00 Uos..& 

N ...... 1111 Quationnaire 

.!J Do)'ll'lprdcn'I 211'9000 1262 S.161!t00 l..13HJ 

~ 
Do)'ll'lllmn? 2681000 173 6.361!+00 3.llBG 

Table 2-39. lnlakc of Total Vegetables (g/kg-day) - Midwest Region 

PO Pl PS PIO P2.5 PSO 

O.OOEfGO l.48E41 S.56&41 9.35J!.OI 1.96£-+00 3.52E+oo 

2.44l!+OO 2.4Cl!+oo 4.S4l!+oO 9.08E-+OO l.SlE+ol U21!+ol 
161J!.OI l.31E+oo 3.0Sl!+oo 3.92B+oo 6.621!-+-00 l.37B+ol 
2.7'&01 12Sll.41 2.268-+00 3.20B+OO S.101!-+00 um+oo 
l.IS&Ol UQl.Ol l.G21!+00 l.9SB+oo 3.0ISE+OO 4.SOB-+00 

O.OOBtGO O.OOl!tGO 6.0ll!-01 9.35J!.Ol l.72E+OO 3.00l!+oo 
~ l.G!IJ!.Gl 3.611!-0I 6.19J!.OI l.401!+00 Ull!+oo 
l.GOl!+GO 9.11E412. SJm!.41 UQl.01 l.161!+00 3.431!+oo 
~l 4.99£.0l l.Oll!+OO 1.2811-+00 2.381!-+00 3.761!-+00 

IJIOl!+OO 1.21J!.Ol 4.81J!.Ol 7.74J!.Ol l.738+00 3.lSB+OO 
l.oo&+GO l.19E4l 4.13J!.Ol 8.21J!.Ol U6B+OO 3.62E+OO 
IJIOl!+oo 7.ml!-02 S.381!-0l 1.121!+oo 2.471!+00 4.0ISE+OO 
121&01 3.16£.0l 7.441!-0l 1.17B+oo l.171!+00 3.16B+oo 

O.GOl!+oO l.O!ll!-Ol UlJ!.411 8.16£.0l USB+OO 3.321!+oo 
l.8llll+oll 2.4Qll.4l S.31&41 9.02J!.Ol U91!+00 3.61B+OO 
HllE+oo 1.19&ol 7.74£.01 1.191!+oo 2.ISl!+oo 3571!+GO 

2.a.l 2.fi.01 6.lQl.01 

·~· 
1121!-+tll 3.0SE+GO 

l.OOB+oo UOll+oo U9J!.Ol l.52l!+oo 3.06!!+00 C9IB+oO 
2.37l!+OO 2.37B+OO 2.37l!+OO 2.37B+oo 2.S71!+00 U71!+GO 
UIJ!.411 3.41&411 3.911!-0I l.44B+OO USE+oo UIB+OO ,...., 1.~l S.4111-0l Ulll-01 l.171!tGO 3.398+00 

O.CIOl!+OO ll'SOI UIJ!.01 9.90J!.01 2.04!!+00 :UlE-+00 
3.mtl 434&411 4.99B-01 1.12B+oo 2.431!-+00 4.SISE+OO 

P'1S P90 m 

6.13E-+OO l.IOE+ol l..59E+ol 

4.BIB+ol 7.43E+ol l.16B-+02 
U3l!+ol 2.46E+ol 3.SIE+ol 
l.lll!+ol U41!+ol 2.4411-+0l 
l.2ll!+oo 1.3411-+0l UGl+ol 
4.16E+OO 7.00l!+oO 9.931!-+00 
4.131!+00 6.24B+oo U21!tGO 
U91!tGO 9.s61!+oo l.ISl!+ol 
6.17&+00 l.031!+ol l.28l!+ol 

S-891!-+00 l.OSl!+ol UlEiOl 
6.041!+00 l.07Bi0l 1.mtiOl 
7.77B+OO l.38E+Ol U2Bi0l 
S.421!+oo 9.08l!+oo U3l!+ol 

6.17B+OO l.24E+ol U21!i0l 
6.lSB+OO l.07l!+ol l.44l!+ol 
Ull!+GO l.OZl!+ol 1.mliOl 

9.S611+oo 2.99B+ol 7.2Sl!+ol 
l.Gll!iOI . l.931!+ol 2.CGl+Gl 
3.131!+00 3.921!i00 "2liOO 
l.ISBiOl U21!+ol U2E+OI 
S.M!+OO J.OZl!+ol Ull!+ol 

6.16Eit0 l.07l!+ol 1.461!+11 
U4B+oo l.291!+81 U41!i01 

P99 

2.99B+ol 

USB-+02 
U7B-+tl 
3.131!+01 
2.07B+ol 
l.'llB+ol 
l.ml+Dl 
2.2Slli0l 
U21!i0l 

2.631!-IOl 
4.ISEiOl 
4.0SEiOl 
2.4411-IOl 

S.06B+ol 
2.77Bi0l 
2.711!+ol 

l.SSB-+02 
1.16Bi02 
3.921!+oo 
3.4111!+01 
2.'6£-+tl 

16311+11 
3.238+01 

PIOO 

l.SSl!-+02 

l.SSl!-+02 
4.171!-+0l 
3.sJB+ol 
3.7311-+0l 
2.3611-+0l 
3.29Ei0l 
4.0Sll+ol 
1.1911-+0l 

l.SSE+o2 
7.4311-IOl 
l.161!-+ft 
3.slB+ol 

l.sSE+o2 
USl!+Ol 
4.818+01 

l.SSE+o'! 
1.161!+o'! 
3.9211-+tG 
3.61111+01 
S.73B+Ol 

·UIB+ol 
U'lll+OI 

0 
.0 

1~ 
0 

o~" 
H.o~ 
~ c::: ltj 
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Population N N 
CirooP ~ urlWllld Mean SI! 

Total 34803000 1790 5.S4E+OO l.OSE-03 

Age 
<01 568000 32 3.131!+01 3.28E-02 
01-42 1072000 58 1.261!+01 B.07!!-43 
03-4.5 1781000 94 1.021!+01 4.08E-03 
06-11 3510000 199 7.001!+00 2.58E-03 
12·19 3759000 192 4.121!+00 1.431!-43 
2G-39 10904000 .544 3..511!+00 1.8.51!-44 
41).'9 10283000 .534 4.74E+OO 1.llE-03 
70+ 2926000 137 .5..591!+00 2.21£-43 

Seuonl 
Pd 10349000 3.56 .5..561!+00 2.161!-43 
8pDw 782.5000 663 .5.481!+00 2.ISE-03 
SUmnlor 7639000 237 .5.7.51!+00 1.631!-43 
W"lllller 8990000 .534 .5.391!+00 1.401!-43 

l.ltbeniDtion 
Cadalaty 11747000 480 4.931!+00 1.411!-43 
Nonnelropolilln 5812000 367 6.44B+OO 4.201!-43 
lludiadJon 17244Goo 943 .5.6.51!+00 1.32£.03 

hcc 
Min .571000 32 6.101!+00 4.371!-0J 
Bllct 1691000 1.5 .5.24E+OO 3..53&43 
Ntliw American 1133000 72 1.241!+00 1..5Ql.02 
OlbedNA 1160000 .57 4.llB+oo 3.171!-0J 
WbD 30236000 1.544 .5.471!+00 l.06B-43 

llelpcne lo Questiolll1lire 
Do you pnlen? 12496000 661 .5.221!+00 1.22&03 
Doyoufinn? ISl6000 90 6.321!+00 4.08J!.03 

N 
.!.i 
IJl 

Table 2-41. Intake of Total Vegetables (g/kg-day)- West Region 

PO Pl PS PIO P25 P50 

0.001!+00 2.391!-41 7.76£.01 1.191!+00 2.24E+OO 4.0.51!+00 

1.031!+01 1.031!+01 1.1.51!-+lll 1.171!+01 l.76l!+ol 2.18E+Ol 
.5.60E-Ol .5.60E-Ol 6.70&-ol 4.541!+00 7.771!+00 1.121!-+tl 
4.14&-ol 4.14&-ol 2.621!+00 4.05E+OO 6.281!+00 1.911!+00 
2.39£-41 4.30£-41 1.251!+00 1.901!+00 4.llE+OO 6.131!+00 
6.07!!-42 2.99£-41 7.99£-41 1.201!+00 2.201!+00 3..501!+00 
0.001!+00 1.121!-41 4.13&-ol 1..521!-41 1..501!+00 2.721!+00 
0.001!+00 3.47E-Ol 9.29£-41 1.461!+00 1361!+00 3.941!+00 
3."1!--01 4.19&-ol 1.031!+00 1.541!+00 2.151!+00 4.901!+00 

O.OOE+OO 1.74&-ol UBl!-41 1.161!+00 108!!+00 3.811!+00 
0.001!+00 IJ6E.OI .5.671!-41 9.47E-01 102!!+00 3.911!+00 
9.16£-42 1421!-41 7.721!-41 1.411!+00 2..561!+00 4.661!+00 
1.83&-ol 4.09£-41 7.98£.41 1.351!+00 2.161!+00 3.91E+oo 

6.011!-02 l.74E-Ol .5.6'1J!.Ol l.04B+OO 1.98B+GO 3.70!!.00 
0.00E+OO 3."1!--01 l.OOE+oo 1.481!+00 2..521!+00 4.341!+00 
0.001!+00 1.39&-ol 7.991!.ol 1.271!+00 2.33B+OO 4.241!+00 

1.9.51!+00 1.9.51!+00 11111+00 1.71£+00 3.6.511+00 OIE+oo 
0.001!+00 O.OOB+oo 1.061!+00 l..59E+oo 2.371!+00 3.941!+00 
4.62£-41 4.62£-41 1.081!+00 1.241!+00 2.2211+00 0.51!+00 

0.001!+00 4.431!-42 1.99£-41 .5.7011-0l 2 . .5111+00 UOE+oo 
0.00B+oo 1.42£-41 7.7611-0I 1.llE+OO 1191!+00 4.04E+oo 

4.4311-42 16311-0l 9.4311-0I 1.33E+oo 1.441!+00 U.51!+00 
Ull!-41 9 . .511!-0l 1.421!+00 U3B+oo 3.401!+00 .5.031!+00 

P15 P90 P95 

6.761!+00 l.121!+ol l.47l!+ol 

3.841!+ol 4.671!+ol 7.991!-+tl 
1.481!-+ill 117B+ol 1931!-+ill 
U4l!+ol l.12E+ol 1.951!-+tl 
9.131!+00 1.28E+ol IS71!+ol 
.5.621!+00 7.!1811+00 U91!+00 
4..511!+00 7.171!+00 l.Oll+ol 
6.061!+00 11.161!+00 l.151!+ol 
6.89£+00 1.111!-+0I 1.461!-+0l 

6.271!+00 1.13E+ol 1S71!+ol 
6.971!+00 l.OllE+ol l..5211+ol 
7.58£+00 1.17B+ol l.34l!+ol 
6..541!+00 l.OQ!+Gl 1.431!+ol 

5.96!!~ !1..5!!!~ ! . .e!l!!~l 
7.2AB+oo 1.lll!+ol 1..51E+ol 
6.971!+00 1.161!+ol 1..521! ... l 

6.9311-+00 1.14B+ol 1.40B+ol 
6.921!+00 1.113E+ol UJl!+ol 
1.801!+00 1.21B+ol l.6Sl!+ol 
UlE+OO 9.691!+00 1.221!+ol 
6.691!+00 1.lll!+ol UlB+Ol 

U9B+oo l.OQ!+ol 1.m ... 1 
7.721!+00 1.lll!+ol Ull!-+01 

P99 

11m!+ol 

l.29Ht02 
4.151!-+tl 
US!+ol 
UOl!+ol 
1.411!-ttl 
1.4711-tOl 
1ml+ol 
1.691!+ol 

3.IG!+ol 
1738+ol 
1031!+ol 
1.49l!+ol 

2.m~I 

4.671!+ol 
10.5i!+ol 

1.49E+ol 
1021!+ol 
l.291!+f2 
1.44&+01 
1.lm!+ol 

10!+ol 
1.3911+ol 

PIOO 

1.29£+02 

1.291!~ 
4.261!-+tl 
2.951!-+tl 
3.441!+ol 
U911+ol 
1.991!-+01 
4.148-+01 
Ull!+Gl 

7.99B+Gl 
9.6311-+01 
3.448-+01 
1.2911-!02 

4.lll!tCl 
1.2911+f2 
9.6311-+01 

1.491!+ol 
J.23B+ol 
1.2911+f2 
1.4411+ol 
UlE+ol 

4.6.51!+ol 
4.6.51-+0l 

. t7-, i 0 
i ~ 

la~~ 
!M.o~ 
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Table 2-42. J.lll&kc of Total Applca (elki-day) 

~ N N 
Oroap ~ """114 ""*' m " pt PS PIO 

Teal UmJDOO 6'lG9 J.79!+oo 2."8-14 UMttl 7.551Wl l~I UO!WI 

,... 
<II mlOOO 131 utE+oo 7JllW3 ......... 2..23&.fl 1.11&41 1.0IE+tO 
01.o:! 4314000 20 UIE+oo 2.70SCJ 2.74-tl 3.JIB.41 1~1 1.15!!+00 
~ 6081000 3l3 J.911!+t0 1-"!-«J uoe+tO L?QWI 5.7J.Mll tJZ41 
06-11 11444000 '31 2.26l!+t0 fJCUC UWtl 1.311!.tl J.(71!.0I 5.om.GI 
12·1' 13067000 613 l.22E-tt0 J.1'1!-14 ..... 5.?SU2 1-"MI 2.43&41 
~39 36594000 IS.U l.ll!+oo IJ9B.t4 ...... 1letl l.$18-GI 2.1~1 
&f9 345ISOOO 1161 l.2Sl!+t0 2.2IU4 t.IOE-«ll 'Jefl 1.74UI 2"1&41 
?O+ '27IOOO 41$ l.491!+t0 ~ l.'38-tl lM&tl 2.46E41 3.~I 

SeMorll 
Piil 32676000 Joa 2.lll!+tO '-4'B-14 UO!+tO 7,S1!.G2 2.oefl 2.9~1 

~ W?JOOO 2322 l.771!+t0 5J38.t4 t.tal!+OO 5.7$B.o:! 1.69&01 2.5911-41 
l!ISnmer 24030000 746 U91!+t0 ....... 1.Cltl!tOO 'SJB.42 1.72&41 1'1E-GI 
wirm 3«54000 2053 1"91!+t0 3.141!M D.00!!-tto l.'llB-02 l~I 1'0E-GI 

utionizttian 
Cenllll Cily 3.Q33000 13'4 1.951!+09 5.ll&t4 Ulll!ttll f.IQl!.02 J.S'8-0I ~I 

~ 26277000 17'1 l.S7E+OO 4.148-04 UOE-ltl 7.25&f2 l.IO&OI 1'111-41 
lkltubln S7161000 3092 UIB-+«I 4.o7E44 ...... UJll.C 2.10&41 2.llE-GI 

Race 
AMI 1542900 74 4.$31!+00 ,.24£.«3 2.11B41 2.11B41 2.'68-01 3.QIB.OJ 
Bllct 117"000 597 l.94E+t0 ...... 1.00!+00 4.MB-02 1J911.41 2.1911-41 
Nlliw .American 701000 46 1.06E+t0 1.1'&«3 1.5411-0l 1.548-tl 1.568-01 2.038-41 
OlhslNA 2791000 144 1.771!-+00 l,CB.13 5.47St2 U5&f'1 2.CIQ!.01 2.6211-tl 
'Wllile 100912000 5346 1.748+00 1'1Jl.M UIJl!ttO 7.MMZ l.llSB-01 2.6'1!-01 

11.ePn 
Midwolt 30141000 1"'7 UlE+tO 5.1~ UOEttO ""8-02 1.71.E-Ol 1'211-el 
NlllbMt 27337DOO 1360 2.0lE+OO f.mt4 ..... 1.43&G 2.CIQ!.01 111.E-OI 
lloulh l6623000 19'1 1.621!-+iJO 3.12&14 t.OQl!ttll UQ!.42 U3Jl.OI 1''11-GI 
Wiil 23S7llOOO 1232 UOB+tO 5.71£.4M J.3llE.02 1.7111-0l Ul.E-01 WE-GI 

blpcNc lo Quesll<maire 

tJ 
Do you prden? 4670100 2''6 1.73E+OO 4.J.CB-04 ..... 1.411!.o:! 2.00E-Gl 2.6411-0J 

..!..i 
DoJ11111im>? 482'000 216 1.281!-+00 '-CJOB.M l.OOl!ttll 5.sm.D2 1.7411-41 2.48J!.Ol 

°' 

m "' m "° 
505!WI '-72£.tl 2.tl!itit 3.Cllltilt 

3.02£+t0 "21!+t0 l.12l!ttl l.'191!-ttl 
23ll!+t0 4.4$1!+t0 7.2111-tta l.lQlttl 
1-'ll!+oo 2.A2+0J 5.03!+«1 7.6Ql+t0 
1.$51!-0I UJit«I 2.Ml!itO 4.77!-ttO 
4.60&01 I.JIB-ti l.47Ritl) 2.39llito 
3.198-41 7.Mtl 1.421-ttO 2.lQl+tO 
4.61&41 l.JCB..tl 1"3l!it0 2.731!+oo 
5"3~1 l.CSl!+tO l.llB+tO 3.lll!+oO 

$.$11!-GI 1.161!+t0 2.2Sl!+tO 4.491!+t0 
4.19&41 '.20E-OI 1.1111+00 3.71B+oo 
5.04841 9.151!-GI 2.051!+00 3.llB-+GO 
4~1 9.20!!-01 Ull!+OO 3.431!+t0 

$.02£.GI ,,6911-0l 2.161!+00 .uJl!+tO 
4..57B41 '.221!-Gl UOE+tO 3.3911+00 
5.JJE-01 9.9611-0I 2.00l!+tO 3.111!+00 

6.298-Dl 1.17E+t0 3.351!+00 l.'19B+OO 
4.9611-0l ,,40&41 2.17E-+il0 4.37E+oo 
2.9011-0I 4.7411-0l l.29&+QI 1.9411+00 
$.3111-0l 1.69&01 l~-+iJO 3.7lll+oo 
5.08&01 9.80&tl U91!+t0 3.lll!-+iJO 

S.ll&'Jl ,,7~1 U4E+t0 4.lll!+tO 
$.$1.E-Ol l.041!tt0 UIB+tO 03l!+t0 
4.67E-OI ,.20£.01 USB-1«1 UOl!-+iJO 
5.03&41 9.1711-0I U71!-+00 J.191!+t0 

5.02&41 U'IJl.01 l.95l!+oo 3.7SB+oo 
4.llJ!.01 1.6111-0I 1"8E-+OO 2.711!+00 

'" "' 
$.m-+tl l.2311-ttl 

13llttl 7.IOl!ifl 
1-"lttl ~+ti 
Llm+fl 2.llittl 
UC-ttO t.JOl+tO 
3"51-ttO 1.4'!+00 
3.211-ttO 5.421!+oo 
3.15Kif0 U$l!+OO 

1'7!ttO 7.1.m+oo 

UOB+tO l.63B+ol 
5"911-+tll Ul!-+tl 
5.$0!!+t0 1.138-+tl 
5.131!-+tll L06l!+ol 

6.4ll!it0 1"'8+01 
4.97!!-+to l.061!+01 
5.77l!tt0 l.2All+Ol 

l.l!Jl!ifl 7.IOB-ttl 
7.411!+t0 UCl!-+tl 
"41!it0 Uli+oo 
6.21Bit0 l.17Et01 
5.69Bif0 1.241!-+tl 

6J9BttO 1.241!-+tl 
Ull!ifO 1.261!-+tl 
5.141!tt0 J.Oll!tOI 
5.40!!-tOO 1.601!-+tl 

S.611!+oo 1.121!-+tl 
3.'10E-t00 7.14E+oo 

''" 
7.121! .. I 

7.12!+01 
llQ!+tl 
3.111l+tl 
"31!+01 
l.lll!+ol 
1.171+01 
U9B+tl 
1.141!+01 

7.001!-ltl 
7.02l!+ol 
UGl!+tl 
3.24l!+tl 

7.02!!+01 
2.19B+Ol 
7.00B-+tl 

7.00ll-+ill 
3.24R+tl 
UlE-tilO 
1.17E-ltl 
7.l'JR-+tl 

7.l'JR-+tl 
7.00£-+tl 
3.2411+01 
"6Et01 

7.00B-+tl 
l.031!-+-0l 

\:J 
0 

I~ 
1-1 ~ 

~.o~ 
1-1 c: ·~~ 
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Population N N 

Oro!:!!! !!.B!!! llll'NRld Mean SE 

Tolll 33216000 17S3 l.Oll!+oo 2.741!-CM 

Age 
<01 ll06000 60 l.S61!+oo 1.30!!-03 
01-02 IS33000 .. l.99E-+OO 1.28!!-03 
Q3.0S 1712000 90 l.701!+oo i.SOl!-03 
06-ll 2ll98000 IS9 l.401!+oo 9.07!!-04 
12·19 2947000 170 1.301!-0l S.SBl!-04 
20-39 9440000 483 S.411!-0l J.99!!-04 
4M9 96S3000 S08 9.381!-0l 3.79!!-04 
70+ 3927000 Its l.3ll!+oo l.sn!-03 

Seasons 
Fill 6081000 211 7.941!-0I 3.73l!-04 
Sprirw 7S87000 733 l.071!-0I 4.411!-CM 
Summer 13670000 426 l.341!+oo S.71!!-04 
Wlllfler S872000 376 7.221!-0I 198l!-04 

UtboniDlion 
Ccrllnl City 9001000 341 9.791!-0l 3.98!!-04 
Na;~ 8333UW 547 9.161!-411 4.31!!-04 
Sudludiln 1'882000 "' l.07B+OO 4.7Sl!-04 

Race 
Blldt 3349000 163 U91!-0I S.348-04 
Natift AmaXlll 26SOOO 13 6.IMl!-01 l.07l!-03 
OlbmfNA 633000 31 9-'61!-0l l.21£.03 
WhitD 2l969000 1'46 l.02B+oo 3.07ll-04 

lqions 
Midweot moooo 419 1.9211-0l 3.968-04 
Nmi-t 7981000 J69 9.4111!-0I 3.Sll!-04 
Soulh 9SllOOO m 1.048+00 7.028-04 
Wat 1174000 m l.14B+oo S.SSl!-04 

t-.l ltaponM to Queoliannlile 

~ Do you pnlea? 1449SOOO 129 1.021!+00 3.698-04 
....:J Do you lllln? 1897000 110 l.37B-tt0 1.34£.03 

Table 2-43. Intake of Total Peaches (g/kg-day) 

PO Pl PS PIO P2S PSO 

O.OOl!+oo 3.SOl!-02 9.4Sl!-02 l.SSE-01 3.0SE-01 S.9SE-OI 

O.OOl!+oo S.64!!-02 1.82£-01 2.S8E-Ol S.721!-0l l.ISE-+00 
6.73!!-02 6.73!!-02 2.611!-0l S.121!-0l 8.941!-0l l.68E+oo 
1.041!-0l 1.04&41 1.341!-0l 3.7SE-01 6.101!-0l l.4ll!+oo 
S.80!!-02 6.6SE-02 1.211!-0l 3.041!-0l S.231!-0l 9.041!-0l 
3.9Sl!-02 4.09!!-02 9.45!!-02 l.S91!-0I 2.69Jl.Ol S.141!-0l 
8.341!.43 l.6IB-02 S.04!!-02 8.S41!-02 1.801!-0l 3.641!-0l 
0.00l!+oo S.8811-02 1.381!-0l 1.831!-0l 3.261!-0l S.981!-0l 
0.00l!+oo 1.271!-0l 2.261!-0l 2.821!-0l 4.461!-0l 8.S41!-0l 

l • .(Sl!-02 l.IOB-02 6.9Sll-02 1.341!-0I 2.801!-0I 4.891!-0I 
0.00l!+oo 3.lSB-02 9.91!!-02 1.441!-0I 2.SBl!-01 4.991!-0l 
l.681!-02 S.04!!-02 1.401!-0I 2.131!-0I 4.161!-0l l.071!-0l 

0.001!-+00 l.88ll-02 6.73!!-02 1.041!-0l 2.301!-0I 4.s91!-0I 

1.341!.43 l.88ll-02 1.061!-0l 1.111!-0l 3.301!-0I 6.211!-0l 
O.OOE-+00 1.148-02 9.IJB.02 l.Sll!-01 1921!-0l 6.041!-0l 
1.681!-02 3.71l!-02 9.17J!.02 USE-01 USl!-01 S.741!-0I 

3.lSl!-02 4.708-02 1.411!-0l l.601!-0I 2.141!-0l 6.121!-0l 
1.491!-0l 1.491!-0l l.611!-0I l.611!-0I 3"911-0l 4.116£.0l 
2.2Sl!-Ol USll-01 2.2Sll-Ol U21!-0I 3.1711-41 6.211!-0l 

0.001!-+tO 3.191!-02 9.00!!-0'2 1.481!-0I 3.0Bl!-Ol S.9111-0l 

1.34£.03 4.821!-02 l.OOl!-Ol 1.1911-0I 3.3311-0l S.741!-0l 
O.OOB+oo l.6111-02 l.911!-02 1-'81!-0l 2.18£.0l S.611!-0l 
0.00l!+oo S.CMB-42 U'7Jl.02 1.461!-0l 2.1711-41 UIJl.01 
O.OOl!+oo l.lllll-02 7.09B-02 l.4Sll-OI 3.281!-0l 6.291!-0l 

3.s21!-02 s.soJl.Oi 1.041!-0I 1.661!-41 3.1411-0l U8Jl.Ol 
3.711!-02 3.71l!-02 6.6SB-02 l.2Sll-OI 3.211!-0l 6.461!-0l 

P7S P90 m 

1.19E+oo 2.221!-+00 3.IOB+oo 

2.111!-+00 3.731!-+00 4.09B+oo 
2.481!-+00 4.381!+oo 6.271!-+00 
2.041!-+00 3.03R-+OO 3.981!-+00 
l.S41!-+00 3.191!-+00 USl!-+00 
9.lSl!-01 2.ISl!+oo 3.34E+oo 
6.288-01 l.16E+oo l.llE+oo 
1.12E+oo 2.041!-+00 USl!-+00 
l.24l!+oo 1.791!-+00 2.S9E+oo 

l.OOl!+oo l.7ll!+oo USl!+oo 
1.89&41 l.7Sl!+oo 1481!+oo 
1.sm+oo 1911!+oo 3.90B+oo 
9.741!-0I l.62B+oo 2.ISl!-+00 

l.231!+oo 2.04l!+oo 1941!-+tO 
l.04B+oo 2.04l!+oo 2.IOl!+oo 
1.241!-+tO "'1!+oo 3.SIE+oo 

l.23E+oo 2.llE+oo UOl!+oo 
S.248-01 2.13B+OO 11.31!+00 
l.2Sl!+oo 1CllE+oo 3.G61!+00 
l.191!+oo 124B+oo 3.191!-tta 

1.131!-ttel U7B+oo 1321!+oo 
1.161!+00 USl!+oo J.73E+oo 
l.13B+oo UOB-ttel 1IOl!+oo 
l.39Bi00 2.SSB-+t!I 3.lGI~ 

1.lSl!+oo 2.22B+oo 3.13E+oo 
l.13E+oo 2.!IOll+IO 3.16E+oo 

P99 

6.34l!+oo 

S.S8B-+OO 
7.72B+oo 
USl!-+00 
l.Sll!-+00 
4.33E+oo 
2.941!-+tO 
4.711!-+00 
9.761!-+00 

4.09B+oo 
U91!+oo 
l.Sll!+oo 
3.S21!+oo 

4.63E+oo 
6.361!-+00 
7.lll!+oo 

3.941!+00 
114B+oo 
6.191!-+tO 
6.34l!+oo 

4.331!-tta 
4.S21!+oo 
Ull!+oo 
UG-t«I 

7.2Sl!+oo 
9.761!+80 

PIOO 

3.121!+01 

6.331!+il0 
S.2Sl!+il0 
2.231!+01 
l.ISl!+Ol 
4.33E+il0 
S.271!+00 
1.231!+01 
3.121!+01 

8.SSE+OO 
2.231!+01 
3.121!+01 
S.311!+00 

l.23B+Ol 
1231!+01 
3.121!+01 

Ull!+oo 
11411+oo 
U9B-+t0 
3.121!+01 

12311+01 
l.2Sl!+OO 
J.121!+01 
l.231+ol 

12311+01 
"7'11+oo 

~ 
0 

~· !2l 
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Population N N 
~ !!I!!!! unWlrtd Mean SI! 

Tolll 17SCSOOO 1151 6.89J!.Ol 2.19)!..()4 

Age 
<01 mooo 10 '-16J!.Ol l-'6J!.03 
01-02 708000 46 l.98E-+OO l.SCE-03 
Ol-OS 6S1000 52 1.741!+00 3.37E-03 
Q6.ll 1473000 124 9.17J!.Ol 7.966-04 
12·19 1922000 139 S.03J!.Ol 2.7SE-44 
:Z0.39 4370000 304 4.441!-01 2.66J!.04 
40-69 6Sl1000 463 S.981!-01 2.488-04 
70+ 174SOOO 113 7.49J!.Ol 4.53£-44 

Seuons 
Fiil 931000 30 7.l?J!.01 S.39£-44 
Spiiw 102S6000 926 7.56J!.Ol 3.34B.Q4 
Summer 2929000 17 S.17J!.Ol 3.738-04 
W"llll<r 3429000 20I S.67J!.Ol 3.47&04 

Urbonization. 
Central City 4943000 220 7.22J!.Ol 4.78J!.04 
Nalllldlopolillll 4074000 m 7ST.a..41 4.iiOi!-04 
Surbuibon IS28000 661 6.36J!.01 2.70£-44 

Race 
Alilri 191000 13 2.09B+oo l.OOB-02 
·Bloct 1206000 '4 6.am.411 7.UE-04 
Natiw Amaic111 1'9000 ' IJSll-01 3.2811-04 
oiberJNA .al8ClOO 21 4.37J!.Ol 7.QllB.44 
While mo1000 l117 UIJ!.01 2.QZB.04 

JlePils 
Midwat 3082000 3711 7.231!-0I 3.61£-44 
Nmi-t 4111000 m UIJ!.01 4.37E-04 
Soalh 49SOOOll 3S7 U3J!.Ol 2.121!-44 
Well 3402000 

t-> 
246 7.22J!.Ol 7.31E-04 

~ ltespalle to Queatiomoire 

'° . Do you prden? 7416000 544 U3J!.OI 3.S?J!.04 
Do you liim'I 121000 71 6.541!-0I 9.27&04 

Table 2-45. Intake of Total Strawberries (g/kg-day) 

PO Pl PS PIO m I'» 

O.OOE+OO 3.44&o2 9.80£.42 l.34E-Ol 2.37&41 4.61J!.Ol 

6.701!-02 6.70&o2 6.70£.42 6.70£.42 l.13J!.Ol 3.SJE.01 
3.971!-0l 3.97&41 6.72£.01 7.046-01 1.141!-+00 UIE+oo 
3.001!-0l 3.0011-0l 3.86B-Ol S.ISJ!.01 6.91Jl.41 9.ll)E-01 
6.01E42 9.17J!.02 l.BSE-01 2.171!-0l 4.29Jl.OI 6.21E-Ol 
3.44£.42 l.17J!.02 l.061!-0I 1.441!-0I UIJ!.01 3~1 

0.001!+00 l.38&o2 7.88J!.42 9.99B-02 UIJ!.01 2.69&41 
O.OOE+OO 3.44&o2 l.03J!.OI 1.4SJ!.Ol 2.271!-0I 4.lllJ!.01 
2.70£.42 3.l:!J!..02 l.3SJ!.Ol 2.37&41 4.04J!.01 U2J!.OI 

0.001!+00 O.OOl!+oo 1.471!-0l l.79J!.01 3.ISJ!.01 S.79£.el 
l.38J!.Q2 4.90&o2 Ul9J!.Ol 1.571!-0I 2.51&41 4.~I 
S.98J!.02 S.98&o2 1.13J!.Ol l.2SJ!.01 2.12J!.OI 4.29£.Gl 
0.001!+00 2.70&o2 6.70£.42 9.99B-02 l.ISJ!.01 ll2J!.OI 

2.86B-02 4.ISE-02 l.OSJ!.01 l.ml-01 2.4'!!-01 S.04&01 
O.OOE+vo OQ~ ;.6~ 1.2-."'&-lll !2m-01 ~! 

O.OOl!+oo 3.0IB-02 USE-02 1.2911-0I 2.31J!.OI 4.4!1B-GI 

l.47J!.Ol 1.471!-0l 1.471!-0l 2.08&41 3.ISJ!.01 6.-el 
O.OOl!+oo 3.44&o2 l.13J!.OI l.49J!.Ol 2.00B-01 ~I 
11.l?J!.02 l.l?J!.02 l.17J!.02 l.17J!.02 l."76B-412 UIMI 
2.77J!.02 2.77J!.02 9.9SE-02 1.13J!.Ol l.3SJ!.OI l."J!IB.01 

O.OOl!+oo 3.44B-02 9.991!.o2 l.42J!.OI 2.Sl&GI 4.76£.GI 

2.44B-02 3.791!-02 1.03J!.Ol 1.37&41 2.211J!.OI 4.21Stl 
O.OOl!+oo 2.691!-02 l.UJ!.01 1.4911-0I 2.54&el U711.el 
0.001!-+00 2.llSJ!.02 9.658-t2 l.36J!.OI 2.211J!.OI '-ISB-11 
2.70B-02 7.031!-02 1.761!-02 l.2SJl.Ol 2.22!Hll «GI-GI 

0.001!+00 3.448-02 ,.9'B-02 1.3311.41 2.421!-0I . 4.4.UI 
0.001!+00 O.OOB+oo 3.48J!.02 6.07J!.02 l.?llJ!.01 3.ll&tl 

PU P90 P9S 

l.llSOl l.44E+oo l.ISl!+oo 

S.7SJ!.Ol l.Olll!+oo 2.791!-+00 
UlR-tOll 4.27E-+OO 4.77B-+OO 
1.101!-tOO 1341!-tOll 6.0'11-+00 
9.92E-OI l.66Ei00 2.43B-+OO 
U6J!.OJ l.07E+oo 1.llE+oo 
S.29J!.OI '.smtl 1.ISE+OO 
7.211J!.OI l.30l!iGO Ulll!+OO 
l.66J!.01 U6E-+OO 1.9111!+00 

l.OOl!+oo 1.471!-tGO U6B+OO 
UQ!.GI . U91!iGO 2.041!+00 
7.00EGI l.09EiGO l.70B+oo 
6.IOJ!.01 UQ!iGO l.ISl!+oo 

9.36J!.OI 1.44£-tOll l.12B+OO 
9~! !.@!!-+4!!1 :l4S!!+@ 
7.21J!.OI 1.30£-+00 l.71B+oo 

1.0IE+oo l.43B+oll 1.561!-+01 
I.IS.I 1.17BiGO l.'911-+00 
2..12£.GI S.PMI S.UJ!.01 
Ull841 l.421!i00 l.42B+oo 
l.2GJl.OI 1.45£-+GO 1.191!+00 

9.3SJ!.OI IMl!+tl 2.061!+00 
US.I UBl!iGO 1.13B-+t0 
1.-.1 1.241!-tOO 1.771+00 
7~1 l.41B-IOO 1.792-t<IO 

.... I 1.471!-+GO U3E+oo 
7.21MI Ul51!iGO "'1!+00 

P99 

4.721!-+00 

2.791!-+00 
7.201!-+00 
1.561!-+0l 
S.lll!+oo 
l.66B-+OO 
3.141!+00 
USE+OO 
2.S4B+OO 

2.201!+00 
S.OIB+OO 
2.60B+OO 
2.901!+00 

2.60B+oo 
S.OlB+OO 
4.771+oo 

l.561!+ol 
4.271!+00 
S.UJ!.01 
1.m+oo 
4.201!+00 

S.llB+OO 
4.771-+00 
2.901!+00 
4.201!-t«I 

3.141!+00 
33911-+00 

~ 
.o 
,I~ 

PlOO 

l.sc51!-ltl 

2.798* 
7.208+00 
l.sc51!-ltl 
7.438f«I 
UOB+OO 
U21!+00 
1.011.01 
S.49B+oo 

2.20E+oo 
l.'6E+ol 
S.UE+OO 
4.77£+00 

1.56!+01 
1.011+o1 
9.97E+oo 

l.sc5l!+ol 
7.20E+oo 
S.1311-41 
l.ISE+oo 
l.OIB+ol 

S.llB+oo 
9.97Bi00 
7.20!-t00 
1-'S+ol 

l.5611+ol 
4.72£-IGO 

0 
oHO 
Hp~ 
t-'l c:::: l:tj 
l2:!01-3 

1-3 
t?=J 

~ 





Population N N 
group !!II!!! llnWRld Man SE 

Toll! 118S7000 m ,.761!-0l I~ 

Age 
<01 190000 12 7.211!.-0l l.35E43 
01-42 167000 11 l.33E+oo 1$81!.GJ 
~ 4Y1000 30 7.141!-0l 1.62£.44 
06-11 873000 61 6.87E-OI '.3111-04 
12·19 1159000 67 3.241!.-0l 2A2l!-04 
20-39 3UMOOO UIO S.151!.-0I 3.23E-04 
40-69 4'31000 306 S.73&.ol 2.19J!.04 
?II+ 1376000 " 7.03&411 6.31£.04 

Scuons 
Pllll 1963000 66 4.0IE-Ol 1.89&04 
Spirw '413000 460 6.ISB-01 2.'J9B.G4 
Summer 1107000 " 4.93&.ol 3.sm.o4 
W"11111or 3374000 190 S.Sm-01 2.'J9B.G4 

UrboniDlion 
CallnlCity 3166000 146 6.0lE-01 3.fQl.04 
Ncml!lllo'r'Olilal 2178000 16' '-191!.-0l 1'3S04 
Smllurt.n 6'13000 440 "831!.-0l 2.0Ql.4M 

IUca 
.Alm lll8000 12 4.93&41 ~ 
llllct 1007000 ,. 4.9411.41 .43$04 

Nam .Amaillln l'llOOO " :UOE-01 4.27MM 
OthllfNA 162000 • l.lOB-+tO 1.sm.GJ 
.Wbi19 10312000 66' S.IOll-Ol l.73U4 ..... 
Midwlet 1110000 l" S.13&41 2.29B-04 
NU1bet 4199000 242 S.GQl.01 1.-et 
l!Gulh 32lllOOO 176 S.311-tl 137£.414 
Wiit 2680000 191 7.73&41 S.mi.et 

Re&pcne lo Questlannl!re 
tJ Do you prdcn? '412000 3'9 S.m.cll u~ 
I Doyoullmn7 361llOO 2' 3.1$1!.41 2.l4&4t 

Q() ,_ 

Table 2-47. Intake of Total Asparagus (g/kg-day) 

PO Pl Pl PIO P1S p~ 

O.OOBiOO '~ 1.131!.-0I l.80E-41 2.61E-Ol 4.211!.-0l 

7.70&02 7.101!.-0'l 7.7011-42 7.70!!-02 4.66&.ol 4.88&01 
,.OllE.ol ,.CJSl!.01 ,_OIE-Ol B21!-0l 7.89&.ol 1.151!-f(JO 
1.681!-0I L61E-Ol 2.391!.-0I 2.72&-0l 4.20&.ol '-431!.-0I 
4.22SG2 4.22E-02 1.351!.-0l 2.71&.ol 3.21E-Ol S.391!.-0I 
3.62J!.G2 3.62E-02 S.11111-42 7.SIE-02 1"41!-0l 2"6E-OI 
0.008-ttel O.OOE+oo 1.04&01 1.46&.ol 2.llE-01 3.651!-0l 
4.79&02 6.2811-02 UIE-01 2.11E-Ol 3.00E-01 4.201!.-0l 
l.OlE-01 1.151!.-0l 1.46&.ol 2.10£-41 3.201!.-0l ,_03£-41 

O.OOB+oo 0.008+oo UIJl.02 1.451!.-0l 2.318-41 3.27B-Ol 
O.OOB+oo Ul.114l l.OOE-01 1.88&01 3.02&.ol 4.711!.-0l 
l.04&01 l~l l.SlE-01 2.04£-41 2.21E-01 3.911!.-0l 
4.79B-02 7.l.Q!.02 1.2811-0l UlE-01 2"21!-0I 4.09&41 

3.62Ml2 S.11.114l l.73E-02 1.4611-41 2.$6&.ol 4.231!.-0I 
"-"1142 ~ 7.99£.02 l.41&.ol 2.181!.-0l 3.'6&.ol 

l.GOll+OO 4.791!-412 1.48&41 2.0111.41 2.BIE-01 4.40&01 

2.$6&.ol ~I U!S-01 :u6!!-0l 3.19S.Ol 3.SlE-01 
O.OOB-+tO o.GOB+tll '.ml-02 7.SlE-02 2.421!.-0l 3.J6B.OI 
7.14Eel 7.14&02 7.14&02 l.69!!-02 l.02E-Ol 2.11&41 
:l.6SE.41 2.6B-41 2.6Sl!-4l 4.11&41 S.<091!.-0l l.65l!+oo 
OJlGBiGO Ul.114l IJIB.tl 1.9111.41 2.71&.ol 4.2311.41 

UOB+oo l.IClll.ol l.SlJl.01 2.1011.41 3.0$1!.41 4.48E-OI 
49'£.G S.llJl.G l.31E-02 1.38E-Ol 2.'611-0l 3.llB-01 
J.621Wl2 4.JIJ!.02 1.4411-0l 2.04&.ol 2.6411.41 4.071-41 

O.DOE+Oll 4.79EG 1.10£.01 2.0411.41 3.03&.ol S.14£.01 

4.19B-02 S.11.114l UJJl.01 1.IOE-01 2.60&41 4.028-01 
4.19&02 4.79Ml2 4.19&02 l.1311.41 2.19£.0l 2.1111.41 

P7$ P90 P93 

6.89&.ol 1.151!-f(JO 1.638-ttel 

l.IBE+oo l.34E-+OO U48+oo 
U48+oo 2.27B+oo 2..278-ttel 
6.26&.ol 2.llB+DO 2.118-+tll 
1.39&.ol 1-"l!+oo 2.00EiOO 
439&41 7.22&.ol 7.68&.ol 
S.68&01 9.69&.ol 1.348-ttel 
6.97B-OI l.098+oo 1.4'11-tOO 
UlE-01 1.438-+00 U2Bft0 

S.39&.ol 7.43&.ol 1.02Bi00 
1.$71!-41 l.27E+DO l.'m!+oo 
S.151!.-0I 1.30&.ol 1.348-+tO 
6.26&.ol 1.17B+oo l.13B-+t0 

6-"&41 l.14B-+OO 1.678-+tll 
6.9SE-OI 1.l2B-+OO l-'4B+oo 
7.22UI l.151!+DO l.47B+oo 

7JOB.OI l.61Jl.Gl 9.09&41 
,.928-41 l.22B-+t0 l.J!IE+oo 
2.748-01 6.TJB.01 f.TJB.01 
l.67B+oo U7E-+t0 12111-+tO 
6.1911-0l l.IOB+oo U2B-+t0 

7.011-41 9.148-01 l.15B+OO 
,.78&01 U7E+oo l.DB..O 
6.'4&41 l.llE+oo l.46B-+tO 
1.40&41 l.711!+oo 146B+OO 

6.8'11-0l t.om-+tO 1.4311-+tO 
4.22&01 S.611!-0l 5.7'11-0l 

P99 PlllO 

2.461!-ttel 6.3'1!-ti!Q 

2.6'1!i00 2.6fl!-ti!Q 
3.0'8-ttel 3.0fl!-ti!Q 
2.6'1!+oo 2.6'1!-ti!Q 
2.20B+oo 2.20E-ti!Q 
1.171!-ttel l.49Bit0 
2.291l+DO 63'Bit0 
2.IOB-+00 UIE-+00 
S.3118-tOO S.388-+00 

l.22ll+OO l.30E-+OO 
2.6SE-+tll um+oo 
2.20B-+t0 2.20E+oo 
2.461!-+tO 3.22l!+oo 

3.22E+oo ,.+tO 
U21+oo U1E+oo 
1291-+tO 6.3'E-+t0 

9.09&01 9.89&01 
1UE+oo 2.111-+00 
6.718-01 6.771!41 

12711+oo 1211+t0 
14'111-+00 63'E+oo 

1.62!-+tO l.91lltt0 
1.1111-+tO 2.IC+tO 
2.lll!+oo 1211+t0 
5.3111-+00 USE+oo 

Ull+oo 12211f00 
1.661-41 1.66&01 

--a 
0 

~ 
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Population N N 
Group ~ unwatd Mean SE 

Toll! 58690000 3014 8.IBJ!.01 J.76J!.04 

Age 
<OJ 929000 SI S.691!-+-00 7.JIJ!.03 
01-02 1649000 91 J.BJB+oo 1.231!:03 
03-0S 2708000 14S J.3Jl!+oo 8.S61!-04 
06-11 S.c88000 30S 7.98J!.01 3.711!-04 
12-19 6026000 316 S.93E-OJ 2.30E-04 
20-39 17676000 1166 6.261!-0J J.68!!-04 
4M9 1m1000 JOJO 6.801!-0J 1.621!-04 
70+ 4493000 230 1.321!-0J 3.311!-04 

Seasons 
Fall 14289000 4S9 9.40&-0J S.37B-04 
Spring 14274000 120S l.SSJ!.01 2.931!-04 
Summer 13921000 431 7.321!-0J 2.111!-04 
Wmb!r 16200000 919 7.SIE-01 2.801!-04 

Ulblnization 
Centn!Cily 17301000 6S4 9.491!-0I 2.96B-04 
Nwon.~ 101:== ~ 6.71!-0J 3.7!!!-4!4 
Smburbon 312S9000 1700 7.92£.0J 2.SSl!-04 

Race 
Aliln IOSSOOO • l.31Bi-OO 2.S9E-03 
Black SS9SOOO 249 1.441!-0l 6.9SJ!..04 
Nllive .American 232000 13 7.5'1!-01 2.721!-03 
Other/NA 1006000 46 9.7'1!-0l 7.72Jl.04 
White S080'lOOO 2631 l.OIE-01 l.78l!-04 

Rqions 
MidWS 11399000 OS 7.3SB-OJ 3.38J!.04 
Nodbeat 14SJIOOO 723 7.7BOJ 2.38B-04 
Soulh 19989000 m 1.721!-tl 4.06E-04 

w West 12784000 692 l-'4E-Ol 2.ISJ!..04 
I 

00 w Raporue lo Qoestionnoire 
Do you prden? 2386SOOO 12'6 7.llE-01 2.161!-04 
Doyou!um? 2872000 143 6.101!-0I 4.06E-04 

Table 2-49. Intake of Total Broccoli (g/kg-day) 

PO Pl PS PIO P2S PSO 

O.OOE+oo 4.3SJ!.02 1.11J!.01 1.60&-0J 2.62&-01 S.021!-0J 

J.24E-01 1.241!-0I 8.311!-0I l.2Slli00 1.621!-+-00 3.SJB-+-00 
2.16E-01 2.97E-OJ 3.88J!.OI S.278-01 7.89J!.OJ J.30l!i-OO 
1.471!-0I J.47J!.OJ 3.IOJ!.01 3.7611-0I S.41&-01 8.131!-0I 
1.191!-02 3.IBE-02 1.321!-0I J.9SE-OJ 3.0SJ!.01 S.601!-0I 

O.OOl!i-00 3.921!-02 UIB-02 JJ21!.0J 2.Sll!-01 4.021!-01 
0.00l!i-00 4.761!-02 1.00B-01 J.38B-OJ 2.221!-0J 3.981!-0I 
O.OOl!i-00 4.3SJ!.02 1.041!-01 I.SOB-OJ 2.481!-0I 4.831!-0I 
O.OOl!+oo 9.0SJ!.02 UIB-01 2.031!-0J 3.52&-0I S.991!-0I 

O.OOl!i-00 3.IBE-02 1.82£.02 JJOB-01 2.311!-0I 4.SOB-01 
O.OOl!+oo 6.04&-02 1.371!-0I 1.121!-0I 2.9SJ!.OI S.34E-OI 
O.OOl!+oo S.6311-02 1.278-01 UIB-01 2.7611-0I S.178-01 
O.OOl!+oo 4.76&-02 1.021!-01 I.SIB-OJ 2.S2E-OI 4.831!-0I 

1.191!-02 3.921!-02 l.OIB-01 1.631!-0I 2.96J!.OI S.681!-0I 
0.001!+00 4.SOE-02 J.231!-0I l.S6B-OJ 2.461!-0I 4.241!-0I 
0.001!+00 S.181!-02 1.091!-0l l.57E-Ol 2.S4B-01 4.901!-0l 

1.771!-02 l.77E-02 l.06E-01 1.471!-0l 3.321!-0I S.07E-01 
O.OOl!+oo 6.08E-02 l.3SB-Ol 1.6211-0l 2-'IJ!.Ol U6Jl.Ol 
l.llE-01 l.llE-01 1.121!-0l 2.211!-0I 3.11611-0I 4.221!-0l 
9.6'1!-02 9.6SJ!.02 2.221!-0l 3.011!-0l 3.491!-0I 7.0SE-Ol 
0.001!+00 4.111!-02 1.091!-0l 1.561!-0l 2.S9B-Ol S.07E-01 

O.OOB+oO 3.92B-02 l.248-02 USB-01 2.301!-0I 4.321!-0I 
0.001!+00 4.IJl!-02 J.06E-01 l.631!-411 2.691!-0l S.278-01 
O.OOBiOO 4.7B02 1.271!-0l l.67E-OI 17'1!-01 S.141!-0l 
3.2SB-02 l.33!!-02 J.21B-Ol 1.641!-0l 2.731!-0l S.201!-0l 

O.OOl!+oo 4.27!!-02 9.671!-02 1.421!-0l 2.401!-0l 4.431!-0l 
O.OOB+oo 7.GJ!..02 9.l6E-0% l.llJl.01 U6B-Ol 3.691!-0l 

FIS P90 P9S 

9.16E-OJ 1.611!+-00 2.40Bi00 

6.431!-+-00 l.27E+ol U2B+ol 
2.06B-+-OO 4.S31!i-OO S.13B+oo 
l.341!+oo 3.64Bi-OO 3.97B+oo 
9.678-01 1.431!i-OO 2.SOBiOO 
7.4811-0I l.16Bi-OO U6B+oo 
7.S6B-OI l.36Bi-OO l.16B+oo 
1361!-0I l.43Bi-OO l.96B+oo 
l.041!+oo IMB+oo 2.32ii00 

l.03E+oo U4l!i-OO 2.17B+oo 
9.!191!-0I l.17Bi00 2.S4Bi00 
1.401!-0J l.42B+oo 2.34Bi00 
1.661!-0I 1.481!+00 2.17Bi00 

l.IOB-HIO 2.Cl2B+OO 2.!llB+OO 
7.60l!-01 lJOBiOO 1.90B+OO 
1.711!-0l l.SSB+OO 2.24B+oo 

l.ISl!+oo l.73Bi00 l.11B+ol 
l.SSJ!.01 U2B+oo 2.66B+oo 
S.148-01 S.'61!-0l S.71B+oo 
l.40R-+t0 2.121!+00 2.'Nl!+oo 
U4B-Ol USBiOO 2.36B+oo 

UIS-ti l.491+oo 122B+OO 
t.m.ol 1.491!+o0 2.341!+oo 
UJB.01 l.74Bi00 2.G+oo 
l.O:m+oO l.9Sll+OO :usB+oo 

1.3311-0l l.4SBiOO 2.03B+oo 
7.m.Gl l.4SB+OO l.92B+oo 

P99 PJllO 

S.43Bi00 3.1611-ltl 

3.16B+ol 3.161!-ltl 
7.29Bi-OO l.67l!+oo 
U3ll+oo 1.02B+Gl 
S.4Slli00 s.SQ!+oo 
19SE+oo U411i00 
3.0ll!iOO 7.3711+oo 
3.33B+oo 9-'8E+oo 
3.0llB+oo 4.26B+oo 

7.27B+oo 3.161!-ltl 
S.71B+oo l.42l!+ol 
4.sll!+oo 6.43B+oo 
S.131!+00 1.92B+o1 

6.43B+oo 1.42!-ltl 
3.S7B+oo 2.421!-tll 
S.4SB+oo 3.16l!+ol 

1.42B+ol 1.421!-tll 
7.27B+oo U2!+el 
S.71B+OO S.711!it0 
19SE+oo UlKiOO 
S.l3B+oo 3.1158-tll 

UIBiOO 1.421!-tOI 
4.19B+o0 t.32&!00 
6.438+00 3.16B+ol 
SSlll+oo U4R+oo 

S.13B+oo U2Bi01 
3.0ll!+oo 4.llB+oo 

1-;-
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Population N N 
Ciroup ~ unWRld Mean SE 

Total <407071IOO 2058 6.768-Gl 1.741!-44 

Age 
<01 327000 21 0.001!-+00 0.001!-+00 
01--02 1364000 70 2.611!-+-00 3.32!!--03 
03--0S 182SOOO 102 1.171!-+00 7.841!-44 
06-11 4109000 217 7.73E-Ol 2.891!-44 
12-19 4SS4000 232 S.48&41 2.82£.04 
20.39 ll031000 SSl 4.ISE-01 1.441!-44 
40-49 14327000 730 6.IOE-01 2.731!-44 
70+ 3170000 13S 6.44E-OI 2.311!-44 

Seasona 
PaD. 7846000 2S3 S.02!!--01 1.561!-44 
Sprilw 9327000 803 6.39£,.01 2.441!-44 
SUmmer 13mooG 432 1.348-01 3.16&44 
Wmer 9939000 S70 6.318-01 4.97E-04 

lhllonizaliM 
Ce!!!!-.! Ci!y 9!1!3000 380 6.'IVB-01 4.991!-04 
Nanmetropolilm1 7918000 SlO 1.911!--0I S.0311.44 
Sudludlln 22976000 llA 6.03£.01 1.37£..C.4 

~ 
Aliln 937000 43 6.IOE-01 6.9911.44 
B1ICk 2932000 154 7.438-01 4.4Sl!.44 
Nlliw.Amaicon 699000 4S 2.00l!+oo U7J!.03 
OdiatNA 176000 40 9.718-01 1.07J!.03 
White 35263000 l'rni 6JIE.OI 1.46£.44 

Rqkn 
'Midwat IS07llOO GI S.9l&Gl 3.20B-04 
Nmi-l 13239000 611 6.118-01 2.70&44 
llaulll I~ •12 7.'4£.01 4.63Jl.O.C 
Wiit I066000 407 6.36£.01 2.sm.o4 

t-.> 1lapcne '° Questiamlire 
I 

Do yaa prdon? 1"65000 807 6.51UI 2.73!!--04 

~ Doyaalam? 1602000 11 S.9211-0I 3.96£.M 

Table 2-53. Intake of Total Cucumbers (g/kg-day) 

PO Pl PS PIO P2S 

O.OOE-+-00 7.4SE-03 7.68J!.02 l.29E-Ol 2.37E--Ol 

O.OOl!i-00 O.OOl!i-00 O.OOl!i-00 O.OOl!i-00 O.OOl!i-00 
3.931!--0l 3.93E-Ol 6.2Sl!--Ol 7.S2E-Ol 1.031!+-00 
3.07E--02 3.07E--02 2.S7E-01 3.3SJ!.Ol S.OSl!-Ol 
7.02J!.02 1.40&02 l.42E-01 2.27E-Ol 3.37E--Ol 

0.001!+-00 7.4SE-03 S.S8J!.02 l.07E-01 2.0SJ!.01 
0.00l!+-00 3.32J!.02 7.41J!.02 l.07E-Ol l.91E-Ol 
0.001!+-00 3.s9J!.02 7.96J!.02 1.301!--0l 2.23E-01 
6.71J!.02 7.79&02 1.29E-Ol l.78E-01 3.46J!.Ol 

O.OOl!i-00 0.001!+-00 4.16J!.02 9.07E-02 l.9SJl.Ol 
0.001!+-00 0.001!+-00 7.66J!.02 1.321!--0I 2.36E-Ol 
O.OOl!i-00 3.CJ811.02 l.ISJ!.01 1.768-GI 2.981!--0l 
0.00l!i-00 3.681!--02 7.22J!.02 1.06!!--01 2.llE-01 

0.001!-+«I O.OOl!i-00 4.22J!.02 UOJ!.02 1.961!-0I 
0.00l!i-00 O.OOl!i-00 9.4811-02 1.601!--0l 2.161!--0I 
O.OOl!+oo 2.02!!--02 9.37E--02 1.391!--0I 2.37E--01 

0.00l!i-00 0.001!-+ta l.21J!.02 1.07E-01 1.561!--0l 
O.OOE+oo O.OOl!+oo 1.191!--0l 1.841!--0I 3.101!--0I 
0.00E+oo O.OOl!i-00 1.328-01 1.62£.41 3.951!.ol 
7.49£--02 7.49£.42 1.271!--0I 1.SOE-41 2.7SJ!.01 

O.OOl!+oo 7.4SE-03 7.!61!-02 1.2SJ!.01 2.30£.41 

0.00l!+oo O.OOl!i-00 3.08!!.oz 7.BOJ!.02 1.70£.41 
O.OOl!i-00 4.21J!.02 9.07B-02 1.371!--0I 2.518-01 
O.OOl!+oo O.OOE+oo 1.06£.01 1.531!--0I 2.761!-0l 
0.00l!i-00 O.OOE-+ta l.67B-02 1.36£.01 2.311!--0l 

O.OOl!+oo 1.29£.03 7.031!-02 1.07E-01 2.168-Gl 
O.OOl!+oo O.OOB+oo 7.46£.02 1.54£.41 2.1111-GI 

PSO P7S P90 P9S 

HSE-01 7.83E-01 1.341!-+00 1.901!-+00 

O.OOl!i-00 O.OOl!i-00 O.OOl!i-00 O.OOl!i-00 
1.861!+-00 2..5Sl!i-OO 4.67E+-OO 6.531!-+-00 
8.60E-Ol 1.411!+-00 2.391!+-00 3.0Bl!i-00 
S.631!--0l 1.091!+-00 1.621!+-00 1.9211+-00 
3.921!--0l 6.631!--0l 1.201!+-00 l.SSl!i-00 
3.4SJ!.Ol 6.121!--0l 1.021!-+-00 l.3Sl!+-OO 
4.02!!--01 6.82J!.01 1.181!+-00 1.531!-+-00 
S.Sll!--01 l.96E-01 l.2Sl!+-OO 1.4811-+00 

3.468-Gl 6.99E-OI 1.111!+-00 1.31Bi-OO 
4.3SJ!.01 7.30E-01 l.26l!+oo l.9Sl!+oo 
S.241!--0l 1.031!-+-00 1.701!-+-00 2.291!-+-00 
3.811!--0l 6.93E-Ol 1.141!-+-00 l.SSl!i-00 

lnB--01 7.471!-0I l.«>E+oo 2.02!!-+-00 
S.lSJ!.01 1.0Bl!i-00 1.771!-+-00 2.4$11-+-00 
4.27&41 7.S21!--0I 1.2Sl!+-OO l.sel!+-00 

3.47E-01 1.161!--0I 1.371!-+-00 2.06!!-+ta 
S.06!!-01 9.07E-01 1.601!-+-00 2.32E+oo 
7.02!!--01 1.441!-+-00 2.191!-+-00 7.231!-+-00 
S.00£.41 1.531!-+-00 2.l2E+oo 3.09B+oo 
4.28£.41 7.64R-01 1.211!-+-00 1.77B+oo 

3.73&GI 7.ISl!--01 1.2Sl!+oo lMll+oo 
4.38£.01 7.llE-01 1.391!-+-00 2.02B+oo 
s.oeo1 l.SOE--01 1.l6Ei-OO 2.028-IOO 
4.301!--0I 7.'10J!.01 l.34E+oo l.IOB+oo 

4.10£.41 7.231!--0l 1.30B+oo 1.92E+oo 
3.711!--0l 9.20E-01 1.461!+oo 1.491!+oo 

P99 PIOO 

3.761!-+00 

0.001!+-00 
2.19E+ol 
4.121!-+00 
2.781!-+00 
3.091!+-00 
2.231!-+00 
3.091!-+-00 
1.731!+-00 

2.06!!+-00 
4.121!-+-00 
4.111!+-00 
3.171!-+-00 

3.161!-+-00 
1.281!+oo 
3.161!+-00 

4.12E+oo 
3.0Sl!+oo 
2.19l!+ol 
4.111!-+ta 
3.27B+oo 

3.02E+oo 
4.111!-+ta 
OOl!+eo 
3.27B-+t0 

3.15B+oo 
2.09B+oo 

t=' 
0 

..• !a 
"' 0 
Cl~~ 
H.o> 
H C::: l%j 
l"J 0 8 
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2.891!-+ill 

O.OOE+oo 
2.891!-+ill 
1.l2E+oo 
1221!+oo 
4.lSl!+oo 
4.IOE+oo 
1.37Ei01 
2.361!+oo 

2.SOll+oo 
8.28E+oo 
1.371!-+0I 
2.89E+ol 

2.89B+ol 
1.37E+ol 
l.l2E+oo 

U21l+oo 
6.!IOl!tOO 
2.891!+01 
4.llB+oo 
1.37E+ol 

1.34!+01 
1.371!+01 
2.19B+ol 
l.321l+oo 

1.371!+01 
2.441!+00 
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Population N N 
ClrOUI> watd llmiRld Mean SE 

Tola! 16766000 903 4.211!-0l 8.841!-0S 

Ase 
<01 182000 ' O.OOB-+tll O.OOl!+oo 
01.(12 609000 34 9.911!.ol 7.371!-04 
03-0S 766000 37 U41!-0l 7.461!-04 
06-11 1328000 72 3.921!-0l 2.541!-04 
12-19 1849000 100 3.42Jl.Ol l.67J!.04 
20-39 4S63000 227 3.591!-0l 1.131!-04 
4M9 S690000 323 4.l'IB-41 1.368-04 
70+ 1779000 IOI 3.968-01 2.331!-04 

Saaonl 
Fil 3893000 140 4.211!-0l l.'llB-04 
stn. 3740000 341 4.321!-0l 1.728-04 
Summer S7.59000 111 4J.41!-01 l.S6J!.04 
V.lldler 3374000 217 4.ISl!-01 2.081!-04 

U!bonization 
CallnlCiy 3820000 1'3 4.701!-0l 1.998-04 
N11-cropoilln 6256000 ,,., UOB-01 1.338-04 
8udlulblft 6690000 m 4.36&01 1.438-04 

a-
Alim 141000 ' S.f71!.fl 9.llB-44 
ll!d: 438$GCO 220 4.121!-0l 2.19B-04 
Na!MA-i- 23000 1 3.11Jl..01 0.00E+oo 
OllllllNA 171000 13 7.091!-0l 9.lll!-04 
win 12040000 640 4.011!.41 9.0l&o5 ..... 
Midwat 3607000 2ill 4.611!-0l 2.IOJl.04 
Nadbellt W6GOO w 3.601!-0l 1.668-04 
8oada !IWCJOO Sl4 028-01 l.19Jl.04 
Welt 8'llOOO S3 3.19&41 2.9lil!-04 

lt.elpcllllo to Quallanlllire 
N . Do~pidon? 6992000 424 3.991!-0l 1.29Jl.04 
I Do~lmn? 644000 44 2.161!-0l 3.966-04 

00 

'° 

Table 2-55. Intake of Total Lima Beans (g/k:g-day) 

PO Pl n PIO m p~ 

O.OOl!+oo 0.001!-+tll 9.40£.-02 1.301!-0l 2.06£.41 3.181!.ol 

0.001!-+tll 0.001!-+tll 0.001!-+tO O.OOl!+oo 0.001!-tOO O.OOl!+oo 
2.7$1!.ol 2.7Sl!-Ol 3.231!-0l 3.831!-0I S.591!-0I 8.291!-0I 
2.421!-0l 2.421!-0l 2.701!-0I 3.091!-0I 3.811!-0l 8.IQ!.01 

O.OOl!+oo O.OOB-+tll 1.48£.-02 l.lSE-01 2.071!-0l 3.411!-0l 
O.OOl!+oo 0.001!-+tll 9.02£.-02 1.261!-0I 1.911!-0l 2.901!-0l 
0.001!-+tO 3.231!-02 9.64£.-02 l.lSE-01 UOl!-01 2.901!-0l 
0.001!-+tO 2.068-02 1.031!-0l 1.361!-0l 2.091!-0l 3.03!!.ol 
S.33E-02 6.23E-02 9.'191!-02 l.09E.Ol 2.231!-0l 3.311!-0l 

0.00B-+00 1.221!-02 8.201!-02 1.091!-0I 2.031!-0l 3.IQ!.01 
O.OOl!+oo O.OOB-+tll 9.871!-02 1.311!-0I 2.161!-0l 3.4711-0l 
0.001!-+00 O.OOB-+tll 7.271!-02 1.301!-0I 2.041!-0I 3.201!-01 
O.OOl!+oo 2.068-02 9J3E-02 l.37B-41 2.021!-01 3.06£.41 

O.OOl!+oo O.OOB-+tll 0.001!-+tO l.3'7E-Ol 2.2411-0I 3S711-0l 
0.001!-+00 S.33!!-02 1.001!-0I 1.341!-0l 2.031!-0l 2.97B-41 
O.OOl!+oo O.OOl!-+tO 1.201!-02 l.2Sl!-Ol 2.0711-0l 3.2111-0l 

1.9611-0l 1.961!-0l 1.961!-0l 1.611!-0l UOl!-01 SS711-0l 
O.OOE+oil O.OOl!+oil O.OOl!+oo 9..Sl.E-02 2.12B-01 3.s711-0l 
3.77B-41 17'JB.Ol 3.7'1B-41 3.771!-0l 3.77B-41 3.77£.01 
1.621!-0l 1.6211-0l 2.011!-0I 2.481!-0I 4.098-01 U6&ol 

t.OOB+oo U3Jl.02 9.791!-02 l.3Sl!-01 2.031!-0I 3.0Q!.Ol 

O.OOl!+oo O.OOl!iilll l.4811-02 1.0'IB-41 2.021!-01 J.611!-0l 
0.00E+ilO O.OOE-+00 1.201!-02 1.298-01 2.0IB-01 2.161!-0l 
O.OOl!+oo O.OOB-+00 9.6SE-02 1.l91!-0I 2.081!-01 J.ll&Gl 
7.'191!-02 7.'1911-02 9.6SB-02 l.23B-Ol 1991!-0l 3.IQl.01 

0.001!+()0 S.33ll-02 9.6Sl!-02 l.JOl!-01 1.9611-0l 2.931!-0l 
3.23ll-02 123E-02 USE-02 9.'198-02 1.11811-0l 1.671!-0l 

P1S P90 P9S 

S.lll!-01 Ull!-01 1.091!-+tO 

O.OOl!+oo 0.00&+-00 O.OOl!+oo 
l.38E+oo 2.IOl!+oo 2.301!-tOO 
1.12l!+oo 1.631!-+QI U91!+oo 
4.691!-0l 1.661!-0I 8.701!-0l . 
4.231!-0l 7.4Sl!-Ol 1.141!-0l 
4.S6J!.Ol U41!-0l U98-0l 
S.391!-0l 1.298-01 1.06l!+oo 
4.47B-41 7.898-01 9.221!-0l 

S.101!-0l 8.491!-0l 1.101!-+«I 
S..S'IB-41 8.198-01 l.G2E-+00 
4.741!-0l U9B-Ol 1.141!-ttlO 
S.121!-0l 1.291!-0l l.OSl!i-00 

6.121!-0l 9.121!-0l 1.27B-+tll 
4.47B-Ol 1.038-01 U4&01 
S.1(11!..Gl 9.ISl!-01 1.141!-ltO 

6.331!-0l 6.3311-0l 1..SlE+oo 
S.f.48.01 9.6611-0I l.38l!+oo 
3.77B-41 3.m.ol 3.7111-0l 
1.m.o1 l.34l!+oo UO!J.-+00 
4.77B-41 ll.l'IB-41 tJClll.41 

S-"£-01 9.J?B.41 1J311+oo 
4.411!-0l USB-01 1.408-01 
S.ISl!-01 US!!-(11 1.IOl+oo 
4.47B-01 1.21&41 1.0lll+tO 

4.8211-0l 1.1911-0l 1.16E+oo 
J.448-01 6.2ll!All 7.4Q.el 

P99 PICIO 

l.86l!+oo U3B-+GI 

O.OOl!+oo O.OOB-+GO 
2.30l!+oo 2.30B-+GO 
4.SJE+oo 4J3B-+GO 
1.391!-+00 USl!-+GO 
1.02l!+oo 1.02l!-+GO 
1.121!+GO 1-"1!-+GO 
1.711!-+«I 2.Slll+GO 
l.16E+oo l.861!+eo 

2.IOl!-+00 2.32E-+QI 
1.'19l!t00 UIE-tGO 
1.861!-+00 2.301!-tQI 
l.62l!+oo 4J31!+GO 

2.IOE+oo 2.32E-t«I 
U21!-+00 4J3B-tGO 
1.86!!+00 Ull!+eo 

UlEiOO 1..SIB+GO 
2.2.m+oo 4J3B+CIO 
J.7111-0l 177&411 
lMll+oo UOE+CIO 
1.6311+oo 2.SIE+GO 

2.lOBiOO 2.32l!+GO 
UIE+oo UOlliOI 
1.!G+oo .u3BtGI 
Ulil!-t«I 1.2611+CIO 

IMB-+00 2.41E+o8 
141B+oo UIE+CIO 

~ 
0 

!oz: 
0 

oHO 
1-f p 1:1 
8 c: lzj 
l1j 0 1-3 

I-'] 
l1j 

fx1 



Table 2-56. JJUkc ofTotll Okra (e/kg-day) 

~ N N 
~ !C! ..... &id "'""" SE pt Pl PS 

Teed 11.0000 277 006-41 l.slBM O.(IOl!+oo 0.oo!+«) 5.IJUl 

/lac 
<II "'°° 4 O.OOE+oo O.OOE-+W O.OOl!-+tO 0.oo!!+te l.oo!!+ol 
01.ol 11~ 4 4.77B41 1.10&03 I.om.GI l.l?!Wl l.D21141 
OJ.OS 364000 u UCS.01 1.43&03 1.1$&01 l.1$MI l.1$8.tl 
06-11 6'9000 30 5.A&Ol ~ 4.148.41 4.leol 5.~ 
12·19 meoo 33 UOB-01 3.n844 6.m.o2 6.m.fl UOEG 
:ZC,)9 l~ • 3.278-01 l.'2£.0( 2.698.41 2.~ 7~ 
40--69 20llOOO 100 3JIB..OI l.l'/B-04 1.248-02 l.24B-02 6.291142 
10+ 411000 23 3.111!-0I 3.79&-04 2.1111.ol 2.118-42 2.llB-«2 

6cuorla 
Pal 9l2000 36 3.SOll-01 2.451!-44 USl!.ol 9.65B-«2 1.03&41 
Spdrw 1177000 19 3.'81!-Gl 2.9$1W4 O.OOE-+00 O.OOl!+oo 2.911!.ol 
Summer 3l9SOOO 107 4.411!-tl 2.53!!-04 O.OOB+oo 1.2411.ol 5.031!.ol 
Vll!lier mooo .., 33111-0l 3.$3!!-04 O.OOB+oo 0.00B+oo 2.468-42 

UdloniDlion 
Ccllrll City 2302900 19 3.308-41 l.7JE-04 O.OOB+oo O.OOB+oo 2.llB-«2 
Ncmetropolilln 2438000 130 3.IOl!-41 2.20E-04 0.00l!+oo 0.00BtilO 6.29B-«2 
luibuiben 1403000 " 5.51&41 4.80&-04 0.001!-+00 O.OOB+oo 9.6S&42 

Race 
Asiml 41000 I I 1.441!-0I O.OOB-+00 l.44Jl.Ol 1.441!-tl 1.448-41 
Black 2189000 93 3.418-0I 2.lOE-04 O.OOB+oo 0.001!-+00 2.11J!.f2 
OdlalNA 96000 ' 6.'641 l.Olll!-OJ 3.19&41 3.89&41 3.1911-0l 
White 3117'000 177 ~1 2.1911-0C O.OOB-+«I O.OOl!+oo f.m.12 

Rqion 
Mmat ... 24 2.7511-0l 1.73E-04 O.OOl!-+00 O.OOB+oo 0.001!-+tO 
NGdlalC 422000 I' 4.08&41 6,07&04 l.24B.ol 1.24&02 l.241W2 
lloulh 4'14000 'lf11 4.118-tl l.!llB-04 O.OOB+oo 0.00B+oo •lB-02 
Wiit 559009 27 4.$21!.41 4.3011-0C 7.09&02 7.09£.02 7.2IJl.02 

llmperlM lo QuestlorDllire 

I'-.> 
Do,.,., prden7 2196000 136 3.$9£.0l 1.94&04 O.OOB+oo O.OOB+oo 4.1~ 

J:> Do)Ql6ms? 2'1'00 II $.D41 f.26£.04 O.OOB+oo O.OOBitO O.OOl!+oo 

0 

Pll m ~ P7$ 

l.A&Ol Uls.tl 3.00£.fl U1!-tl 

O.OOE+oo lOOBi<IO 1.oo!!-t«IO 0.00Bif9 
l.llUl 3.t7J.41 3.07Ul 431Ml 
l.~I 4.os&GI 4.768-01 I.I~ 
6.31Ul lJOE-OI J . .QB.41 7.47MI 
1.1(8.41 l • .QB.01 3.7Sl!-OI 5.'7QE.ll 
9"911-42 1.448-01 2.-46UI 4.llB.41 
9.4SE-02 l.471!-tl 2.73&-0l 4.lQ!.01 
9.ME-02 1.748-GI 3.-4'7E-OI U7Jl.Gl 

1.251!-0I 2.Gl&OI 2.IOB-41 4.llB-01 
7.091!.ol l.~l 2.681!-0l 5.2SJ!.OI 
9.411!.ol l.s6J!.41 3.J2E.Ol SJIB-01 
4.1411.ol l.ll&GI 2.J41l.Ol 4'"1!-01 

7.G9B.ol 1.4311-0l 2.71&41 4.2411-0l 
9.41B-«2 1.48&01 2.QIE.01 4.6711-0l 
1.111!-0I l.72E-fl <UlB-01 5.9511-0l 

l.~l l.~I 1.4411-0I l.441!-41 
6.97&02 130&01 2.4611-fl 4.QB.tl 
3.19&41 4.21J!.41 5.J.Cll.01 1.1'8-+tO 
9.60J!.f2 1.72&01 3.2011-41 5.23Ul 

1.4411.ol l.68&01 2.98J!.41 3.27&01 
l.24£.t2 l.4'&01 3.4911-41 4M&OI 
UIB.ol 1.441!-41 2.1211-0I 5.2111-0I 
l.'8&42 UlB-01 4.52£.01 5.QB.el 

9"911-02 1.4711-0l 2.7111-41 4JIB.GI 
l.O!JB.OI 3.415&41 5.4711-0I 7.M!-01 

"'° '" 
l.IA-41 1.lllh• 

lOOE-ttO UOB+te 
l.1$B+t0 1.1$1!-ttO 
l.39l!+oo l.27B+oo 
1.531!+80 I.ISi! ... 
7.2211-41 l.11B+ol 
6.1'1!-fl 1.1511-fl 
7.oetl 1.02!!-IOO 
7.'28-01 l.021!-tOO 

5.62&41 l.02E+ol 
l.28E41 um-ioo 
1.7911-0I l.DB+oo 
7"2&41 U41!-0l 

7.2211-41 1.16&01 
1.1911-0l l.21B+oo 
l.ISB+oo l.39R+oo 

1.44Jl.01 l.44Jl.OI 
7.62!Wl '"2&01 
UISB-+00 UISBfOO 
l.QB.01 l.20B+t0 

4.60&01 S.47&41 
l.J5!-+t0 l.33l!+t0 
l.'28-01 l.20E+oo 
1.14B+IO lJ4l!iOO 

7.33&411 l.14Bi00 
l.1$l!+IO l.20l!i00 

"' Piii 

1.61+oo 3.2711+oo 

t.oos+eo I.Mii-tee 
USB+te LUB+ol 
ll7E+ol 3.2711+oo 
l.ISl!+ol USB+oo 
UJ8-+t0 l.llS+oo 
Lllll!+oo 1.2511-JOO 
l.331!-100 1.l31i(IO 
l.lll!-100 Ull!i<IO 

l.141!+oo l.l4ll+OO 
l.3911+oo 1.391!-+00 
3.27Bf00 3.27Bi00 
1.2511+80 l.2511f«I 

l.331!-100 l.DB+oo 
l.531lit0 UJB-+tO 
1271!+80 :um+oo 

1.4411-0l 1.448-GI 
l.lJl!itO 1.3911-+«I 
UISl!+oo UISl!+oo 
l.D!+tl J.211+oo 

S.10&41 1'1Ql!.41 
IJJl!itO 1.lJIHO 
l.ISE-ttO J.211+oo 
l..33&tGO l.3311+oo 

l.m+tO Ull!+oo 
l.2Gl!+oo l.211it0 

~ 

J
. 0 
. ~ 

0 
oHO 
~.o~ 
tzJ c:: lzj 

OH 
1-3 
p.j 

~ 



Population N N 
Group ~ tmVRld Mean Sil 

Toll! 101122000 S303 3.SIE-01 4.091!-0S 

Aae 
<01 1383000 73 1.131!--01 1.12!!-04 
01--02 3127000 172 7.13B-Ol S.19!!-04 
03-0S 4230000 241 4.98£.01 2.s7l!-04 
06-11 8862000 496 3.661!--01 1.23!!-04 
12-19 11927000 611 2.921!-0l S.SSJ!.4S 
20-39 l0700000 IS41 3.20&41 6.SSl!-OS 
4M9 33168000 1183 3.39£--01 6.461!-0S 
10+ 7725000 386 4.121!-0l l.68!!-04 

Seasons 
Fiil 26130000 IS7 3.398--01 7.ISJ!.4S 
Spina 23380000 2076 3.60£--01 l.3SB-OS 
Summer 2448SOOO 762 3.971!-0l 9.271!--0S 
W"liltcr 27121000 1608 3.11&41 7.1141!-05 

Uibenizalicn 
Catln!Ciiy 31226UW 1198 35;&-01 7.6!j!.Oj 
Ncnmetropalit1n 23498000 "16 3.20£.01 7.421!-tS 
Suiburbon 46398000 2'21 3.64&41 6.23&4S 

Race 
Alim. 1891000 • 5.4111-0l UOE-04 
Bloclc 12219000 612 3.228--01 9.90&4$ 
Nlliw Amelicln 669000 3' 7.22J!.Ol l.68J!.CIJ 
OlbedNA 3068000 146 071!-Gl J.32E-04 
While 83275000 4421 3.421!-0l U7E-05 

R..iam 
MldWlll 23607000 1213 2.90&41 ',SIB.OS 
NCllbMt 23821000 118' 3.90&41 l.6JB.OS 
lloalb 34754000 11141 J.91Jl..tl 7.96J!.OS ...... 18934000 985 J.021!-01 1.461!-0S 

tJ 
l.apanll to Queslicnnliie 

oh Do JOll pidat'/ 40812000 m1 J.21JB.Ol 5.72&4S 
Do JOll flmn? 43'8000 :m J.31E-01 l.43E-04 ,_ 

Table 2-57. Intake of Total Onions (g/kg-day) 

PO Pl PS PIO P2S P50 P1S 

O.OOE+oo 3.6lB-03 2.74E-02 S.21!!-02 l.121!-0l 2.281!-0l 4.26E-Ol 

O.OOE+oo S.'91!--03 8.86!!--03 2.20!!-02 3.901!-02 7.371!-02 1.33&41 
0.00l!+oo 6.331!.o3 4.471!-02 1.061!--01 2.031!-0l 4.22£--01 8.731!-0l 
0.00E+oo 0.001!-+00 S.46&03 6.34!!-02 !.s9E-Ol 3.ISl!-01 6.49&41 
2.6SE-03 4.62!!--03 3.74!!-02 S.63!!--02 1.201!-0l 2.SSE-01 4.63£--01 
0.00l!+oo 3.02B-03 2.93!!-02 4.67E-02 9.47l!-02 2.061!--01 3.s9&41 
0.00E+oo 2.lSJ!.43 2.6SE-02 4.99!!-02 !.OSl!-01 2.091!-0l 3.971!-0l 
O.OOB+oo 3.93E-03 2.43!!-02 S.13!!-02 1.12&41 2.231!-01 4.23&41 
3.88E--03 l.841!-02 6.63£--02 8.39!!-02 1.sJE-01 2.87&41 4.73£--01 

O.OOE+oo 0.00E+oo 2.38E-02 USE-02 l.13E-Ol 2.321!-0l 4.338--01 
O.OOE-+GO 5.341!.o3 3.266--02 6.14!!-02 1.181!-0l 2.311!-0l UJE-01 
O.OOE-+tO 4.641!.oJ 2.s!E-02 5.331!--02 l.19E-01 2.SOE-01 S.ISl!-01 
0.00E+oo 4.221!-03 2.74!!-02 S.21!!--02 1.021!.ol 2.021!-01 3.'18£.01 

O.OOB+oo 3.68E-03 2.SSE-02 HIE-02 1.131!-0l 2.2Sl!-Ol 4.28B--01 
O.OOl!+oo 6.901!-03 3.74£--02 5.44!!-02 1.0Sl!-OI 2.12E-Ol 3.88£.41 
O.OOB+oo 2.42£.43 2.32!!--02 5.ME--02 1.ISl!-01 2.371!-0l 4.461!--0l 

U91!-03 1.39&02 S.73£--02 1.201!-0l 2.421!-0l 3.948--01 6.19E-Ol 
O.OOB+oo 1411!-03 2.631!--02 5.7111-42 l.20&ol 2.291!-0l 3.13&-ol 
J.12!!--02 3.12£.42 3.87E-02 5.731!--02 6.69B-02 3.27&ol U31!-01 
4.631!-03 6.0Sl!-03 4.BSl!-02 9.721!-02 1.631!-0l 3.041!-0l 6.m.Gl 

O.OOB+oo J.931!-03 2.6SE-02 5.091!--02 l.flfll!-01 2.22J!.01 4.ll&Ol 

O.OOB-+tO 4.7Sl!-03 2.42!!--02 4.221!-02 UOE-02 1.IO&ol J.llJ!.Gl 
O.OOB-+tO 2.148-03 3.4'J!.02 6.20J!.42 1.3611--0l 2.ml-01 4.73E-01 
l.OOB-+GO U2Jl.43 4.13&02 6.7Sl!-02 1.32&01 2.slJ!.Gl 4.61&01 
O.OOB+oo 2.42E-OJ l.4'J!.02 3.641!--02 l.2SE-02 1.92E-01 J.IJB.01 

O.OOB+oo 2.mi.oJ 1411!--02 4.73&02 l.03J!.01 2.131!-0I J.91111.41 
O.OOB-+GO 0.001!-+GO 4.17!!--02 5.731!--02 1.17&-ol 2.30E-01 4.61E-Ol 

P90 P9S 

7.941!-0l l.IOE+oo 

2.S31!-0l 3.24£--01 
l.661l+oo 2.4SE+oo 
l.llB-+00 l.62E+oo 
8.011!-0l l.161!+oo 
7.021!-01 9.121!-0l 
7.461!--0l 9.m.cJI 
7.31E-Ol 1.07!!-+GO 
8.801!-0l !.281!+oo 

7.49E-Ol l.OOE-+GO 
7.94&41 1.171!-ltO 
9.601!-0l 1.261!-ltO 
6.s81!-0l 9.68£.01 

UOl!-01 1.IOl!+oo 
7.21E-Ol 9J211.0l 
7.981!-0l • 1.161!-+«I 

l.CJSl!-+<IO 1.611!-+GO 
6.6'E-01 9.4!111-0l 
l.29£t00 2.30£-+«I 
l.091!+oo 1.411!-+«I 
7.IOE-01 1.091!-+GO 

6.6'E-Ol 9.1111-0l 
l.71Jl.01 1.221!-+GO 
UIJ!.411 1.251!-+GO 
6.82E-01 9.'JIB.Gl 

Ul&~ll 9-"ll-01 
7.70&01 l.OOE-+GO 

P99 

l.88E+oo 

S.38J!.41 
4.231!-+00 
2.s21!-+00 
l.IOl!iOO 
1.471!-tOO 
1.76l!ito 
Ull!-+00 
2.6lll!+t0 

1.1161!-ltO 
l.9Sl!+oo 
2.071!-+tO 
1.79Et00 

l.77l!t00 
1.1111!-+tO 
2.07l!ito 

1'21!-teel 
l.161!ito 
7.33l!ito 
J.'71!+oll 
U4B+oo 

1.47l!tt0 
1.191!tt0 
2.07l!ito 
um+oo 

1.14EitD 
l.34Ktt0 

~ 
0 

~ 
0 

o~O 

~.o !: 
txJ c:: ltj 
o~ 
~ 
txJ 
0 
~ 

PllJO 

7.3Jl!i00 

l.ISl!iOO 
7.33l!i00 
3.04l!i00 
2.46l!i00 
UOl!+oo 
4.29Bi00 
3.lftl+GO 
3.691+oo 

3.Ul!+oo 
4.29l!i00 
4.23l!i00 
7.3lll+oo 

7.3llli00 
3.691ltOll 
4.291f00 

2.7411+oo 
130£-IGO 
7.331Heo 
4.291-+00 
4.231!-+00 

147Bteo 
1'7EiOD 
7.3311tOI 
1191-IGO 

:ie1Heo 
U9Btt0 
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Population N N 
(jlOIJll ~ unwirtd Mean SE 

Tolll 4C'80000 2269 2.631!-0l 4.87J!.OS 

Aae 
<01 439000 31 O.OOl!+oo O.OOl!+oo 
01-42 1270000 74 USJ!.01 S.73!!-04 
ous 1762000 '7 S.6SJ!.01 3.S9J!.04 
06-11 3819000 212 2.6SJ!.OI 1.591!-04 
12·19 5093000 2S7 1.741!-0l 7.761!-0S 
~39 13041000 631 1301!-0l 7.701!-0S 
40-69 1"80000 I03 "8&41 7.9811-0S 
70+ 3S76000 164 2.79J!.OI 1.47fl.04 

Seuona 
Fil 10444000 334 2J6B.OI 1.491!-0S 
Spdiw 9944000 m 1431!-0l 9.121!-0S 
Summer 11882000 374 3.211!-0I l.lGJl.04 
Winlr:r 12310000 7119 2.4SJ!.OI 9.341!-0S 

Udilnizalion 
Cenllll City 11710000 462 1711!-41 l.OIE44 
Nai~ ""°°° SN 2.428-01 1.061!-04 
ludutllll 24125000 122!1 2.6711-0I 6.201!-0S 

~ 
-Aliln 711000 32 2.72&41 3.401!-04 
ma 3S49000 176 1238-01 1.6311-44 
NllM.AlllD:ln l!llOOO IS 2.'7Jl.01 7.138-04 
Odm'NA 141IOOO 76 4.76&41 S.308-04 
Wlill 3l644000 IHI 2.591!-41 4.9SJl.OS 

RePn ...... 9382000 4S3 2J81!.0l 1.118-04 
NClllblllt 12'111000 m 3.111!-41 1.038-04 
SOlllh 14t92000 1• 2.44&-01 1.soir.45 
Wiit '°"°°° 4C2 2.S2&01 1.048-04 

1tapcne '° Qaellialnize 
DoJllllsialm? 19'09000 1011 141&41 6.47B-OS 

~ DoJ11116im7 1752000 
J:, 

11 2.661!-41 2.7IJ!.04 

WI 

Table 2-59. Intake of Total Peppers (g/kg-day) 

PO Pl P5 PIO P25 P50 

O.OOl!+oo O.OOl!+oo 2.708-02 4.08!!-02 8.02J!.02 1.601!-0l 

O.OOl!+oo 0.001!-+«I 0.001!-+«I O.OOl!+oo O.OOl!+oo 0.001!-+«I 
l.OSJ!.01 1.07!!-01 1.l?B-01 1.28£.01 2.lSB-01 3.701!-0l 

O.OOB+oo 0.00B+oo 9.70B-42 1.491!-0l 2.lSB-01 4.S9J!.01 
0.00l!+oo 7.631!-03 3.03B-42 4.Sll!-02 9.24B-42 l.7SJ!.01 
0.001!-+00 7.08R-03 182B-42 3.84!!-02 6.SOB-42 1.131!-0l 
O.OOB+oo UOB-03 2.SllR-02 3.7Sl!-02 7.14B-42 1.411!-0l 
O.OOl!+oo 1.S9B-42 3.2711-42 4.'2!!-02 l.24B-42 1.601!-0l 
9.221!-03 UlB-42 2.48J!.02 3.70!!-02 l.07J!.01 1.80&-0l 

O.OOB+oo O.OOB+oo 171B-42 3.67B-02 7.49B-42 1.60&-01 
O.OOB+oo O.OOB-+-00 2.98Jl.02 4.68&02 l.CB-42 1.478-01 
O.OOB+OO U3B-03 3.0IB-42 4.63!!-02 9.66!!-02 1.961!-41 
O.OOB-+00 O.OOB+OO 2.32B-42 3.lSJ!.02 UlB-42 1.4411-0l 

O.OOl!+oo 0.0011+00 101B-42 3.33B-42 7J6B.02 1.531!-41 
O.OOll+oo 0.001!+00 2.7SB-42 3.96!!-02 l.14B-42 1.51111-0l 
O.OOll+oo 6J511-0J 3.081!-02 4.43B-42 IJ21!.02 l.6Sll-Ol 

O.OOB+oo O.OOB+oo O.OOB-+-00 O.OOB+oo SJ6R-02 101&ol 
0.00B+oo O.OOB+oo 3.l?B-02 4.09B-42 6.78J!.02 1.2211-41 
O.OOB+oo O.OOB+oo 0.0011-1-00 O.OOB-+00 1.2411-0l 1.66Jl.01 
O.OOB+oo lnJ!.02 1.CB-42 4.79B-42 1.16&-01 2.161!-41 
O.OOB-+GO 7.0ll&ol 2.78R-02 4.14B-42 l.l?B-02 l.d2Jl.01 

O.OOB+OO O.OOB+OO 2.20B-42 3.SOB-42 ,,46&-02 1.4111-41 
0.00B+oo O.OOll+oo J.92£.02 S.lll&C 9.548-02 1.1411-0l 
O.OOB+OO 7,08.GJ 2.Sllll-02 4.0JB-42 1.13Jl.02 1.'88-01 
0.0011-+GI e.0011-tt0 2.S7B-02 J.67B-42 7.70B-42 l~l 

O.OOB+oo O.OOB+oo 2.ISll-02 J.92U2 7.5311-42 1.548-01 
O.OOB+oo 1.67B-02 2.7011-42 3.961!-42 7.1111-42 1.66£.41 

P7S P90 P9S 

3.0SJ!.01 6.llE-01 1.83&-0I 

O.OOE-+-00 O.OOl!+oo 0.001!-+«I 
8.971!-0l 1.21B+oo 1.lllt+oo 
6.92R-Ol l.llB+oo 1.19B+oo 
3.0SR-Ol S.141!-0l 7.921!-0l 
109&-0l 4.llR-01 SJ6B.Ol 
2.S3R-Ol SA'lJ!.01 1.071!-01 
1048-01 S.46&-01 1.46&-01 
3.221!-0l 7.371!-0I 9.391!-0l 

2.71&-0l S.03&-01 1.201!-01 
2.891!-41 4.991!-0l 7.921!-0l 
4.231!-41 7.9011-41 1.00B+oo 
2.~l S.42J!.OI 7.908-01 

3.04&01 7.0211-0l UOl!-41 
11311-0l 4.9011-0l Ull!-41 
3.16&-01 6.2011-0l 1.991!-41 

4.21J!.01 6.52&41 l.R+oo 
2.121!-41 S.6211-0l 1.071!-01 
4.32Ul S.108-01 l.26ll+oo 
7.021!-41 l.0'1!+oo U6B+t0 
3.~l S.17&41 1.31&.ol 

:tm.ol S.11&41 7.d2Jl.01 
J.69B-fl 7.998-01 1.00!!-+GI 
2.I0&41 S.26B-41 l.07J!.01 
J.021!-41 6.llB-01 7.9JB.01 

2.1911-tl S.1911-41 7.9'JB.Gl 
J.18&01 SJIB.01 1.4Sll-41 

P99 

l.591!+oo 

O.OOll+oo 
UIB+oo 
1641!+oo 
1.441!+oo 
7.14&-01 
1.271!-+00 
i.82B-+OO 
1.26ll+oo 

l.26ll+oo 
1.5211-+00 
1.llB-+00 
11411+oo 

l.HB-+00 
2.148-+00 
1.501!-+00 

1.m-+00 
Ull!-+00 
1.26B+t0 
3.311!-+00 
1.soB-+00 

l.52lli00 
114B+oo 
U91+t0 
1.2611-+00 

1.4SB+t0 
2.•+tO 

t:::J 
() 

PIOO 

3.311!-f.QO 

O.OOB+oo 
3.31B-f.QO 
11141!-f.QO 
196B-f.OO 
l.70B+oo 
Ull!+oo 
U7R+oo 
1.S41!+oo 

1114l!+oo 
147B+oo 
3.311!+oo 
196B+oo 

3Jlll+oo 
2.481!+oo 
196B+oo 

1.23B+oo 
1.9611 .... 
1.268 .... 
Ull!+oo 
19611-+«I 

lllll+GO 
2.9d+GO 
147B+40 
UCB+GO 

2.Nl+GO 
2.411!+GO 

•. . •. 0 

0H~ 
~ .0 l:j 
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Populalion N N 

~ !!!!! unWRld Mean SI! 

Tolol 151813000 8093 l.71E-+OO 1.7211-CM 

.Age 
<01 21'9000 121 7.211!-+00 UIE-03 
01-02 4681000 262 4.611!-+00 2.39E-03 
03.QS 7080000 3'7 2.901!-+00 l.S311-CM 
06-11 1492SOOO Ill 2.351!-+00 S.47&04 
12·19 18181000 956 1.411!-+00 3.1111-CM 
20-39 47477000 2427 1.231!-+00 1.86E-04 
«MW 4SIDOOO 2417 l.421!t-OO 2.1111-CM 
70+ 11787000 61S 1.441!-+00 3.94J!.04 

Seasons 
Fall 38S6'7000 1291 1.64E+oo 2.9211-CM 
~ 36372000 3201 1.70Et-OO 3.4211-CM 
Bummer 36024000 1139 U21!+oo 3.9011-CM 
W'Jlllzr 408SOOOO 2462 l.67E+OO 3.4911-CM 

•·· 
,. ~ .. 

CGdlllCily 44022000 1731 1.681!+oo 3.7011-CM 
N-tzopolil&n 376S6000 2SS2 1.991!+oo 3.S'/B.04 
Suibmbllt 7007'4>00 .. 1m+oo 2.llJ!.04 

boe 
Alim 1802000 13 l.761!+oo 1.60&43 

:··m.:t 16719000 1111 l.661!+oo S.Olll-04 
NllM.Aam- 1441000 ., 4.201!+oo 6.39E-03 

. OllalNA lllSOOO 163 2.sOl!+oo 1.79&43 
• WW. 128346000 "" U61!+oo l.69Jl.04 
-
Jlqionl 
. MidlNlt J9271000 220P UOl!+oo 3.40U4 
Nadhmt 33411000 1'63 U'1!+oo 3.16!!-04 
llolllla Sl373000 2171 1.7SB+oo J.27Jl.04 
Welt 27698000 14411 U71!+oo 3.77Jl.04 
~ ... 

Jlapome lo Questiannlire 
• • Do yau prden7 S77DIOO ms 1.671!+oo U3Jl.04 

t-l Doyaullmn? Ql34000 416 2.161!+oo 7.s9Jl.04 

'° ...J 

Table 2-63. Intake of Total White Potatoes (g/kg-day) 

PO Pl PS PIO P1S PSO 

0.001!-+00 4.66!!-02 l.sBE-01 %.SIE-01 S.51&-01 1.121!-+00 

0.001!-+00 2.22E-01 7.llE-01 1.111!-+00 2.401!-+00 6.011!-+00 
1.lSE-01 2.131!.0I S.62E-01 7.72E-OI 1.49B-+OO 3.41B-+OO 

O.OOBt-00 1.IOE-01 3.00E-01 S.OSE-01 1.08Bt-OO 2.39B-+OO 
O.OOl!+oo 1.29E-OI 2.69E-01 4.24E-01 9.20E-OI 1.841!-+00 
O.OOB-+00 2.691!-02 1.s7E-01 2.4SE-01 S.13E-01 1.08Bt-OO 
0.001!-+00 3.421!.Q2 l.19E-OI 1.92E-01 4.33E-OI 9.12E-01 
0.00B-+00 4.991!.Q2 l.63E-01 2.S61!-0I S.SSE-01 1.021!-+00 
O.OOl!+oo S.331!-02 l.88J!.OI 2.68J!.OI S.82E-OI l.07l!-+OO 

0.001!-+00 S.98E-02 l.72E-OI 2.CSOE-01 S.SSE-01 1.121!+oo 
O.OOl!+oo 4.46E-02 l.4SE-OI 2.lOE-01 S.lOE-01 l.09B+oo 
O.OOl!+oo 2.S91!.Q2 1.SBE-01 2.61E-01 S.74E-OI 1.191!+00 
O.OOl!+oo S.28E-02 1.s9E-OI %.SBE-01 S.76E-OI 1.101!+00 

0.001!+00 3,S7i!.Q2 1.36E-01 2.llE-01 4.97E-01 1.0'1!+00 
0.001!-+tO 3.191!.Q2 2.08&ol 3.lSE-01 7.SOE-01 1.42B+oo 
O.OOl!t-00 S.S2E-02 J,SIE-01 2.sOE-01 S.24E-01 1.0Jl!+oo 

6.SSl!-02 6,SSl!-02 l.l6Jl.OI 1.9711-0I 4.CSOE-01 9.99E-01 
O.OOll+oo 2.SSl!-02 1.36E-01 2.2SE-01 S.2.cE-01 1.0'1!+oo 
9.701!.Q2 2.2Sl!.Ql 4.UE-01 4.90E-OI 7.171!.ol l.791!+oo 
9.ISUZ 2.20E-01 U4E-Ol "8E-Ol 7.llE-01 1.441!+oo 

O.OOl!+oo 4.9'E-02 1.-01 2.SIE-01 S.ssE-01 1.121!+oo 

O.OOl!+oo J.SlE-02 13'E-01 2.36E-01 S.71E-OI 1.201!+oo 
i.OOE+oo 4.231!.Q2 UIE-01 2.32E-01 UOE-01 9.661!-fl 
l.OOl!+oo 4.69E-02 1.72E-01 2.7911-0l S.9SE-01 1.161!+oo 
O.OOl!+oo l.34E-02 UIB-01 2.12E-Ol S.631!.Ql 1.138+00 

O.OOB+oo 4.99E-02 1.75&411 2.17£.0l S.911!.QI l.lll!+oo 
l.OOl!+oo 1.20E-Ol 2.2911-0l J.s81!.Ql 1.791!.Ql 1.771!+oo 

P1S P90 P9S 

2.081!-+00 3.SBE-+00 S.17E-+OO 

9.941!t-OO 1.68B+ol 2.241!+ol 
S.67Et-OO 9.541!-+00 1.241!+ol 
4.091!-+00 6.2SR+oo 7.27R+oo 
3.031!-+00 4.711!-+00 6.121!t-OO 
1.931!t-OO 2.931!-+00 3.76Rt-OO 
1.621!-+00 2.s91!+oo 3.2SR-+OO 
UIBt-00 2.8611-+00 3.191!t-OO 
2.001!-+00 2.8611-+00 3.92R+oo 

2.061!-+00 3.441!-+00 4.76R+oo 
2.121!+oo 3.s91!+oo S.IOl!+oo 
2.121!+oo 3.87l!+oo S.731!+00 
2.041!+oo 3.491!-+00 071!+00 

1.971!+00 3.491!+00 S.3611+00 
2.431!+00 4.048+00 S.1111!+00 
1.931!+oo 3.2SR+OO 4.661!+oo 

l.961!+oo 4.281!+oo U31!+oo 
2.13B+oo 3.491!+oo S.331!+oo 
U21!+oo UG!+oo Ull!+ol 
2.901!+oo S.90l!+oo 1.0lll+ol 
2.06l!+oo 3.481!+oo 4.92R+oo 

2.231!+oo J:IOB+oo s.sn+oo 
Ull!+oo J.461!+oo 4.761!+00 
2.1'1!+oo 3.'8ll+OO S.261!-fQI 
UCl!+oo 3.401!+oo 4.791!+GO 

2.141!+oo J.G!+oo 4.63B+oo 
2.IOl!+oo 4.06l!+oo U61!+00 

P99 

l.OOB+ol 

2.19l!+ol 
2.lll!+ol 
U21!t-OO 
1.00l!+ol 
S.901!-+00 
6.23l!t-OO 
Ull!+oo 
7.141!-+00 

U21!+oo 
1.031!+ol 
1.0lll!+ol 
9.201!+oo 

1.0lll!+ol 
9.991!+oo 
9.641!+00 

l.OOE+ol 
9.00B+QI 
S.2SB+ol 
l.s3l!+ol 
9.641!+oo 

l.OIB+ol 
9.71B+oo 
9.7'11+GO 
U9B+oo 

U21!+oo 
1.GG+ol 

ti 
,

. 0 

~ 
0 

o~O 

~.o g! 
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PIOO 

S.lSB+oJ 

3.UB+ol 
S.lSB+ol 
1.4011401 
U!B+ol 
UIB+ol 
U4ll+ol 
l..53ll+ol 
1.0lll+ol 

2.1m+o1 
2.19ll+ol 
3.1m+o1 
S.2SB+ol 

SN+ol 
3.Ui+ol 
2.llll+ol 

1.00l!+ol 
2.24B+ol 
S.2SB+ol 
2.llll+ol 
J.1'1!+ol 

Ulll+ol 
UOB+ol 
S.2SB+ol 
2.G+ol 

2.29K+ol 
1.9'E+ol 



Table 2-64. Intake of Total Expolcd Voictablca (i/k1-day) 

Populalicn N N 
212:!2 !!I!!! 'DlWlld Mesi SE PO Pl PS PIO m PSO m P90 P9S ,,, PIM 

Total 173091000 '123 2.m+oo 2.991!41 1.00l!tOO 6.16E-02 :uos.41 4.1'8-41 USS.OJ l.'lll!+oo "Cl!+oo s.m...o 7.72!+oo LSQl+tl 12lltf2 

~ 
<OI 267IOOO 147 l.761!+tl l.1'11W1 O.OOEtOO U4S.OI 1'$l!ft0 3.lll!tOO U7Ei0l l.l~+tl 2MB+tl 3.sfl!+tl 5.Mll+tl l.23!tf2 l.231ltf2 
01-Gl 5412000 304 6.ISl!+oo 2.ISB-03 l~l 2.51&41 6.l9SOI l.22l!t00 2.60Bt«I 4.'IGl!-1«1 lJl!t«I l.211!ttl Ul!ttl 2.2Q!-ftl UG!+tl 
03-GS 7'°°°°° ()0 «ltl+oo l.37Bof3 O.OOEtOO l~l 6.39841 UlB-01 1.6Sl!t«I 3.40E+«I 5.9Cl!t00 9.Sll!+oo l.27!ttl UOE+tl l..171+tl 
16-11 l512JOOO IU u.m+oo 6.41&04 0.DOE+oo l.05E-Ol 4.nJl..Ol UlB-01 1.19l!+oo 2.llEtOO 3.lll!tOO u:m-+oo 1.212-ttO l.lAl!+tl L7Sl+tl 
12·1' 1'162000 1017 l.77B+oo 3.76Jl.44 O.OOE+oo 1.39842 2.338-01 3.17&01 Ul&tl 1.291!-t«I 2.221!+oo 3.'19£t00 S.IOl!+tO I.II!• 1-"l+tl 
20-39 547llOOO 21SI 1.m+oo 2.33&04 O.OOEtOO 3.9-48-01 l.J2B.01 2.99&tl 6.ISS.01 1.231!-+oo 2.l41!+oo 3.731!+oo USl!iOO USRitO 2.M+ll 
4().ff 5J067000 2IS6 2.471!+«1 3.lSB-04 O.OOEtOO 6.19E-G2 2.f7B.41 oU9B-OI Ull!-41 1.161!+oo 3.24B+oo 5.13Bi00 U71!it0 1.-+11 "9!+11 
70+ 14S01000 734 2.791!-H>O 5.Ul!M O.DOE+oo 1.248-41 3.741!-0I S.708-01 l.ISl!+oo 2.lll!+oo 3.lll!+oo 5.171!+oo 7.148-+«I l.OSll+tl L75!+tl 

Seasons 
Fall 43339000 140 2.531!i«I 7.20£.04 O.OOl!+oo :Z.«842 2.11&41 3.«J!.01 7.08J!.01 l.4Cl!tt0 2.901!-+«I S.G6l!t00 7.761!-t«I l.IOl!+tl l.231!tf2 
Sprirw 41718000 3632 2.61l!+oo S.681!-04 O.OOE+oo 6.o71!-Gl 2.57J!.OI 4.271!-0I Ulll-01 1.761!-+«I 3.16l!+oo UCl!iOO 7~ l.79B+tl 7.CE+tl 
Summa: 4l!l7000 1344 2.93l!t00 5.7!1!-04 O.OOE+oo 6.1011-42 2.11&41 S.oo&Ol l.OlB+oo t.971!+oo 3.67Eitcl 6.061!-lilO I.II!+«! l.54l!t0l U2E+ll 
Winter 4Sl47000 2'm 2.521!+oo 5.06£.G.C O.OOEtOO 9.39&41 2.628-41 4.43&411 1.7411-41 Ulll!+oo 3.0Sl!+tO 5.lOB-t«I 7.5011-100 l.31E+tl U6E+tl 

'Urbenizalim 
Ca1lrll City Sll06000 200S 2.ISl!+tO 7.201!-#4 O.OOl!+oo 3.8SJ!.02 2.22&41 3.99&41 l.7SE41 l.'10B+il0 3.30Et00 6.0ll!tOO 9.0lll!itO t.'Mttl 1.23B+t2 
Nonmetropalilln 4098SOOO 2769 2.5Sl!it0 S.S6B-04 O.OOE+tO 9.7SB-02 2.5lJ!.OI UIB-01 UOB-01 U61!+oo U61!+oo 5.171!...0 U21!it0 l.31l!+tl f.06R+ll 
Suiburlion 80940000 4347 2.591!+t0 3.50&04 O.OOl!+oo 6.5411-42 2.76&01 4.20&01 1.271!-0I 1.73E+oo 3.2ll!+oo 5.461!+t0 7.4Sllftll 1.5311+11 UlltiOl 

Race 
Aliln 2413000 114 U3l!+t0 1.02J!.02 6.69&41 6.691!-Gl 5.67&01 6.42£.01 t.391!+oo 2.ISl!+ilO .S.721!+oo l.Oat+ol lJll!+tl l.231!+t2 1.23l!+t2 
llllct I~ 1012 2.931!...0 1.02&03 O.OOE+oo O.OOl!+oo 2.20841 4.041!-01 1.32£.0I l.'lll!+oo 3.461!+oo 6.09l!+oo 9.41!-+00 l.171!+tl "21!+tl 
NllM.Amalcm 1412000 19 3.931!-+00 9.leol 2.49Ml 2.10&41 .S.37llo01 5.99Jl.OI f.3911-Gl UIE+oo 2.66l!+oo .S.671!+oo l.121!+ol f.061!+11 f.OISE+tl 
OlbellNA 4400000 211 2.171!+oo 1.79843 O.OOl!+tO 2.71&41 3.4411-GI 6.24&tl Ul&tl 1.77Eftll 3..Sll!ftll Ull!+oo 7.'HE+oo U7E+ol "9!+tl 
White 14SllOOOO 76f5 2.5Sl!+oo 2.'8Eo04 0.001!.+oo 6.54&02 2.4911-0I 4.ll&tl 1.40£.41 UIB-t«I 3.161!+oo 5.32l!+tO 7.41l+oo lASl!ifl 5.IS!+ll 

Jt.esjalll 
Midwest 421S'°°8 2363 2.4111-+00 7.99&t4 O.OOB+oo 3.43!!-02 2.13stl 3.32Jl.Ol 7.041!-01 1.3111!+oo 2.'191!+oo 4.9'E+oo 7.311!+oo Ull!+ol l.mtt2 
NOllbellt 3l7Z9000 1901 UOll-+00 .S.25&04 O.OOl!+oo l.ll&tl 3.tmtl UOB-01 Ul&tl 1.121+IO 3.381!.+oo 6.lll!+oo USB+oo 1.5511-+tl S.al+tl 
lloulh "7U'800 3137 U91!-+00 4.438-04 O.OOl!+ilO 5.511!.-t2 2.5'8-411 4.66&41 Ud-01 1.'M+oo 13SB+oo .S.52E+IO 7.421-ffO UZB+tl s.nl+ll 
Walt 334f2000 17lf 2.'l'Ol!+oo 6.lSB-04 O.OOl!+oo 6.1191!-Gl 2.73&01 um.01 9.IJ9ll.01 Ulll!+oo 3.361!-+00 .S.'9B+t0 7.721l+oo l.7'8+tl U61!+tl 

t-.> ltapame '° Qoolliannlile 
Do"°" prdlll? 'ruaooo 3'93 2.661!+oo 3.'J9B.04 l.OOB+oo 4.72B-02 2.IOB41 4.JIB.01 Um.GI Ull!+oo 1.0B+ilO .s.m+11 7..SC+oo U'8+11 .S.1111+11 

'° Doyaalm? fl)llOOO 404 2.7lB+oo 1.04&03 O.OOB+oo 2.50&02 :z.!911.41 3.91£.01 '-74£.41 lJOB-ttO UIB+oo "81!-ttO 7.548.+fO l.34B+DI 2.Ml+ll 
00 
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Table 2-65. Intake of Total Protected Vegetables (g/kg-day) 

Populalion N N 
Group !II!!! lDIWRld Metil SE PO Pl P.S PIO P2.5 PSCI P7.S P90 P9.5 P99 PIOO 

Toll! 13988'®0 74.5.S UOl!+oo I~ O.OOE+oo 7.06J!.02 l..52E-OI 2.17E-OI 4.001!-0I 7.61&41 1.411!-+00 2..56E+oo 3.m!+oo 7.14E+oo 3.6ll!+fl 

Age 
<01 231'®0 126 6.m!+oo USl!--03 3.06J!.01 .S.72E--OI 7.l!Ql.01 9.69&.ol 1.8.Sl!+oo .S.291!+oo 8.64Ei00 l.47Eitl l.631!+ol 3.61Ei01 3.611!+ol 
01~ 4608000 261 2.771!+oo l.04E--03 3.21&41 3.701!-0I .S.47£--01 7.79&41 l.21E+oo 2.2211+oo 3..53Ei00 .5.191!-+00 Ci.391!+oo 1.2Al!i01 U611+fl 
03--0.S 6718000 38.5 2.208+oo 6.96E.o4 1.601!-0I 2.191!--0I 3.70&.ol .S.941!-0I l.03E+oo 1.6.58-+00 2.961!-+00 4..5'711-+00 .S.2411+oo Ull!+oo l.30B+fl 
OIS-11 13792000 m l . .Sll!+oo 4.051!-04 O.OOl!+oo 4.691!-02 107&.QI 3.llE.ol .S.711!-0I l.031!+oo 1.941!-+00 3.081!-+00 4.031!+oo 7.711!+oo 1.161!i01 
12-19 16218000 UI UIJ!.41 2.20£,.04 O.OOl!i-00 4.441!-02 1.46&.ol 1Q71!.0I 3.601!-0I 6.721!-0I 1.201!-+00 l.991!+oo :UIE-+-00 O'Jl!+oo U71!i00 
:Z0.39 44065000 2260 l..51E.QI l.DE-04 O.OOl!+oo .S.24J!.02 1.281!-0I l.711Jl.41 3.201!-0I .S.IJl!..01 1.101!-+00 1.741!-+00 2.31E-+OO 4.071!+oo UOl!+ol 
4Q.69 41024000 222.5 9.188-01 l . .SOE-04 O.OOl!+oo 7.001!-02 l..SIJ!.41 103&.ol 3.791!-0I 7.0lJ!.41 1.211!-+00 1091!+oo 2.761!+oo 4.131!+oo 9.96BIOO 
'10+ 1114.5000 .567 l.031!+oo 3.0$1!.04 7.111!-02 1.021!-01 1.76&.ol 2.-46E-OI 4.191!-0I 7.2411-0I 1.311!-+00 2.IOl!+oo 2.7.5E-+OO .S.OOE+oo 9.231!i00 

Seuons 
Fol 36788000 12AI l.23B+oo 3.10£..04 O.OOE-+-00 7.001!--02 l.49E.QI 2.12&41 4.06Jl.41 7.6511-0l 1.448-+00 2.361!-+00 U71!+oo 7..571!+oo 3.611!+fl 
Spilw nruooo 2892 l.141!+oo 13.51!-44 O.OOl!+oo l.1!Ql.02 1.61&.QI 2.241!-0I 3.991!--0I 7..S.sJl.41 l.34E+oo 2.381!i00 3.4.51!if0 6.301!+oo U611+fl 
511111111« 33611000 1062 l.47E+oo 3.181!-04 O.OOl!iOO 4.691!-02 l..58B-OI 2.Ci.5J!.41 4.841!-0I 9.691!-0I l.76E+oo 3.061!-+00 4.308+oo 9.231!+oo 2.621!-tOI 
W"mter 36961000 2260 9.116B-Ol U.51!-44 O.OOl!+oo 6.731!--02 1.3.51!-0l 1.89&.ol 3.301!-0I U4Jl.41 l.16E+oo 2.14l!+oo 2.98E+oo .S.771!+oo l.3ll!i01 

Utbonimion 
Cet!cl C:!!y ~le!!!! I~ 1.22!!+(!!) :?.!!OEM e.COl!+c!l 4.761!--02 139&41 2.02&41 3~1 ~~I 13'l!-tt= 2.mttl: 3.m~ 1.;m~1 1QE-IOI 
Nmlllldlllpcllila 3.57.51000 2Al3 l.321!+oo 2.71£,.04 O.OOl!+oo 7.391!-02 1..59&41 1.50£.01 4.64£--01 1.441!-0l l..591!+oo 114E+oo 4.00E+oo 7.60E+oo 1.221!i01 
SUlburllen 64043000 3474 l.12B+oo l.7&£.04 O.OOl!i-00 7.081!--02 l..54E--Ol 2.13&.ol 3.901!-0I 7.49£.01 l.38E+oo 2.381!-+00 3.22E+oo .S.aE+oo :Ull!iOI 

lllce 
Alimt 1491000 " U.5B+oo UIB-03 1.33£.01 l.34E--Ol 1.13£.01 2.69£.01 4.7'£.01 1.19£-+00 l.94B+oo 4.308+00 .S.171!+oo :Ull!iOI Ul8+fl 
Bl9Ct 171D3000 191 l.38B+oo 4.92£.04 0.008-+00 O.OOl!+oo 1.43£.01 109£.01 3.12&41 1.16&41 1..528-+00 2.76E+oo 4.31B+oo l.048i01 2.62Bi01 
NllM Amaicln 1274000 71 l.OOB+oo 1.22£.03 7.11£.02 7.111!-02 1.22£.01 1.98£.01 3.681!-0I 6.20£.01 9.80£.01 U38+oo 4.1411+oo UfE+OO l.99Ei00 
OlbedNA 3.518000 173 l.71B+oo 1.20£.03 1.19£.02 1.611!-0I 2.7.s&tl "8£.01 .S.721!-0l Ll.5Bi00 1018-+00 3.36B+oo 7.2AE+oo l.42B+ol l.42B+tl 
Whi1s ll.5199DOO 6244 l.141!+oo 1.2.51!-44 0.008+oo 7.121!-02 1..52£.01 2.16&.ol 397£.01 7.398--01 l.398+oo 2.48B+oo 3.431!+oo U!IE+oo 1.221!-+0l 

RePn 
MidWllt 33722000 1939 l.l9E+oo 191£.04 0.008+00 7.441!-02 1..571!-0l 2.13£.01 3.79£.01 7.07Ul l.3911+oo 1'U+oo Ull!iOO 7.2411-+00 2.621i01 
Nodboat 30173000 1492 l.20£+oo 3.4.5£.04 0.008+oo .S.63£.02 1.-.01 2.06£.01 3.'JDll.41 7.0.5£.01 l.36B+oo 2.46B+oo U4B+oo 7.14£-+00 3.61Kt01 
llaulll .soma 2742 l.2311+oo 1001!-04 O.OOl!iilil 456£.02 1..53£.81 136£.01 4.41£.0I Ulil-tl l.44B+oo :Ull!i-00 3.miOO 7.43Ei00 U611+ol 
Wiit 2.5167000 1282 l.l.5B+oo 2.1.5£.04 O.OOl!+oo 1.65£.02 1.4111-0l 1041!--0l 3.681!-0l 7.IJIB.01 1.431!-+00 :UOll+oo 3.36B+oo U911i00 1.221!-+0l 

.,._..,~ 

Do yoa pnlen? .52113000 297S l.lll!+oo 2.IJll.04 O.OO!t+oo 7.808--02 Ulll-01 2.04£.01 3.7311-0I 7.1211-0I l.DE+oo 2.36E+oo 3.3111li00 U71!i00 lilllttl 
Doyaullmn? "38000 3.51 l.318+oo 6.02£.04 1.42£.02 l.o.sll-01 2.271!--0l 2.11.51!--0I .S.00£.01 Ulll-01 l.31E+oo 11.51!+oo 4.07E+oo 7.44Bi00 1.m-tt1 
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Table 2-66. Jnlakc of Tola! Root Vo1c=tablcl (Jlki-day) 

~ N N 
~ ~ u1w11d Mat u pO Pl ~ PIO m ,,, m P90 '" "' P!OO 

Tobi 1709.t00e0 M4' 2.JQ!t(IO 2.ltl!-44 O.OOE+tO "2Jl.4'2 l.J.CS.GI 3.letl 7.00&.tl l . .c31l+OO 2.C!+oo .C.4«+oo Ulll+oo l.lOll+tt U58-+tl 

Aic 
<01 2612000 I• t.Olll!+tl 5.69!!-03 O.OOl!+oo 2.51!!-41 l.Oll!+tO USl!+oo 3.llE+tO 7.6Sl!+oo 1-'0l!tOI 2.Al!+ol 3.0Sl!+ol 3.IQ!+tl .C.16!+tl 
0142 ~ 3'.Z S.KE+oo 3.27!-43 7.01&42 1.llMI 6.2Q!..Cll l.20&41 2.0lll!+oo 4.42!+t0 7.39E+oo l.23l!t01 l..52l!t01 2.m-ttl '.lZ+il 
13-0S 1164000 '°' 3.731!+oo 1.011!-03 D.OOl!+oo S.341!-02 3.GeOI 6.141!-41 U71!+t0 3.06!!fto 5.371!+oo 7.fll!+tO UCB-IQI l.21ll+tl UlE-+tl 
~II 157$4000 as USl!+oo UOU4 O.OOl!+oo 1.J7E.GI 3.708-01 •.OIB-GI l.301l+t0 2.371!+t0 3.9Sl!+oo U91l+eo 7.241!+«1 LHB+tl U3£-+tl 
12·1' 19339000 lt22 l.7Sl!i()I 3.49U4 O.OOl!+oo 6.1~ 2.238.fl 3.37!-GI 7.o2B-tl l.l'!+oo 2.31!+t0 3.61B+oo Otl!+tO "76!-+tO lAE+tl 
20-39 $4606000 f7" l.45l!t00 2.00B-04 0.001!+«1 3.11&02 1.28&01 2.19£.01 ~1 1.071!+«1 U31!+t0 3.02E+t0 4.0ll!+«I '-711Htl Uat+tl 
~ 51391000 rm l.791!+oo UIU4 0.001!+(1(1 5..46&42 l~I 3.4CE-OI 7.191!-tl 1.361!+()0 2.llE+oo "91!+«1 4.'lll!+oo UOB-tOO l-''2+tl 
'Iii+ 13999000 715 U31l+t0 4.lSB-04 0.00E+tO l.51E-02 2.331!-0I 3.778-01 7.718-GI l.56l!f«I 2.SSl!+oo 3.11B+oo 5.3G!+oo 7.941!+t0 1.llB ... I 

Sasonl 
Fil 43603000 14'1 2.ISl!+oo 4.068-04 O.OOl!+oo 5.J.CE-02 U~I 3.21£.01 7.IOJl.01 l.501!+oo 2.69B+oo 4.471!+oo 6.321!t«I 1.321!+11 3.151!-ttl 
Spq 41202000 3"4 2.llll+OO 4.1311-44 O.OOB+oo 6J3E-02 1.671!-0I 2.76£.0l 6.5311-Gl IJ7B+oo 2.S71!+oo 4.GB-+oo 6.S71!+oo IJSl!+tl 3.161!+11 
llmnor 40761000 1219 2.22B+oo 4-""4 O.OOl!+oo 2.12£.02 l.s4&41 2.16J!..OI '-16J!..Ol l.4Sl!+oo 2.681!+oo 4.'lOB+oo 6.7111+oo l.32l!+ol .C.llQ!tfl 
W'dcr 45372000 f722 2.12B+DO 4.61J!.G4 O.OOl!+oo 1.39!!-02 2.25£.01 3.671!-0I 7-'0E-01 J..fll!+oo 2.S71!+oo 4.26l!+t0 5.91B+oo l.23B+ol 'J'2+tl 

Urbcllz:alion 
Cenln!Cily 50628000 19'5 2.201!-+00 5.07£.04 O.OOB+IO 4~ 1-'4&01 2.19&41 USJ!.01 l.39B+oo 2.SIB+oo 4.27B+oo 6.31B+oo 1.561!+11 'J'2+ol 
NonmdropOlilln 40881000 f7S4 2.CZl!+IO 4.31£.04 0.001!-IQI 7.14&42 2.21E-OI 3.181!-0I 1.-.1 1.73B+DO 3.0lB+oo 4.llB+QI U3l!+oo 1.321!+11 4.0iSB+ol 
lblJudlln 79371000 42f5 2.00l!iOO 2.61£.04 O.OOB+QI 5.41&42 1.19£.tl 3.048-01 USJ!.01 l.32l!+GO 2.4Sl!+oo Oll!+oo 5.!181!+oo 1.201!+11 J.'llll!tOl 

~ 
Alllll 2343000 112 2-'llB+oo 2.711!-GJ 6-'5&42 1-'0B-GI 1.941!.-0I 2.50&01 U6Jl.Ol 1J'2t«I 2.tCl!+IO 5.931!+oo l.211!+oo J.QSEttl 3.151!-+tl 
llllCt 19240000 ,,, 2.06l!+IO USB-04 O.OOB+oo J.548-0'l 1.771!-0I J.1211-0I UIJl.Ol l.33B+oo 2.46l!+IO 4.161!+oo 6.09B+IO l.JIE-+tl 2.158 ... l 
Nllift Amllicln 1449000 '° 5-'4B+GO l.06J!.02 1.02&41 Uo"J!.01 J.96&01 6.09£.01 9.72&01 2.07B+IO 4.211!-+oo 9.49B-+oo 2.341!+11 93'2+11 f.lSE-+tl 
OdloriNA 432IOOO 20S 2.79B+IO 1.731!-GJ UIB-03 1.47&02 lJlJl.01 3.4111-0I 7.96&01 l.11B+oo J.21B+IO 5.lllE+tO l.04E+ol 1.61£-+tl 2.7511-+tl 
WJm 143'20000 7'44 2.llB+IO 2.118-04 O.OOB+oo ,,41&02 1.141!-0I J.1311-0I 7.07Ul l.4Cl!+oo 2.63B+IO 4.40B+t0 6.UB+oo 1.261!+11 4.0C5H.ffl .... 
Midnlt CC.0000 2J7t 2.22B+oo 4.20!!-0C O.OOB+oo 4.70&02 1.548-tl 2.93&01 U9Jl.OI l.46l!+IO 2.758+«1 4.71B+t0 6.IJB+IO l.JOl!tOl J.ISEtOl 
NGdboMt 38141000 1114 2.09B+IO UIB-04 O.OOB+oo 5.49&42 2.061!-01 3.29£.0l U9Jl.Ol IJSl!+IO 2.57B+oo 4J7B+oo 6.13B+IO 1.271!.ffl 2.llB.ffl 

t-.l lcalh smeooo JI• 2.19B+oo 4.29£.04 O.OOB+IO 5.IOE-02 2.04£.01 J.4211-0I 7.lOJl.01 IA7B+IO 2.63B+IO 4.441!-IQI USB+oo l.31&+ol USE+tl 
I Wiit 32538000 lAl 2.IOB+oo 4.53!!-04 0.00B+oo 'J48..02 1.108-tl 2.97&41 7.401!-01 l.GB+IO 2.SSB+IO 4.2i61!+oo 6.03ll+IO 1.171! ... l 3.'J'Oe+tl ..... 
8 Rllpollle lo Qlloltiainire 

Do raa prdcn? 63933000 Jm 2.IJB.+00 2.ISll-04 O.OOB+oo 6.708-02 2.Cl8&41 J.61£.01 7.14£.0I 1-"ll+QI 2.1'0B+IO 4.39B+oo '-ISl!+oo 1.141!.ffl U4E+tl 
Doraallmn? 719'000 01 2.65B+oo 9.418-04 0.001!-+oo l.'791!-02 2.06&41 3.8911-0l 1.0711-+oo 2.13B+IO 3.4611+oo 4.&9B+oo 7.31B+oo 1.171!.ffl J.om+tl 
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Population N N 
Group !!!!! unWRld Mean SE 

Toll! 144560000 7631 2.44B+oo 3.16Jl.04 

Age 
<01 2633000 14' l.33B+ol 9.IOE-03 
01-42 4915000 274 l.171!+oo 2.98E-03 
uos 6817000 3112 S.44E+oo l.86&-03 
06-11 13577000 753 3.0IB+oo 7.296-04 
12·19 IS'n9000 136 l.69B+oo 4.51&-04 
iG-39 4'222000 22'ID l.415E+oo 2.42&-04 
40-69 43209000 2338 UOB+oo 2.956-04 
10+ 12"'8000 633 2.38E+oo 7.861!-44 

Seuons 
Poll 37524000 1239 2.671!+oo l.Ol&-04 
Spilw 3053000 3022 2.30B+oo S.98&-04 
Summer 33617000 100 2.751!+oo 6.231!-44 

·waiter 39056000 2327 2.0BB+oo 4.51&-04 

~lion 
c.am!Cily 42748000 1674 2.68B+oo 7.llE-44 
Nc:11111etmpolit;a 32"1000 21911 2.12E+oo U7B-04 
lludlUltlen 69001000 37'9 2.4SB+oo 4.29B-04 

._ 
Alim 17'7000 12 S.27B+oo 1.928-03 
llloct 142111000 7.M 2.64E+oo 1.098-03 
Nallw .Amelimn ISlOOO Sl l.6811+oo 1.978-03 
OllodNA 3491000 171 3.29B+oo 4.638-03 
While 124120000 6'llO 2.3611+oo 2.928-04 

11.ePna 
. MidWllt 3BNOOO 2036 2.SIB+oo 6.348-04 

Nat1bcmt 33210000 16'1 2.74£+00 1.24£.04 
N loadl 4SOOOOO 24l3 2.IOB+oo 4.48Jl.04 
I Wiit 29474000 1522 2.SSB+oo Ull!-44 -0 - .~toQuesliamob 

Do )'Ull pnlcn? S6339000 3097 2.Gl!+oo 4.6611-04 
Do)'Ullflma? 6023000 351 2.2SB+oo 1.048-03 

Table 2-67. Intake of Total Exposed Fruits (g/kg-day) 

PO Pl PS PIO P2S P50 

O.OOB+oo S.98J!.02 1.971!--0l 3.161!-0I 6.671!-0l l.38B+oo 

O.OOl!+oo 2.921!-0l 9.00&.ol l.7'1!+oo 3.56E+oo 9.171!+oo 
2.62&.ol S.30&-01 l.07l!+oo l.63B+oo 3.39B+oo 6.341!+oo 

O.OOB+oo l.77E-Ol S.74&.ol 9.27&.ol l.99B+oo 4.44E+oo 
O.OOE+oo 1.381!-0l 3.S3&.ol S.94&-01 l.l71!+oo 2.271!+oo 
0.00l!+oo 2.52&-02 1.10&.ol 2.61&-0I 511&-0l l.lSB+oo 
O.OOB+oo S.09B-42 1.561!-0l 2.48E.ol S.08&-01 9.80&.ol 
O.OOB+oo U5B-42 1.961!-0I 3.06J!.01 6.13&-0I l.lBB+oo 
0.00l!+oo 1.06&-01 3.0l&-01 4."6&-01 9.37&01 l.771!+oo 

O.OOE+oo S.09B-42 2.00E-01 3.19E.ol 6.19&-0l l.391!+oo 
O.OOB+oo 6.25&-02 l.90E.ol 2.96&-0I 6.42Jl.41 l.28B+oo 
O.OOB+oo 3.79B-42 USE.al 3.43&-0l 7.6'7&41 l.69B+oo 
O.OOB+oo 6.ISB-42 2.IOE-01 3.09E.ol 6.08&-01 l.23B+oo 

O.OOB+oo 2.60B-42 1.74£.tl 2.908-01 6.soJl.01 l.381!+oo 
0.00l!i-00 7.92&02 2.0JJ!.01 2.94&.ol 6.24B-OI l.30B+oo 
O.OOl!+oo 7.56B-42 2.25&-0l 3.448-01 7.00&-0l l.41B+oo 

2.2SE.ol 2.25&41 2.59E.ol 3.208-01 7.198-01 l.56B+oo 
O.OOl!+oo O.OOB+oo l.llB-01 2.628-01 6.668-01 l.33B+oo 
2.09E.ol 2.098-01 2.7.58-01 3.3711-0I 4.418-01 l.30B+oo 
1.0.58-01 l.lSJl.01 2.518-01 3.211!-0l UIB-01 l.21B+oo 

O.OOB+oo UlB-42 2.038-01 3.21B-Ol 6.69£.01 U9B+oo 

0.00B+oo 3.79B-02 1.798-01 2.998-01 f.1VB-Ol UPll+oo 
O.COll+oo S.911!-42 2.00B-01 3.318-01 7.238-01 l.50B+oo 
0.00B+oo 7.77&-02 2.06!!-01 3.098-01 f.038-01 l.22E+oo 
O.OOB+oo 9.52Jl.02 2.1711-0l 3.19&-0l 6.9611-0l l.5011+oo 

O.OOll+oo 9.23B-42 2.338-01 3.54&-0I 7.08!!.41 l.44E+OO 
0.001!+00 2.93B-42 2.148-01 3.50&-0I 7.12&-0l l.41B+OO 

P7S P90 P9S 

2.711E+oo S.31E+oo 8.12E+oo 

1.731!+01 2.9'1!+01 4.271!+01 
1.051!+01 l.17E+Ol 2.21B+ol 
7.151!+oo 1.0'1!-IOI l.415Ei0l 
4.06E+oo 6.4'E+oo 7.97B+oo 
2.lll!+oo 3.59B+oo S.08B+oo 
l.88B+oo 3.05E+oo 4.09B+oo 
2.30B+oo 3.m+oo S.49B+oo 
2.97E+oo U71!+oo S.941!+oo 

2.90E+oo S.69B+oo l.68B+oo 
2.61B+oo 4.831!+oo 7.631!+oo 
3.24B+oo 6.llB+oo 9.341!+oo 
2.441!+oo 4.54B+oo 6.69B+oo 

2.90B+oo S.17B+oo U4E+oo 
2.38l!+oo 4.73l!+oo 6.79B+oo 
2.118B+oo S.26B+oo l.13B+oo 

3.47E+oo l.14B+ol 2.3SB+ol 
2.8!1!+oo S.17B+oo USB+oo 
l.118B+oo Ull!+oo UIB+oo 
2.12E+oo S.64B+oo l.OOB+ol 
2.78B+oo S.20B+oo 7.7'8+oo 

2.761!+oo S.49B+oo U911+oo 
3.031!+oo S.94B+oo !>.6111+oo 
2.4911+oo 4-'2E+oo 6.6711+oo 
2.9411+oo S.471!+oo l.4911+oo 

2.171!+00 S.2AB+oo 7.lll!+oo 
UPll+oo 4.12B+OO 6.l3E+oo 

P99 PIOO 

1.781!+01 

7.92B+ol 
2.94B+ol 
U71!+01 
1.251!+01 
l.OIB+ol 
7.74B+oo 
l.OIB+Ol 
l.OSB+ol 

2.0IB+ol 
l.88B+ol 
l.78B+ol 
1.451!+01 

2.33B+ol 
l.27B+ol 
l.67B+ol 

6.'lOB+ol 
2.S3B+ol 
U3B+oo 
7.92B+ol 
l.66B+ol 

1.1911+01 
l.77B+ol 
l.32B+ol 
l.92Bifl 

l.66B+ol 
l.57B+ol 

H 

1: 
o~~ 
.,..~ 

·11'!1 ~~ I :W" \ ii 

j! ~ . 

7.1121!+01 

7.921!+01 
3.1121!+01 
3.4111+ol 
2.66l!+ol 
l.23E+ol 
1.9411+01 
UOB+ol 
3.68B+ol 

7.92l!+ol 
6.76l!+ol 
3.688-IOI 
3.121!+01 

7.92B+ol 
4.27B+Ol 
6.711l!+ol 

6.70ll+ol 
3.128-+tl 
U31!+oo 
7.928-+tl 
6.76B+ol 

f.7Ql-+tl 
7.92B+ol 
3.121!+ol 
4.27K+ol 

6.70!!-+tl 
Ull!+ol 



Table US. lnlakc ofTotal Protcclcd PruitJ Wks-day) 

Popilllicrl N N 
OrWP ~ -·~ MaA sa PO Pl I'S Pit "" "" P7S l!! m ,,, PICO 

To611 lms7000 Ml 3.77!+t0 061!-44 l.OO&+ilt l.1QB.tl 2.m-01 4.72!-41 t.JOB.41 U91!+t0 UQltOO 7.l'IK+tO l.231!+ol 2.771-+fl l.JJ!+tl 

,... 
<II 2417000 13' 1omt01 l.67!W2 O.CIOl!+oo 1.21&41 1.098-01 U9!!+oo 4.m+tO l.llB+ol 2.291!ttl "ll!+ol 7.69!ttl l.26B+o2 l.338it2 
II~ '1GOOO - l.031!ttl 5.3SW l.sm.GI 2.211!-41 l.O!E-100 Ul!+oo 3.721!+oo UCl!+tO l.091!+ol 1'91!+ol JMl!+tl f.ME+ol 7.401!ttl 

~' 6121000 319 7.12l!+t0 2.931!-0l O.OOl!+oo UOMI t.211!-0I 1.361!~ 2.231!~ .cMl!+tO t.OOl!+oo l.62!+ol 107l!+ol 3.221!+ol U71!+ol 
06-11 13m000 m 4.JIE+tO l.26E-f3 O.OOl!+oo l.llJ!.41 $.nJ!.01 l.llJ!.01 l.69B+oo 3.CME+oO ,,49J!+oo Ull!+oo l.JO!+ol :uJE+ol U31!+tl 
12-19 17.00000 '24 tlOl?iOO 038-04 O.OOB+oo U7Jl.f2 3.23~1 ,,IOIWI U'IE-+00 2.031!+oo 1'31!+oo f.461!.+«J 1..511!+oo l.S!l!+ol 2.21E+tl 
20-39 49907000 im 1391!-+oo 4.41W4 O.OOl!+QI UI~ ~I 1'11!-0I 7.02J!..GI l.37E+t0 114E+t0 5.238-t«I 7.46B+QI U3B+ol lJQ!+tl 
<40-49 49764000 2'72 3.Jm+oo 6.66J!.04 O.OOl!+QI l.00~1 2.911!-0I 4.56B-GI 9.66&41 1.961!-HIO 3.l!l!+oo 7.07BtGO l.llB+ol 14Cl!i01 4.M!ttl 
10+ 139'3000 704 3.76B+oo l.CllB-0 O.OOl!+tO UIJ!.01 4.37J!.41 7.~J!.41 UOl!-t«I 2.711!-HIO 4.Ul!+oo 7.7.(l!+QI U3E+oo l.71E+ol 5.'IB+ol 

Seums 
Pill 41164000 1369 3.13B+oo l.6'8-04 O.DOR+oo l.17J!.Ol 2.99&41 4.6611-0I t~l 1.151!+oo 3.501!+oo 6.Jll!+oo U21!+oo 1111!+ol 1.CMB+o2 
Spq 3l36lOOO 3.3'3 3.551!-+00 1.748-04 O.OOl!+oo 9.29&42 3.05&41 4.~I '.901!-0I l.991!+oo 4.1'1!+oo 7.ISll+oo l.151!+ol 2.24E+ol 1.331!+02 
8ummc 372l5000 1167 5.241!+oo 1.491!-0l O.OOl!+oo 2.21~ 145&41 4.091!-0I l.o61!+oo 2.461!+o0 5.4'1!+oo l.211!+ol l.9111+ol 4.24B+ol 1.261!+02 
W"lllkr 42446000 2'13 3.lll!+oo 6.048-04 O.OOl!+oo 1.401!-0l 3~1 5.nB-01 l.02B+o0 2.161!+oo 4.09E+oo 7.22E+oo 1.02l!+ol l.IOl!+ol ,,6'1!+ol 

U!boniz:llion 
CallnlCity 46996000 1151 4.261!+«1 l.19B-Ol O.OOB+oo 6.13~ 2.871!--0I 4.63J!.OI 9.~1 2.lll!i-00 4.s3B+oo l.dlB+oo l.41B+ol 3.5.(l!+ol l.26B+o2 
N~ 374$0000 2'GI 3.201!+oo 7.77J!.04 O.OOl!+oo I~ 2.401!-0I 3.97J!.41 l.l~l l.831!+oo 3.74B+oo 6.741!+oo t.93B+oo U6B+ol 5.611!+ol 
8mbudJcl 747'1000 4041 3.rn!+oo 6.J6E.04 O.OOl!+oo l.17J!.OI 3.3~1 ,.48J!.Ol l.061!+oo 1151!+oo 4.411!+oo l.091!+oo UIB+ol 2.491!+ol l.33B+o2 

lllce 
Alim 2043000 t7 UIB+oo 9.66&43 2.171!-0l 117J!.Ol 4.131!-0I 6.33J!.Ol l.19B+oo tlOB+oO U31!+oo l.27B+ol 1.m+o1 l.04B+o2 l.04B+o2 
Biid: 1"S9000 903 4.671!+oo 2.261!-0l O.OOl!+oo O.OOl!+oo 2.73J!.01 4.29J!.01 9.9111-0l 1271!+oo 4.74B+oo l.02l!+ol l.s3B+ol 4.04B+ol l.26B+o2 
Nalift .Amlliclrl 1213000 " J.07l!+oo UJB-03 2.208-01 2.:ZOB-01 1931!-0I 3.4'8-01 7.698-01 l.771!+oo U41!+oo ,.791!+oo 7.93B+oo S.Oll!+ol S.Oll!+ol 
OlberiNA 3991000 l9S 5.26B+oo H4J!.43 4.04~ 1.121!-0I 3.l7J!.Ol ,,658-01 l.161!+oo 2.36B+o0 4.9Sl!+oo 1.00l!+ol UIB+ol 7.401!+ol 7.691!+ol 
WlD: 13GS9000 7136 um+oo Oll!-04 O.OOB+oo 9.53&42 2.998-01 4.748-01 9.781!-0l 2.06l!+o0 U6B+oo 7.S!l!-+oo l.ISB+ol 2.~B+ol l.331!if2 

R.eciona 
MidlNt 311117aOO 21a 3.S.CB+oo l.29J!.43 O.OOB+oo 6.73~ 2.S7B-Ol 4.36&01 1.798-01 1.13B+o0 3.llB+oo 7.6411-+oo l.3211+ol 3.lll!+ol l.2ftif2 
Ncdbellt 37132000 1124 3.16B+oo 9.508-04 O.OOl!+oo l.628-01 3.781!-0l S.908-01 l.161!+oo Ull!i-00 U'1!+oo 7.14B+o0 l.141!+ol 2.SOl!+ol l.33B+o2 
8oalla S242'000 27'1 3.721!+oo 7.118-04 O.OOl!+oo UOB-02 3.~1 4.SJB-01 U5B-Ol 107l!+oo 4.231!+oo UCB+oo l.22B+ol 17SE+ol 7AOB+ol 
Wat 31moGO 1617 3.69E-+oo t.608-04 O.OOE+oo l.OIE-01 2.128-0I 4.~I 9.461!-0l 1lOl!+o0 4.351!+oo 7.71B+oo U6l!+ol 2.461!+ol 7.16B+ol 

llmpcne '° Quelliarniro 
Do JOU pnlen7 '9864000 3304 3.53B+oo 6.418-04 O.OOB+oo l.llB-01 3.108-01 S.29J!.01 l.021!+oo 2.06l!+oo 3.991!+o0 7.621!+ell l.16ll+ol 2.64B+ol S.6Sl!+ol 

N Do JOll llma? 6134000 :Mii 2.'TQ!+oo l.401!-0l O.OOl!+oo 9.648-02 129&01 3.t2J!.01 7.298-01 l.601!+oo 3.291!+o0 UOB+oo U3B+oo l.IOB+ol 2.771!+ol 
I -s 

.-
t:1 
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Population N N 
Grow wRld unwRld Mean SE 

Total 98161000 5105 8.001!-0l l.28!!-04 

Age 
<01 14SOOOO 15 S.llE+oo 5.04!!-03 
01-02 2958000 165 l.69E+oo 9.68!!-04 
03-45 4255000 231 l.23E+oo 6.74!!-04 
06-11 smooo 490 8.471!-0I 3.39!!-04 
12-19 10240000 542 5.82J!.OI 2.07£.04 
20-39 30025000 1472 6.12&01 1.371!-44 
40-69 31870000 1700 7.08&01 1.42!!-04 
70+ 8526000 420 7.691!-0l 2.45!!-04 

Seuonl 
Foll 23036000 754 8.731!-0l 3.66B-04 
Spq 23399000 2008 8.04!!-01 2.27E-04 
Summer 24244000 754 7.91J!.Ol 2.ISl!-04 
'Wintier 27482000 1519 7.38&01 l.99E-04 

urt.niDlions 
Centn!City 29600000 1156 9.1211-0l 2.53£.04 
NOlllDdnJpolitln 19329000 uoe 6.1011-0l 2.19£.04 
Sudubln 49172000 21539 7.671!-01 l.!3£.04 

Race 
Aliln 1476000 71 1.59E+oo 2.'8Jl.03 
Biid: 12403000 614 l.14E-+OO 4.Sll!-04 
Naliw.Amaan ~ 36 6.5311-0l 1.70!!-03 
OlblriNA 2165000 105 1.1141!-0l 6.80£.04 
Whilio 81562000 4277 7.341!-0l l.26B-04 

RePn 
Mldwlst 20110000 1073 6.~l 187£.04 
NOl!beut 24306000 1203 1.40£..01 2.26£.04 
Soulh 33802000 1770 U28-0l 2.538-04 
West 191113000 1057 7.78£.01 2.24£.04 

N 
llesponoe '° Quatiomoire I - Do JllU Pnlen? 39074000 2104 7.151!-0l 1.71£.04 

0 Do yila linn? 3732000 192 6.72&01 3.948-04 w 

Table 2-69. Intake of Total Dark Green Vegetable• (g/kg-day) 

PO Pl "' PIO P2S P50 

O.OOE+oo 4.67J!.43 4.12&02 B.92&-02 2.16&01 4.741!-0I 

O.OOE+oo 1.051!-0I 2.951!-0l 4.461!-0I 1.351!-tOO 1611R+oo 
7.78Jl.03 7.79!!-03 1.251!-0I 2.lOB-01 5.90B-01 l.251!+oo 

O.OOB+oo O.OOl!+oll 1.011!-0I 1.GB-01 4.49B-01 7Sl&el 
O.OOl!+oo 5.72!!-03 5.66B-02 1.03B-01 2.49B-01 S.2AE41 
O.OOB+oo 2.461!-03 3.76B-02 6.38£.02 l.77B-OI J.11E.Ol 
O.OOl!+oo 145!!-03 3.62E-02 7.41B-02 1.751!-0l 3.14B-Ol 
O.OOl!+oo 1.131!-02 5.38B-02 9.56B-02 2.21B-Ol 4.1311-41 
0.00E-tOO 5.59!!-03 4.73E-02 1.12&01 2.SIB-01 S.711!-0l 

O.OOB+oo O.OOE-tOO 3.49E-02 7.251!-02 1.9211-0l 4.38&01 
O.OOE+oo 1.191!-02 6.33E-02 l.04B-01 2.38B-Ol 4.881!-0l 
O.OOE-tOO 180!!-03 4.22E-02 1.0ll!-Ol 2.40B-Ol "7!!-01 
O.OOE+oo l.151!-02 4.96Jl.02 8.021!-02 l.93B-Ol 4.331!-0l 

0.00l!+oo l.Oll!-02 5.161!-02 .. ~ 2.431!-tl S.711!-t! 
O.OOB+oo 2.CMl!-03 3.62E-02 7.38£.02 l.79B-01 3.1711-0l 
O.OOE-tOO 6.26J!.43 5.11&42 9.llB-02 11811-0l 4.691!41 

6.621!-0J 6.621!-0J S.05Jl.02 1.171!-tl ].71B-Ol 7.91&01 
O.OOE+oo O.OOB+oo U2E-02 l.46Jl.Ol 3.19B-Ol 6.15&41 
7.361!-02 7.361!-02 UIE-02 l.Oll!-Ol 1.5311-0l 4.0Q!.Ol 
3.34E-02 3.69E-02 7.15!!-02 l.IQl.01 2.J6B.Ol 5-"J!.41 

O.OOl!+oo 4.77B-03 4.28E-02 S.40Jl.02 2.0ll!-Ol 4.~l 

O.OOl!+oo 4.6'7Jl.4J 3.3211.o2 6.19B-02 IMMil J.ISOSOl 
O.OOE+oo I~ Ull!-02 UIJl.02 WJl.01 5.19&41 
0.00l!+oo 1.791!-0l 5J611.o2 1.UB-01 2.0Jl.Ol S.33&41 
O.OOl!+oo 5.591!-0l 4.7Ql.02 USJ!.02 2.1211-0l um.GI 

O.OOl!+oo ].CMll-OJ ].1Ql.42 1.251!-02 l~l UQl.01 
O.OOE+oo 4.67£.03 2.64&42 6.11io2 2.41B-Ol 4.191141 

P7S P90 m 

9.421!-0I 1.73E+oo 14.mi-OO 

6.44E+oo 1.231!-+0I l.69B+ol 
2.17&fGI 3.41B+oo S.671!+oo 
1.37E+oo 3.18B+oo WE+oo 
1.07E-t00 1.93E+oo 1671!+oo 
7.22B-Ol 1.2411-tOO l.62E-t00 
UOB-01 l.41E+oo 1.m+oo 
9.ll9&41 l.56l!+oo 2.IOE+oo 
l.OSl!-tOO 1.7411-tOO 1301!+oo 

9.29&01 2.02E+oo 178E+oo 
UIB-01 l.731!+oo 2.56E+oo 
9.601!-0l 1.621!-tOO 143£-tOO 
9.1911-0l UBl!+oo 2.27E+oo 

!.19!-+f'.l U!!!-+@!I :M7E+tl!! 
7.m.Gl 1.2711+oo U7E+oo 
9.0411-11 U21!+oo 1321!+oo 

l.121!+oo 3.29E+oo 6.72B+oo 
l.34E+oo 2.3511+oo ll7B+oo 
6.34&01 9.48£.41 12SE+oo 
l.IOl!+oo 2.3111+oo 3.IOE-tOO 
S.'fO.Gl l.59l!+oo 2.28B+oo 

7.4!1&41 U21!tCIO 1.24B+oo 
UME+oo l.74E+oo 141E+oo 
9.m.Gl UG!iGO 2.56E+oo 
9..s2Jl.el l.1Sll+oo 141E+oo 

UIJl.01 UOl!+oo 120B+oo 
UQB.01 l.1lll+oo 1081!+oo 

P99 

S.5'71!-+-00 

3.5'71!+ol 
1.m-+-00 
U7E+oo 
UCl!+oo 
3.1711+oo 
3.6SE+oo 
4.17E+oo 
3.381!-tOO 

Ull!+oo 
S.06E+oo 
5.391!+oo 
4.74E+oo 

6.~+tl!! 

3.SSll+oo 
5.34E+oo 

U91!+ol 
6.lllB+oo 
0711+oo 
Ull!+oo 
4.90l!+oo 

5.Gll+oo 
S.'l'llB+oo 
S.3411iGO 
S.57E+oo 

4.90l!+oo 
3.llE+oo 

t:1 
·;;; 0 
~~ 

0 
01-:10 

~p~ 
t;i:J c:: lzj 

01-:1 
~ 
t;i:J 

~ 

PIOO 

3.57Ei01 

3.$7Ei01 
l.93E+oo 
l.03Ei01 
6.88E+oo 
5.IOE+oo 
7.37E+oo 
9.51B+oo 
5.06E+oo 

3571!-+0l 
U3Ei01 
l.23Ei01 
USE-+01 

l.!3Et01 
13411+01 
357E+Dl 

1.13B+ol 
2.34E+OI 
0711+00 
5.3411+00 
3.$7E+ol 

1.m-+01 
l.23E+Ol 
3.57Ei01 
l.2211+ol 

1.151!~1 
5.6'71!+00 
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Table 2-71. Intake of Total Other Vegetables (g/lcg-day) 

Populalion N N 
~ ?I!!! unWRld Man SI! PO Pl ~ PIO P2.5 ~ P7S P90 P9S "' PIOO 

Toll! 178717000 !MJI 2.BIE+oo 2.7'1!-04 O.OOE+oo 8.2SE42 2.91£.41 4.88£.41 9.80£.41 l.861!+oo 3.36E+oo S.841!+oo 7.99E+oo 1.741!-+0I 9.1611-+0J 

Aaes 
<01 2763000 IS3 l.53E-+OI 9.04£43 O.OOB+oo 3.92£.41 l.S61!+oo 3.281!+oo 6.72B+oo 1.068-+0I 1.1141!-+0I 2.9111!-+0I S.03E+ol 9.16B+ol 9.161!+GJ 
01-Gl S471000 311 7.73E+oo "8E43 4.SOE41 S.02£.41 1.471!+oo 2.0IE+oo 3.47l!+oo 6.16B+oo l.02E-+OI l.47l!-+OI U31!+ol llm-+01 U7Bi01 
OJ.OS 774.5000 40 s.671!+oo l.s4&03 O.OOB-+00 3.63£.41 1.o.m+oo l.s21!-+00 2.811!-+00 4.SOl!-!00 7.26BiQl J.llE-+01 l.scl!+GI 2.09B+ol 2.44!+11 
06-11 16168000 909 3.41E+oo 7.Gll-04 O.OOB-+00 9.~ 4.74£.41 7.80£.41 l.46B-+OO 2.678-IOO U4B-+OO 6.971!-+00 U8l!+OO l.ldl!+ol 2.711!-IOJ 
12·19 19877000 IOSS 2.0Sl!-!00 3.81&04 0.001!-IOO UBJl.02 3.16£.41 4.11£.41 9.23£.41 l.s6B+OO 2."l'Dl!+oo 4.IOl!+oo s.sm+oo 1.421!-+00 l.1'Dl!i01 
20-39 S74l'l000 2882 l.78l!i00 129l!M 0.00B+GO 6.41E41 2.00£.41 3.571!-0I 7.02£.01 l.301!+oo 1291!+oo 3.7811+oo 4.931!+oo l.171!+oo 2.078-IOI 
4M9 SOS2000 2927 2.478-IOO 3.20£.414 O.OGl!+oo l.2SJl.02 3.16£.41 S.28£.41 l.02l!+oo UBl!+oo :U6B+Oll S.04l!+oo 6.s91!+oo l.iGB+ol 2.911!-+0J 
70+ 14924000 7SI 2.7SB+oo S.s4&04 174£.42 l.7Ql.01 4.s2£.41 7.13£.41 l.23B+GO Wl!+oo 16llB+oo S.481!+oo 6.77B+oo lbli+OI 1.1'1!+11 

Sascrls 
Fiii 4S295000 1504 2.64E+oo 6.20£.G4 0.00l!+oo 6.29£.42 2.37£.41 4.26£.41 8.33£.41 l.621!+oo 1101!+oo S.561!+oo 7.66B+oo 1.161!-+0I 9.161!-IOI 
Spiiw 43SS2000 3761 2.12E+oo 5.2GE-04 O.OOB-+00 9.2SJl.02 3.16£.41 5.12£.41 9.97&01 l.89l!+oo 3.381l+oo S.73E+oo l.33E+oo l.12l!+Ol S.03lli01 
Summer 42917000 1345 J.23B+oo S.!IQB.OC O.OOl!+oo 4.62J!.02 3.19£.41 S.3SE41 J.16B+oo 2.20E-+OO 197B+oo U31!-t00 l.69B+oo l.731!+ol S.7'1!-!01 
W"llll<r 469S3000 21115 2.S91!+oo 4.61B-G4 0.001!-+00 l.2SE41 3.4SE41 S.26£.41 9.74£.41 l.77B+oo UIB+GO S.2Sl!+oo 7.361!+oo 1-'41HI 6.9211-101 

lhblniDtiost 
Calllll Cily ~ 2098 "41!.00 6.46£.414 O.OOB+oo 6.53£.42 2.80£.41 UIE41 9.44£.41 l.7SB-+OO 130ll+OO S.881!+oo 9.09l!+oo 1.9311-+0l U61!+ol 
~ 42SS3000 2167 2.911!+oo :J.42£.414 o.OOBtOO 1.03£.41 J.3SE41 S.46£.41 l.CMl!+OO Ulll+oo 3.661!+oo WB+oo l.OIB-ltO Ulll-+01 UU+ol 
Slatiuaben Oil'°°° 4464 2.611!+oo 121B4C O.OOB+OO l.2Sll-02 2.J61!.0I 4.7$01 9.74£.41 U6B+oo 1291!+oo S.12l!+oo 7.61B+OO USl!+ol 17'11+11 

Race 
Alien 2413000 114 6.o.cl!-+= 7.63EG 1.27&41 1.mo1 S.11£.41 6.7011-0I UBB+oo 3.02E-lt0 U9l!+oo l.IOl!+ol USl!+ol UQl+Gl 9.ldll+ol 
lllld; 20108000 11161 3.27Ei00 9.P2Jl.04 l.OOB+oo 3.121!-02 3.2-4&.ol S.91J!.OI 1.091!+00 2.02B+oo 1641!+oo 7.2Bll+OO U6£+00 2.0ll!+ol S.'Jjll+DI 
N&liw Amaicon 1411000 • 4.391!+oo l.22M3 1.77£.01 3.6411-41 S.7611-0l 7.07£.41 9.91£.41 2.0ll!+oo U21!i00 7.441!+oo 1.12B+ol 6.9211+11 UJll+ll 
OlbalNA 4613000 221 JME+oo "3&G 07&02 l.'IOJl.41 3.41£.41 S.31£.41 1.111!-+00 2.241!+oo 4.59E+OO U6Bi00 U71!i00 2.tJB-ttl S.21511+ol 
Wbilll 149511000 1937 2.6SE+oo 2.46£.04 0.00!!+00 l.2SE42 2.1311-41 4.768-01 9.6SJl.Ol UIB-+00 J.27B+oo 5.651!+00 7.631!+00 l.4111!+ol U411+ol 

...... 
t-.) Midwmt 4673000 2415 2.61E+oo 6-"B-414 O.IOE+OO 6.48&el 2.2SE41 J.77£.01 7.11£.41 l.s2l!+oo 3.02E+oo S.26B+oo 7.71Bt00 l.IJIHI UQ!+ol 
I Nara-t 39450000 1946 2.12+oo s.moc O.OOE+oo 9.141!-f2 2.16£.41 S.2SJ!.Ol l.OIB+OO 1.931!-ttO 13lll+oO s.t6B+oo l.J.slltOO ' l.7Jl+ll 5.2611+01 
~ Solllh 60896000 J2st 1981!-tOO 4.mGC O.OOl!iOO l.07£.41 J.14£.41 SJB.01 l.12B+OO 2.0Sl!iOO USB+oo 6.098+00 l22B-ttel J.74ll+OI 4.4711+11 
~ Wat 33936000 1744 2.72B+oo S.91111-04 l.OOl!+oo 1.1~1 3.06£.41 4.9311-41 P.3311-0I l.71B+oo 1211!+oo S.161!+oo 7.731!+00 USl!+ol U211+11 

llaponle., QuesCbinolre 
. Do Jail prdcn'I '6502000 3611 2.691!+oo 14l&M 0.00!!+00 l.2SE42 2.9111-41 5.1211-0l 9.NJ!.111 l.91B+oo lllltto S.731!+oo 7.31111+00 UQl-+tl J.7Sll+OI 

Do JaQ 111111? 7313000 4ll um+oo IM&OJ O.IOB+OO 1.7911-0l 2.12£.0l 4.8811-0I 1.001!-+00 l.91l!+oo 17111tto UlBiOO 7.1911+oO UIB+ll 13111.0I 
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Populalion N N 
GroUll wRtd un1'Rld Meon Sil 

Tolll IS9212000 8407 4.121!+-00 S.801!-04 

Age 
<01 2670000 147 2.3SE-+-OI l.BSE-02 
01-02 S228000 291 l.42E-+-OI 6.2SJ!..03 
03-0S 739SOOO 416 B.841!+-00 3.30E-03 
06-11 14S60000 116 4.16E+oo l.JSE.03 
12·19 1724SOOO 920 2.61B+oo 6.741!-04 
20-39 SOl82000 2Sll 2.41E-+OO 4.601!-04 
4M9 48009000 159S 3.371!+-00 7.07J!..04 
'IO+ 13923000 104 3.941!-+00 l.23J!..03 

Semons 
Pill 40S74000 1344 3.77E+oo l.20E-03 
sinw 38621000 3367 3.12E+oo 9.B2J!.04 
Bummer 37903000 1177 U6B+OG 1.661!-03 
W'llller 42108000 2S19 2.89B+oo S.SBJ!..04 

t.hWni%ation 
CablCity 46668000 1141 4.62B+oo l.39R-43 
Nmmxtropolilon 36628000 24S6 3.S4B+oo 9.21J!.04 
SudJmblll 7SBS6000 4101 4.09B+oo 7.391!-04 

a-
.Aslmt 2261000 107 U4B+oo 9.2711-43 
BlllCt 16003000 131 4.7SB+oo 2.73J!..03 
Nlliw Arnelicln 9SSOOO SS 2.16B+oo 2.68J!..03 
Odlor/NA 4044000 201 6.44B+oo 8.SSR-43 
While 13Sll89000 7211 3.9SB+oo S.1711-44 

R.pn 
Midwmt 394f2000 2223 4.34B+oo l.37J!.03 
NOllbelst 36016000 17" USB+oo 1.32!!-03 
Saulh SUS9000 2721 3.72B+oo 1.99~ 

Wiii 32SISOOO IOI 4.34E+oo l.07J!.03 

tJ Rapame lo Qualionnaire 
I 

Do,.,.aprden? 61462000 3377 3.94B+oo 7.slJ!..04 ..... 
0 
-.I 

Do,.,.iliirm? 633SOOO 374 3.421!+oo 1.6111-43 

Table 2-73. Intake of Total Other Fruit (g/kg-day) 

PO Pl PS PIO P2S PSO 

0.00E:+oo l.02J!..OI 3.02J!..OI 4.961!-0I 1.021!+-00 2.121!+-00 

0.00l!+oo S.43J!..OI 1.241!+-00 2.681!+-00 6.9SB+-OO l.22E-+-OI 
6.231!-0l 8.90J!..OI l.ssl!+-00 2.7SB+-OO S.31E+oo 9.37E+oo 

0.00l!+OG l.79J!..OI 1.86)!.41 l.36E+-OO 3.26E+OG 6.slE+OG 
O.OOl!+oo 2.00J!..01 6.00E-01 9.2SJ!.Ol l.7SB+oo 3.46E+OG 
0.00l!+-00 9.94£.f2 2.69J!.OI 4.77E-OI 9.611!-0I 1.'IOE+oo 
O.OOl!+OG 7.SOJ!.02 2.33J!.OI 3.60J!.Ol 7.271!-0l 1.471!+-00 
O.OOB+oo 1.17J!.OI 3.19J!.OI S.071!-01 9.601!-0I l.91E+oo 
O.OOB+oo 2.321!-0I 4.S3J!.OI B.40&-41 1.441!+-00 2.BSB+OG 

O.OOE+oo 7.SOJ!.02 3.ISR-41 S.07R-41 l.OlE+-00 l.93E+oo 
0.001!-+00 U3J!..Ol 2.9411-41 4.6'.IR-41 l.OOE+oo 2.07E+oo 
O.OOB+oo 4.44£.f2 UIJ!..01 S.87R-41 l.lSB+oo 3.028-+00 
0.00B+oo 1.S2J!..01 2.'76B-OI 4.4611-0I B.991!-0I l.771!+oo 

O.OOB+oo 9.!MJ!.02 2.61J!.OI 4.66J!.OI U3E-01 U61!+oo 
O.OOE+oo l.39J!..OI 3.09J!..OI 4.77R-41 9.s211-41 l.91l!+oo 
O.OOB+oo l.17J!.OI 3.IBR-41 S.34R-41 l.OIE-ttll 2.19E+oo 

2.228-tl 2.22J!.OI 2.~I 3.69&01 7.19J!..01 1.93B+oo 
O.OOB+oo O.OOB+oo 2.00E-01 3.82&01 9.21J!..OI Ul6B+oo 
2.3SJ!.OI 2.62&41 3.02&01 4.13&01 6.80&01 U6B+oo 
l.20J!.OI 2.soJl.01 4.04J!.01 S..57a.ol 9.771!-01 2.30B+oo 

O.OOB+OG UOJ!..01 3.17J!.OI S.OBB-41 l.04B+oo 2.ISB+oo 

O.OOB+oo 1.0IJ!..01 2.73&01 4.ssE-01 9.ISB-01 2.04B+oo 
O.OOB+oo 1.SOE4l 3.IBl!-01 S.37J!.OI 1.141!-tto 2.20E-tto 
O.OOB+oo 9.4311-42 2.BBB-01 4.'IOE-01 9.23&41 l.91B-tto 
O.OOB+oo UIJ!..01 3.sl&-41 S.6'.IJ!.01 l.11B+oo 2.421!+oo 

O.OOB+oo l.77J!.01 330&41 S.2711-41 1.07E+oo 2.ISB-tto 
O.OOB+oo 2.93J!.02 2.64J!..OI 3.90&-41 1.9411-GI l.96B+oo 

P7S P90 P9S 

4.431!+-00 B.961!+-00 1.411!-+0I 

2.SOR+OI 6.091!+ol 11.371!-+0I 
l.69B-+OI 3.00B-+01 4.lSB+OI 
1.IOE+Ol 1.871!+01 2.41B-+OI 
6.0IB+OG 9.SIB+oo 1.211!-+0l 
3.11E+oo S.47B+oo UIB+OG 
2.88E+oo S.lll!+oo 7.02l!+oo 
3.811!+-00 6.91B+oo 1.llB-+01 
4.7.m+oo 7.6Sl!+-OO l.03E-t01 

3.9SB+oo 7.s4B+oo l.11B-t01 
4.22E+oo B.32B+OG 1.291!-IOI 
6.SSB+oo l.47B+ol 2.llB-!01 
3.44E+oo 6.31B+oo 9.341!+oo 

4.761!+oo 9.l9E+oo l.~l 
3.'IOB+oo 7.99B+oo 1.1911-+0I 
4.SIB+oo 9.CME+oo 1.441!-IOI 

4.36B+oo l.27E+ol UIB-+01 
4.S3B-+OO 9.92B+oo 1.131! ... I 
2.391!+oo :tm+oo l.S21!+oo 
S.31B+oo l.ISB-!01 1.121!-IOI 
4.421!+oo UIE+oo 1.3111-+0I 

4.37B+oo U2B+oo UIE+Ol 
4.SSE+oo U2B+oo 1.491!-!01 
3.90E+oo 7.191!+oo 1.241!-ttl 
S.OOE+oo 9.70l!+oo U211-t01 

4.34Eit0 l.90E-+oo 1.371!-!01 
4.041!it0 UOl!+oo 1.23E-ttl 

P99 

1321!-+0I 

l.ssl!+o2 
7.llE-+01 
J.60E+Ol 
2.111!-+0I 
1.s4E+OI 
l.761l+OI 
2.621!-+tl 
2.11E+Ol 

2.BlB-+01 
2.191!-+0I 
UIE-+01 
l.71B-+OI 

UGB+ol 
2.91B+ol 
J.021!-t01 

1.02!!+01 
4.71B-+OI 
1.41111+01 
1.111!-+0I 
2.9SB-ttl 

4.171!-ttl 
2.9SB.-1 
"611-+tl 
2.90!!+01 

2.9SB-ttl 
U211-ttl 

t2 
,~, 
. 0 

0 t-3" 
~.o~ 
tr:I c: l:l:j 

0 t-:3 
t;} 
0 

" 

PIOO 

USB-+02 

l.SSB-+02 
1.481!+01 
7.7'1!+01 
4.111!+01 
l.191!+01 
4.391!+01 
f.711B+ol 
4.991!+01 

l.SSB-+02 
1.32B+o2 
1.30B+o2 
4.71B+ol 

IJSl?+@2 
U111+ol 
1.321!+02 

1.02!! ... l 
1.30E+o2 
1.411! ... 1 
l.SSB+o2 
U2B+o2 

1Jlll+o2 
USB+o2 
U111 ... l 
7.21E+ol 

7.3911ttl 
2.m+ol 
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Table 2-74. Mean and Standard Error for the Per Capita Daily Intake of Food Cius and Subclass by 
Region (grams •u consumed") 

US population Northcut 

Total Produce 282.6 ± 3.5 270.6 ± 6.9 

Leafy- 39.2 ± 0.8 38.1 ± 1.5 

Exposed" 86.0 ± 1.5 88.5 ± 3.0 

Protected• 150.4 ± 2.3 137.2 ± 4.5 

Other 7.0 ± 0.3 6.9 ± 0.6 

Total Grain 200.0 ± 3.0 203.5 ± 5.8 

Breads 147.3 ± 1.4 153.1 ± 2.8 

Cereals 29.9 ± 1.3 24.6 ± 2.5 

Other 22.9 ± 1.7 25.9 ± 3.3 

North 
Central 

282.4 ± 6.7 

37.1 ± 1.5 

87.8 ± 2.9 

150.1 ± 4.3 

7.3 ± 0.5 

192.8 ± 5.6 

150.9 ± 2.7 

28.7 ± 2.4 

13.3 ± 3.2 

South 

280.7 ± 5.6 

38.4 ± 1.2 

76.9 ± 2.4 

160.1 ± 3.6 

5.4 ± 0.4 

202.2 ± 4.7 

143.9 ± 2.3 

34.6 ± 2.0 

23.7 ± 2.7 

• Produce belonging to this category include: cabbage, cauliflower, broccoli, celery, lettuce, and spinach. 

West 

303.1 ± 8.2 

45.3 ± 1.8 

95.5 ± 3.6 

152.5 ± 5.3 

9.8 ± 0.7 

202.6 ± 6.9 

139.5 ± 3.3 

30.9 ± 3.0 

32.1 ± 4.0 

• Produce belonging to this category include: apples, pears, berries, cucumber, squash, grapes, peaches, apricots, plums, prunes, strin~ 
beans, pea pods, and tomatoes. 

• Produce belonging to this category include: carrots, beets, turnips, parsnips, citrus fruits, sweet com, legumes (peas, beans, etc.), 
melons, onion, and potatoea. 

Source: U.S. EPA, 1984c. 
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Table 2-75. Mean and Standard Error for the Daily Intake of 
Food Subclasses Per Capita by Age (grams "as consumed") 

Leafy Exposed Protected Other Other 
Age produce• produce" producec produce Breads Cereal Grains 

All Ages 39.2 ± 0.8 86.0 ± 1.5 150.4 ± 2.3 7.0 ± 0.3 147.3 ± 1.4 29.9 ± 1.3 22.9 ± 1.7 

<1 3.2 ± 4.9 15.5 ± 9.8 50.8 ± 14.7 25.5 ± 1.8 16.2 ± 9.2 37.9 ± 8.2 1.8 ± 10.9 

1-4 9.1 ± 2.4 55.6 ± 4.8 94.5 ± 7.2 5.l ± 0.9 104.6 ± 4.5 38.4 ± 4.0 14.8 ± 5.4 

5-9 20.1 ± 2.0 69.2 ± 4.8 128.9 ± 6.1 4.3 ± 0.8 154.3 ± 3.8 39.5 ± 3.4 22.7 ± 4.S 

10-14 26.1 ± 1.9 76.8 ± 3.8 151.7 ± 5.1 8.1 ± 0.7 186.2 ± 3.6 36.4 ± 3.2 25.6 ± 4.2 

15-19 31.4 ± 2.0 71.9 ± 4.0 156.6 ± 6.0 6.2 ± 0.7 188.5 ± 3.7 28.8 ± 3.3 Z7.8 ± 4.4 

20-24 35.3 ± 2.6 65.6 ± 5.2 144.5 ± 7.8 s.o ± 1.0 166.5 ± 4.9 20.2 ± 4.3 25.0 ± S.8 

25-29 41.4 ± 2.7 73.4 ± 5.3 149.8 ± 8.0 7.0 ± 1.0 170.0 ± 5.0 18.2 ± 4.4 26.6 ± S.9 

30-39 44.4 ± 2.1 77.1 ± 4.2 150.S ± 6.3 6.1 ± 0.8 156.8 ± 3.9 24.7 ± 2.7 23.3 ± 3.6 

40-59 Sl.3 ± 1.6 94.7 ± 3.3 162.9 ± 4.9 6.9 ± 0.6 144.4 ± 3.1 24.7 ± 2.7 23.3 ± 3.6 

C!:: 60 45.4 ± 1.8 114.2 ± 3.6 163.9 ± 5.5 7.6 ± 0.7 122.1 ± 3.4 42.S ± 3.0 19.3 ± 4.0 

Produce belonging to this category include: cabbage, cauliflower, broccoli, celery, lettuce, and spinach . 
Produce belonging to this category include: apples, pears, berries, cucumber, squash, grapes, peaches, apricots, plums, prunes, string beans, pea pods, 
and tomatoes. 
Produce belonging to this category include: carrots, beets, turnips, parsnips, citrus fruits, sweet com, legumes (peas, beans, etc.), melons, onion, and 
potatoes. 

Source: U.S. EPA, 1984d. 
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Although the fruit and vegetable classifications used in the study are somewtmtJti'ifi6~1Jr-' 

number, they provide alternative food categories that may be useful to exposure assessors. 

Because this study was based on the USDA NFCS, the limitations discussed previously regarding 

short-term dietary recall data also apply to the intake rates reported here. 

U.S. EPA - Office of Science and Technology - The U.S. EPA Office of Science and 

Technology (OST) within the Office of Water (formerly the Office of Water Regulations and 

Standards) used data from the FDA revision of the Total Diet Study Food Lists and Diets 

(Pennington, 1983) to calculate food intake rates. OST uses these consumption data in its risk 

assessment model for land application of municipal sludge. The FDA data used are based on 

the combined results of the USDA 1977-1978 NFCS and the second National Health and 

Nutrition Examination Survey (NHANPS II), 1976-1980 (U.S. BP A, 1989). Because food items 

arc listed as prepared complex foods in the FDA Total Diet Study, each item was broken down 

into its component parts so that the amount of raw commodities consumed could be determined. 

Table 2-76 presents intake rates of various fruit and vegetable categories for various age groups 

and estimated lifetime ingestion rates that have been derived by U.S. EPA. Note that these are 

per capita intake rates tabulated as grams dry weight/day. Therefore, these rates differ from 

those in the previous tables because Pao et al. (1982) and U.S. EPA (1984d, 1984e) report 

intake rates on an as consumed basis. 

The EPA-OST analysis provides intake rates for additional food categories and estimates 

of lifetime average daily intake on a per capita basis. In contrast to the other analyses of USDA 

NFCS data, this study reports the data in terms of dry weight intake rates. Thus, conversion 

is not required when contaminants are required on a dry weight basis. 

Canadian Department of National Health and Welfare Nutrition Canada Survey - The 

Nutrition Canada Survey was conducted between 1970 and 1972 to •(a) examine the mean 

consumption of selected food groups and their contribution to nutrient intakes of Canadians, (b) 

examine patterns of food consumption and nutrient intake at various times of the day, and (c) 

provide information on the changes in eating habits during pregnancy." (Canadian Department 

of National Health and Welfare, n.d.). The method used for collecting dietary intake data was 

24-hour recall. The recall method relied on interview techniques in which the interviewee was 

asked to recall all foods and beverages consumed during the day preceding the interview. Intake 
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Table 2-76. Consumption of Foods (g dry weight/day) for Different Age Groups and Estimated 
Lifetime Average Daily Food Intakes for a US Citizen Calculated from the 
FDA Diet Data (averaged across sex) 

Age (in years) 
(0-1) (1-S) (6-13) (14-19) 

Wheat 27.60 42.23 60.80 79.36 

Com 4.00 15.35 19.28 23.21 

Rice 2.22 4.58 5.24 5.89 

Oats 3.73 2.65 2.27 1.89 

Other Grain 0.01 0.08 0.41 0.73 

Total Grain 37.56 64.82 87.58 110.34 

Potatoes 5.67 10.03 14.72 19.40 

Leafy Veg. 0.84 0.49 0.85 1.22 

Legume Veg. 3.81 4.56 6.51 8.45 

Root Veg. 3.04 0.67 1.20 1.73 

Garden fruits 0.66 1.67 2.57 3.47 

Peanuts 0.34 2.21 2.56 2.91 

Mushrooms 0.00 0.01 0.03 0.04 

Veg. Oils 27.62 17.69 27.54 37.04 

• The estimated lifetime dietary intakes were estimated by: 

(20-44) (45-70) 

65.86 55.13 

17.83 14.82 

5.78 4.21 

1.32 2.00 

13.45 4.41 

90.59 76.17 

17.28 14.79 

2.16 2.65 

9.81 9.50 

1.77 1.64 

4.75 4.86 

2.43 1.91 

0.14 0.06 

37.20 27.84 

Eatimatcd
lifctime 

60.30 

17.01 

5.03 

1.85 

6.49 

84.19 

15.60 

1.97 

8.75 

1.60 

4.15 

2.25 

0.08 

31.24 

Bitimated lifelllne - IR!!!;:1l +~•IR ,1-~ + 8 m •IR ,6-13} + 6;m •IR. (14-12) + 2S m •IR. (20.44) + 2S m •IR (45-2!!l 
70ycan 

where IR = the intake rate for a specific age group. 

Source: U.S. EPA, 1989. 
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rates were reported for various age/sex groups of the population and for pregnant women 

(Table 2-T/). The report does not specify whether the values represent per capita or consumer

only intake rates. However, they appear to be consistent with the as consumed intake rates for 

consumers-only reported by USDA (1980, 1992). It should be noted that these data are also 

based on short-term dietary recall and are based on the Canadian population. 

2.3.2.4. Conversion Between As Consumed and Dry Weilbt Intake Rates 

As noted previously, intake rates may be reported in terms of units as consumed or units 

of dry weight. It is essential that exposure assessors be aware of this difference so that they may 

ensure consistency between the units used for intake rates and those used for concentration data 

(i.e., if the unit of food consumption is grams dry weight/day, then the unit for the amount of 

pollutant in the food should be grams dry weight). If necessary, as consumed intake rates may 

be converted to dry weight intake rates using the moisture content percentages presented in 

Table 2-78 and the following equation: 

IRctw = IRac * [(100-W)/100] (Eqn. 2-2) 

"Dry weight" intake rates may be converted to •as consumed" rates by using: 

IRac = IRn/[(100-W)/100] (Eqn. 2-3) 

where: 

~ - dry weight intake rate; 
IRac - as consumed intake rate; and 
W = percent water content. 
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Table 2-77. Mean Daily Intake of Foods (Grams) Based on the Nutrition Canada Dietary Survey" 

Fruit and Vegetables Not Nuts and 
Age (yrs) Sample Size Fruit Products Including Potatoes Legumes 

Potatoes 

Males and Females 

1-4 1031 258 56 15 6 
5-11 1995 312 83 110 13 

Males 

12-19 1070 237 94 185 20 
20-39 999 244 155 189 15 
40-64 1222 194 134 131 15 
65+ 881 165 118 124 8 

Females 

12-19 1162 237 97 115 15 
20-39 1347 204 134 99 8 
40-64 1500 239 136 79 10 
65+ 818 208 103 80 5 

Pregnant Females 

769 301 156 114 15 

Report does not specify whether means were calculated per capita or for consumers only. The reported values 
are consistent with the as consumed intake rates for consumers only reported by USDA (1980). 

Source: Canadian Department of Natioml Health and Welfare, n.d. 
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Table 2-78. Mean Moisture Content of Selected Fruits, Vegetables, and Grains Expressed 
As Percentages of Edible Portions 

Food 

Apples - dried 
Applcs-
Apples - juice 
Applesauce 
Apricots 
Apricots - dried 
Ban.ams 
Blackberries 
Blueberries 
Boysenberries 
Cantaloupes - unspecified 
Casabas 
Cherries - sweet 
Crabapples 
Cranberries 
Cranberries - juice cocktail 
Currants (red & white) 
Elderberries 
Grapefruit 
Grapefruit - juice 
Grapefruit - unspecified 
Grapes - fresh 
Grapes - juice 
Grapes - raisins 
Honeydew melons 
Kiwi fruit 
Kumquats 
Lemons - juice 
Lemons - peel 
Lemons - pulp 
Limes - juice 
Limes - unspecified 
Loganberries 
Mulberries 
Nectarines 
Oranges - unspecified 
Peaches 
Pears - dried 
Pears - fresh 
Pineapple 

Pineapple - juice 
Plums 

Moisture Content (Percent) 
Raw Cooked Comments 

31.76 84.13* sulfured; *withoutadded sugar 
83.93* 84.46** *with skin; **without skin 

87.93 canned or bottled 
88.35* *unsweetened 

86.35 86.62* *canned juice pack with skin 
31.09 85.56* sulfured; *withoutadded sugar 
74.26 
85.64 
84.61 86.59* "'fro:zen unsweetened 
85.90 fro:zen unsweetened 
89.78 
91.00 
80.76 84.95* *canned, juice pack 
78.94 
86.54 
85.00 bottled 
83.95 
79.80 
90.89 
90.00 90.10* "'canned llDSWeetened 
90.89 pink, red, white 
81.30 American type (slip skin) 
84.12 canned or bottled 
15.42 seedless' 
89.66 
83.05 
81.70 
90.73 92.46"' *canned or bottled 
81.60 
88.98 
90.21 92.52"' *canned or bottled 
88.26 
84.61 
87.68 
86.28 
86.75 all varieties 
87.66 87.49"' *canned juice pack 
26.69 64.44* sulfured; *withoutadded sugar 
83.81 86.47"' *canned juice pack 
86.50 83.51"' *canned juice pack 

85.53 canned 
85.20 
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Table 2-78. Mean Moisture Content of Selected Fruits, Vegetables, and Grains Expressed 
As Percentages of Edible Portions (Continued) 

Moisture Content <Percent) 
Food Raw Cooked Comments 

Quinces 83.80 
Raspberries 86.57 
Strawberries 91.57 89.97"' •frozen unsweetened 
Tangerine - juice 88.90 87.00• •canned sweetened 
Tangerines 87.60 89.51"' *canned juice pack 
Watermelon 91.51 

Vegetables 

Alfalfa sprouts 91.14 
Artichokes - globe & French 84.38 86.50 boiled, drained 
Artichokes - Jerusalem 78.01 
Asparagus 92.25 92.04 boiled, drained 
Bamboo shoots 91.00 95.92 boiled, drained 
Beans - dry 
Beans - dry - blackeye peas (cowpeas) 66.80 71.80 boiled, drained 
Beans - dry - hyacinth (mature seeds) 87.87 86.90 boiled, drained 
Beans - dry - navy (pea) 79.15 76.02 boiled, drained 
Beans - dry - pinto 81.30 93.39 boiled, drained 
Beans - Iima 70.24 67.17 boiled, drained 
Beans - snap - Italian - green - yellow 90.27 89.22 boiled, drained 
Beets 87.32 90.90 boiled, drained 
Beets - tops (greens) 92.15 89.13 boiled, drained 
Broccoli 90.69 90.20 boiled, drained 
Brussel sprouts 86.00 87.32 boiled, drained 
Cabbage - Chinese/celery, 

including bok choy 95.32 95.55 boiled, drained 
Cabbage - red 91.55 93.60 boiled, drained 
Cabbage - savoy 91.00 92.00 boiled, drained 
Carrots 87.79 87.38 boiled, drained 
Cassava (yucca blanca) 68.51 
Cauliflower 92.26 92.50 boiled, drained 
Celeriac 88.00 92.30 boiled, drained 
Celery 94.70 95.00 boiled, drained 
Chili peppers 87.74 92.50"' *canned solids & liquid 
Chives 92.00 
Cole slaw 81.50 
Collards 93.90 95.72 boiled, drained 
Com - sweet 75.96 69.57 boiled, drained 
Cress - garden - field 89.40 92.50 boiled, drained 
Cress - garden 89.40 92.50 boiled, drained 
Cucumbers 96.05 
Dandelion - greens 85.60 89.80 boiled, drained 
Eggplant 91.93 91.77 boiled, drained 
Endive· 93.79 
Garlic 58.58 
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Table 2-78. Mean Moisture Content of Selected Fruits, Vegetables, and Grai:DSExpressea----! 
AB Percentages of Edible Portions (Continued) 

Moismre Content <Percent} 
Food Raw Cooked Comments 

KAie 84.46 91.20 boiled, drained 
Kohlrabi 91.00 90.30 boiled, drained 
Lambsquarter 84.30 88.90 boiled, drained 
Leeb 83.00 90.80 boiled, drained 
Lentils - whole 67.34 68.70 stir-fried 
Lettuce - iceberg 95.89 
Lettuce ~ romaine 94.91 
Mung beans (sprouts) 90.40 93.39 boiled, drained 
Mushrooms 91.81 91.08 boiled, drained 
Mustard greens 90.80 94.46 boiled, drained 
Okra 89.58 89.91 boiled, drained 
Onions 90.82 92.24 boiled, drained 
Onions - dehydrated or dried 3.93 
Parsley 88.31 
Parsley roots 88.31 
Parsnips 79.53 77.72 boiled, drained 
Peas (Barden) - mature seeds - dry 88.89 88.91 boiled, drained 
Peppers - sweet - garden 92.77 94.70 boiled, drained 
Potatoes (white) - peeled 78.96 75.42 baked 
Potatoes (white) - whole 83.29 71.20 baked 
Pumpkin 91.60 93.69 boiled, drained 
Radishes - roots 94.84 
Rhubarb 93.61 67.79 frozen, cooked with added sugar 
Rutabagas - unspecified 89.66 90.10 boiled, drained 
Salsify (oyster plant) 77.00 81.00 boiled, drained 
Shallots 79.80 
Soybeans - sprouted seeds 69.05 79.45 steamed 
Spinach 91.58 91.21 boiled, drained 
Squash - IUllllDer 93.68 93.70 all varieties; boiled, drained 
Squash. - winter 88.71 89.01 all varieties;. baked 
Sweetpotatoea (including yams) 72.84 71.85 baked in skin 
Swiu chard 92.66 92.65 boiled, drained 
Tapioca - pearl 10.99 dry 
Taro - greens 85.66 92.15 steamed 
Taro - root 70.64 63.80 
Tomatoes - juice 93.90 canned 
Tomatoes - paste 74.06 canned 
Tomatoes - puree 87.26 canned 
Tomatoes - raw 93.95 
Tomatoes - whole 93.95 92.40 boiled, drained 
Towelgourd 93.85 84.29 boiled, drained 
Turnips - roots 91.87 93.60 boiled, drained 
Turnips - tops 91.07 93.20 boiled, drained 
Wal.er chestnuts 73.46 
Yambcan - tuber 89.15 87.93 boiled, drained 
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Table 2-78. Mean Moisture Content of Selected Fruits, Vegetables, and Grains Expressed 

As Percentages of Edible Portions (Continued) 

Food 

Barley - pearled 
Com - grain - endosperm 
Com - grain - bran 
Millet 
Oats 
Rice - rough - white 
Rye- rough 
Rye - flour - medium 
Sorghum (including milo) 
Wheat - rough - hard white 
Wheat- germ 
Wheat- bran 
Wheat - flour - whole grain 

Source: USDA, 1979-1986. 

Moisture Content (Percent> 
Raw Cooked 

10.09 68.80 
10.37 
3.71 
8.67 71.41 
8.22 

11.62 68.72 
10.95 
9.85 
9.20 
957 

11.12 
9.89 

10.27 
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For chemicals that contaminate fruits and vegetables via specific sources or media, it may 

be necessary to consider cultivation techniques and consumption patterns that affect the 

magnitude of exposure. Vegetables that are grown below ground may be contaminated by 

chemicals found in soil; airborne pollutants would be more likely to contaminate leafy or 

exposed vegetables grown above ground. Exposures may be limited for contaminants that are 

deposited on outer protective coverings (i.e., pods or rinds of fruits and vegetables that are 

removed before consumption). 

Table 2-79 and 2-80 lists the percentages of fruits and vegetables that are grown above 

and below ground. These values were calculated using average daily intake rates for consumers

only from Pao et al. (1982) (Table 2-26) and average per capita intake rates from DRES (Table 

2-27), respectively. It should be noted that the DRES data (Table 2-27) set includes a more 

comprehensive listing of fruits and vegetables than Pao et al. (1982) Table 2-26. Fruits and 

vegetables were categorized as (1) below ground; (2) above ground-exposed; and (3) above 

ground-protected, according to traditional or scientific definitions of the plant and on cultivation 

and food preparation information. Percentages were calculated for each category of fruits, 

vegetables, and fruits and vegetables combined by dividing the total intake rates for each 

category by the sum of the intakes for all categories combined. It should be noted that the Pao 

et al. (1982) data are based on consumers-only, but DRES data and U.S. EPA (1984e) data are 

per capita intake rates. Also, the DRES data set includes a more comprehensive listing of fruits 

and vegetables than Pao et al. (1982). This factor may account for the differences in 

percentages observed for above ground and below ground fruits and vegetables. The percentages 

from Tables 2-79 and 2-80 may be applied to the average total intake rates to estimate the intake 

rates for fruits and/or vegetables that are: (1) grown below ground; (2) grown above ground 

and are exposed; and (3) grown above ground and are protected. 

2.3.3. Recommendations 

The key studies described in this section were used in selecting recommended fruit and 

vegetable intake rates for the general population and various subgroups of the United States 

population. These studies were all based on USDA NFCS data, but used different analytical 
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Percentages of Total Fruits and Vegetables Consumed 
that are Grown Below or Above Ground (Consumers Only) 

Vegetables• 

below ground 

above ground 

exposed 

protected 

below ground 

above ground 

exposed 

protected 

Fruits and Vegetables• 

below ground 

above ground 

exposed 

protected 

Calculated from data from 
Pao et al. (1982) 

22.6% 

77.4% 

57.5% 

19.9% 

0% 

100% 

47.1% 

52.9% 

10.5% 

89.5% 

52.0% 

37.5% 

• Traditional definitions were used to categorize common fruits and vegetables. 
Unusual fruits and vegetables were categorized using scientific definitions. 
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Table 2-80. Percentages of Total Fruits and Vegetables Consumed ·iiiafare ---
Grown Below or Above Ground (Per Capita) 

Vegetablesc 

below ground 

above ground 

exposed 

protected 

below ground 

above ground 

exposed 

protected 

Fruits and Vegetables 

below ground 

above ground 

exposed 

protected 

Calculated from data generated by 
OPP for the Dietary Risk Evaluation 

System (DRES)•·b 

38.1% 

61.9% 

46.8% 

15.1% 

0% 

100% 

42.3% 

57.7% 

20.7% 

79.3% 

34.5% 

44.8% 

• The DRES data set (Table 2-27) includes a more comprehensive listing of 
fruits and vegetables than Pao et al. (1982) (Table 2-26). 

b Nuts, spices, grains, oils and sugars were not included in this analysis. 
c Traditional definitions were used to categorize common fruits and vegetables. 

Unusual fruits and vegetables were categorized using scientific definitions. 
I 
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methods for calculating intake, and/or evaluated different subpopulations or fO<ir groups. The 

general design of both key and relevant studies are summarized in Table 2-81. Based on the 

1987 /88 NFCS one-day per capita data, the recommended average fruit intake rate for the 

general population is 142 g/day and the recommended vegetable intake rate for the general 

population is 182 g/day. . Mean per capita intake rates for specific food items, on a g/kg-day 

basis, may be taken from Table 2-27. Mean and upper-percentile consumer only intake rates 

for total fruits, total vegetables, or various individual fruits and vegetables from the distribution 

data presented in Tables 2-32 through 2-73 may be used to represent intake for the general 

population and various subpopulations. Upper-percentile per capita rates may be calculated 

using the consumer only distribution data in Tables 2-32 through 2-73 and the survey si7.e'data 

presented in Section 2. 7. Intake rates for the homeproduced form of these fruit and vegetable 

products are presented in Section 2. 7. 

The advantage of using the USDA NFCS data set is that it is the largest publicly 

available data source on food intake patterns in the United States. Data are available for a wide 

variety of fruit and vegetable products and are intended to be representative of the U.S. 

population. However, it should be noted that the data collected by USDA NFCS are based on 

short-term dietary recall and may not accurately reflect long-term intake patterns. This is 
\ 

particularly true for the tails of the distribution of intake. 

2-121 



Table 2-81. Summuy of Fruit and Vegetable Intake Studies 

Survey Population UllCd in 
Study Calculating Intake Types of Data Used Units Food Items 

Pao et al., 1982 Consumers only data 1977n8NFCS g/day; IS COD.SUIDeCi Intake rates for only a limited 
provided; per capita intake 3-day individual intab data umber of products; in.tab rates for 
calculated using fraction of total fruits and vegetables not 
individuals using the food calculated 

EPA'sDRES Per capita (i.e., consumers 1977n8NFCS g/kg-day; u consmned Intake for a wide variety of fruits 
and DODCODBUJJJel'B) 3-day individual in.tab data and vegetables presented; complex 

food groups wem disaggregated 

USDA, 1980; 1992 Per capita and consumer 1911n8 anc1 1987/88 NFCS g/day; as consumed Total fruits and total vegetables 
only 1-day individual intake data 

EPA Analysis of Consumers only; per capita 
.. 

1987/88 NFCS data; g/kg-day; as consumed Major food groups; individual food 
1987 /88 USDA Data data can be calculated Based on amount of food items; exposed and protected fruits 

tJ consumed by a household and vegetables; USDA food I -tJ over a 7-ilay period; categories tJ 
individual intake rates based 
on the estimated proportion 
of household food eaten by 
family members. 

U.S. EP.AiORP, Per capita 1977n8NFCS g/day; 88 consumed Exposed, protected, and leafy 
1984d; 1984e Individual intake data produce 

U.S. EPA/OST, 1989 Estimated lifetime dietary Based on FDA Total Diet g/day; dry weight Various food groups; complex 
intake Study Food List which used foods disaggregated 

1977n8 NFCS data, and 
NHANES 11 data 

I ~ 0 
C.anadian Department Consumers only? 1970-72 survey based on 24- g/day; 88 consumed? Fruit and fruit products, vegetables : ~ 
of National Health and hour dietary recall not including potatoes and nuts and 

0 
~ 0 

Welfue, n.d. legumes H .0 ~ 
~ c:: l::J 

0 1-3 

tJ 
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2.4. CONSUMPI'ION OF MEAT, POULTRY, AND DAIRY PRODUCTS 

Consumption of meat, poultry, and dairy products is a potential ~th way of exposure to 

toxic chemicals. These food sources can become contaminated if animals consume contaminated 

soil, water, or feed crops. 

2.4.1. Intake Studies 

2.4.1.1. U.S. Department of Agriculture Nationwide Food Consumption Survey 

USDA conducts the NFCS approximately every 10 years. The three most recent NFCSs 

were conducted in 1965-66, 1977-78, and 1987-88. The purpose of these surveys was to 

"analyze the food consumption behavior and dietary status of Americans" (USDA, 1992). The 

survey uses a statistical sampling technique designed to ensure that all seasons, geographic 

regions of the U.S., and demograplhic and socioeconomic groups are represented. There are two 

components of the NFCS. The household component collects information over a 7-day period 

on the socioeconomic and demographic characteristics of households, and the types, value, and 

sources of foods consumed. The individual component collects information on food intakes of 

individuals within each household over a 3-day period (USDA, 1993). 

The same basic survey design was used for the three most recent NFCSs, but the sample 

sizes and statistical classifications used were somewhat different (USDA, 1992). In 1965-66, 

10,000 households were surveyed (USDA, 1972). The sample size increased to 15,000 

households (over 36,000 individuals) in 1977-78, but decreased to 4,500 households in 1987-88 

because of budgetary constraints and a low response rate (37 percent). Data from the 1977-78 

NFCS are presented in this Handbook because the data have been published by USDA in various 

publications and reanalyzed by various EPA offices according to the food items/groups 

commonly used to assess exposure. Published one-day data from the 1987-88 NFCS and the 

results of a recently conducted EPA analysis of the 1987-88 data are also presented. 

Individual daily intake rates and average user and per capita intake rates calculated from 

NFCS data are based on averages of reported intakes over either one day or three consecutive 

days. Such short-term data are suitable for estimating average daily per capita intake rates 

representative of both short-term and long-term consumption. However, upper percentile 

individual intakes reported either as user intakes or per capita intakes are likely to be higher than 
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the true long-term upper percentile daily average intakes because the results of short-term 

surveys arc generally more variable than the results of long-term surveys. The individual upper 

percentile intakes rates represent intakes by users of the products over .the three-day survey 

period. Long-term estimates require that the average intake over three days is the same as the 

average intake over 365 days for each individual, that is, the product is consumed every day of 

the year, resulting in the long-term overestimate. 

2.4.1.2. Key Intake Studies Based on the USDA NFCS 

Pao et al. (1982) - Foods Commonly &ten by Individuals - Using data gathered in the 

1977-78 USDA NFCS, Pao et al. (1982) calculated percentiles for the average quantities of 

meat, poultry, and dairy products consumed by members of the U.S. population over a 3-day 

period. The calculations made by Pao et al. (1982) were based only on individuals who reported 

consuming meat, poultry, and dairy products (i.e., consumer's only) during the survey period. 

The data were collected during NFCS home interviews of 37,874 respondents, who were asked 

to recall food intake for the day preceding the interview, and record food intake the day of the 

interview and the day after the interview. 

The intake rates are presented for individuals using food at least once in 3-days (survey 

period) on an as consumed (g/day) basis. Mean intake rates for consumers, standard deviations, 

intake rates for consumers at various percentiles, maximum amounts consumed, percentages of 

individuals using the food in the 3-day study, quantities consumed per eating occasion, and per 

capita estimates presented in Tables 2-82. Per capita intake rates were estimated by multiplying 

the average intake rate for consumers by the fraction of individuals using the food over the 3-day 

survey period. 

Although Pao et al. (1982) reported distributions of intake rates for total meat (i.e., beef, 

pork, lamb, and veal) individual meat and poultry items and dairy products, these tabulated data 

cannot be used to derive a distribution of intake rates for total meat, poultry, and dairy products. 

Obtaining a frequency distribution for all meat, poultry, and dairy products by summing the 

distributions for these individual food items is not appropriate because a person whose intake 

rate for meat falls in the 90th percentile may not have a 90th percentile intake rate of poultry 

or dairy products. Summing ingestion rates would also imply that all individuals consume all 
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Table 2-82. Quantity c•u consumed•) of Meat, Poultry, and Dairy Products Consumed and the Percentage of Individuls Using These Foods in 3 Days 

Consumers-only 
Three-Day Averages at Specified Percentiles (g/day)1 

Food category s 2S so 1S 90 9S 99 Maximum Consumers-only Quantity consumed per % Per capita three-
consumed Thtee-day Average eating occasion Indiv. day average 
in any one quantity consumed (g) using quantity 
day (g/day) (g/day) food in consumed 

Average Standard Average Standard 
3 days (g/dayf 

Deviation Deviation 

Meat& 11 37 69 112 168 211 317 1,792 85 67 107 85 84.6 72 

~f 19 37 S1 95 149 187 283 1,792 75 S9 133 85 67.3 S0.5 

Polk s 11 28 S4 84 111 178 1,128 39 39 69 69 49.9 19.S 

Lamb 1S 36 46 73 93 112 149 864 S4 33 146 84 1.5 0.81 

Veal 1S 28 38 S9 90 9S 144 448 49 27 130 71 2.3 l.13 

Poultry 17 32 46 73 109 132 191 1,282 S1 39 128 77 42.8 24.4 

tJ 
I 

Chicken 17 32 4S 70 102 129 185 1,282 S6 36 131 76 38.7 21.7 -tJ Turkey 9 19 37 S1 85 113 161 968 45 35 lOS 73 S.8 2.61 VI 

nm Products 

Egp lS 21 40 61 92 109 165 728 47 33 82 44 54.3 2S.S 

Butter 2 2 s 9 19 26 47 341 8 10 12 13 31.4 2.S 

Margarine 2 3 s 10 19 28 47 227 9 10 11 11 43.l 3.9 

Mut:b 31 122 248 470 692 833 1,221 4,410 328 270 203 134 82.5 271 

Chceae0 5 9 19 28 46 S1 95 700 22 19 41 28 40 8.8 

I • Meat - beef, pork, lamb, and veal. tJ 
b 

0 
Milk - fluid milk, milk beverages, and milk-based infant fonnulu. 1~ c Cheese - natural and processed chceac. ·o 

cl Per-capita int.kea were calculated by muhiplying the average quantity consumed for consumers-only by the fraction of individuals using the food-item in 3 days. 0 1-) ~ H.o 
~ 

Source: Pao et al., 1982. I t:r.1 c:: ~ 0 1-3 
1-'J 
tl:J 

0 
::;i:J 
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of the meat, poultry, and dairy products listed in Table 2-82. Consequently, tliese data for 

individual food items should only be used in exposure assessments where the consumption of 

these individual food items is of interest. 

The advantages of using these data are that they were derived from the USDA NFCS and 

are representative of the U.S. population. This data set provides distributions for a number of 

commonly eaten meat, poultry, and dairy products, but the list of foods is limited and does not 

account for meat, poultry, and dairy products included in complex food dishes. Also, these data 

are based on short-term dietary recall and may not accurately reflect long-term consumption 

patterns. 

11ze U.S. EPA 's Dietary Risk Evaluation System (DRES) - USEPA, Office of Pesticide 

Programs -The U.S. EPA, Office of Pesticide Programs (OPP) uses the Dietary Risk Evaluation 

System (formerly the Tolerance Assessment System) to assess the dietary risk of pesticide use 

as part of the pesticide registration process. OPP sets tolerances for specific pesticides on raw 

agricultural commodities based on estimates of dietary risk. These estimates are calculated using 

pesticide residue data for the food item of concern and relevant consumption data. Intake rates 

are based primarily on the USDA 1977-1978 NFCS although intake rates for some food items 

are based on estimations from production volumes or other data (i.e., some items were assigned 

an arbitrary value of O.OOOOOlg (kg/day) (Kariya, 1992). OPP has calculated per capita intake 

rates of various items of meat, poultry, and dairy products for 22 subgroups (age, regional, and 

seasonal) of the population by determining the composition of NFCS food items mid 

disaggregating complex food dishes into their component raw agricultural commodities (RACs) 

(White et al. 1983). 

The DRES per capita, as consumed intake rates for all age/sex/demographic groups 

combined are presented in Table 2-83. These data are based on both consumers and non 

consumers of these food items. Data for specific subgroups of the population are not presented 

in this section, but are available through OPP via direct request. The data in Table 2-83 may 

be useful for estimating the risks of exposure associated with the consumption of the various 

meat, poultry, and dairy products presented. It should be noted that these data are indexed to 

the actual body weights of the survey respondents and are expressed in units of grams of food 

consumed per kg bodyweight per day. Consequently, use of these data in calculating potential 
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Mean Per Capita Intake Rates for Meat, Poultry, and Dairy Products ,.., CI TE 
Based on All Sex/A,e/Demographic Subgroups -

Average Consumption 
Raw Agricultural Commodity& (Grams/kg Body Weight/Day) Standard Error 

Milk-Non-Fat Solids 0.9033354 0.0134468 

Milk-Non-Fat Solids ... Foodadd. 0.9033354 0.0134468 
' 

Milk-Fat Solids 0.4297199 0.0060264 

Milk-Fat Solids .. *Foodadd. 0.4297199 0.0060264 

Milk Sugar (Lactose) 0.0374270 0.0033996 

Beef-Meat Byproducts 0.0176621 0.0005652 

Beef (Organ Meats) - Other 0.0060345 0.0007012 

Beef-Dried 0.0025325 0.0004123 

Beef (Boneless) - Fat (Beef Tallow) 0.3120155 0.0048605 

Beef (Organ Meats) - Kidney 0.0004798 0.0003059 

Beef (Organ Meats) - Liver 0.0206980 0.0014002 

Beef (Boneless) - Lean (w/o Removeable Fat) 1.1619987 0.0159453 

Goat-Meat Byproducts 0.0000000 • 
Goat (~gan Meats) - Other 0.0000000 • 
Goat (Boneless) - Fat 0.0000397 0.0000238 

Goat (Organ Meats) - Kidney 0.0000000 • 
Goat (Organ Meats) - Liver 0.0000000 • 
Goat (Boneless) - Lean (w/o Removeable Fat) 0.0001891 0.0001139 

Horse 0.0000000 • 
Rabbit 0.0014207 0.00003544 

Sheep - Meat Byproducts 0.0000501 0.0000381 

Sheep (Organ Meats) - Other 0.0000109 0.0000197 

Sheep (Boneless) - Fat 0.0042966 0.0005956 

Sheep (Organ Meats) - Kidney 0.0000090 0.0000079 

Sheep (Organ Meats) - Liver 0.0000000 • 
Sheep (Boneless) - Lean (w/o Removeable Fat) 0.0124842 0.0015077 

Pork - Meat Byproducts 0.0250192 0.0022720 

Pork (Organ Meats) - Other 0.0038496 0.0003233 

Pork (Boneless) - Fat (Inclwfina Lard) 0.2082022 0.0032032 

Pork (Organ Meats) - Kidney 0.0000168 0.0000106 

Pork (Organ Meats) - Liver 0.0048194 0.0004288 
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Table 2-83. Mean Per Capita Intab Rates for Meat, Poultry, and Dairy Products l CI TE 
Based on All Sex/ Age/Demographic Subgroups (continued) 

Raw Agricultural Commodity& 

Pode (Boneless) - Lean (w/o Removeable Fat) 

Meat, Game 

Turk.ey - Byproducts 

Turk.ey- Giblcta (Liver) 

Turk.ey - Flesh (w/o Skin, w/o Bones) 

Turk.ey - Flesh ( + Skin, w/o Bones) 

Turkey - Unspecified 

Poultry, Other - Byproducts 

Poultry, Other - Giblets (Liver) 

Poultry, Other - Flesh ( + Skin, w/o Bones) 

Baaa-Whole 

Eaga - White Only 

Bua - Yolk Only 

Chicken- Byproducts 

Chicken - Giblets (Liver) 

Chicken - Flesh (w/o Skin, w/o Bones) 

Chicken - Flesh ( + Skin, w/o Bones) 

• Consumed in any raw or preparcd form. 

Source: DRES d1tabue. 

Average Consumption 
(Grams/kg Body Weight/Day) 

0.3912467 

0.0063507 

0.0002358 

0.0000537 

0.0078728 

0.0481655 

0.0000954 

0.0000000 

0.0002321 

0.0053882 

0.5645020 

0.0092044 

0.0066323 

0.0000000 

0.0050626 

0.0601361 

0.3793205 
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Standard Error 

0.0060683 

0.0010935 

0.0000339 

0.0000370 

0.0007933 

0.0026028 

0.0000552 

• 
0.0001440 

0.0007590 

0.0076651 

0.0004441 

0.0004295 

• 
0.0005727 

0.0021616 

0.0104779 
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dose does not require the body weight factor in the denominator of the average daily dose 

(ADD) equation. It should also be noted that conversion of these intake rates into units of g/day 

by multiplying by a single average body weight is not appropriate because the DRES data base 

did not rely on a single body weight for all individuals. Instead, DRES used the body weights 

reported by each individual surveyed to estimate consumption in units of g/kg-day. 

The advantages of using these data are that complex food dishes have been disaggregated 

to provide intake rates for variety of meat, poultry, and dairy products. These data are also 

based on the individual body wei,ghts of the respondents. Therefore, the use of these data in 

calculating exposure to toxic chemicals may provide more representative estimates of potential 

dose per unit body weight. However, because the data are based on NFCS short-term dietary 

recall the same limitations discussed previously for other NFCS data sets also apply here. 

Food and Nutrient Intakes of Individuals in One Day in the U.S., USDA. (1992) - USDA 

(1992) calculated mean per capita intake rates for total meat, total poultry, and dairy products 

using NFCS data from 1987-88 (USDA, 1992). The mean intake rates for these food items are 

presented in Tables 2-84 and 2-85 grouped by age and sex. These values are based on intake 

data for one day for consumers and non-consumers from the 1987-88 USDA Nationwide Food 

Consumption Survey. Males 12 yeJlrS and above had the highest total meat, poultry, and fish 

consumption rate, 252 g/day (Table 2-84). Males between the ages of 6-11 years had the largest 

consumption rate of total milk, 439 g/day (Table 2-85). Males 20 yeJlrs and above h8d the 

highest consumption rates of cheese and eggs, 17 and 27 g/day, respectively (Table 2-85). 

The advantages of using these data arc that they provide intake estimates for all meat, 

poultry, and dairy products. The consumption estimates are based on short-term dietary data 

which may not reflect long-term consumption. 

U.S. EPA. Analysis of 1987188 USDA. NFCS DaJa - EPA analp.ed data from the 1987-88 

USDA NFCS to generate distributions of intake rates for various meat and dairy products. The 

meat and dairy products selected for analysis included total meats, total dairy, beef, game, polt'k, 

poultry, and eggs. Food items/groups were identified in the NFCS data base according to 

NFCS-defined food codes. Appendix 2-A presents the codes used to determine the various food 

groups. Intake rates for these food products represent intake of all forms of the product (i.e., 

homeproduced and commercially produced). The USDA data were adjusted by applying the 
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Tablc2-84. Mean Meat Intakcl per Individual in a Day --

by Sex and Aae (a/day)' 

Total Meat, Lamb, Total Cbickm Meat 
Poultry and Beef Porlc Veal, Poultry Only Mixlura1' 

Fuh Game 

Mab and Fcmalcl 

Sand Under 92 10 9 <0.S 14 12 39 

Malcl 

6-11 156 22 14 <0.S 27 24 74 

12-19 252 38 17 1 27 20 142 

20andov~ 250 44 19 2 31 25 108 

Fcmalca 

6-11 151 26 9 1 20 17 74 

12-19 169 31 10 <0.S 17 13 80 

20 and OVct' 170 29 12 1 24 18 73 

All individuala 193 32 14 1 26 20 86 

• Bued on USDA Nationwide Food Comumption Survey (1987 to 1988) data for one day • 

.. Includes mixtures containina meat, poultry, or fish u a main inare<ficnt. 

SoW'CC: USDA, 1992. 
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Table 2-85. Mean Dairy Product Intakca per Individual 

in a Day, by Sex and Age (JJ/da.y'f 

Total Whole Lowfat/Skim 
Milk Mille Mille Chccac 

Malca and Fcmalca 

Sand under 347 177 129 7 11 

Ma1ca 

6-11 439 224 159 10 17 

12-19 392 183 168 12 17 

20 and over 202 88 94 17 27 

Fcmalca 

6-11 310 135 135 9 14 

12-19 260 124 114 12 18 

20 and over 148 SS 81 15 17 

All individuals 224 99 102 14 20 

• Baled on USDA Nationwide Food Consumption Survey (1987 to 1988) data for one day . 

Source: USDA, 1992. 
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sample weights calculated by USDA to the data set prior to analysis. These weights were 

designed to •adjust for survey nonresponse and other vagaries of the sample selection process• 

(USDA, 1987/88). Intake rates were indexed to the body weight of the survey respondent and 

reported in units of g/kg-day. The food analysis was accomplished using the SAS statistical 

programming system (SAS, 1990). 

Distributions of intake rates were determined by apportioning the amount of food used 

by a household among family members based on average serving sizes for specified age groups 

of the population and the number of weekly meals consumed by each family member. A 

detailed description of the methodology used to generate distributions of homegrown intake is 

presented in Section 2. 7 (Intake Rates for Various Homeproduced Food Items) of this Handbook. 

The same method was used to determine the intake rates of all forms of meat (i.e., 

homeproduced and commercially prepared) and dairy products presented in this section 

Intake rates for various subcategories of the population within census regions are 

presented in Tables 2-86 through 2-90 for total meat and Tables 2-91 through 2-95 for total 

dairy. Tables 2-96 through 2-100 present intake rates for beef, game, pork, poultry, and eggs. 

These distributions represent intake rates for consumers of the food item/group of interest. 

These data represent one-week average intake rates for family members from those surveyed 

households who reported eating the food item/group of interest during the survey period. The 

total number of individuals in the data set (i.e., both individuals who ate the food item and ~ose 

who did not eat the food item during the survey period) are presented in Table 2-185 in Section 

2. 7.2. These total number of individuals surveyed may be used with the consumer only data 

presented here to calculate per capita intake rates for the survey population as shown in Section 

2.7.2. 

The advantages of these data are that they provide distributions for the various food 

items/groups. Also, the NFCS was designed to be representative of the U.S. population. 

However, these data are b~ on short-term dietary recall and may not accurately reflect long

term intake patterns. Additional advantages and limitations of this analysis are outlined in 

Section 2. 7 .4 of this Handbook. 
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Toll! 184337000 9685 4.691!-+-00 

""° <01 2805000 m 2.77l!+ol 
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~ 

Table 2-86. Intake of Total Meatl {a/ki-day)- All Rcgiona Combined 

SE PO Pl PS PIO P1S 

4.291!-44 0.001!-+00 2.05£..01 6.741!-0I 1.031!-+-00 1.131!-+-00 

1.341!-02 O.OOE-+11G 6.22£.01 4.07E-+-OO 7.411!-+-00 1.241!+-01 
3.91J!.03 6.llJ!.01 1.28B-+11G 2.76E-+-OO 3.80B-+-OO 6.08!!-+00 
2.21J!.03 O.OOB+OO 6.12J!.Ol 2.08!!-+00 3.3$11-+-00 S.09B-+OO 
1.ISE-03 0.001!-+00 4.S5&GI 1.3$11-+00 2.031!-+-00 3.271!+-00 
6.3IE-04 0.001!+00 9.26B.o2 l.20J!.01 1.191!-+00 1.971!-+00 
3.761!-04 O.OOB+OO U7B-Ol S.571!-01 1.241!-01 1.471!+-00 
4.1Vll-04 O.OOB+oo UIJ!.01 6.4SE-OI l.OOE-+-00 l.72B+-OO 
6.191!-44 0.001!+00 2.17B-Ol S.761!-0I U3J!.01 1.601!-+00 

9.731!-04 O.OOB+oo 1.6'7B-Ol 6.161!-0I 9.52J!.Ol 1.74B-+OO 
8.57B-04 O.OOB+oo 1.921!-0l 6.50£.01 1.03B+oo 1.79B+oo 
1.291!-04 O.OOE+oo l.741!.o2 6.741!-0I 1.IOl!+oo 2.00l!+oo 
7.591!-04 O.OOB+oo 2.47B-Ol 6.96£.01 1.04B+oo 1.171!+00 

1.C4&43 0.001!~ 1.vE-Gl oi.141!-GI 9.IUl!-GI J.75E+W 
7.~ O.OOB+oo 2.6'1!-01 l.2QE.OI 1.19B-+1IO 2.08l!+oo 
4.941!-04 0.001!+00 2.0SJ!.Ol 6.161!-0I l.02E+oo 1.77E+oo 

7.&9J!.03 l.048.o2 8.041!.o2 1.601!-0I 2.llB-IQI 2.18l!+oo 
l.72J!.03 O.OOB-IQI O.OOB+OO 1.931!-0I l.43B-+1IO 2.591!-IQI 
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3JIJ!.04 O.OOE+oo 2.19Jl.Ol 6.63J!.Ol 9.96&41 1.73E+oo 

1.4711-0J O.OOB+oo 2.46Jl.Ol 7.96Jl.Ol 1.IOB+oo 2.0IB+oo 
l.518-t3 0.00!!+00 l.6IJl.Ol 7.711!-0l 1.38B+oo 2.28B+oo 

P50 P7S P90 P95 

3.lll!-+-00 S.481!-+00 9.301!-+-00 1.321!+-01 

2.311!+-01 3.261!-+-0I $.131!+-0I 7.551!+-0I 
9.711!-+-00 1.'61!+-01 2.12B+ol 2.761!-+tl 
7.901!-+00 1.161!+-01 1.571!+-0I 1.97B+ol 
S.431!+-00 8.431!+-00 1.28Eitl 1.511!-+tl 
3.321!-+00 S.IBB-+00 7.56E-+OO 1.991!-+00 
2.'81!-+00 4.20B+oo 6.661!-+00 1.541!-+00 
2.911!-+00 4.S7B+oo 6.90B-+OO 9.361!-+00 
2.771!+oo UIB+oo UIB+oo 8.l!IB+OO 

3.07B+oo S.41B+oo 9.6$11+00 l.38B+ol 
3.12B+oo S.321!+oo 9.04B-+OO 1J2B+ol 
3.41E+oo 6.07B-+OO 9.B!IB-+00 U4B+ol 
3.24l!+oo S.3$11+oo 1.741!-+00 1.llB-+tl 
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02B-IQI 7.03B+oo 1.06l!+ol 2.30E+ol 
3.941!-IQI l.ISl!+oo 1.22B+ol 1.40B+ol 
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<l69B+oo U6B+oo IJ9B+ol U61!+ol 
JJ6B-IOO J.681!+oo um-+00 UIB+oo 
4.07E+oo 9.61E+oo l.40Bitl 2.91B+ol 
2.90B+oo 4.94B+oo l.261!+oo l.IOB+ol 

3.38B+oo 6.16l!+oo , .. +oo U7B+ol 
2.71E+oo 4J9E+oo 7.14B+oo l.021!+ol 

m 
1."lft-+tl 

1.23Eitl 
-4.10£-+tl 
3J61Htl 
2.dOl!+tl 
IJ2l!+tl 
l.l9B+tl 
l.77!+tl 
1.4-CB+fl 

3.261!-IOI 
3.49E+ol 
2.16l!+ol 
2.ISE-IOI 

06B+ol 
l.7Jl!+ol 
2.31E+ot 

3.49E+ol 
2.91B+fl 
6.llB-ttO 
l.2Jl!tf2 
2.31B+ol 

l.99B+ol 
1.0911-+tl 

?ICIO 

ll31E+o2 

l.23Eitl 
.C.691+tl 
3.7Jl!+tl 
2MB+tl 
,.061!ttl 
J.o191!-+tl 
Ullttl 
Ull!+tl 

l.231!tf2 
,,06l!+ol 
'-13B+ol 
U61!+ol 

1.231!tf2 
.C.69Eitl 
5.06l!+ol 

3.'491!-ltl 
06B+ol 
Ulll+oo 
l.231!+o2 
'.IJl!+ol 

"3B+ol 
l.09l!+ol 

~ 
0 

f ~ 
oH~ 
~~l:r:j 
ts:lol-3 
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t:J 
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Population N N 

~ qtd unwatd Mean 

Tolll 45641000 2SS6 4.78E-+<JO 

Age 
<01 812000 44 2.791!+01 
01-02 17Sl000 IOI 1.231!-+ill 

OJ.OS 2230000 131 9.SOE+oo 
06-11 422SOOO 2S9 6.S2B+oo 
12-19 S471000 308 3.m+oo 
20-39 IS223000 807 3.3Sl!-+<JO 
40-69 127S8000 730 3.41B+oo 
10+ 3171000 176 3.ISl!+oo 

Seasons 
Fall 14210000 491 4.S7B+oo 
Spilw 10S68000 1017 4.89l!+oo 
Summer 9922000 330 S.48E+oo 
Winter 10947000 711 4.33E+oo 

t1Ibonizalion 
CentnlCily 11041000 671 S.621!+oo 
NCllimetrapolilln 14073000 1038 4.1'B+oo 
Sudlalblll 14m000 147 4.38E+oo 

Race 
Aliln &49000 37 l.lll!+ol 
lllld; 27ISOOO 12S l.031!+ol 
N.iift Amaioln 116000 ' 3.m+oo 
OdlalNA 923000 3' S.ISl!+oo 
While 40974000 2352 4.2.Cl!+oo 

lt.apomellll~ 
Do ,.,.anill rimll 367IOCIO w 4.71B+oo 

N Do,.,.alllln? 2681000 173 S.13B+oo 
I ...... 
w 
Ut 

Table 2-88. Intake ofToeal Mcall (g/kg-day)- Midwell Region 

SE PO Pl PS PIO ru 

8.69J!.04 O.OOE-+<JO 2.41&01 7.ISJ!.01 1.02E-+<JO l.!IOl!-+<JO 

2.S2£.02 7.96£.01 7.96&01 4.071!-+<JO 6.681!-+<JO 1.241!+01 
4.81&03 l.3SE+oo l.3SE+oo 3.37E+oo 4.69E+oo 7.31E+oo 
4.00E-03 1.06E-+<JO l.06E+oo l.60l!+oo 2.90E-+<JO S.sJB+oo 
2.24&03 3.~I 7.20&01 l.28E+oo IJl91!+00 3.3211+oo 
1.13E-03 O.OOE+OO O.OOl!+oo 6.10&01 11.9211-0I l.94ll+oo 
7.20!!-04 O.OOB+oo 119&41 S.95&01 UIE-01 l.SOl!+oo 
6.40J!.04 0.001!+00 1.161!.41 6.88J!.OI l.IMl!+oo l.18E+OO 
1.66£.43 1.94&41 2.S6&01 S.761!.41 7.49&41 l.40E+oo 

l.saJ!.43 O.OOl!+oo 1.16&01 7.ISJ!.41 9.80&41 l.'lOl!+oo 
114£.-03 O.OOE+oo 2.8811-0I 6.968-01 1.02E+oo l.13l!+oo 
1.99&43 O.OOE+oo 8.04&42 7.43£.01 l.DB+oo 2.271!+00 
1.161!-03 1.2.SJ!..OI 2.112&41 6.10&41 1.031!+00 l.9411+oo 

1.96&03 0.001!-+<JO l.74£.4'Z S.llSE-01 11.61£.ol l.llO.BiOO 
l.OOJ!.43 O.OOl!+oo 3.00£.01 7.9411-0l 1.041!+00 UOl!iGO 
1.08&03 O.OOl!+oo 2.76E41 l.7SJ!.41 1.191!+oo 2.0lB+oo 

2.001!-02 8.041!-02 8.CMJ!.01 7.20£.01 1.941!+00 3.69B+oo 
6.62&43 O.OOl!+oo O.OOE+oo l.60B+oo 2.42E+oo 3.s411+oo 
S.14£.03 l.'41!+oo l.s4ll+oo l.54R+oo l.SCl!+oo 2.36ll+oo 
4.521!-03 3.ISJ!.01 3.ISJ!.41 1.2611+00 l.77B+oo 2.77E+oo 
6.86J!.44 O.OOl!+oo 2.S6&01 7.02Jl.01 9.92&01 l.791!+oo 

USl!-03 182&41 3.7'8-tl 7.96&01 l.21B+oo 2.13l!+oo 
USB-03 3.7SJ!.OI 4.41&41 7.1'8-tl l.3Sl!+oo Ullt+oo 

PSO P7S P90 P9S 

3.27E+oo S.sJE+oo 9"6E+oo l.36ll+ol 

2.32E+ol 3.71Ei01 4.!lllE+ol 8.6Sl!+ol 
l.llE+ol l.10e+ol 2.llB+ol 2.30E+ol 
l.IOl!+oo l.22E+ol l.71B+ol 2.04B+ol 
s.m+oo l.IOE+oo 1.2.llE+ol l.74B+ol 
3.2!1Eitll S.411E+oo 7.s6E+oo l.44B+oo 
2.64E+oo 4.32E+oo UOBiGO 1.371!+oo 
J.OOE+oo 4.31B+oo U4Eitll 7.64E+oo 
2.371!-ttll "48-+00 USl!+oo l.AE+oo 

2.991!+oo S.3Sl!+oo 9.13£-tGO l.3Sl!i01 
3.341!-tGO S.s4E+oo 9.23B+oo l.40B+ol 
1641!-ttO 6.29E+oo l.17B+ol 1.631!-+0I 
3-"B+OO s.sm+oo l.S3EiGO l.20l!+ol 

).4Cf£of00 6.SIEiOO l.22l!+ol l.m!-+Ol 
3.lm+oo S.21EiGO 1.3111!-+00 l.IUl+ol 
3.ISl!+oo S.llE+oo 9.371!-+00 l.271!+ol 

7.21Ei00 l.22E+ol 1.llB+ol 1911-+0I 
6.32E+oo l.llE+ol 2.28B+ol 4.12Ei01 
"61!+oo S.71Et00 S.71Bi00 S.71B+oo 
U7B+oo 9.09E+oo l.241!+ol 1.411£-+0I 
3.IOKtOO S.llE+oo ll.461!+oo UIB+ol 

1991t+oo 4i.sJE+oo 9.60ll+oo l.2'1!+ol 
4.0IB+oo 6.71E+oo l.Ollll+ol l.JllE+ol 

P99 

2.SCl!+ol 

9.201!+01 
3.0SE+ol 
3.041!+ol 
l.92E+ol 
1.17B+ol 
l.40B+ol 
1.21E+ol 
l.22E+OI 

2.54R+OI 
2.76E+ol 
2.141!-+0I 
l.9Sl!+ol 

4.12B+ol 
1.791!-+0I 
l.9Sl!i01 

l.6Sl!+ol 
4.9111!-+0I 
S.71B+oo 
l.SOK+ol 
2.00l!+ol 

l.7111!+ol 
1.13lti01 

PIOO 

1.361!-+02 

l.36E+o2 
3.0SE+OI 
3.041!-+ill 
3.49B+ol 
2.98B+ol 
2.36l!+ol 
1.311!+01 
4.091!+ol 

USl!iill 
1.3611-+02 
4.9111+01 
3301!+01 

U6lli1il 
4.091!-+ill 
S.07B+ol 

9.20B+ol 
4.911+01 
S.7111!+oo 
l.SOB+ol 
1.3611-+02 

2.2Sl!+ol 
2.2Sll+ol 

t;j 
0 

!ill 
0 
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Population N N 

!:l!:2!!I! !!.Bl!:! unWlld Man 

Tallll 34778000 1190 4.3511+()0 

Age 
<01 S68000 32 2SIJHOI 
01-02 1065000 ,. l.Olll+tl 
03-05 1789000 !IS U2B-+OO 
06-11 3S60000 200 S.191!-+00 
12·19 3780000 191 131R-+OO 
20-39 10898000 "5 194&+00 
4M9 10095000 5311 3.54E+oo 
70+ lOZ3000 IJ9 2.IU!+tO 

Seasons 
Fill 10'81000 362 4.741!f00 
~ 7ll3IOOO 666 J.9Gl+08 
Summa 7485000 m USl!ito 
W"inter 11874000 51!9 llU!+IO 

Uitanizatim 
CadrllCily 11471100 .. llllll+oll 

. Nglllldrapalilaa S931000 373 "'8-+GO 
SUlbudic 173'MOOO "' 4.34Bito 

~ 

A.ion '77000 n S.OU!+IO 
llllCt 169'1llOO IS UJl!ftO 
NIIMI .Amaicln ID3000 71 6.0SB+IO 
Olber/NA 1166000 '° 4.lllBttO 
.Whitie 30205000 1S41 4.lllliOO 

Rapome to Qualionnoire 
Doyualllile rinlll 2$74000 1'2 ...... 

N 
I 

Doyaa6ma? I~ " ........ -UJ 
-i 

Table 2-90. Intatc of Total Meata (g/kg-day) - Welt Region 

SE PO Pl PS PIO P15 

9.l51!-04 O.OOE-tGO 2.14£.41 5.441!-0l 9.121!-0l 1.621!+()0 

2.471!.42 3.0IBtOO 3.011!+()0 3.971!+()0 4.151!+00 1.161!-+0l 
7.1464) 6.11&01 6.llE.Ql 1.281!+()0 2.161!+00 4.231!-+00 
6.19&4) 6.12&41 6.12&01 2.0lB+<lO 3.751!+00 4.94E-+OO 
2.ClSGJ 2.191!41 2.74E-OI 1.281!+()0 l.IOl!+OO 2.931!-+00 
l.la&G 2.26J!.Ol 3.0lE-01 6.79E.Ql l.llR-!00 l.71B-+OO 
9.Gl&e4 l.OOl!+oll 4$4&02 4.3911.41 6.3211-0l 1.231!+00 

. 1.431!-GJ 9.7'BG 2.151!-0l S.57E-Ol 9.0011.41 1.581!-+00 

. l.16EG3 1.6411.el 2.17&41 4.5911.41 6.731!-0I l.32R-+OO 

2.om.413 t.llOE+oo 4$4&02 5.71&41 9.2411-01 l.'6l!+oo 
l.41&41J l.llllB+oo 2JIE41 5.1111.41 9.5911.41 1.648-+00 
2.31£.1) 191&01 3.591!-0I 41.3211.41 l.llSl!+oo l.79B+oo 
IMB4J 1.211£.411 l.90E-01 4.9111.41 7.37E41 l.47B+oo 

l.m!-Cl3 04&G2 lMB-01 4.16Gl 6.948-01 1.461!+()0 
114EG 1-'CStl 2.148-01 9.1311-0l l.23B+oo l.90B+oo 
1.34&48 UIEtGO 2.2Jl!.Ol 5.Dll-01 9.40tl-01 1.638+00 

J.IJl!.e 7.fJ&el 7.93Mll '2.161!-tOO 2.1611-IOO 2.791!+()0 
7.119&«3 UE400 O.IOl!+OO 7.10£.41 1.0611+()0 l.94B+oo ,..., 2.lz.el 2.IS&OI l.IU!+tO l.67B-ttel 2.74B+oo 
12Jll.I) ta+oO 191&01 4.QSB.01 l.llB+oo 2.12B-+OO , ...... ..... 2.14Jl.Ol 5.331!-0I 1.37&41 l.56E+oo 

"1Jl.IJ 5.tlUI 6.2511.41 9.34&41 l.IOB-+00 U4B+oo 
ume Dl&OI 7.4l&OI l.13Bi00 U3Bi00 2.llB+oo 

P30 P75 P90 P95 

2.931!-tGO 4.95Rt00 8.43Et00 1.271!-tOl 

2.30E+ol 3.39B+ol 5.421!-+01 6.09B+ol 
9.111!-+00 l.41R+ol 2.Ml!+ol 2.31R+ol 
7.SlR-+00 l.llR-+01 USl!+ol U9l!+ol 
4.'lm-+00 7.271!+GO UlR+oo l.44B+ol 
U7B-+OO 4.23R+oo 5.131!+oo l.ldl!+OO 
2.161!+oo 3.74B+oo 5.llB+oo 8.07B+oo 
2.53B-+OO 4.291!-+00 6.31B+oo L77B-ltl 
2.161!+()0 4.02B+oo S.59E+oo 7.lGttO 

2.llB-+00 4.!llR+oo 9.1211+oo 1.551!+111 
2.90B-+OO 4.161!-+00 7.741!-+00 9.19Eito 
3.28B-+OO S.24R+oo 1.6611+oo 1.441!+11 
2.741!+oo .um+oo 7.381t+oo U3ll+OI 

2.61&+00 4.49B+oo l.20B+oo Ulll+tl 
3.49B+OO SME-tGO Ull!+oo Ulll+tl 
2.94B+oo 4.97B+oo IJll!+oo l.27B+tl 

UOB+oo 6.108-tGO U9B+oo l.21Ml 
4.0CB-+00 6.928-+00 1.1311+111 IA7B+tl 
4.148+00 UOl!+oo UOl!+oo U2B+tl 
3.99B-+OO 6.952+00 1.6611+111 l.2211itl 
2.721!+oo 4.6Sat00 l.lllllftO l.2111+tl 

3.33&+00 S.46'B+oo U7B+t0 1.441!+11 
3.13Bi00 ~* l.Tllt+oo l.2Gll+t1 

P99 

2.841!-tOl 

7.19B+ol 
3S/R-+Ol 
S.91B+ol 
2.69B+ol 
t.97B+oG 
Ull!+ol 
l.l4&+01 
9.12B+oo 

3.23&+01 
2.0Sl!+ol 
3.SlB+tl 
l.77B+ll 

UOB+ol 
5.07B+tl 
3.00B+ol 

UIB+tl 
S.961l+tl 
7.DB+tl 
umtt1 
2.77B+ol 

J.m+tl 
l.7711+tl 

>~ 

7.191!+ol 

7.19R+ol 
3.S7E+ol 
S.91R+ol 
3.23B+ol 
l.23B+ol 
3.SlB+ol 
5.9611+ol 
9.12B+oD 

6.09B+ol 
S.llB+ol 
S.91R+ol 
7.8911+ol 

5.96B+ol 
7.ll!lll+ol 
5.91B+ol 

UlB+ol 
5.9G+ol 
7.l!lB+ol 
U21+ol 
6.09!+01 

S.llB+ol 
U2ll+OI 

~ 
0 
~ 

0" o~~ 
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~ N N 
!i!:!!!I! ~ ~ Man ii 

Tobi llSmGGO ~ USE+oo l.~&«J 

J.ac 
<II 2114000 1'6 f.161!+01 "9842 
1142 .5672000 320 1'7E+Gl 1.19E-02 
03-4.S 806@0 "60 2.llE-t1>1 4.61&43 
06-11 16674000 936 J.41E+Ol "9£.43 
12·19 20216000 um l.Ul!+oo IJ!f!.03 
20-39 60711000 302I '.o31!+oo UCE-04 
40-69 "9'5000 3003 .UIE+oo 1J'8-04 
10+ m94000 1IO ,,0~+00 l.OOJl..83 

Seucn 
Fiil "69l3000 "" 9.2JE+eo 2.l2Jl..G3 
Spcirw 4'636000 3920 l.15B+oo ~ 
Summer 44900000 140$ 1.6'8-+00 J.92U3 
W"lllla "'"3000 2116 l.161!+oo l.18E-03 

lhbalizllion 
CenlnlCily ''640000 2192 9.34E+oo 2.llB-43 
NonmellopOlilln 44461000 2911 l.10E+GO l.9IJ!.03 
SudMbln 1'611000 4'!11 1.621!+00 1.44£.03 

~ 
AIM 2349000 110 1.141!+01 l.64&02 
Bid: 21112000 1091 Ull!itO 2.17&43 
NllM.Amerbn IWOOO ,. USE+GO 1.42&02 
CllberiNA 4619000 231 1.261!+01 1.20&02 
Wbilie 1'6061000 1232 9.00l!iOO l.09E41 

Raparlle lo Quelliamlire 
Do JOU m.e rinoll? 1007'900 630 9.40B+oo 4.24&43 
Doyoullmn? 1329000 .OS 9.311!+oo 4-'1J!.03 

---l'J 
I -loll 

00 

Table 2-91. Intab ofToUl DWy (J/i:J-day)- All RcJioCll CombiDcd 

PO Pl PS Pit ru ~ 

o.~till> U4B-OI 1.01&41 1.JSl+GO Ul!+oo UOll+oo 

O.OO!!+oo «7i!+oo IJl!!tOI l~I 3.2JB+ol ,.m+el 
l.2JB+oo l.49B+oo ,,071!+eo l.29Bt01 l.90E-t1>1 3.00E+ol 
O.OOB+oo 2.99B+oo UJl!-t1>0 l.OCl!+oo 1.211!+01 J.19!-t1>1 
0.001!+(1() 652Jl.41 2.74E+oo 1991!tl0 1.381!+eo J.2.cE+GI 
O.OOB+oo O.OOB+GO J.191!+oo U9l!+oo 3.$3!+«1 f.73!+«1 
O.OOE+oo J.6111-GI 1.36&01 J.191!+«1 2.l4B+oo 3.IOE+oo 
O.OOB+oo 1.241!-Gl U4Jl..Gl 9.ISB-81 2.06l!+oo 3.691!f00 
0.001!+-00 3.131!-41 9.33B.ol l.3$E+eo 2.72E+oo U71!+oo 

O.OOE+oo l.291!-41 7.06Jl.GI l.2ll!+oo U11!+GO 4.10E+GO 
O.OOl!+oo 2.J6B.Ol 7.~l J.3$E+oo "3B+GO 4.69E+GO 
O.OOB+GO l.0911-GI 1.19&01 1.4111....0 U6E+oo 4.1~-t«I 

O.OOE+GO 3.32&01 ~· l.«IE+oo 2.IOB+oo $.OIB+oo 

O.OOBiOO 1.241!-41 6.90&01 l.27E+oo UIB+GO Ull!+oo 
O.OOB+oo 2.1911-Gl 1.99&01 l.46B+GO 2.IOB+oo 4.92B+GO 
0.001!-+<IO U4Jl..Gl 1.1$8-01 l.3$E+oo 2.61B+GO 4.191!+00 

'Jlll-02 'JIJl\.02 •J3E-Ol 1.m+oo UlB+GO 4.40B+GO 
0.001!-+<IO o.ooa+oo 4.01&01 7.001!-0I l.661!+oo 3.33B+oo 
1.401!-41 1'2Jl..Gl ,,,J&Ol Ul&Ol 2.20l!+GO J.2SB+oo 

O.OOE-HIO 2.22J!.el l.36l!+oo l.72E+IO 2.61B+oo 4.6$B+IO 
O.OOB-HIO 2.71J!.Ol U'841 1.498-+00 2.1BB+GO ,,OIE+eo 

O.OOB+oo 2.2JJl.OI S.9311-0l l.23B+oo 2.18E+oo '3'7B+IO 
O.OOB-+<IO 2.9'1141 S.62&01 l.12B+GO 3.0G!+oo "21B+oo 

P7S ,,. m 
U2!-tto UOll-111 1'31 ... 1 

I.CB-Ill LDB-+t2 J.191-111 
4.70Bill f.3l!tll IAOl!tll 
UIB+GI 4.12Btll 4.19B+tl 
U5Btll 2.17!+GI 14'1 ... I 
l.09Btll U211+GI 2.0lll+ll 
U31!+GO U91l....O l.291!tll 
Ull!+eo '~ 1.321-111 
U21!-+«I '.32ll+IO 1.241!+tl 

9-'21!+GO l.94R+Gl 3.llB+ol 
9.06R+eo l.16H+tl 2.71ll+GI 
9.SlB+oo J.9'11+Gl 2.'911 ... 1 
9 . .uB+oo U21!+ol 3.02!!-+tl 

U11!+eo 2.0lBtOl 13lll+tl 
'-'lB+oo U21!+ol 2.'76B-ltl 
93'1!+oo 1m+o1 111B ... I 

1.19£-+00 2.33Bt01 4.llll+ol 
f.6'1!+eo 1.441!+01 117B+ol 
7.16B+eo Ulll+ol 11$11 ... l 
1J6Bitl UlB+ol Ulll+tl 
U4E+oo U21!+ol 1'41+01 

l.lOB+ol 107!!+11 J.12B+tl 
l.09£+11 1141!+111 111B+Ol 

m ~1· 

l.1'8-111 U!Ii«l 

U1Btt1 um~ 

l.21B+o2 2.lGl-ttl 
UIB-ttll 1.m-111 
UIBtOI l.Dftt2 
2.'31l+ol 7.2Sltll 
2.Ulltll UGitl 
2.311!+01 UUl-itl 
1.191!+01 3.All-111 

7.621!t01 Ull!-ttl 
7.03B+Gl "5l!+o2 
6.32B+ol 2.121!+o2 
632Bi<>l l.10E+o2 

1.1111-Hll 2.61Bt0'2 
HlBfill 2.121lt0'2 
U3Bfill "5l!+o2 

U21l+o2 l.92at02 
U11lt0l 2.M+o2 
l.14E+o2 l.1Gl+o2 
l.11i+GI Ul&tf2 
UJB+Gl 2.$5Bit2 

S.13ll+Ol 132Eit2 
S.1li+ol l.291!+o'l 

.---
t1 
0 

~ 
oe 

0 ~"' 
H.o~ 
~§~ 
~ 

~ 



Populattion N N 
Oro!!!! 1'l!fd unW!lld Meon SE 

Tot.I 40795000 2004 9.23E+oo 2.64£.03 

Ai• 
<OJ 545000 29 7.116E+ill l.49E-02 
01--02 1070000 '6 4.491!-HJI 4.SQ.02 
OJ.OS 1490000 92 2.ISB+ill l.OSE-02 
06-11 3'89000 185 1.481!-HJI 4.92£.03 
12-19 4445000 210 9.57£-+i!O 4.348-03 
20-39 12531000 S94 S.471!+00 1.83£..03 
4M9 13310000 663 S.261!+00 2.13£..03 
70+ 3809000 m S.OSB+oo 1.72£..03 

Season 
Fill 9195000 271 9.331!+00 U71!-03 
Spirw 10400000 796 9.411!+00 6.39£..03 
Summer 9411000 274 l.SOE-+i!O 3.l6J!.03 
W'lll!: II~ ~ U7E+oo MOJ!.#J 

uw.nimlion 
CadnlCity 9633000 331 9.71E+OO 6.77E-03 
Nonmc1ropolilln SS21000 369 9.37l!+oo 4.SlJ!..03 
Smbuibon 25641000 1304 9.00B+oo 3.20£..03 

Race 
Asian 333000 13 l.56E+DI 3.Slll-02 
Blide 3'01000 131 1398+00 9.'811-fl 
NIIMI Amaican 38000 4 S.461!+00 2.2SB-02 
OlbedNA 1084000 SI 2.0SB+ol 4.62B-02 
While 35833000 llOS l.911!+GO 2.4$B.03 

R.espcme to Quostionnoiro 
Do you Ilia lllimols? 1118000 70 9.71Ei00 1.13B-02 

N 
Doyouflnn? llJOOOO 42 7.77E+oo l.llQl.fJ 

I .... 
l.ol 
\() 

Table 2-92. Intake of Total Dairy (g/kg-day) - Northeast Region 

PO Pl PS PIO P2S 

O.OOE+oo 2.891!--0I 9.69£.01 l.SCEiOO 2.831!-+00 

O.OOE+oo O.OOBiOO 1.231!-HJI l.SIB-+ill S.12E-+ill 
1.231!-+00 1.231!-+00 9.llSB+oo l.OIE-+ill l.94E+ill 
"81E-+il0 "81B+oo 8.201!-+i!O 8.911!-+00 1.24E+ill 
S.12E-02 2.40E-+il0 4.401!-+00 S.37Ei00 7.828-+i!O 

0.00E-+i!O 4.271!-0I l.60E-+il0 2.461!-+i!O 4.39B+OO 
O.OOl!+oo 2.188-01 1.79£.01 1.411!+00 2.3SB+OO 
7.72£..03 2.81£.01 7.02£.01 1.19B+OO 2.23l!+oo 
2.44E-OI 3.7SJ!.OI 9.818-01 l.SCl!+oo 3.02E+oo 

O.OOl!+oo 2.64E-OI 8.79£.01 l.26E+oo 2.Sll!+OO 
O.OOE+oo 3.52£..01 UIJ!.01 1.401!+00 2.SOB-+i!O 
2.ISB-01 2.21£.01 l.ISB+oo UIB+oo 2.80E+oo 

O.COE+oo 3.041>-41 l.lGETVG i.ilE-+W 3.33B+-OV 

l.~I 2.1191!-0l l.02B+oo UlB+OO 2.671!+00 
0.001!+00 3.52£..01 8.398-01 1.541!-+00 3.21B+oo 
0.001!+00 2.81£..01 9.498-01 l.49Bi00 2.801!-+i!O 

9.418-0I 9.418-01 2.02B+OO 2.41E+OO 4.40l!i00 
l.~I 3.9SJl.OI 7.438-01 1.761!+00 USl!+oo 

Ull!iOO 2.828+00 2.12B+oo 2.82£-+00 2.821!+00 
2.ISE-01 USJl.01 l.7'8+oo l.798i00 3.02Bi00 
O.OOl!+oo 2.18£..01 9.498-01 1.518+00 1838+00 

2.1118-0I 2.llE-01 2.218-01 4.Jnl.01 1.3411+00 
3.321!-tl 3.328-01 6.718-01 l.17l!i00 :uoB+OO 

PSO P7S P90 P9S 

4.931!+oo 9.421!-+00 l.116E-+ill 2.88B-+ill 

6.36B-+ill 1.461!-+ill U31!i02 2.611!-H>2 
2.9'B+ill $.161!-+ill 8.561!-+ill 2.0!lBt02 
l.7SB+ill 2.741!-HJI 3.88B+ill 4.11411-HJI 
l.18E+ill 2.03B+ill 2.691!-+ill 3.271!+ol 
7.SOB-+i!O 1.218-+ill l.71Bi01 2.208-IOI 
3.911!-+i!O "571!+00 l.llBiOI l.441!+ol 
3.7411+oo S.7611+00 9.471!+00 1.331!-HJI 
4.361!+00 S.981!-+i!O 8.981!-+00 l.IOB+ol 

UlE+oo S.Sll!+oo 1.801!-HJI 2.741!-IOI 
4.119E+oo 8.911!+00 l.'101!+01 3.IOl!+ol 
4.71E+OO l.02E+ol 1.131!-+ill 2.46l!+ol 
S.OlBiW l.V2i!-!1ii 2.ii3E-+111 3.131!+ol 

4.711!-+i!O l.74E+oo 1.731!+01 2.931!-+ill 
S.29l!+oo l.20l!+ol 2.06ll+DI 3.0ll!+ol 
4.931!+00 8.911!+00 IMl!iOI 2.78E+ol 

7.ISB+oo l.03B+ol 6.60l!+ol 6.608+ol 
4.18£-+00 l.OllB-+00 l.49l!+ol UOl!iOI 
3.72£+00 3.7SB+OO l.47B+ol l.47Bi01 
7.061!+00 Ull!+ol 3.19l!+ol 1.11Ei01 
4.911!+00 9.311!-+00 U711+ol UIB+ol 

S.211!+00 1.208-IOI 2.22B+ol 3.69l!+ol 
4.37E+oo l.UB+ol U4l!+ol U2B+ol 

P99 PIOO 

1.171!-HJI 2.618-!02 

2.61Bi02 2.618-ttll 
2.34Bi02 2.348-+02 
6.26E+ol 7.038..01 
4.26E+ol S.OIB-!01 
6.538+ol 7.2SBiOI 
2.m+ol l.17l!+DI 
3.30B+ol Ull!iOI 
l.63l!+ol 3.13l!+DI 

l.46l!+ol Ull!-ttll 
• 6.53l!+ol USB-+02 

8.36E+ol 9.311!-IOI 
U1Eiiil 1.431!-+0Z 

9.318+ol 2.618+02 
$.161!-IOI 1.06!!+02 
6.91l!+ol U'8-+02 

6,608+ol UOl!+ol 
l.46l!+ol 2.09!!+02 
l.47B+ol 1.471! ... I 
2.61B+02 . 2.618+02 
6.IOB+ol USB+D2 

USB+ol 1.03Bi01 
3.6911+ol 3.69!+ol 

t1 I I lo ' 
.· ~ 
08" 
Hp~ 
1-'l c:: l':j 
Mol-3 

8 
M 
0 
~ 



t-..> 
I -~ 

Populolbcq 

°""'° 
TCled 

Aic 
<01 
01-02 
~ 
06-11 
12·19 
~39 
41).'9 

?0+ 

Season 
Fiil 
Sprirw 
Summer 
Winter 

UrbaUmion 
Centra!City 
Nonmetropoliton 
SUlbmt>on 

Rice 
AJial 
Block 
Nll!w Americon 
OCbcdNA 
White 

hlpol»e lo Qualionnoire 
Do yv11 nilc ll"imok'I 
Do you limn? 

N N 
~ .... dd Me. 18 

4'11'];00 ~ 1.1211-ttl 23f!.«l 

112000 44 7.3111+ol 5."H&G 
1730000 100 3.111+t1 UIS.CZ 
2251000 133 2.121! .. 1 7.M«l 
4261000 2'3 1-"B+tl lil&t3 
"81000 30S USl!+tO UIZ43 

15374000 114 S.741!-ttO J-"l!-«J 
12'35000 732 "31!+t0 UIE-«J 
31~ 176 U21!+00 2.m.13 

1G42000 490 9.'31!-ttO 3.'7&«l 
10601000 1023 l.DIE+ol 4.6ZG3 
10013000 331 l.llE+ol UeG 
10961000 723 t3'1!it0 3.77B-OJ 

17227000 m l.llB+ol 4.2911-e 
14067000 1044 UJl!+ll O'IM3 
14mooo ISO UOI! .. 3.1111-G 

ruooo 33 2.00l!+ol OfE.12 
2764000 124 L12E+ll l.2Q!.G 
116000 ' 7.7111 .. '-2&G 
l'8000 33 l.4Q!+tl J-"B-«Z 

41294000 2371 t.M!-+«I 2.2Jll.«J 

3742809 2A7 U&+tl .. ..., 
26111000 173 1.1111+11 .. ..., 

Ta&Sc 2-93. Jdlb oCTotal Ddry (Jlq-day)- Midwelt Refioa 

I! Pl ~ PIO m HI 

......... 2.54UI ll$841 1.m+oo 3tlll+«I "°8-l<IO 

U7!-+tO U71!ttl IJll!+ol 2.291!+ol 3.IOB+tl .5.dQ!+ol 
.UIE+tO ua!-l<IO 1.191!+o1 1.371?+o1 1.t21!+ol 1411!+t1 
2.M+tO 4.2611+00 '311!t00 9.o61!+oo 1.3911+tl 2.1Q!it1 
1.12£+tl 2.CllEiOO UOl!+oo 4.49l!+oo l.7lE+tO 1.Cl!itl ....... uoe+tt 1.161!-tOO 2.lll!tOO 1'11!+oo 7.IQl+oo ..... l2SB-tl IASB-01 1.2Sl!+t0 2.70l!+t0 4.411t+W 
UOl!+tO f.(21!.t2 S.44Ul 9.961!-0l 2.UB+oo 3541!-ttO 
~ 2.~1 6~1 l.75E+oo 2.121!~ 4.051!+oo 

UOl!+tO 2.SCl!-01 7.JlE.01 l.24B+oo 2.611!-tOO 5.471!+oo 
UO!!+oo 2.44&01 9.IJ.B.ol 1.501!~ 3.0lll+oo 5.51B+oo 
l.IOB+OO 1.72&01 7.llJl!.01 1.611!+oo 3.06B+oo BIB+oo 
UOSf2 6.12&01 U71!+oo 1.691!+oo 3.22!!+00 5.64B+oo 

1.101!-tGO 2.77&411 6.64£.41 l.36l!+oo 2.751!+oo S.501!-+«I 
'-"1!-42 4.461!-GI l.19B+oo U31!+oo 3.3911+oo .5"61!+oo 
l.OOl!+oo 1.4911-41 6.48Ul 1.241!-ttO 3.03ll+GO S.3411+t0 

4.33&11 4.33£.tl 4.3311-0l 3.92Ei00 U7B+oo UJ.l!+tO ..... HOl!+oo U2E41 1.1211-0l Ull!+oo 3..czB+oo 
2.MttO 2.791!+oo 2.79!!-+0I S.431!-+«I 5.43ll+oo 7.liSl!+tO 
~l 2.2211-fl '.m..1 l.06ll+oo 3.o40E+oo U211-+«I .... 2.77Jl.01 9.4IJl.Ol l.54B+oo 3.06Ett0 S.5lll+o0 

1.24UI 3.26Ul 615B-Ol l.2'1!+oo 3.11B+oo 5.llB+oo 
1.248-11 J.268.tl S.62&01 l.lil!+oo l.32B+o0 6.0Q!+ol 

m .,. m 
1.12!+tl UOIHtl 3.Gl .. l 

l.141!itl l.SJl!it2 U2!itl 
Ol!+ol 7.261!+o1 l.Gl .. l 
Ul!+ol U41!+t1 4.7'1itl 
2.0ll!+ol 2.M!+tl 1731ttl 
l.251!+tl l.76l!+tl 2.lGttl 
7.lllH+tQ 1.G71!+11 L& .. 1 
USl!tto l.G71!+tl 131!+t1 
09l!+oo 9.llB+oo 1.12!-ttl 

1.22!1-ttl 2.31ll+t1 3.331!-+0l 
1.0S!l+ol 2.121!-101 l.21B+ol 
l.26B+tl 2.561!+o1 4.46E+ol 
1.041!+111 Ull!+ol 3.22l!+ol 

1.11B+lll 2.521!+111 "9E+ol 
1.llB+ol 2.171!+ol 3.29B+ol 
l.07B+ol 1.911!+111 2.m+ol 

2.23£+ol 3.99!1+111 Ulll+ol 
l.OIE+ll 141!+ol 5.llB+ol 
l.641!+oo l.OIB+ol l.Olll+Ol 
1271!+11 4.o40E+tl 4.4811+11 
1.toe+tl 2.°'1!+11 l.m+ol 

1.371!+11 2.32B+ol ll!lll+ol 
L4111+11 117E+ll 17411+11 

!:!! r:1• 
...... 1 

2.l?liitl 
l.1$1it2 
4.1'! .. 1 
6.JO!+tl 
Ull!ttl 
2.lll!itl 
2.lMB+tl 
l.7Q!+ll 

.UCE+ol 
1.461!+11 
U31!+o2 
.5.741!+11 

Ull!+ll 
7.59B+ol 
S-'611ttl 

U21!+12 
l.2ll!if2 
UIR .. 1 
Ulll-+01 
7.441! .. l 

4.791!-+tt 
5.B+ll 

t1 
0 

~ 
0 

o~~ 
I-Ip> 
8 c: '7;I 
t,>:J 0 ~ 

t-3 
ls:J 
0 ,, 

2.ua+tl 

2.121!it2 
1.118.Jtl 
6.4'!+tl 
l.ll!it2 
lJlll+tl 
Ulllttl 
7Mlltfl 
2.1'1!+tl 

l.t21!+o2 
1.'M+o2 
2.1211+o1 
l.'M+o2 

l.t2l!+o2 
2.12B+o2 
l.30ll+o2 

l.tmitl 
Um+O'l 
lMl!+tl 
4'Gl+ll 
2.l.2l!+t2 

l.llB+t2 
1.1111+12 
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Table 2-96. Intake of Total Beef (g/kg-day) 

Population N N 
GrouP m! IDlm! Meon SI! PO Pl PS 

Total 163247000 11639 1.9Sl!+OO 1.98!!-04 0.001!-+00 1.09&41 2.s8&41 

Ase 
<01 2599000 144 9.76B+OO S.39J!.03 O.OOE-+00 3.00B-01 l.OIE-+00 
01..0:Z .5366000 302 4.771!+00 2.39J!.03 1.998-01 3.61&41 6.991!-0l 
03-GS 73S9000 420 3.SOB+OO 1.14J!.03 O.OOE+oo 2.99&41 6.301!-0l 
06-11 15660000 176 2.4SB+OO S.31llo-04 0.001!-+00 1.791!-01 4.431!-01 
12-19 18822000 992 1.678+00 3.14llo-04 O.OOE+-00 7.941!..o:! 2.4311-41 
20-39 S3123000 268S 1.47B+oo 2.02llo-04 0.008-+00 9.16B..Q2 2.3111-41 
40-69 48291000 2623 1.561!-tOO 2.26E44 O.OOE-+00 1.261!-0l 2.491!-0I 
10+ 120Z1000 617 1.S..B+oo 4.47&44 O.OOE+-00 9.4Sl!..o:z l.8'/E-01 

Seasons 
Fllll 4U72000 1381i USl!-tOO 3.6Sllo-04 O.OOB+-00 1.091!-0J 2.s6E-01 
Sprina 39491000 34SJ J.97B+OO 4.27B-04 O.OOl!+oo 1.13&41 2.66&01 
Summer 393SlOOO IW 1178+00 4.2lllo-04 O.OOE-+oo 4.97&02 2.6'11-41 
W'- 42l2SOOO :m7 l.13B-t00 3.71llo-04 O.OOB-+00 1.2SE41 2.471!.0J 

thbonil.ltion 
Cclll:I Ci:;r ~ 1:!5S 2.221!-tt= 4.7'1t-04 O.c:ll!~ 1.G9~1 :t.;m.;1 
Nonmetmpolilln J9'94000 2673 2.03B+oo 3.66&04 0.0011-+oo l.37Ml 2.191!-0l 
Sudiuabon '767&5000 4121 1.7Sl!+OO 2.38!!-04 O.OOB-+00 1.09&41 2.S61!-0J 

Race 
~ 2094000 92 110B+oo 1.911&43 1.648--02 1.648,.02 2.3311-0l 
Illa llmOOO 967 Ull!+oo 6.77B-04 O.OOB+oo O.OOl!+oo 2.161!-0l 
Natiwe .Amaiclll 1449000 90 3.761!+oo 7.24&43 1.261!-Gl 1.4211-0l 2.0311-41 
OlbaiNA 409000 216 2.378+00 1.69J!.03 O.OOB+oo UIB-01 3.2711-0l 
Wllile IJmllOOO 1294 U41!+oo l.92llo-04 O.OOB+oo 1.ISB-01 USE-OJ 

ReiPona 
Midwat 41138000 2336 10Sl!i00 3.l2J!.04 O.OOB-+illl 1.1211-41 2.93J!.Ol 
NadlleMt m.ooo 1740 1.72B+oo 3.13llo-04 O.OOB-+Oll 1.43&41 2.4011-41 
l!aU!h '6221000 2'99 2.07B+oo 3.68&44 O.OOB+oo 1.0211-0l U211-41 
Wat 30442000 1'84 U6B+oo 4.43£.04 O.OOB-+00 l.4SB-02 2.2711-0l 

N Raponsc to Questionnaire 
I 

Do)'Oll nioe llimU SIC26000 602 111B+OO 7.03llo-04 7.24&02 1.36&01 3.20£.01 ..... 
..... Do)'Ollllam? 6923000 41S WB+oo 9.148-04 O.OOJl-+00 l.09B-01 174&41 w 

PIO P2S PSO P1S 

3.82&41 6.96&01 1.:191!-+00 2.311!+oo 

1.7SE-+OO 3.llOE-+00 7.s9E-+OO 1.291!-tOJ 
1.08B-+OO 1.llOl!+OO 3.481!-+00 5.IOE-+00 
9.741!-01 1.678+00 2.761!+oo .um+oo 
6.0IB-01 1.07Ei00 l.ISl!-+oo 112B+oo 
3.9311-41 69'&41 1.lSE-+oo 114B+oo 
3.371!-0l S.leOI J.OBE-+00 J.a!l!-+oo 
3.SSB-41 6.37&01 1.131!-+oo l.91l!+OO 
2.8611-0J S.SOB-01 J.cmt+oo 2.02l!i00 

3.79&01 6.711!-0l 1.201!-+tO 119E+oo 
3.801!-0I 7.0Sll-41 1.JIB-+oo 2.26B+oo 
3.96&01 7.2911-0l 1.411!-tOO 1608-tOO 
3.68&01 6.72&GJ 1.281!-tOO 12711+00 

J.QB.;l 7.11&;1 l.3Q!~ 16iiit..VW 
4.161!-0J 7.79&01 um-+oo 146B+oo 
3.761!-0l 6.~l 1.lm+oG 10IE+oo 

6.1111-41 1.178+00 2.36B-t00 3.30E-+Oll 
4.1111-41 1.4011-41 um+oo 119B+oo 
3.2llJl.Ol 1.131!+00 l.79B+oo 3.lJB-tta 
4.71Jl.Ol l.6'11-tl U2B+oo 2.IOl!+oo 
3.7411-41 6.7311-0l 1.2SE+oo 12Gl!itll 

4.CME-01 7.4111!-0l J.37B+oo UJE+oo 
1471!-0l 6.lOUl l.12E+oo 1001!-+00 
3.93&01 7.s:m.41 l.39B+oo 2.481!+00 
3.sSB-01 . 6.6311-0l l.221!+oo 2.29E+oo 

4.42Jl.Ol 1.94&01 U5Ei00 2.73B+oo 
3.9411-0l l.JOB-Ol 1.m+oo 2.1Dll+oo 

P90 P9S P99 

3.9Sl!i00 S.63Bi00 1.ISl!+ol 

l.93Bi01 2.'8£+ol OIB+ol 
9.281!-+00 1.26B-t01 2.28E+ol 
6.63B+oo l.97B+oo 1.29B+ol 
4.9m-+00 6.IJB-+00 1.14B-t01 
3.2Sl!i00 4.41B+oo 6.47B+oo 
2.91B+oo "ll+oo 7.0IB+oo 
3.19Bi00 UOB+oo 7.0$B+oo 
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Table 2-99. IDlW or Total Poukry wq.day) 

Pop•llU01 If N 
OrOI! !1!4 11!114 Men SB PO Pl PS PIO P2S rso P7S l'90 ns Pt9 Pita 

Tcial 1409U>OO 7411 U7B+OO 2.118-04 0.008+00 SJ08-Gl U7B-OI 3.148-01 S.9SB-Gl l.148+00 2.21B+OO 3.17B+OO S.SlB+OO l.22B+OI S.418+01 

As• 
< 01 2142000 117 USB+OO 6.748-03 1.568-01 I.MB-OJ l.09B-OJ J.SIB+OO 3.168+00 7.21Bt00 1.248+01 1.128+01 2.'88+01 4.SIB+ol S.411!+01 
01-02 4740000 261 4.398+00 1.118-03 1.641!-02 1.021!-0l 6.211!-0l 9.218-01 1.94B+OO 3.2S8+00 S.238+00 1.918+00 1.258+01 2.00B+Ol 2.93B+Ol 
03-0S 611600) 371 3.SlB+OO 1.358-03 0.008+00 1.018-01 4.ISl!-01 7.228-01 l.SS8+00 2.608+00 4.0S8+00 6.948+00 l.OS8+ol 1.968+01 2.571!+01 
06-11 13395000 742 2.488+00 6.198-04 0.008+00 4.801!-02 3.678-01 S.608-01 Ul28+00 Ul8+00 3.07B+OO S.018+00 6.918+00 1.168+01 2.528+01 
12-19 IS9S4000 133 1.308+00 3.o68-04 0.001!+00 2.SSB-02 Ul8-0l 2.IS8-0l S.708-01 9.608-01 l.S9B+OO 2.728+00 3.7SB+OO 6.418+00 l.Sl8+0l 
20-~ 44799000 2254 UOB+OO 2.128-04 0.008+00 4.17B-G2 l.6S8-0I 2.6Sl!-OI 4.748-01 1.798-01 1.601!+00 2.718+00 3.761!+00 7.948+00 l.44B+ol 
40-61 42354000 2279 l.SS8+00 2.678-04 0.001!+00 6.858-02 l.968-01 3.168-01 S.628-01 l.G78+00 2.008+00 3.428+00 4.498+00 9.258+00 J.16B+Ol 
70 + 10714000 540 1.688+00 S.088-04 0.008+00 1.168-01 2.008-01 3.768-01 6.77B-Ol 1.198+00 2.278+00 3.438+00 4.188+00 1.328+00 3.298+01 

S.11011 

Fill 35268000 1167 2.208+00 S.798-04 0.008+00 3.208-02 1.468-01 2.708-01 S.478-01 1.148+00 2.508+00 4.968+00 7.638+00 l.63B+OI S.418+01 
Sprl• 34$32000 2987 1.708+00 3.4S8-04 0.001!+00 6.128-02 1.928-01 3.088-01 S.678-01 1.108+00 2.101!+00 3.668+00 S.108+00 1.018+01 3.298+01 
Swmmer 35000000 l09S U28+00 4.098-04 0.008+00 4.968-02 2.548-01 3.738-01 6.588-01 1.118+00 2.238+00 3.618+00 4.838+00 1.218+01 4.428+01 
WI Iller 36184000 2162 l.7S8t00 3.648-04 0.008+00 9.0S8-G2 2.158-01 3.188-01 6.008-01 1.138+00 2.128+00 3.7SB+OO 4.868+00 l.l2B+OI 4.058+01 

Urbulza1loa 
C.111111 Cky 44117000 ms 2.218+00 4.568-04 0.008+00 3.958-02 1.668-01 3.008-01 6.181!-0I 1.308+00 2.668+00 4.638+00 7.278+00 1.378+01 4.518+01 
Noametropoltaa 313SSOOO 2136 Ull!+OO 4.308-04 0.008+00 1.008-01 2.668-01 3.908-01 7.188-01 1.208+00 2.138+00 3.598+00 S.098+00 1.138+01 S.41Bt01 
Sur bur bu 6$382000 3531 1.668+00 2.858-04 0.008+00 6.628-02 1.938-01 2.948-01 S.448-01 1.028+00 1.918+00 3.SOl!+OO 4.848+00 1.038+01 4.428+01 

Rau 
Aafu 2015000 100 4.068+00 4.308-03 8.621!-02 2.618-01 S.078-01 S.388-01 1.118+00 2.498+00 4.451!+00 8.568+00 1.258+01 4.SIBtOI 4.SIB+OI 
Bia ct 19510000 1006 2.358+00 7.008-04 0.008+00 0.008+00 3.168-01 4.698-01 7.858-01 1.531!+00 2.848+00 4.818+00 7.278+00 1.288+01 S.418+01 
NaUll! America• 147000 49 2.048+00 3.538-03 1.368-01 1.368-01 2.998-01 3.108-01 6.408-01 1.028+00 1.521!+00 3.771!.tOO 1.221!+01 1.518+01 1.518+01 
Olber/NA 3985000 200 2.108+00 1.568-03 4.87R-02 1.038-01 2.388-01 4.0SB-01 7.418-01 1.298+00 2.408+00 4.288+00 6.148+00 1.158+01 2.888+01 
Wbke 114507000 60S4 1.748+00 2.168-04 0.008+00 S.928-02 1.868-01 2.958-01 S.628-01 1.088+00 2.088+00 3.651!+00 S.058+00 1.18B+OI 4.42B+OI 

RegloDI 
Mldwo11 32296000 IS13 1.818+00 4.4SB-04 0.001!+00 8.158-02 2.0S8-0J 3.228-01 S.708-01 1.098+00 2.118+00 3.868+00 S.SSB+OO 1.16B+OI UIB+OI 
Norlbeall 32832000 1.580 1.978+00 4.38B-04 0.008+00 8.94B-02 2.258-01 3.JOB-01 6.138-01 l.ISB+OO 2.421!+00 4.191!+00 6.SIB+OO 1.228+01 2.938+01 
Souib 49210000 2646 1.791!+00 3.JSB-04 0.008+00 4.961!-02 1.991!-0J 3.191!-01 6.208-01 1.168+00 2.111!+00 J.61B+OO 4.86B+OO 1.168+01 S.41B+OI 
w .. 1 26586000 1380 J.968+00 6.038-04 0.008+00 4.178-02 l.38B-OJ 2.818-01 S.868-01 1.158+00 2.101!+00 3.941!+00 S.998+00 1.878+01 4.42B+OI 

Re1poue lo Quellloaoalre 
to-) .Doyoa 11l1eanlmab? 7193000 452 l.93983SS6S 0.00JOS3764 0.018535941 0.044334233 0.209821183 0.381406054 0.62671761 1.162771215 2.1188289. 4.00301119 S.332660774 16.95665794 28.2285125 
I Doyoa farm? 5316000 308 1.708+00 8.218-04 0.001!+00 3.911!-02 3.36B-01 4.3SB-OI 6.808-01 l.13B+OO 2.001!+00 3.888+00 S.018+00 1.178+01 J.70B+OI -~ 
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Table 2-100. Intake ofTotal Egg• (g/q-day) 

Population N N 
Grou2 ?Jild UD?Jild Mean SB PO Pl PS PIO P2S PSO P7S P90 P9S P99 PIOO 

r.-a1 163502000 8660 6.838-01 6.83B-OS O.OOB+OO 3.07B-02 7.93B-02 1.24B-OI 2.0B-01 4.4SB-OI 8.12B-01 1.458+00 2.0IB+OO 3.978+00 1.888+01 

Age 
< 01 2537000 139 3.SOB+OO 2.23B-03 1.42B-01 1.42B-01 3.7SB-01 6.411!-0I l.27B+OO 2.62B+OO 4.20B+OO 6.978+00 9.628+00 1.888+01 l.88B+Ol 
01-02 5381000 301 1.88B+OO S.598-04 7.77B-02 l.69B-01 3.748-01 S.12B-OI 9.911!-0I 1.658+00 2.40B+OO 3.568+00 4.838+00 6.218+00 U6B+OO 
03-05 7629000 434 1.418+00 3.S2B-04 O.OOB+OO 1.908-01 3.13B-01 3.90B-OI 6.86B-01 1.19B+OO 1.888+00 2.788+00 3.46B+OO 4.71B+OO S.9SB+OO 
06-11 ISS07000 867 9.tlB-01 1.73B-04 0.00B+OO 7.428-02 1.42E-01 2.30E-01 4.421!-01 7.4SB-01 1.211!+00 1.76E+OO 2.20E+OO 3.25E+OO 6.D9E+OO 
12-19 18624000 990 5.368-01 9.98B-05 O.OOB+OO O.OOE+OO 7.32E-02 1.17B-OI 2.SIE-01 4.311!-0I 7.08B-OI t.04B+OO 1.39B+OO 2.088+00 3.948+00 
20-39 52017000 2631 4.788-01 6.718-0S O.OOE+OO 3.15B-02 6.60B-02 t.OSB-01 2.06E-01 3.60E-01 6.16B-01 9.13B-01 1.2SB+OO 2.14B+OO 9.18B+OO 
40-69 48381000 2619 S.238-01 7.66B-OS O.OOB+OO 2.SOB-02 6.86E-02 t.05B-01 2.108-01 3.70B-01 6.46B-01 1.108+00 t.46B+OO 2.88B+OO S.718+00 
70 + 13426000 679 S.718-01 l.32B-04 O.OOB+OO S.BOE-02 1.03E-01 l.S2B-01 2.SOE-01 U7B-01 7.SIB-01 1.tSB+OO 1.43B+OO 2.24B+OO 6.80B+OO 

Sea•••• 
Fall 42290000 1407 7.008-01 1.S9B-04 O.OOB+OO 3.8SE-02 8.368-02 1.36B-01 2.SOB-01 4.40B-01 8.13E-01 1.468+00 2.D4E+OO 3.798+00 1.88B+Ol 
Sprl~ 38908000 3412 6.911!-01 1.39B-04 O.OOB+OO 2.66E-02 8.64B-02 1.33E-OI 2.55B-OI 4.S3B-01 8.018-01 1.40B+OO 2.0IB+OO 4.138+00 1.748+01 
Summer 39445000 1243 6.848-01 1.29E-04 O.OOB+OO 1.61B-02 7.38B-02 1.16B-OI 2.33B-01 4.48B-OI 8.24E-01 1.SIE+OO 2.04B+OO 4.168+00 9.62B+OO 
Willler 42859000 2lH 6.S9E-01 1.15B-04 O.OOB+OO 3.SOE-02 7.73B-02 1.23B-01 2.3SB-01 4.35B-01 8.06B-01 1.39B+OO l.91B+OO 3.858+00 1.038+01 

Urbanization 
Central Cly 48746000 1925 7.82E-01 t.66B-04 0.00B+OO 3.298-02 8.13B-02 l.20B-OI 2.47B-OI 4.72B-01 8.66B-01 1.668+00 2.528+00 5.04E+OO 1.8811+01 
Nonmetropoltan 39556000 2659 6.898-01 1.278-04 O.OOB+OO 2.668-02 8.698-02 1.32B-OI 2.608-01 4.668-01 8.268-01 1.4511+00 1.92B+OO 3.1711+00 1.7411+01 
Surburban 75140000 4074 6.178-01 7.63B-05 0.008+00 3.168-02 7.608-02 1.25B-01 2.368-01 4.18B-01 7.60B-OI 1.32B+OO 1.8211+00 3.36E+OO 1.358+01 

Race 
A1ian 2152000 103 1.34B+OO 1.65B-03 3.17B-02 3.178-02 1.63B-01 2.35B-01 4.41B-01 6.94B-Ol 1.328+00 2.7SB+OO 4.0811+00 1.868+01 1.868+01 
Black 20304000 1045 7.6211-01 2.19B-04 O.OOB+OO 0.008+00 6.498-02 1.068-01 2.388-01 4.71E-01 8.84B-01 1.62B+OO 2.S3B+OO 4.7811+00 1.0311+01 
Nati .. American 1449000 90 9.21B-01 1.078-03 4.178-02 U7E-02 1.lOB-01 1.93B-01 3.728-01 6.0IB-01 8.478-01 1.S9B+OO 3.28B+OO 7.428+00 7.428+00 
Other/NA 4395000 220 8.43B-01 8.77B-04 O.OOB+OO 4.448-02 7.848-02 1.08B-OI 2.24B-01 4.33B-01 8.D9B-Ol 1.528+00 2.508+00 4.958+00 1.8811+01 
Wbke 135142000 7200 6.5311-01 6.35B-05 O.OOB+OO 3.238-02 8.20B-02 l.28B-01 2.4211-01 4.36B-OI 7.93B-01 1.40B+OO 1.91B+OO 3.63B+OO 1.748+01 

Regiou 
Midwe11 39288000 2232 7.17B-01 t.SSB-04 0.008+00 3.158-02 7.488-02 1.19B-OI 2.36B-01 4.39B-OI 8.34B-01 1.598+00 2.148+00 3.978+00 1.868+01 
Nortbea1t 36704000 1802 6.568-01 1.538-04 O.OOB+OO 3.168-02 7.708-02 1.158-01 2.39B-01 4.16B-01 7.81E-01 1.40B+OO 2.0IB+OO 3.87B+OO 1.888+01 
South 56284000 3001 6.638-01 t.04B-04 0.008+00 2.27B-02 7.958-02 1.2SB-01 2.40B-01 4.S2B-OI 7.938-01 1.34B+OO 1.89B+OO 3.9SB+OO 1.7411+01 
Weit 31166000 1617 7.118-01 1.SOB-04 0.00B+OO 4.00B-02 9.088-02 1.488-01 2.658-01 4.83B-01 8.SIB-01 t.SOB+OO 2.00B+OO 4.38B+OO 1.35B+Ol 

R.,ponic to Q uellionnalre 
N Do you raloeaaimali? 9260000 586 6.8711-01 2.SSE-04 O.OOB+OO U5B-02 7.198-02 1.48B-01 2.728-01 4.8411-01 8.188-01 1.508+00 1.9311+00 3.D4B+OO l.3SB+Ol 
I Do you farm? 6403000 380 7.12B-01 2.828-04 O.OOB+OO 2.078-02 7.71B-02 1.47B-OI 2.75E-01 5.40B-01 8.42B-OI l.60B+OO 2.02B+OO 2.808+00 9.168+00 ... 
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2.4.1.3. Relevant Intake Studies I DRAFT 
DO NOT QUOTE OR 

CITE 
--··· ----..: 

U.S. EPA - Office of Radiation Programs -The U.S. EPA Office of Radiation Programs 

(ORP) has also used the USDA 1977-1978 NFCS to estimate daily food intake. ORP uses food 

consumption data to assess human intake of radionuclides in foods (U.S. EPA, 1984d; 1984e). 

The 1977-1978 NFCS data have been reorgani7.ed by ORP, and food items have been classified· 

according to the characteristics of radionuclide transport. The mean dietary intake of food sub 

classes (milk, other dairy products, eggs, beef, pork, poultry, and other meat) per capita 

grouped by age for the U.S. population are presented in Table 2-101. The mean daily intake 

rates of meat, poultry, and dairy products for the U.S. population grouped by regions are 

presented in Table 2-102. Because this study was based on the USDA NFCS, the limitations 

and advantages associated with the USDA-NFCS data also apply to these data set. 

U.S. EPA - Office of Science and Technology - The U.S. EPA Office of Science and 

Technology (OST) within the Office of Water (formerly the Office of Water Regulations and 

Standards) used data from the FDA revision of the Total Diet Study Food Lists and Diets 

(Pennington, 1983) to calculate food intake rates. OST uses these consumption data in its risk 

assessment model for land application of municipal sludge. The FDA data used are based on 

the combined results of the USDA 1977-1978 NFCS and the second National Health and 

NutritionExaminationSurvey(NHANESil), 1976-1980(0.S. EPA, 1989). Becausefooditems 

arc listed as prepared complex foods in the FDA Total Diet Study, each item was broken down 

into its component parts so that the amount of raw commodities consumed could be determined. 

Table 2-103 presents intake rates for meat, poultry, and dairy products for various age groups. 

Estimated lifetime ingestion rates derived by U.S. EPA (1989) are also presented in Table 2-

103. Note that these arc per capita intake rates tabulated as grams ~ry weight/day. Therefore, 

these rates differ from those in the previous tables because Pao et al. (1982) and U.S. EPA 

(1984d, 1984c) report intake rates on an as consumed basis. 

The EPA-OST analysis provides intake rates for additional food categories and estimates 

of lifetime average daily intake on a per capita basis. In contrast to the other analyses of USDA 

NFCS data, this study reports the data in terms of dry weight intake rates. Thus, conversion 

is not required when contaminants are provided on a dry weight basis. 
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Table 2-101. Mean and Standard Error for the Dietary Intake 

r·~·- PRAFT 
DO NOT QUOTE OR 

CITE 

of Food Sub Classes per Capita by Age (grams •as consumecr) 

Fresh Other 
Cows' Dairy Other 

Age Milk Products Eggs Beef Pork Poultry Meat 

All Ages 253.5 ± 4.9 55.1 ± 1.2 26.9 ± 0.5 87.6 ± 1.1 28.2 ± 0.6 31.3 ± 0.8 25.1 ± 0.4 

<1 272.0 ± 31.9 296.7 ± 7.6 4.9 ± 3.2 18.4 ± 7.4 5.8 ± 3.6 18.4 ± 4.9 2.6 ± 2.8 

1-4 337.3 ± 15.6 41.0 ± 3.7 19.8 ± 1.6 42.2 ± 3.7 13.6 ± 1.8 19.0 ± 2.4 17.6 ± 1.4 

5-9 446.2 ± 13.1 47.3 ± 3.1 17.0 ± 1.3 63.4 ± 3.1 18.2 ± 1.5 24.7 ± 2.0 22.3 ± 1.2 

10-14 456.0 ± 12.3 53.3 ± 2.9 19.3 ± 1.2 81.9 ± 2.9 22.2 ± 1.4 30.0 ± 1.9 26.1 ± 1.1 

15-19 404.8 ± 12.9 52.9 ± 3.1 24·.8 ± 1.3 99.5 ± 3.0 29.5 ± 1.5 33.0 ± 2.0 27.6 ± 1.1 

20-24 264.3 ± 16.4 44.2 ± 4.0 28.3 ± 1.7 103. 7 ± 3.9 29.6 ± 1.9 33.0 ± 2.6 28.8 ± 1.5 

25-29 217.6 ± 17.2 51.5 ± 4.1 27.9 ± 1.7 103.8 ± 4.0 31.8 ± 2.0 33.8 ± 2.7 28.9 ± 1.5 

30-39 182.9 ± 13.5 53.8 ± 3.2 30.1 ± 1.4 105.8 ± 3.2 33.0 ± 1.5 34.0 ± 2.1 28.4 ± 1.2 

40-59 169.1 ± 10.5 52.0 ± 2.5 31.1 ± 1.0 99.0 ± 2.5 33.5 ± 1.2 33.8 ± 1.6 27.4 ± 0.9 

C!::60 192.4 ± 11.8 55.9 ± 2.8 28.7 ± 1.2 74.3 ± 2.8 27.5 ± 1.3 31.5 ± 1.8 21.1 ± 1.0 

Source: U.S. EPA, 1984d. 
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Table 2-102. 
of Food Class and Sub Class Region (grams "as coDSUJJJeci•) 

North 
US Population Northeast Central South West 

Dairy Products O'otll) 308.6 ± S.3 318.6 ± 10.4 336.1 ± 10.0 253.6 ± 8.4 348.1 ± 12.3 

Fimh Cowl Mille 253.S ± 4.9 256.1 ± 9.7 279.7 ± 9.4 211.0 ± 7.8 283.S ± 11.S 

Other 55.1 ± 1.2 62.S ± 2.3 56.5 ± 2.2 42.6 ± 1.9 64.6 ± 2.7 

Ew 26.9 ± 0.5 23.8 ± 1.0 23.5 ± 0.9 31.0 ± 0.8 29.1 ± 1.2 

Mettl O'otall 172.2 ± 1.6 169.9 ± 3.3 176.9 ± 3.1 171.9 ± 2.6 168.6 ± 3.9 

Beef and Veal 87.6 ± 1.1 82.3 ± 2.3 92.9 ± 2.2 84.0 ± 1.8 92.9 ± 2.7 

Porlc 28.2 ± 0.6 28.8 ± 1.1 29.6 ± 1.1 30.l ± 0.9 22.1 ± 1.3 

Poultry 31.3 ± 0.8 31.7 ± 1.S 26.6 ± 1.4 36.5 ± 1.2 28.9 ± 1.8 

Other 25.1 ± 0.4 27.l ± 0.9 27.8 ± 0.8 21.3 ± 0.7 24.7 ± 1.0 

Source: U.S. EPA, 1984c. 
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Table 2-103. Consumption of Meat, Poultry, and Dairy Products for Diffe~:-g-e-:Gro=--ups----..1 
(averaged across sex), and Estimated Lifetime Average Intakes for 
70 Kg Adult Citizens Calculated from the FDA Diet Data. 

Estinuatod 
Bm Ioddler Qlili! Teen Adult Qhl Lifetime9 

g - dry weight/day 
(0-1 Yn) (1-6 Yni) (6-14 Yn) (14-20Yn) (20-45 Yn) (45-70 Yn) 

Beef 3.99 9.66 15.64 21.62 23.28 18.34 19.25 

Beef Liver 0.17 0.24 0.30 0.36 1.08 1.2 0.89 

Lamb 0.14 0.08 0.06 0.05 0.30 0.21 0.20 

Pork 1.34 4.29 6.57 8.86 10.27 9.94 9.05 

Poultry 2.27 3.76 5.39 7.03 7.64 6.87 6.70 

Dairy 40.70 32.94 38.23 43.52 27.52 22.41 28.87 

Eggs 3.27 6.91 7.22 7.52 8.35 9.33 8.32 

Beef Fat 2.45 6.48 11.34 16.22 20.40 14.07 15.50 

Beef Liver Fat o.os 0.07 0.08 0.10 0.29 0.33 0.25 

Lamb Fat 0.14 0.08 0.07 0.06 0.31 0.22 0.21 

Dairy Fat 38.99 16.48 20.46 24.43 18.97 14.51 18.13 

Pork Fat 2.01 8.19 10.47 12.75 14.48 13.04 12.73 

Poultry Fat · 1.10 0.83 1.12 1.41 1.54 1.31 1.34 

• The estimated lifetime dietary intakes were estimated by: 

em.-. Iii'-. - !<Bl!!·ll + ~ • g n·~ +am• g ,6-1~ + 11 m • g u•1!!.1 ± 25 m • g t2llMfl + 25 m • g ,.cs.2!!1 
70yoan 

where CR = the consumption rate for a specific aae poup. 

Source: U.S. EPA, 1989. 
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USDA, 1993 - Food C011sumption, Prices, and Expenditures, 1970-92 - The USDA's 

Economic Research Service (ERS) calculates the amount of food available for human 

consumption in the United States annually. Supply and utiliution balance sheets were 

generated. These were based on the flow of food items from production to end uses. Total 

available supply was estimated as the sum of production (i.e., some products were measured at 

the farm level or during processing), starting inventories, and imports (USDA, 1993). The 

availability of food for human use commonly termed as "food disappearance" was determined 

by subtracting exported foods, products used in industries, farm inputs (seed and feed) and end

of-the year inventories from the total available supply (USDA, 1993). USDA (1993) calculated 

the per capita food consumption by dividing the total food disappearance by the total U.S. 

population. 

USDA (1993) estimated per capita consumption data for meat, poultry, and dairy 

products from 1970-1992 (1992 data are preliminary). In this section, the 1991 values, which ' 

are the most recent final data, are presented. The meat consumption data were reported as 

carcass weight, retail weight equivalent, and boneless weight equivalent. The poultry 

consumption data were reported as ready-to-cook (R.TC) weight, retail weight, and boneless 

weight (USDA, 1993). USDA (1993) defined beef carcass weight as the chilled hanging 

carcass, which includes the kidney and attached internal fat (kidney, pelvic, and heart fat), 

excludes the skin, head feet, and unattached internal organs. The pork carcass weight includes 

the skin and feet but excludes the kidney and attached internal fat. Retail weight equivalents 

assumes all food were sold through retail foodstores, therefore, conversion factors ~able 2-104) 

were used to correct carcass or RTC to retail weight to account for trimming, shrinkage, or loss 

of meat and chicken at these retail outlets (USDA, 1993). Boneless equivalent values for meat 

(pork, veal, beef) and poultry excludes all bones but includes separable fat sold on retail cuts 

of red meat. Pet food was considered as an apparent source of food disappearance for poultry 

in boneless weight estimates, while pet food was excluded for beef, veal, and pork (USDA, 

1993). Table 2-104 presents per capita consumption in 1991 for red meat (carcass weight, retail 

equivalent, and boneless trimmed equivalent) and poultry (RTC, retail equivalent for chicken 

only, and boneless trimmed equivalent). Per capita consumption estimates based on boneless 

weights appear to be the most appropriate data for use in exposure assessments, because boneless 
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Food Item 

Red Meat 

Beef 

Veal 

Pork 

l!m1lU 

Lamb and Mutton 

Total' 

Young Chicken 

Other Chicken 

Chicken 

1\utey 

Total' 

·--·- ·- .. . -· -r·- -----r---- -· ···~ ~-. ---J .... ,, . 

Per Capita Consumption 
Carcass" Weight 

(g/day'/ 

118.3 

1.5 

8.0 

2.0 

201.7 

Per Capita Consumption RTCC 
(g/day'/ 

91.3 

22.2 

109.2 

Per Capita Consumption Retail 
Cut Equivalentl 

(g/day"f 

82.8 

1.2 

62.1 

1.7 

147.9 

78.3 

1.7 

77.0 

Per Capita Consumption 
Boneless Trimmed F.quivalenl'I' 

(g/day'f 

78.4 

0.99 

58.3 

1.2 

139.l 

54.Sfi.i 

17.511 

72.1 

Includes processed meats and poultry in a fresh basis; excludes shipments to U.S. territories; uses U.S. total population, July l, and does not include residents of the U.S • 
territories. 
Beef-Olrcass-Weight is the weight of the chilled hanging carcass, which includes the kidney and attached internal fat [kidney, pelvic, and heart fat (kph)] but not head, 
feet, and unattached internal organs. Definitions of carcass weight for other red meats differ slightly. 
RTC - ready-to-cook poultry weight is the entire dressed bird which includes bones, skin, fat, liver, heart, gizwd, and neck. 
Retail equivalents in 1991 were converted from carcass weight by multiplying by a factor of0.7, 0.83, 0.89, and 0.776 for beef, veal, lamb, and pmk, respectively; 0.877 
was the factor used each for young chicken and other chicken. · 
Boneless equivalent for red meat derived from carcass weight in 1991 by using conversion factors of 0.663, 0.685, 0.658 and O. 729 for beef, veal, lamb, and pork, 
~tively; 0.597, 0.597 and 0.790 were the factors used for young chicken, other chicken, and turkey. t:7 -
Original data was presented in lbs for one year, conversion to g/day were obtained by multiplying by a factor of 453.6 and dividing by 365 days. ~ o 
Computed from unrounded data. ~ ~ 

Includes skin, neck, and giblets. n ~ O 
Excludes amount of RTC chicken going to pet food as well as some water leakage that occurs when chicken is cut-up before packaging. ~ .o ~ 

t:xJ ~ r:z:j 
0 t-:3 

Source: USJ;>A, 1993. ~ 
0 
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meats are more representative of what people would actually consume. Table 2-Ios presents 

per capita consumption in 1991 for dairy products including eggs, milk, cheese, cream and sour 

cream. 

One of the limitations of this study is that disappearance data do not account for losses 

from the food supply from waste spoilage or foods fed to pets. Thus, intake rates based on 

these data may overestimate daily consumption because they are based on the total quantity of 

marketable commodity utillled. It should also be noted that per capita estimates based on food 

disappearance is not a direct measure of actual consumption or quantity ingested, instead the data 

are used as indicators of changes in usage over time (USDA, 1993). An advantage of this study 

is that it provides per capita consumption rates for meat, poultry, and dairy products which are 

representative of long-term intake because disappearance data are generated annually. Daily per 

capita intake rates are generated by dividing annual consumption by 365 days/year. 

National Live Stock and Meat Board, 1993 - &ting in America Today: A Dietary Pattern 

and lntakl! Report - The National Live Stock and Meat Board (1993) assessed the nutritional 

value of the current American diet based on two factors: (1) the composition of the foods 

consumed and (2) the amount of food consumed. Data used in this study were provided by 

MR.CA Information Services, Inc. through MRCA's Nutritional Marketing Information Division. 

The survey conducted by MR.CA consisted of 2,000 household panel of over 4, 700 individuals. 

The survey sample was selected to be representative of the U.S. population. Information 

obtained from the survey by MRCA's Menu Census included food and beverage consumption 

over a period of 14 consecutive days. The head of the household recorded daily food and 

beverage consumption in-home and away-from-home in diaries for each household member. The 

survey period was from July 1, 1990 through June 30, 1991. This ensured that all days carried 

equal weights and provided a seasonally balanced data set. In addition, nutrient intake data 

calculated by the MCRA's Nutrient Intake Database (NID) (based on the 1987-88 USDA Food 

Intake Study) and information on food attitudes were also collected. 

Table 2-106 presents the adult daily mean intake of meat and poultry grouped by region 

and gender. The adult population was defined as consumers ages 19 and above (National Live 

Stock and Meat Board, 1993). Beef consumption was high in all regions compared to other 

meats and poultry (Table 2-106). The average daily consumption of meat in the U.S. was 114.2 
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Food Item 

Farm Weightb•0 

Retail Weight'l•0 

Fluid Milk and Cream 

~ 

Cheese 

Plain Whole Milk 

Lowfat Plain Milk (2 % ) 

Lowfat Plain Milk (19') 

Skim Plain Milk 

Whole Flavored Milk and Drink: 

Lowfat Flavored Milk and Drink 

Buttermilk (lowfat and skim) 

Half and Half Cream 

Light Cream 

Heavy Cream 

Sour Cream 

Eggnog 

i\merican 

Italian 

Cheddar 

Othet1 

Provolone 

Romano 

Parmesan 

Mozzarella 

Ricotta 

Other 

Miscellaneous 

Swissf 
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Per Capita Consumption 
(g/day'j 

37.8 

37.3 

289.7 

105.3 

98.1 

25.8 

29.7 

3.4 

8.S 

4.2 

3.9 

0.4 

1.6 

3.2 

o.s 
S.2 

11.2 

2.S 

0.8 

0.2 

0.6 

9.0 

1.0 

0.07 

1.S 
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Table 2-105. Per Capita Consumption (g) of Dairy Products in 1991• (confiiiiiea) 

Food Item 

Brick 

Muenster 

Cream 

Neufchatel 

Blue' 

Other 

Processed Products 

Cheese 

Foods and spreads 

Cheese Content 

Consumed as Natural 

Cottage Cheese (lowfat) 

Frozen Dairy Products 

Ice Cream 

Ice Milk 

Sherbet 

Other Frozen Products11 

Total0 

Evaporated and Condensed M"dk1 

Canned Whole Milk 

Bulk Whole Milk 

Bulk and Canned Skim Milk 

Tota1° 

Dry Milk Pro<luctsl 

Dry Whole Milk 

Nonfat Dry M"dk 

Dry Buttermilk 

Tota1° 

Dried Whey 
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Per Capita Consumption 
(g/day~ 

0.07 

o.s 
1.9 

0.3 

0.2 

1.2 

6.1 

4.7 

8.5 

22.6 

1.6 

20.3 

9.2 

1.S 

S.3 

36.4 

2.6 

1.4 

6.2 

10.2 

o.s 
3.2 

0.3 

4.0 

4.S 
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Per Capita Consumption (g) of Dairy Products in 1991• (continued ~- CITE I 

Food Item 

All Diacy Products 

USDA Donations 

Commercial Sales 

Total 

Per Capita Consumption 
(g/day"j 

17.1 

685.2 

702.4 

All per capita consumption figures use U.S. total populations, except fluid milk and cream data, 
which are based on U.S. residential population. For eggs, excludes shipments to U.S. territories, 
uses U.S. total population, July 1, which does not include U.S. territories. 
A dozen eggs converted at 1.57 pounds. 
The factor for converting farm weight to retail weight was 0.97 in 1960 and was increased 0.003 
per year until 0.985 was reached in 1990. 
Includes Colby, washed curd, Monterey, and Jack. 
Computed from unrounded data. 
Includes imports of Gruyere and E1nmenthaler. 
Includes Gorgoll7.0la. 
Includes mellorine, frozen yogurt beginning 1981, and other nonstandardized frozen diary products. 
Includes quantities used in other dairy products. 
Original data were presented in lbs, conversions to g/day were calculated by multiplying by a 
factor of 453.6 and dividing by 365 days. 

Source: USDA, 1993. 
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Table 2-106. Adult Mean Daily Intab of Meat and Poultry Grouped by Region and Gemtei-

Pacific Mountain 

Mean Daily Intake (g/day) 

Region 

North Cmtral Northeast South 
Food.Item 

Male Female Male Female Male Female Male Female Male Female 

Beef 84.8 52.8 89.8 59.6 86.8 55.9 71.8 46.6 87.3 54.9 

Pork 18.6 12.6 23.7 16.8 26.S 18.8 22.4 15.9 24.4 17.2 

Lamb 1.3 1.2 0.5 0.3 0.4 0.4 1.3 1.0 0.5 0.3 

Veal 0.4 0.2 0.2 0.2 0.4 0.4 2.8 1.5 0.3 0.3 

Variety 

Mcata/Game 11.1 7.9 9.1 7.4 11.9 8.0 8.1 6.8 9.4 7.8 

Proceaed 22.8 15.4 22.9 13.2 26.3 15.8 21.2 15.S 26.0 17.0 
Meats 

Poultry 67.3 56.1 51.0 45.2 51.7 44.7 56.2 49.2 57.7 S0.2 

• Adult population represents consumers ages 19 and above. 

Source: National Livestock and Meat Board, 1993. 
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g/day which included beef (57%), veal (0.5%), lamb (0.5%), game/variety meats (8%), 

processed meats (18%), and pork (16%) (National Live Stock and Meat Board, 1993). Table 

2-107 shows the amount of meat consumed by the adult population grouped as non meat eaters 

(1 %), light meat eaters (30%), medium meat eaters (33%), and heavy meat eaters (36%). 

2.4.2. Fat Content of Meat and Dairy Products 

In some cases, the residue levels of contaminants in meat and dairy products are reported 

as the concentration of contaminant per gram of fat. When using these residue levels, the 

assessor should ensure consistency in the exposure assessment calculations by using consumption 

rates that are based on the amount of fat consumed for the meat or dairy product of interest. 
I 

Alternately, residue levels for the •as consumed• portions of these products may be estimated 

by multiplying the levels based on fat by the fraction of fat per product as follows: 

residue level = residu4 level z g-/at 
g-product g-/at g-product 

(Eqn.2-4) 

The resulting residue levels may then be used in conjunction with •as consumed• consumption 

rates such as those tabulated in Tables 2-82 through 2-107. The percentages of lipid fat in meat 

and dairy products have been reported in various publications. USDA's Agricultural Handbook 

Number 8 (USDA, 1979-1984) provides composition data for agricultural products. It includes 

a listing of the total saturated, monounsaturated, and polyunsaturated fats for various meat allld 

dairy items. Table 2-108 presents the total fat content for selected meat and dairy products taken 

from Handbook Number 8. The total percent fat content is based on the sum of saturated, 

monounsaturated, and polyunsaturated fats. 

The National Livestock and Meat Board (NLMB) (1993) used data from Agricultural 

Handbook Number 8 and consumption data to estimate the fat contribution to the U.S. diet. 

Total fat content in grams, based on a 3-ounce (85.05 g) cooked serving size, was reported for 

several categories (retail composites) of meats. These data are presented in Table 2-109 along 
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Table 2-107. Amount of Meat Consumed by Adults Grouped by Frequency ofEatingif 

Percent ofEaters 

Total 
Fiequency of Eatinas Percent of Male Female Consumption Median Daily 

Total Eaters for 14 Days Intab 
(g) (g/day) 

Non-Meat Baters9 1% 20 80 None None 

Liiht Meat Eatezab 30% 27 73 <1025 54 

Medium Meat> Eaters 33% 39 61 1025-1584 93 

Heavy Meatd Eaters 36% 73 27 >1548 144 

• A female who ia employed and on a diet. She lives alone or in a small household (without child.rm). 
1t Female who may or may not be on a diet. There are probably 2-4 people in her household but that number is 

not likely to include children. 
0 Thia peraon may be of either sex, miJht be on a diet, and probably lives in a household of 2-4 people, which 

may include children. 
4 Male who is not on a diet and lives in a household of 2-4 individuals, which may include child.rm. 
• Adult population represents consumers ages 19 and above. ·· 

Source: National Livestock and Meat Board, 1993. 
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Table 2-108. Percentage Lipid Fat Content and Mean Moilturc Content (Bxprcucd u Perccntapaof 100 Gram• 
of Edible Portions) of Selected Meat and Dairy Produ~ 

MS!!! 

Beef 
Lean only 

Product 

Lean and fat, 1/4 in. fat trim 

Brisket (point half) 
Lean and fat 

Brisket (flat half) 
Lean and fat 
Lean only 

Pork 
Lean only 

Lean and fat 

Cured shoulder, blade roll, lean and fat 
Cured ham, lean and fat 
Cured ham, lean only 
Sausage 
Ham 
Ham 

Lamb 
Lean 

Lean and fat 

Veal 
Lean 

Lean and fat 

Rabbit 
Composite of cuts 

Chicken 
Meat only 

Meat and akin 

Turkey 
Meat only 

Meat and akin 

Ground 

Fat Pcn:cntagc Comment 

6.16 Raw 
9.91 Cooked 

19.24 Raw 
21.54 Cooked 

29.32 Raw 

22.40 Raw 
4.03 Raw 

5.88 Raw 
9.66 Cooked 

14.95 Raw 
17.18 Cooked 
20.02 Unheated 
12.07 Center slice 
7.57 Raw, center, country style 

38.24 Raw, frcah 
4.55 Cooked, extra lean (S~ fat) 
9.55 Cooked, (11 ~ fat) 

5.2S Raw 
9.52 Cooked 

21.59 Raw 
20.94 Cooked 

2.87 Raw 
6.58 Cooked 
6.77 Raw 

11.39 Cooked 

5.55 Raw 
8.05 Cooked 

3.08 Raw 
7.41 Cooked 

15.06 Raw 
13.60 Cooked 

2.86 Raw 
4.97 Cooked 
8.02 Raw 
9.73 Cooked 
6.66 Raw 
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Food 

Bee! 
Bcc!livcr 

Table 2-108. 

Chick.en (li&ht meat) 
Chick.en (darlc meat) 
Duclc - domestic 
Duclc-wild 
Goose - domcatic 
Ham- cured 
Horse 

Lamb 
Lard 
Pork 
Rabbit - domcatic 

Dairy Product! 

Ew 
Butter 
Chccae American put.curiud 

Cheddar 
Swi11 
Parmcaan, bard 
Parmc.an,ptcd 
Cream, whippina, heavy 
eouaac, Jowfat 
Coi>y 
Blue 
Cream 

Yogurt 
Plain, Jowfat 
Plain, with fat 

Human milk - catimatcd 
from USDA Survey 

Hwnan 
Skim 
Lowfat 

I DRA.'FT 
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Pczcc=itaac Lipid Fat Content and Mean Moisture Content (Bxprcucd ~r.tan.aca~o:r-t ---
100 pm1 of Edible Portiom)' 

Moilture Content Percent 

71.60 
68.99 
74.86 
15.99 
73.77 
15.51 
68.30 
66.92 
72.63 
63.98 
73.42 
0.00 
70.00 
72.81 
69.11 
74.16 

74.57 
15.87 
39.16 
36.75 
37.21 
29.16 
17.66 
57.71 
79.31 
38.20 
42.41 
53.15 

85.07 
87.90 

87.50 
90.80 
90.80 

Commenta 

Raw, compoaitc, trimmed, n:tail cuta 

Raw 
Raw, without akin 
Raw, without akin 
Raw 
Raw 
Raw 
Raw 
Raw, routed 
Cooked, routed 
Raw, compoaitc, trimmed, retail cuta 

Raw 
Raw 
Raw, routed 
Cooked, routed 
Raw 

Raw 
Regular 

Made from whole milk 

Whole, mature, fluid 

1~ 

• Bucci on the lipid or water content in 100 pm1, edible portion. 

Source: USDA~ Handbook, No. 8, 1979-1986. 
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Table 2-108. 

Product 

R!ia 

Mille 
Whole 
Human 
Lowfat (1 ") 
Lowfat (2") 
Skim 

Cream 
Half and half 
Medium 
Heavy-whipping 
Sour 

Butter 

Chccae 
American 
Cheddar 
Swiss 
Cream 
Panncaan 
Cottage 
Colby 
Blue 
Provolone 
Mou.arc Ila 

Yogurt 
Eggs 

I DRAFT 
i DO NOT QUOTE OR 
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Percentage Lipid Fat Content and Mean Moisture Content (Expn:ucd u Pcrccntagca of 100 Gnuni 
of Edible Portions) of Selected Meat and Dairy Productl8 

Fat Percentage Comment 

3.16 3 .3" fat, raw or putcuri7.cd 
4.17 Whole, mature, fluid 
0.83 Fluid 
1.83 Fluid 
0.17 Fluid 

18.32 Table or coffee, fluid 
23.71 2S" fat, fluid 
35.09 Fluid 
19.88 Cultured 
76.93 Regular 

29.63 Putcurizcd 
31.42 
26.02 
33.07 
24.50; 28.46 Hard; grated 

1.83 Lowfat, 2" fat 
30.45 
27.26 
25.24 
20.48 

1.47 Plain, lowfat 
8.35 Chicken, whole raw, fresh or 

Uo7.Cll 
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Table 2-109. Fat Content of Meat Products 

Meat Product 
3-oz cooked serving (85.0S g) 

Beef, retail composite, lean only 

Pork, retail composite, lean only 

Lamb, retail composite, lean only 

Veal, retail composite, lean only 

Broiler chicken, flesh only 

Turkey, flesh only 

Total Fat 
(g) 

8.4 

8.0 

8.1 

S.6 

6.3 

4.2 

Source: National Livestock and Meat Board, 1993. 
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9.9 

9.4 

9.S 

6.6 

7.4 

4.9 
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with the corresponding percent fat content values for each product. NLMB (1993) als6 reported 

that 0.17 grams of fat are consumed per gram of meat (i.e., beef, pork, lamb, veal, game, 

processed meats, and variety meats) (17 percent) and 0.8 grams of fat are consumed per gram 

of poultry (8 percent). 

The average total fat conten~ of the U.S. diet was reported to be 68.3 g/day. The meat 

group (meat, poultry, fish, dry beans, eggs, and nuts) was reported to contribute the most to the 

average total fat in the diet (41 percent) (NLMB, 1993). Meats (i.e., beef, pork, lamb, veall, 

game, processed meats, and variety meats) reportedly contributes less than 30 percent to the total 

fat of the average U.S. diet. The milk group contributes approximately 12 percent to the 

average total fat in the U.S. diet (NLMB, 1993). Fat intake rates and the contributions of the 

major food groups to fat intake for heavy, medium, and light meat eaters, and non meat eaters 

are presented in Table 2-110 (NLMB, 1993). NLMB (1993) also reported the average meat fat 

intake to be 19.4 g/day, with beef contributing about 50 percent of the fat to the diet from all 

meats. Processed meats contributed 31 percent; pork contributed 14 percent; game and variety 

meats contributed 4 percent; and lamb and veal contributed 1 percent the average meat fa.t 

intake. 

The Center for Disease Control (CDC) (1994) used data from NHANES m to calculate 

daily total food energy intake (TFEI), total dietary fat intake, and saturated fat intake for the 

U.S. population during 1988 to 1991. The sample population comprised 20,277 individuals ages 

2 months and above, of which 14,001 respondents (73% response rate) provided dietary 

information based on a 24-hour recall. TFEI was defined as all nutrients (i.e., protein, fat, 

carbohydrate, and alcohol) derived from consumption of foods and beverages (excluding plain 

drinking water) measured in kilocalories (kcal).• Total dietary fat intake was defined as •a11 fat 

(i.e., saturated and unsaturated) derived from consumption of foods and beverages measured h1 

grams.• 

CDC (1994) estimated and provided data on the mean daily TFEI and the mealll 

percentages of TFEI from total dietary fat grouped by age and gender. The overall mean daily 

TFEI was 2,095 kcal for the total population and 34 percent (or 82g) of their TFEI was from 

total dietary fat (CDC, 1994). Based on this information, the mean daily fat intake was 

calculated for the various age groups and genders (see Appendix 2B for detailed calculation). 
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Table 2-110. Fat Intake, Contribution of Various Food Groups to Fat Intake, and Percentage 

of the Population in Various Meat Eater Groups of the U.S. Population 

Total Heavy Meat Medium Meat Light Meat Non Meat 
Population Eaters Eaters Eaters Eaters 

Average Fat Intake (g) 68.3 84.S 62.S 53.S 32.3 

Percent of Population 100 36 33 30 1 

Meat Group (% "f 41 44 40 37 33 

Bread Group (%) 24 23 24 26 25 

MUk Group (%) 12 11 13 14 14 

Fruits(%) 1 1 1 1 1 

Vegetables (%) 9 9 9 9 11 

Fats/oU/sweets (%) 13 12 13 14 17 

• Meat Group includes meat, poultry, dry beans, eggs, and nuts. 

Source: National Livestock and MeatBoard, 1993. 
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Table 2-111 presents the grams of fat per day obtained from the daily consumption of foods and 

beverages grouped by age and gender for the U.S. population. 

2.4.3. Conversion Between As CoDSUllled and Dry Weight Intake Rates 

As noted previously, intake rates may be reported in terms of units as consumed or units 

of dry weight. It is essential that exposure assessors be aware of this difference so that they may 

ensure consistency between the units used for intake rates and those used for concentration data 

(i.e., if the unit of food consumption is grams dry weight/day, then the unit for the amount of 

pollutant in the food should be grams dry weight). If necessary, as consumed intake rates may 

be converted to dry weight intake rates using the moisture content percentages of meat, poultry 

and dairy products presented in Table 2-108 and the following equation: 

IR.sw = IRac * [(100-W)/100] (Eqn. 2-5) 

"Dry weight" intake rates may be converted to "as consumed" rates by using: 

m.c = IRn/[(100-W)/100] (Eqn.· 2-6) 

where: 

!Ruw - dry weight intake rate; 
~ - as consumed intake rate; and 
W - percent water content. 

2.4.4. Recommendations 

The key studies described in this section were used in selecting recommended meat, 

poultry, and dairy product intake rates for the general population and various subgroups of the 

United States population. These studies were all based on USDA NFCS data, but used different 

analytical methods for calculating intake, and/or evaluated different subpopulations or food 

groups. The general design of both key and relevant studies are summarized in Table 2-112. 

Based on the 1987 /88 NFCS one-day per capita data, the recommended average intake rates for 
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Table 2-111. Mean Total Daily Dietary Fat Intake (g/day) Grouped by Age and Gend~ 

Total Males Females 

Age N Mean Fat Intake N Mean Fat Intake N Mean Fat Intake 
(yr!) (g/day) (g/day) (g/day) 

2-11 (months) 871 37.52 439 38.31 432 36.95 

1-2 1,231 49.96 601 51.74 630 48.33 

3-S 1,647 60.39 744 70.27 803 61.51 

6-11 1,745 74.17 868 79.45 877 68.95 

12-16 711 85.19 338 101.94 373 71.23 

16-19 785 100.50 308 123.23 397 77.46 

20-29 1,882 97.12 844 118.28 638 76.52 

30-39 1,628 93.84 736 114.28 791 74.06 

40-49 1,228 84.90 626 99.26 602 70.80 
tJ 
I - S0-59 929 79.29 473 96.11 4S6 63.32 0\ 

00 

60-69 1,108 69.15 646 80.80 560 S9.S2 

70-79 851 61.44 444 73.35 407 53.34 

:i:!: 80 809 54.61 290 68.09 313 47.84 

Total 14,801 81.91 7,322 97.18 7,479 67.52 

:i:!: 2 13,314 82.77 6,594 98.74 8,720 68.06 

• Total dietary ht intake includes all fat Q.e., saturated and unsaturated) derived from consumption of foodS and beverages (excluding plain drinking Tier)~ 

Source: Adapted from CDC, 1994. # ~ 
0 
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Table 2-112. Summary of Meat, Poultry, and Dairy Intake Studies 

Survey Population Used in 
Study Calculating Intake Types of Data Used Units Food Items 

Pao et al., 1982 Consumers only data l9'11n8 NFCS g/day; as consumed Distributions of intake rates for 
provided; per capita intake 3-day individual intake data meats, poultry' and diary products. 
calculated using fniction of 
individuals using the foocl 

EPA's DRES Per capita (i.e., COl18UIDMll 1977n8 NFCS g/kg-day; as consumed Intake foi a wide variety of meats, , 
and JlOllCOllSUJlle) 3-day individual intake data poultry. and dairy products 

presented; complex foocl groups 
were disaggregated 

. USDA, 1992 Per~!!le!~ 1mns e1 !987/88 NFCS g/d:y; = consumed TWI m=t, poolt:y =ml fish, toml 
only grouped by aae and 1-day individual intake data poultry. total milk, cheese md 
sex eggs. 

EPA Analysis of Consumen only; per capita 1987/88 NFCS data; g/kg-day; &8 consumed DistnlJUtions of intake rates for 
1987/88 USDA Data data can be calculat.ecl Buecl on amount of food total meats and total dairy; 

t>.l consumed by a household individual food items; USDA food 
I 

over a 7-day period; categories ...... 

°' IO individual intake rates hued 
on the estimated proportion 
of household foocl eatm by 
family members. 

U.S. EPA/ORP, Per capita tmnBNFCS g/day; &8 consumed Mean intake rates for total meats, 
1984d; 1984e Individual intake data total dWy products, and individual 

food items. 

U.S. EPA/OST, 19PQ Estimated lifetime dietary Buecl on FDA Total Diet g/day; dry weight Various food groups; complex 
intake Study Food Ust which used foods disaggregated 

1mns NFCS data, and 
NUANES Il data --t7 

USDA, 1993 Per capita COllllllmplion Based on food supply and g/day; as consumed Intake rates of meats, poultry, and 

-~ based on •foocl utilU.ation data which were diary products; intake rates of . 0 
disappearance• provided by National individual food items. c~O 

Agricultural Statistics Service H~~ ~ c:: 
(NASS), Customs Service l_:l:j 0 .-i 

reports, and trade t;1 
associa.tions. a 

~ 
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the general population are 32 g/day for beef; 14 g/day for pork; 1 g/day for lamb, veal, an 

game; 26 g/day for total poultry (20 g/day for chicken only); and 193 g/day for total meat, 

poultry, and fish. Mean per capita intake rates for specific food items, on a g/kg-day basis, may 

be taken from Table 2-83. Mean and upper-percentile consumer only intake rates for total meat, 

total dairy, or beef, game, pork, poultry, and eggs from the distribution data presented in Tables 

2-86 through 2-100 may be used to represent intake for the general population and various 

subpopulations. Upper-percentile per capita rates may be calculated using the consumer only 

distribution data presented in Tables 2-86 through 2-100 and the survey size data presented in 

S~tion 2. 7.Intake rates for the homeproduced form of these food items/groups are presented in 

S~tion 2. 7. Also, the data presented fu Table 2-82 may be used to represent mean and upper

percentile consumer only and per capita intake rates for various items of meat, poultry, and 

dairy products. These data were estimated based on the USDA-NFCS data, however, intake 

rates were calculated over a 3-day period. In situations where there is paucity of information, 
-, 

the 3-day data may also be used for acute exposure assessments. 

The advantage of using the USDA NFCS data set is that it is the largest publicly 

available data source on food intake patterns in the United States. Data are available for a wide 

variety of meat, poultry, and dairy products and are intended to be representative of the U.S. 

population. However, it should be noted that the data collected by USDA NFCS are based on 

short-term dietary recall and may -not accurately reflect long-term intake patterns. This is 

particularly true for the tails of the distribution of intake. 
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Breast milk is a potential source of exposure to toxic substances among nursing infants. 

Some chemical compounds accumulate in fatty tissues and may be transferred to breast-fed 

infants in the lipid portion of breast milk. Because nursing infants obtain most (if not all) of 

their dietary intake from breast milk, they are especially wlnerable to exposures to these 

compounds. Estimating the magnitude of the potential dose to infants from breast milk requires 

information on the quantity of breast milk consumed per day and the duration (months) over 

which breast-feeding occurs. Information on the fat content of breast milk is also needed for 

estimating dose from breast milk residue concentrations that have been indexed to lipid content. 

Several studies have generated data on breast milk intake. Typically, breast milk intake 

has been measured over a 24-hour period by weighing the infant before and after each feeding 

without changing its clothing (test weighing). The sum of the difference between the measured 

weights over the 24-hour period is assumed to be equivalent to the amount of breast milk 

consumed daily. Intakes measured using this procedure are often corrected for evaporative water 

losses (insensible water losses) between infant weighings (NAS, 1991). Neville et al. (1988) 

evaluated the validity of the test weight approach among bottle-fed infants by comparing the 

weights of milk taken from bottles with the differences between the infants' weights before and 

after feeding. When test weigh~ data were corrected for insensible water loss, they were not 

significantly different from bottle weights. Conversions between weight and volume of breast 

milk consumed are made using the density of human milk (approximately 1.03 g/mL) (NAS, 

1991). Recently, techniques for measuring breast milk intake using stable isotopes have been 

developed. However, few data based on this new technique have been published (NAS, 1991). 

Studies among nursing mothers in industrialized countries have shown that intakes among 

infants average approximately 750 to 800 g/day (728 to 777 mUday) during the first 4 to 5 

months of life with a range of 450 to 1,200 g/day (437 to 1,165 mUday) (NAS, 1991). Similar 

intakes have also been reported for developing countries (NAS, 1991). Infant birth weight and 

nursing frequency have been shown to influence the rate of intake (NAS, 1991). Infants who 

are larger at birth and/or nurse more frequently have been shown to have higher intake rates. 
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Also, breast milk production among nursing mothers has been reported to6e somew 

than the amount actually consumed by the infant (NAS, 1991). 

The available studies on breast milk intake are summarized in the following sections. 

Studies on breast milk intake rates have been classified as either key studies or relevant studies 

based on their applicability to exposure assessment needs. Recommended intake rates are based 

on the results of key studies, but relevant studies are also presented to provide the reader with 

added perspective on the current state-of-knowledge pertaining to breast milk intake. 

Relevant data on lipid content and fat intake, energy content and energy intake, 

breast-feeding duration and frequency, and the estimated percentage of the U.S. population that 

breast-feeds are also presented. 

2.5.2. Key Studies on Breast Milk Intake 

Pao et al. - Milk Intakes and Feeding Patterns of Breast-fed Infants - Pao et al. ·(1980) 

conducted a study of 22 healthy breast-fed infants to estimate breast milk intake rates. Infants 

were categorized as completely breast-fed or partially breast-fed. Breast feeding mothers were 

recruited through Lal.eche League groups. Except for one black infant, all other infants were 

from white middle-class families in southwestern Ohio. The goal of the study was to enroll 

infants as close to one month of age as possible and to obtain records near one, three, six, and 

nine months of age (Pao et al., 1980). However, not all mother/infant pairs participated at each 

time interval. Data were collected for these 22 infants using the test weighing method. Records 

were collected for three consecutive 24-hour periods at each test interval. The weight of breast 

milk was converted to volume by assuming a density of 1.03 g/mL. Daily intake rates were 

calculated for each infant based on the mean of the three 24-hour periods. Mean daily breast 

milk intake rates for the infants surveyed at each time interval are presented in Table 2-113. 

For completely breast-fed infants, the mean intake rates were 600 .mUday at 1 month of age and 

833 mUday at 3 months of age. Partially breast-fed infants had mean intake rates of 485 

mUday, 467 mUday, 395 mUday, and 554 mUday at 1, 3, 6, and 9 months of age, 

respectively. Pao et al. (1980) also noted that intake rates for boys in both groups was slightly 

higher than for girls. 

2-172 



Age 

Completely Breast-fed 
1 month 
3 months 
6 months 

Partially Breast-fed 
1 month 
3 months 
6 months 
9 months 

Table 2-113. Daily Intakes of Breast Milk 

Number of 
Infants Surveyed at 
Each Time Period 

11 
2 
1 

4 
11 
6 
3 

?,fean Intake 
(mL/day) • 

600 ± 159 
833 
682 

485 ± 79 
467 ± 100 
395 ± 175 

<554 

• Data expressed as mean ± standard deviation. 

Source: Pao et al., 1980. 
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Range of 
Daily Intake 

(mL/day) 

426 - 989 
645 - 1,000 
616 - 786 

398 -655 
242 - 698 
147 - 684 
451 - 732 
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The advantage of this study is that data for both exclusively and partially breast-fed 

infants were collected for multiple time periods. Also, data for individual infants were collected 
'" 

over 3 consecutive days to account for individual variability. However, the number of infants 

in the study was relatively small and may not be entirely representative of the U.S. population. 

Butte et al. - Human Milk Intake ond Growth in Exclusively Breast-fed lrlfants - Breast 

milk intake was studied in exclusively breast-fed infants during the first 4 months of life (Butte 

et al., 1984). Breastfeeding mothers were recruited through the Baylor Mille Bank Program in 

Texas. Forty-five mothers/infant pairs participated in the study. However, data for some time 

periods (i.e., 1, 2, 3, or 4 months) were missing for some mothers as a result of illness or other 

factors. The mothers were from the middle- to upper-socioeconomic stratum and had a mean 

age of28.0 ± 3.1 years. A total of 41 mothers were white, 2 were Hispanic, 1 was Asian, and 

1 was West Indian. Infant growth progressed satisfactorily over the course of the study. The 

amount of milk ingested over a 24-hour period was determined using the test weighing 

procedure. Test weighing occurred over a 24-hour period for most participants, but intake 

among several infants was studied over longer periods (48 to 96 hours) t.o assess individual 

variation in intake. The study did not indicate whether the data were corrected for insensible 

water loss. Mean breast milk intake ranged from 723 g/day (702 mUday) at 3 mon~s to 751 

g/day (729 mUday) at 1 month, with an overall mean of 733 g/day (712 mllday) for the entire 

study period (Table 2-114). Intakes were also calculated on the basis of body weight 

(Table 2-114). Based on the results of test weighings conducted over 48 to 96 hours, the mean 

variation in individual daily intake was estimated to be 7.9±3.6 percent. 

The advantage of this study is that data for a larger number of exclusively breast-fed 

infants were collected than by Pao et al. (1980). However, data were collected over a shorter 

time period (i.e., 4 months compared to 6 months) and may not be representative of the U.S. 

population. 

Neville et al., - Studies on Human Lactation - Neville et al. (1988) studied breast milk 

intake among 13 infants during the first year of life. The mothers were all multiparous, 

nonsmoking, Caucasian women of middle- to upper-socioeconomic status living in Denver, 

Colorado (Neville, et al., 1988). All women in the study practiced exclusive breast-feeding for 

at least 5 months. Solid foods were introduced at mean age of 7 months. Daily milk intake was 
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Table 2-114. 

Age (months) 

1 

2 

3 

4 
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Breast Milk Intake Among Exclusively Breast-fed liifants DUring the Fttst 4 
Months of Life 

Number Breast Milk Breast Milk 
of Intake" Intake" 

Infants (g/day) (g/kg/day) 

37 751.0 ± 130.0 159.0 ± 24.0 

40 725.0 ± 131.0 129.0 ± 19.0 

37 723.0 ± 114.0 117.0 ± 20.0 

41 740.0 ± 128.0 111.0 ± 17.0 

Data expressed as mean ± standard deviation . 

Source: Butte et al., 1984. 
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estimated by the test weighing method with conections for insensible weight toss. Data were 
collected daily from birth to 14 days, weekly from weeks 3 through 8, and monthly until the 

study period ended at 1 year after inception. The estimated breast milk intakes for this study 

are listed in Table 2-115. Mean breast milk intakes were 770 g/day (748 mUday), 734 g/day 

(713 mUday), 766 g/day (744 mUday), and 403 g/day (391 mUday) at 1, 3, 6, and 12 months 

of age, respectively. 

In comparison to the previously described studies, Neville et al. (1988) collected data on 

numerous days over a relatively long time period (12 months). However, the intake rates 

presented in Table 2-115 are estimated based on intake during only a 24-houi- period. 

Consequently, these intake rates are based on short-term data that do not account for day-to-day 

variability among individual infants. Also, a smaller number of subjects was included than in 

the previous studies, and the population studied may not be representative of the U.S. 

population. 

Dewey and UJnnerdal - Milk and Nutrient Intakes of Breast-fed Irifants - Dewey and 
I' 

LOnncrdal (1983) monitored the dietary intake of 20 breast-~ed infants between the ages of 1 and 

6 months of age. Most of the infants in the study were exclusively breast-fed {five were given 

some formula, and several were given small amounts of solid foods after 3 months of age). 

According to Dewey and LOnnerdal (1983), the mothers were all well educated and recruited 

via I .a mare childbirth classes from the Davis area of California. Breast milk intake volume was 

estimated based on two 24-hour test weighings per month. Breast milk intake rates for the 

various age groups are presented in Table 2-116. Breast milk intake averaged 673, 782, and 896 

mUday at 1, 3, and 6 months of age, respectively. 

The advantage of this study is that it evaluated breast-fed infants for a period of 6 months 

based on two 24-hour observations per infant per month. Corrections for insensible water loss 

were apparently not made. Also, results of this study may not be representative of U.S. 

populations. 

Dewey et al. - The DARLING Study - The Davis Area Research on Lactation, Infant 

Nutrition and Growth (DARLING) study was conducted in 1986 to evaluate growth patterns, 

nutrient intake, morbidity, and activity levels in infants who were breast-fed for at least the first 

12 months of life (Dewey ct al., 1991a; 199lb). Seventy-three infants were included in the 
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Table 2-115. Breut Mille Intake CITE -
Age Number of Mean ·Standard Range 
(days) Infants (g/day) Deviation (g/day) (g/day) 

1 7 44 71 -31-149. 
2 10 182 86 44-355 
3 11 371 153 209-688 
4 11 451 176 164-694 
5 12 498 129 323-736 
6 10 SOB 167 315-861 
7 8 573 167 406-842 
8 9 581 159 410-923 
9. 10 580 76 470-720 
10 10 589 132 366-866 
11 8 615 168 398-934 
14 10 653 154 416-922 
21 10 651 84 554-786 
28 13 770 179 495-1144 
35 12 668 117 465-930 
42 12 711 111 554-896 
49 10 709 115 559-922 
56 13 694 98 556-859 
90 12 734 114 613-942 
120 13 711 100 570-847 
150 13 838 134 688-1173 
180 13 766 121 508-936 
210 12 721 154 486-963 
240 10 622 210 288-1002 
270 12 618 220 223-871 
300 11 551 234 129-894 
330 9 554 240 120-860 
360 9 403 250 65-770 

a Negative value due to insensible water loss correction. 

Source: Neville et al., 1988. 
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Table 2-116. Breast Milk Intake for Infants Aged 1to6 Months 

Number of 
Age (months) Infants Mean (mL/day) SD (mL/day) a Range (mL/day) 

1 16 673 192 341-1,003 

2 19 756 170 449-1,055 

3 16 782 172 492-1,053 

4 13 810 142 593-1,045 

s 11 805 117 554-1,045 

6 11 896 122 675-1,096 

a Standard deviation. 

Source: Dewey and LOnnerdal, 1983. 
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study at 3 months. The number of infants included in the study at subsequent time intervals was 

somewhat lower as a result of attrition. All infants in the study were healthy and of normal 

gestational age and weight at birth, and did not consume solid foods until after the first 4 months 

of age. The mothers were highly educated and of •reJatively high socioeconomic status• from 

the Davis area of California (Dewey et al., 1991a; 199lb). Breast. milk intake was estimated 

by weighing the infants before and after each feeding and correcting for insensible water loss. 

Test weighings were conducted over a 4-day period every 3 months. The results of the study 

indicate that breast milk intake declines over the first 12 months of life. Mean breast milk 

intake was estimated to be 812 g/day (788 mUday) at 3 months and 448 g/day (435 mUday) 

at 12 months (Table 2-117). Based on the estimated intakes at 3 months of age, variability 

between individuals (coefficient of variation (CV) = 16.3 percent) was higher than individual 

day-to-day variability (CV = 5.4 percent) for the infants in the study (Dewey et al., 199la). 

The advantages of this study are that data were collected over a relatively long-time (4 

days) period at each test interval to account for day-to-day infant variability, and corrections for 

insensible water loss were made. However, the population studied may not be representative 

of the U.S. population. 

2.5.3. Other Relevant Studies en Breast Milk Intake 

Hofvander et al. - 1he Amount of Milk Consumed by 1-3 Month Old Infants - Hofvander 

et al. (1982) compared milk intake among breast-fed and bottle-fed infants at ages 1, 2, and 3 

months of age. Intake of breast milk and breast milk substitutes was tabulated for 25 Swedish 

infants in each age group. Daily intake among breast-fed infants was estimated using the test 

weighing method. Test weighings were conducted over a 24-hour time period at each time 

interval. Daily milk intake among bottle-fed infants was estimated by measuring the volumetric 

differences in milk contained in bottles at the beginning and end of all feeding sessions in a 24-

hour period. The mean intake rates for bottle-fed infants were slightly higher than for breast-fed 

infants for all age groups (Table 2-118). Also, boys consumed. breast milk or breast milk 

substitutes at a slightly higher rate than girls (Table 2-119). Breast milk intake was estimated 

to be 656 g/day (637 mUday) at 1 month and 776 g/day (753 mUday) at 3 months. 
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Table 2-117. Breast Milk Intake Estimated by the DARLING Stu'""" _____ ,_ 

Number of Mean Intake Standard Deviation 
Age (months) Infants (g/day) (g/day) 

3 73 812 133 

6 60 769 171 

9 50 646 217 

12 42 448 251 

Source: Dewey et al. (1991b). 
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Table 2-118. Milk Intake for Bottle- and Breast-fed Infants by Age Group 

Age 
(months) 

1 

2 

3 

a Range given in parentheses. 

Source: Hofvander et al., 1982. 

Breast Milk Substitutes 
Mean (g/day)• 

713 
(500-1,000) 

811 
(670-1,180) 

853 
(655-1,065) 

2-181 

Breast Milk 
Mean (g/day)A 

656 
(360-860) 

773 
(575-985) 

776 
(600-930) 
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Boys Girls 

Mean Mean 
Age (g/day) N (g/day) N 

Breast milk 
1 663 12 649 13 
2 791 14 750 11 
3 811 12 743 13 

Breast milk substitute 
1 753 10 687 15 
2 863 13 753 12 
3 862 13 843 12 

Source: Hofvander et al., 1982. 
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This study was conducted among Swedish infants, but the results are similar to those 

summarized previously for U.S. studies. Insensible water losses were apparently not considered 

in this study, and only short-term data were collected. 

KiJhler et al. - Food Intake and Growth o/llffants - Kohler et al. (1984) evaluated breast 

milk and formula intake among normal infants between the ages of 6 and 26 weeks. The study 

included 25 fully breast-fed and 34 formula-fed infants from suburban communities in Sweden. 

Intake among breast-fed infants was estimated using the test weighing method over a 48-hour 

test period. Intake among formula-fed infants was estimated by feeding infants from bottles with 

known volumes of formula and recording the amount consumed over a 48-hour period. Table 

2-120 presents the mean breast milk and formula intake rates for the infants studied. Data were 

collected for both cow's milk-based formula and soy-based formula. The results indicated that 

the daily intake for bottle-fed infants was greater than for breast-fed infants. 

The advantages of this study are that it compares breast milk intake to formula intake and 

that test weightings were conducted over 2 consecutive days to account for variability itn 

individual intake. Although the population studied was not representative of the U.S. 

population, similar intake rates were observed in the studies that were previously summarized. 

Axelsson et al. - Protein and Energy Intake During Weaning - Axelsson et al. (1987) 

measured food consumption and energy intake in 30 healthy Swedish infants between the ages 

of 4 and 6 months. Both formula-fed and breast-fed infants were studied. All infants were fed 

supplemental foods (i.e., pureed fruits and vegetables after 4 months, and pureed meats and fish 

after 5 months). Mille intake among breast-fed infants was estimated by weighing the infants 

before and after each feeding over a 2-day period at each sampling interval. Breast milk intake 

averaged 765 mUday at 4.5 months of age, and 715 mUday at 5.5 months of age. 

This study is based on short-term data and may not be representative of the U.S. 

population. However, the intake rates estimated by this study are similar to those generated by 

the U.S. studies that were summarized previously. 

2.5.4. Key Studies on Lipid Conttent and Fat Intake from Breast Milk 

Human milk contains over 200 constituents including various proteins, vitamins, 

carbohydrates, lipids, minerals, cells, and trace elements (NA~, 1991). The lipid content of 
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Breast Milk Cow's Formula Soy Formula 

Age N Mean SD N Mean SD N Mean SD 
(wks) (g/d) (g/d) (g/d) (g/d) (g/d) (g/d) 

6 26 746 101 20 823 111 13 792 127 

14 21 726 143 19 921 95 13 942 78 

22 13 722 114 18 818 201 13 861 196 

26 12 689 120 18 722 209 12 776 159 

Source: Kohler et al., 1984. 
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breast milk varies according to the length of time that an infant nurses. Lipid content increases 

from the 'beginning to the end of a single nursing session (NAS, 1991). The lipid portion 

accounts for approximately 4 percent of human breast milk (39 ± 4.0 g/L) (NAS, 1991). This 

value is supported by various studies that evaluated lipid content from human breast milk. 

Several studies also estimated the quantity of lipid consumed by breast-feeding infants. These 

values are appropriate for use in conjunction with residue concentrations that are indexed to the 

fat portion of human breast milk. 

Butte et al. - Human Mflk Intake and Growth in Exclusively Breast-fed Infants - Butte et 

al., (1984) analy7.ed the lipid content of breast milk samples taken from women who participated 

in a study of breast milk intake among exclusively breast-fed infants. The study was conducted 

with over 40 women during a 4-month period. The mean lipid content of breast milk at various 

infants ages is presented in Table 2-121. The overall lipid content for the 4-month study period 

was 34.3 ± 6.9 mg/g (3.4 percent). Butte et al. (1984) also calculated lipid intakes from 24-

hour breast milk intakes and the lipid content of the human milk samples. Lipid intake was 

estimated to range from 23.6 g/day (3.8 g/kg/day) to 28.0 g/day (5.9 g/kg/day). 

A relatively large group of women were included in this study. However, these women 

were selected primarily from middle- to upper-socioeconomic classes. Thus, data on breast milk 

lipid content from this study may not be entirely representative of breast milk lipid content 

among the U.S. population. Also, 1these estimates are based on short-term data. 

Maxwell and Bumzaster - Simulation Model/or Estimating a Distribution of Lipid Intake -

Maxwell and Burmaster (1993) used a hypothetical population of 5,000 infants between birth ancll 

1 year of age to simulate a distributi1on of daily lipid intake from breast milk. The hypothetical 

population represented both bottle-fed and breast-fed infants aged 1 to 365 days. A distribution 

of daily lipid intake was developed based on data in Dewey et al. (1991b) on breast milk intake 

for infants at 3, 6, 9, and 12 months and breast milk lipid content, and survey data in Ryan ea: 
al. (1991) on the percentage of breast-fed infants under the age of 12 months (i.e., 

approximately 22 percent). A model was used to simulate ~take among 1,113 of the S,000 

infants that were expected to be breast-fed. The results of the model indicated that lipid intake 

among nursing infants under 12 months of age can be characteriz.ed by a normal distribution with 

a mean of26.8 g/day and a standard deviation of 7.4 g/day (Table 2-122). The model assumes 
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Table 2-121. Lipid Content of Human Milk and Estimated Lipid Intake among Exclusive y 

Breast-fed Infants 

Age (months) Number Lipid Lipid Lipid Lipid 
of Content Content Intake Intake 

Observations (mg/g) a (percent) b (g/day) a (g/kg-day) a 

1 37 36.2 ± 7.5 3.6 28.0 ± 8.5 5.9 ± 1.7 

2 40 34.4 ± 6.8 3.4 25.2 ± 7.1 4.4 ± 1.2 

3 37 32.2 ± 7.8 3.2 23.6 ± 7.2 3.8 ± 1.2 

4 41 34.8 ± 10.8 3.5 25.6 ± 8.6 3.8 ± 1.3 

Data expressed as means ± standard deviation. 
Percents calculated from lipid content reported in mg/g. 

Source: Butte, et al., 1984. 
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Table 2-122. Predicted Lipid Intakes for Breast-fed Infants Under 12 Months of Age 

Statistic 

Number of Observations in Simulation 

Minimum Lipid Intake 

Maximum Lipid Intake 

Arithmetic Mean Lipid Intake 

Standard Deviation Lipid Intake 

Source: Maxwell and Burmaster, 1993. 
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that nursing infants are completely breast-fed and does not account for infants who are breast-fed 

longer than 1 year. Based on data collected by Dewey et al. (199lb), Maxwell and Burmaster 

(1993) estimated the lipid content of breast milk to be 36.7 g/L at 3 months and 40.2 g/L at 12 

months. 

The advantage of this study is that it provides •snapshot" of daily lipid intake from breast 

milk for breast-fed infants. The estimated mean lipid intake rate represents the average daily 

intake for nursing infants under 12 months of age. These data are useful for performing 

exposure assessments when the age of the infant cannot be si)ecified (i.e., 3 months or 6 

months). Also, because intake rates are indexed to the lipid portion of the breast milk, they may 

be used in conjunction with residue concentrations indexed to fat content. 

2.5.5. Other Factors 

Other factors associated with breast milk intake include: the energy intake from 

breast-feeding, the frequency of breast-feeding sessions per day, the duration of breast-feeding 

per event, the duration of breast-feeding during childhood, and the magnitude and nature of the 

population that breast-feeds. 

'Energy Intake and 'Energy Content of Breast Milk and lrifant Formula - The Food and 

Agriculture Organi7.ation/World Health Organization (FAQ/WHO) recommends infant energy 

intakes of 116 kcal/kg/day for the first 3 months of life and 99 kcal/kg/day between the ages of 

3-6 months (Butte, et al., 1990). Similarly, the Food and Nutrition Board's Recommended 

Dietary Allowance (RDA) for energy intake is 115 kcal/kg/day during the first 6 months of life 

(Montandon, et al., 1986; Butte, et al., 1984), and USDA's Nutrition Research Board 

recommends 115 kcal/kg/day at birth and 105 kcal/kg/day by the end of the first year (Butte et 

al., 1990). Several studies have estimated energy intakes among breast-feeding infants. 

However, Butte et al. (1984) observed energy intakes that were substantially less than the 

recommended values among healthy, well nourished, exclusively breast-fed infants (110 ± 24 

kcal/kg-day at 1 month and 71 ± 17 kcal/kg/day at 4 months). In another study, Kohler et al. 

(1984) observed that energy intake for healthy breast-fed infants was lower than for healthy 

formula-fed infants (Table 2-123). According to Whitehead and Paul (1991), recent studies 

indicate that the energy intake from formula averages about 90 kcal/kg-day and energy intake 
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Table 2-123. Total Energy Intake .,_.CITE 

Breast-fed Formula-fed 

Age Number of Mean SD Number of Mean SD 
(wks) · Infants (kcal/day) (kcal/day) Infants (kcal/day) (kcal/day) 

6 26 525 71 33 594 131 

14 21 595 100 32 715 108 

22 13 638 98 31 699 141 

26 12 663 85 30 695 124 

Source: KOhler et al., 1984. 
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from breast milk averages about 85 kcal/kg-day. Based on several of these studies, Whitehead 

and Paul (1991) estimated the energy intake among exclusively breast-fed infants to be 114, 98, 

92, and 86 kcal/kg/day at 1, 2, 3 and 4 months of age, respectively. Dewey and LOnnerdal 

(1983) estimated the energy intake from breast milk to be 113, 105, 93, 93, 85, and 89 

kcal/kg/day (509, 564, 556, 596, 593, and 658 kcal/day) for infants 1, 2, 3, 4, 5, and 6 months 

of age, respectively. Table 2-124 presents energy intakes estimated by Dewey et al. (1991b) 

in a subsequent study. Using an assumed energy content of 65 kcal/mL for breast milk and 

measured breast milk intake rates, Axelsson et al. (1987) estimated energy intake among breast

fed infants to be 82.2±9.1kcal/kg/dayat4 to 5 months of age and 76.9±9.4 kcal/kg/day at 5 

to 6 months of age. Energy intake among bottle-fed infants was slightly higher. Bottle-fed 

infants consuming formula with an energy content of 72 kcal/mL had energy intakes of 

104.3±12.4 kcal/kg-day at 4 to 5 months and 97.3±11.1 kcal/kg-day at 5 to 6 months. Bottle

fed infants consuming formula with an energy content of 69 kcal/mL had energy intakes of 

95.6±13.2 kcal/kg-day at 4 to 5 months and 92.6± 15.0 kcal/kg-day at 5 to 6 months. 

Prentice et al. (1988) estimated the energy requirements of 355 healthy children, ages 

0 to 3 years of age, by using data on energy expenditure instead of energy intake. Data on 

measurements· of energy expenditure using the doubly-labeled water method 2H2 
18<> from the 

published literature were used. This method measures total energy expenditure by following the 

disappearance of stable isotopes taken as an oral dose. The energy requirements estimated by 

Prentice et al. (1988) are 110, 95, 85, 83, 83, 84, and 85 kcal/kg-day at 1, 3 ,6, 9, 12, 24, and 

36 months, respectively. 

Dewey and LOnnerdal (1983) estimated the energy content in human milk samples at 1 

to 6 months post partum based on analyses of fat protein and lactose content. Mean energy 

content averaged 74 to 79 kcal/mL. Dewey et al (1991a) estimated that at 3 months the average 

energy content of breast milk is 72.8 ± 9.5 kcal/mL. Whitehead and Paul (1991) and Axelsson 

ct al. (1987) assumed a breast milk eneray content of 65 kcal/mL in their studies of the energy 

intake among breast-fed infants, and K6hler et al. (1984) estimated the energy contents of cow's 

milk-based and soy-based infant formulas to be 67 kcal/mL. 

Frequency and Duration of Feeding - Hofvander et al. (1982) reported on the frequency 

of feeding among 25 bottle-fed and 25 breast-fed infants at ages 1, 2, and 3 months. The mean 
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Table 2-124. Energy Intake from Human Milk ,. CITE : -
Age (months) Numbel' of Energy Intake Energy Intake 

Observations kcal/day a kcal/kg/day• 

3 71 569 91.4 
(86) (11.7) 

6 S6 S49 71.6 
(120) (15.2) 

9 46 466 S4.3 
(152) (17.3) 

12 40 322 34.7 
(181) (19.9) 

a Expressed as means with standard deviation in parentheses. 

Source: Dewey et al., 1991b. 
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number of meals for these age groups was approximately S meals/day (Table 2-125). Neville 

et al. (1988) reported slightly higher mean feed frequencies. The mean number of meals per 

day for exclusively breast-fed infants was 7 .3 at ages 2 to S months and 8.2 at ages 2 weeks to 

1 month. Neville et al. (1988) reported that for infants between the ages of 1-week and 5 

months the average duration of a breast feeding session is 16-18 minutes. 

Population of Nursing Ilffants and Duration of Breast-Feeding During Infancy -

According to NAS (1991), the percentage of breast-feeding women has changed dramatically 

over the years. Between 1936 and 1940, approximately 77 percent of infants were breast fed, 

but the incidence of breast-feeding fell to approximately 22 percent in 1972. The duration of 

breast-feeding also dropped from about 4 months in the early 1930s to 2 months in the late 

1950s. After 1972, the incidence of breast-feeding began to rise again, reaching its peak at 

approximately 61 percent in 1982. The duration of breast-feeding also increased between 1972 

and 1982. Approximately 10 percent of the mothers who initiated breast-feeding continued for 

at least 3 months in 1972; however, in 1984, 37 percent continued breast-feeding beyond 3 

months. In 1989, breast-feeding was initiated among 52.2 percent of newborn infants, and 40 

percent continued for 3 months or longer (NAS, 1991). Based on the data for 1989, only about 

20 percent of infants were still breast fed by age S to 6 months (NAS, 1991). Data on the actual 

length of time that infants continue to breast-feed beyond S or 6 months are limited (NAS, 

1991). However, Maxwell and Burmaster (1993) estimated that approximately 22 percent of 

infants under 1 year of age are breast-fed. This estimate is based on a reanalysis of survey data 

in Ryan et al. (1991) collected by Ross Laboratories (Maxwell and Burmaster, 1993). Studies 

have also indicated that breast-feeding practices may differ among ethnic and socioeconomic 

groups and among regions of the United States. The percentages of mothers who breast feed, 

based on ethnic background and demographic variables, are presented in Table 2-126 (NAS, 

1991). 

Information on differences in the quality and quantity of breast milk consumed based on 

ethnic or socioeconomic characteristics of the population is limited. LOnnerdal et al. (1976) 

studied breast milk volume and composition (nitrogen, lactose, proteins) among underprivileged 

and privileged Ethiopian mothers. No significant differences were observed between the data 

for these two groups; and similar data for well-nourished Swedish mothers were observed. 
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Table 2-125. Number of Meals Per Day -·---· _·. _c_z_xE __ _, 

Age (months) Bottle-fed Infants Breast-fed 
(meals/day) a (meals/day) a 

1 5.4 (4-7) 5.8 (S-7) 

2 4.8(~ 5.3 (5-7) 

3 4.7 (3-6) 5.1 (4-8) 

a Data expressed as mean with range in parentheses. 

Source: Hofvander et al., 1982. 
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Table 2-126. Percmtage of Mothers Breast-feeding Newborn Infants in the Hospital and Infants at 5 or 6 Months 
of Aae in the United States in 1989,• by Ethnic Background and Selected Demographic VariableJ> 

Total White Black HispanicC 

Category Newborns 5-6Mo Newborns 5-6Mo Newborns 5-6Mo Newborns 5-6Mo 
Infants Infants Infants Infants 

All mothers 52.2 19.6 58.5 22.7 23.0 7.0 48.4 15.0 

Parity 
Primiparous 52.6 16.6 58.3 18.9 23.1 5.9 49.9 13.2 
Multiparous 51.7 22.7 58.7 26.8 23.0 7.9 47.2 16.5 

Marital status 
Married 59.8 24.0 61.9 25.3 35.8 12.3 55.3 18.8 
Unmarried 30.8 7.7 40.3 9.8 17.2 4.6 37.5 8.6 

Maternal •ie 
<20yr 30.2 6.2 36.8 7.2 13.5 3.6 35.3 6.9 
20-24yr 45.2 12.7 50.8 14.5 19.4 4.7 46.9 12.6 
25-29 yr 58.8 22.9 63.1 25.0 29.9 9.4 56.2 19.S 
30-34 yr 65.5 31.4 70.1 34.8 35.4 13.6 57.6 23.4 
:<!:35 yr 66.S 36.2 71.9 40.5 35.6 14.3 53.9 24.4 

Maternal education 
No college 42.1 13.4 48.3 15.6 17.6 5.5 42.6 12.2 
Collese• 70.7 31.1 74.7 34.1 41.1 12.2 66.5 23.4 

Family income 
<$7,000 28.8 7.9 36.7 9.4 14.5 4.3 35.3 10.3 
$7,000-$14,999 44.0 13.5 49.0 15.2 23.5 7.3 47.2 13.0 
$15,000-$24,999 54.7 20.4 57.7 22.3 31.7 8.7 52.6 16.5 
0?::$25,000 66.3 27.6 67.8 28.7 42.8 14.5 65.4 23.0 

Maternal employment 
Full time 50.8 10.2 54.8 10.8 30.6 6.9 50.4 9.5 
Part time 59.4 23.0 63.8 25.5 26.0 6.6 59.4 17.7 
Not employed 51.0 23.1 58.7 27.5 19.3 7.2 46.0 16.7 

U.S. census region 
New England 52.2 20.3 53.2 21.4 35.6 5.0 47.6 14.9 
Middle Atlantic 47.4 18.4 52.4 21.8 30.6 9.7 41.4 10.8 
East North Central 47.6 18.1 53.2 20.7 21.0 7.2 46.2 12.6 
WCJ>t North Central SS.9 19.9 58.2 20.7 27.7 7.9 50.8 22.8 
South Atlantic 43.8 14.8 53.8 18.7 19.6 5.7 48.0 13.8 
East South Central 37.9 12.4 45.1 15.0 14.2 3.7 23.5 5.0 
West South Central 46.0 14.7 56.2 18.4 14.5 3.8 39.2 11.4 
Mountain 70.2 30.4 74.9 33.0 31.5 11.0 53.9 18.2 
Pacific 70.3 28.7 76.7 33.4 43.9 15.0 58.5 19.7 

• Mothers were surveyed when their infants were 6 months of age. They were asked to recall the method of feeding the infa 
when in tho hospital, at ago 1 week, at months 1through5, and on the day preceding completion of the survey. Numbers 

b 
tho colUD:JD5 labeled •5-6 Mo Infants• are an average of the 5-month and previous day responses. 
Ba.sed on data from Ross Laboratories. 

c Hispanic is not exclusive of white or black. 
d Collese includu all women who reported completing at least 1 year of college. 

··•· DRAFT 
Source: NAS, 1991. 

DO NOT Q.UOTE OR 
,>r: CITE 

2-194 



DRAFT 
DO NOT QUOTE OR 

CITE 

I...Onnerdal et al. (1976) stated that these results indicate that breast milk quality and quantity are 

not affected by maternal malnutrition. However, Brown et al. (1986a; 1986b) noted that the 

lactational capacity and energy concentration of marginally-nourished women in Bangladesh were 

"modestly less than in better nourished mothers." Breast milk intake rates for infants of 

marginally-nourished women in this study were 690±122 g/day at 3 months, 722±105 g/day 

at 6 months, and 719±119 g/day at 9 months of age (Brown et al., 1986a). Brown et al. 

(1986a) observed that breast milk from women with larger measurements of arm circumference 

and triceps skinfold thickness had higher concentrations of fat and energy than mothers with less 

body fat. Positive correlations between maternal weight and milk fat concentrations were also 

observed. These results suggest that milk composition may be affected by maternal nutritional 

status. 

2.5.6. Recommendations 

The key studies described hi this section were used in selecting recommended values for 

breast milk intake, fat content and fat intake, and other related factors. Although different 

survey designs, testing periods, and populations were utiliz.ed by the key and relevant studies 

to estimate intake, the mean and standard deviation estimates reported in these studies appear 

to be relatively consistent. The general design of both key and relevant studies and their 

limitations are summariz.ed in Table 2-127. It should be noted that most of the intake studies 

cited in this report were based on the test weighing method. The validity of this method has 

been demonstrated by Neville et al. (1988). In addition, the population who participated in all 

the intake studies were well educated and with middle to upper socioeconomic status. 

Breast milk intake - The breast milk intake rates for nursing infants that have been 

reported in the key studies described in this section are summariz.ed in Table 2-128. Based on 

the combined results of these studies, 730 mUday appears to represent an average breast milk 

intake rate, and 1,029 mUday represents an upper-percentile intake rate (based on the mean plus 

2 standard deviations) for infants between the ages of 1 and 6 months of age. This value is the 

mean of the average intakes at 1, 3, and 6 months from the key studies listed in Table 2-128. 

It is consistent with the average intake rate of 718 to 777 mUday estimated by NAS (1991) for 

infants during the first 4 to S months of life. Intake among older infants is somewhat lower, 
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Table 2-127. Breast Milk Intake Studies 

Number of Typo of Feeding Sampling Time and Population 
Study Individuals Interval Studied Comments 

Axelaoo. et al., 30 Breast-fed infants Studied over 2-day Swedish infants Energy intake calculated from 
1987 and infants fed periods at 4.5 and analysis of milk composition and 

formula with two S.5 months of age measured intake rates; not corrected 
differco.t energy for inscasiblc water l<>M 
contmts 

Brown et al., 1986a; 58,60 Breast-fed infants Studied over 3 days Banglede!lhi Measured milk and nutrient intake; 
1986b at each interval infants; not corrected for imemible water 

marginally loss 
nourished 
mothers 

Butte et al., 1984 45 Exclusively breast- Most infants lltUdied Mid- to upper- Estimated breast milk intab and 
fed fodirst 4 over I day only, at aocioeconomic energy intake; corrected for 

N months I, 2, 3, 4 months stratum insensible water loa 
I llOIDC studied OVfJC loo" 

'° 48 to 96 hours to O'I 

8tudy individual 
variability 

Dewey and 20 Most infants Two test weighings Mid to upper Estimated bRst milt inr.ke and 
l..Onnerdal, 1983 exclusively breast- per month for 6 class from energy intake; did not conect for 

fed monlbs Davis area of insensible water loa 
California 

Dewey et al., 1991a; 73 Breast-fed for 12 Test weighing over Highly Estimated breast milt intake; 
1991b months; exclusively 4-day period every 3 educated, high- corrected for insensible water loss 

breast-fed for at least months for I y~ aocioeconomic 
first 4 months class from 

Davis area of t:1 
Califomia 0 

Hofvander et al., 25 breast-fed and 25 Studied 24-hour Swedish infants Estimated breast milk and formula 
~ so 0 

1982 formula-fed infants period at I, 2, and 3 intake; no comctions for insensible oH~ 
H .0 !:! 

months water loss amons breast-fed infants; ~c::~ 
estimated frequency of feeding Mo~ 

t-3 
tzJ 

0 
~ 



Table 2-127. Breast Milk Intake Studies (continued) 

Number of Type of Feeding Sampling Time and Population 
Study Individuals Interval Studied Commmts 

KOhler et al., 1984 59 25 fully breast-fed Studied over 48-hour Swedish infants Estimated breast milk and formula 
and 34 formula-fed periods at 6, 14, 22, intake; no corrections for insensible 
infants and 26 weeks of age water loss among breast-fed infants; 

estimated energy intake 

Maxwell and 1,113 Population of 1, 113 NA NA Simnl•ted distribution of breast milk 
Burmaster, 1993 breast-fed infants intake based on data from Dewey 

based on a 1991•; estimated pen:ent of breast-
h~c=l fed in&oiii uadet 12 monibs of age 
population of 5,000 
breast-fed and bottlo-
fed infmts 

t-.l NAS, 1991 NA Bi:east-fed infants NA NA Summari7.e8 cumnt I ..... 
\0 stato-of-biowledge on breast milt ...... 

volume, composition and 
breut-feeding populations 

Neville et al., 1988 13 Exclusively bteast- Infants studied over Nonsmoking Estimated breast milt intake and 
fed infants 24-hour period at Caucasian lipid intake; corrected for insensible 

each sampling mothers; water loss; estimated frequency llld 
interval; numerous middlo- to duration of feeding 
sampling intervals upper-
over first year of life socioeconomic 

status 

Pao et al., 1980 22 Completely or Three consecutive White middle Estimated breast milk intake; did not 
partially breast-fed days at 1, 3, 6, and class from correct for insensible water loss 
infants 9 months southeastern l ~ Ohio 1~ 

n~O 
H.o ~ 
H C: l:J 
t.s.So~ 
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Table 2-128. Breast Milk Intake Rates Derived From Key S"tudies 

Mean (mL/day) Upper Percentile Reference 
(mL/day) 

(mean plus 2 standard 
deviations) 

1 Monlh 

600 918 Pao et al., 1980 
729 987 Butte et al., 1984 
747 1,095 Neville et al., 1988 
673 1,057 Dewey and U>nnerdal, 1983 

ave= 687 1,014 

3 Months 

833 Pao et al., 1980 
702 924 Butte et al., 1984 
712 934 Neville et al., 1988 
782 1,126 Dewey and U>nnerdal, 1983 
788 1,046 Dewey et al., 1991b 

ave= 763 1,008 

6Months 

682 Pao et al., 1980 
744 978 Neville et al., 1988 
896 1,140 Dewey and U>nnerdal, 1983 
747 1,079 Dewey et al., 1991b 

ave= 739 1,065 

9Months 

600 1,027 Neville et al., 1988 
627 1,049 Dewey et al., 1991b 

ave= 614 1,038 

12 Months 

391 877 Neville et al., 1988 
435 923 Dewey et al., 1991a; 1991b 

ave= 413 900 

12-MONIH 71ME WEIGHTED AVERAGE 
678 1,022 
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averaging 413 rnUday for 12-month olds (Neville et al. 1988; Dewey et al. 1991; 1991b). 

When a time weighted average is calculated for the 12-month period, average breast milk intlke 

is approximately 678 rnUday, and upper-percentile intake is approximately 1,022 rnUday. 

Therefore, the recommended mean breast milk intake rate is 730 rnUday for infants under 6 

months of age and 678 rnUday for infants under 1 year of age. The recommended upper

percentile breast milk intake rate its 1,029 mUday for infants under 6 months and 1,022 rnUday 

at 12 months of age. 

Lipid Content and Lipid Intake - Recommended lipid intake rates are based on data from 

Butte et al. (1984) and Maxwell and Burmaster (1993). Butte et al. (1984) estimated !that 

average lipid intake ranges from 23.6 ± 7.2 g/day (22.9 ± 7.0 mI.Jday) to 28.0 ± 8.5 g/day 

(27.2 ± 8.3 rnUday) between 1 and 4 months of age. These intake rates are consistent with 

those observed by Burmaster and Maxwell (1993) for infants under 1 year of age [(26.8 ± 7.4 

g/day (26.0 ± 7.2 mUday)]. Therefore, the recommended breast milk lipid intake rate for 

infants under 1 year of age is 26.0 mUday and the upper-percentile value is 40.4 mUday (based 

on the mean plus 2 standard deviations). The recommended value for breast milk fat content 

is 4.0 percent based on data from NAS (1991) and Butte et al. (1984). 
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Contaminated fish and shellfish are potential sources of human exposure to toxic 

chemicals. Pollutants are carried in the surface waters, but may also be stored and 

accumulated in the sediments as a result of complex physical and chemical processes. 

Consequently, fish and shellfish are exposed to these pollutants and may become sources of 

contaminated food. 

Accurately estimating exposure to a toxic chemical among a population that consumes 

fish from a polluted water body requires an estimation of intake rates of the caught fish by 

both fishermen and their families. Commercially caught fish are marketed widely, making 

the prediction of an individual's consumption from a particular commercial source difficult. 

Since the catch of recreational and subsistence fishermen is not "diluted" in this way, these 

individuals and their families represent the population that is most wlnerable to exposure by 

intake of contaminated fish from a specific location. 

This section focuses on the intake rates of fish and shellfish. The followiilg sections 

address intake rates for the general population, recreational, and subsistence fishermen. Data 

are presented for intake rates for both marine and freshwater fish when available. The 

available studies have been classified as either key or relevant studies based on the 

applicability of their survey designs to exposure assessment needs. Recommended intake 

rates are based on the results of key studies, but other relevant studies are also presented to 

provide the reader with added perspective on the current state-of-knowledge pertaining to fish 

intake. 

Survey data on fish consumption has been collected using a number of different 

approaches which need to be considered in interpreting the survey results. Generally, 

surveys are either "creel" studies in which fishermen are interviewed while fishing or 

broader population surveys using either mailed questionnaires or phone interviews. Both 

types of data can be useful for exposure assessment purposes, but somewhat different 

applications and interpretations are needed. 
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Creel studies address individuals actively involved in recreational or subSistence 

fishing. In principle, a creel study can be thought of as a representative study of fishing 

effort, i.e., fishermen h~urs expended at a site. 1 As such, the respondents will tend to be 

relatively frequent fishermen who contribute substantially to the overall fishing effort in the 

survey area. For example, in a day long survey at a site, there will be an opportunity to 

interview everyone who fish thel'e daily, but only a small fraction of the fishermen who fish 

there only once each year. 

In contrast, general population surveys sample people without respect to their activity 

(or lack thereof) in fi_shing. For example, a survey conducted by random digit dialing would 

yield a sample of all people who have phones, most of whom will not be active fishermen1 

i.e., the median frequency of recreational fishing in the general population will be zero. 

Similarly, a mail survey of licensed fishermen will include all people who have legal 

permission to fish (some of whom may not be active fishermen). In some cases, the majority 

of licensed fishermen in a survey will fish only occasionally, e.g., the median fishing 

frequency would be vecy low. hi such a case, the upper tail of the distribution (frequent 

fishermen) would contribute the majority of fishing effort. 

Both creel and broadly-ba'ied population survey data can be applied in exposure 

assessments addressing fish consumption. For example, using creel survey data, individuals 

at or below the median fishing frequency can be thought of as contributing 50 percent to the 

overall fishing effort. Similarly, individuals at or above the 90th percentile fishing frequency 

would be those frequent fisherme11 who contributed 10 percent to the overall fishing effort. 1 

1 Note that the interpretation of creel surveys as representing fishing effort in an area, while 
conceptually useful may not correspond with practice in all creel surveys. If creel data are to 
be used as a statistical representation of fishing effort in an area: (1) A survey approach would 
need to achieve similar likelihood that individuals fishing in different areas in the region would 
be sampled. (2) Temporal representativeness also must be achieved. (3) A specified protocol 
is needed for individuals encountered on multiple survey visits. If individuals are only surveyed 
once, as the number of survey periods increases, the survey data will begin to resemble a 

. population survey of all individuals who ever fish and will not represent fishing effort. Finally, 
if the survey obtains data on the current catch of respondents, it should be recognized that 
additional fish may be caught before the end of the fishing session, and that that day's catch may 
not be typical of the fisherman's usual catch. 
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Data from a general population survey or a survey of all licensed fi.Sliermen, can be 

particularly useful in an assessment that seeks to estimate the· number of individuals in a 

pqpulation hayin~ mecified fl.shin~ freQuency or fish consumption rates. Direct use of 

percentile data from population surveys can be misleading because, as noted above; 

infrequent fishermen can represent the majority of a surveyed population but may contribute 

only modestly to the overall fishing effort (and fish consumption). Population survey data 

categorized by fishing frequency can be a useful assessment tool, and this approach is 

utilized in some of the analyses presented in this handbook. 

The U.S. EPA has prepared a review of and an evaluation of five different survey 

methods used for obtaining fish consumption data. They are: 

• Recall-Telephone Survey; 
• Recall-Mail Survey; 
• Recall-Personal Interview; 
• Diary; and 
• Creel Census. 

The reader is referred to U.S. EPA 1992-Consumption Surveys for Fish and Shellfish for 

more detail on these survey methods and their advantages and limitations. 

2.6.2. Key General Population Studies 

Javitz - Seafood Consumption Analysis - Javitz (1980) investigated human fish 

consumption by evaluating the data in the balan~ sheets of the National Marine Fisheries 

Service (NMFS); 1965-1966 and 1977-1978 National Food Consumption Surveys (USDA

NFCS); 1969-1970 NMFS Market Facts Survey; and the Tuna Research Institute Survey 

(TRI) conducted by the National Purchase Diary (NPD). Of the 4 surveys, the most reliable 

data source was determined by Javitz to be the survey data funded by the TRI and conducted 

by NPD. Later, NMFS received permission from TRI to obtain the data. The TRI survey 

was conducted from September 1973 through August 1974. The sample included 6,980 

families who were currently participating in a syndicated national purchase diary panel; 

2,400 additional families where the head of household was female, and under 35 years old; 

and 210 additional Black families (Javitz, 1980). Of the 9,590 families in the total sample, 

7,662 families (25,162 individuals) completed the questionnaire, a response rate of 80 
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percent. The survey questionnaire was designed to collect information Tor one montli fforn 

each individual. The survey population was divided into 12 different sample segments and 

data were collected for each of the 12 months from a different sample segment. 

The survey data included the date the fish meal was consumed, species of fish 

consumed, and how packaged (canned, frozen, fresh, dried, smoked) (Javitz, 1980). It also 

included whether fresh fish were recreationally or commercially caught, number of servings 

consumed by family and guest, amount of fish prepared, and the amount of fish not 

consumed. Additionally, meals eaten at home and away from home were also recorded. 

According to Javitz (1980), the amount of fish prepared was determined as follows: "For 

fresh fish, the weight was recorded in ounces and may have included the weight of the head 

and tail. For frozen fish, the weight was recorded in packaged ounces, and it was noted 

whether the fish was breaded or combined with other ingredients (e.g., TV dinners). For 

canned fish, the weight was recorded in packaged ounces and it was noted whether the fish 

was canned in water, oil, or with other ingredients (e.g., soups)." 

Javitz (1980) calculated means and 95th percentiles of monthly fish consumption for 

fish consumers in the United States (assumed to be 94 percent of the population) using the 

data from the TRI survey. The overall mean intake rate was calculated at 14.3 g/day and the 

95th percentile intake rate at 41.7 g/day (Javitz 1980) . The calculated intake rates represent 

consumption patterns of the respondents who consumed fish in their one month survey. 

These survey respondents are estimated to represent, on a weighted basis, 94.0 percent of the 

U.S. population (Javitz, 1980). The sample was weighted to represent the U.S. population 

based on a number of census-defined controls (i.e., census region, household size, income, 

children, race, and age). The calculation of means, percentiles, and ~rcentages was 

performed on a weighted basis with each person contributing to the mean in proportion to 

his/her assigned survey weight (Javitz, 1980). 

The weighted mean and 95th percentile total fish intake rates calculated by Javitz 

(1980) are presented by demographic variables (race,. sex, age, and census region) in 

Table 2-129. The method used to calculate these data is presented in Appendix 2C. The 

mean consumption of fish by Asian-American people is higher (21 g/d) than that of other 

groups (Table 2-129). Other obvious differences in intake rates are those between gender 
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Table 2-129. 

Demographic 
category 

Caucasian 
Black 
Oriental 
Other 

Female 
Male 

0-9 
10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70+ 

New England 
Middle Atlantic 
East North Central 
West North Central 
South Atlantic 
East South Central 
West South Central 
Mountahi 
Pacific 

~ 
DRAFT 
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Total FISh Consumption by Demographu: Vanabl *" cI\E 

Intake 
Cglperson/day) 

95th 
Mean percentile 

14.2 
16.0 
21.0 
·13.2 

13.2 
15.6 

6.2 
10.1 
14.5 
15.8 
17.4 
20.9 
21.7 
13.3 

16.3 
16.2 
12.9 
12.0 
15.2 
13.0 
14.4 
12.1 
14.2 

41.2 
45.2 
67.3 
29.4 

38.4 
44.8 

16.5 
26.8 
38.3 
42.9 
48.1 
53.4 
55.4 
39.8 

46.5 
47.8 
36.9 
35.2 
44.1 
38.4 
43.6 
32.1 
39.6 

• The calculations in this table are based upon the respondents to the TRI Survey 
who consumed fish in the month of the survey. TRI estimates that these 
respondents represent, on a weighted basis, 94.0 percent of the population of U.S. 
residents (See Appendix 2B). 

Source: Javitz, 1980. 
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and between age groups. While males eat (15.6 g/d) slightly more fish than femates (13.2 
g/d), and adults eat more fish than children, the corresponding difference in body weights 

would probably compensate for the different intake rates in exposure calculations (Javitz, 

1980). There appeared to be no large differences in regional intake rates, although higher 

rates are shown in the New England and Middle Atlantic Census Regions (Javitz, 1980). 

The average and 95th percentile intake rates by age and gender are presented in 

Table 2-130. Tables 2-131 and 2-132 present the distribution of fish consumption for 

females and males, respectively, by age. Data are presented by the percentage of 

females/males in an age bracket who consume, on average, a specified amount (grams) of 

fish per day. Tables 2-133 through Table 2-136 present estimates of average fish intake rates 

as mean and 95th percentile for females and males by age, race, and census region. 

Table 2-137 presents mean total fish consumption by species. 

Although Iavitz (1980) concluded that the TRI data used were the most reliable data, 

he noted that the Market Facts Survey results were useful in estimating mean consumption. 

Market Facts Inc., under contract with NMFS, conducted a fish consumption survey starting 

in February 1969. A total of 1,586 households (4,864 participants) were selected at random 

from a large panel designed to parallel the U.S. census data with respect to population 

density, degree or urbanization, geographic region, household income and age. The head of 

the household completed a diary of fish purchases twice a month for 12 months. · The fish 

diaries reported included purchases of fish products by item and weight, numbers of fish 

meals eaten away from home by item, and the number of meals consumed at home prepared 

from sport fish species. Data on fish consumption for each individual in the household were 

not obtained. Instead, individual consumption was estimated by dividing the total household 

consumption by the number of household members. Using these data, the average mean per 

capita intake was calculated to be 16.8 g/day (Javitz, 1980). Higher intake rates were 

reported for Jews at 33.9 g/day and for Blacks at 28.7 g/day. These data are shown in 

Table 2-138. Limitations and advantages associated with the study of Javitz (1980) are 

inherent to the data of the TRI survey. · 

A limitation of the study is that the questionnaire was administered to one-twelfth of 

the sample during each of the 12 months of the survey. Therefore, the data are consumption 
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Table 2-130. Average and 95th Percentile of Fish Consumption (g/day) by Sex and Agtf 

Total Fish 

Age (years) Mean 9Sth Percentile 

Female 0-9 6.1 17.3 
10-19 9.0 25.0 
20-19 13.4 34.5 
30-39 14.9 41.8 
40-49 16.7 49.6 
50-59 19.5 50.1 
60-69 19.0 46.3 
70+ 10.7 31.7 

Male 0-9 6.3 15.8 
10- 19 11.2 29.1 
20-19 16.1 43.7 
30-39 17.0 45.6 
40-49 18.2 47.7 
50-59 22.8 51.S 
60-69 24.4 61.1 
70+ 15.8 45.7 

Overall 14.3 41.7 

The calculations in this table are based upon the respondents to the TRI survey who consumed fish 
in the month of the survey. TRI estimates that these respondents represent, on a weighted basis, 
94.0% of the population of U.S. residents. 

Source: Javitz, 1980. 
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Table 2-131. Percent Distribution of Total Fish Consumption for Females by Age-

Consumption Category (g/day) 

0.0-5.0 5.1-10.0 10.1-15.0 15.1-20.0 20.1-25.0 25.1-30.0 30.1-37.5 37.6-47.S 47.6-60.0 <>O. l-122.S over 122.S 

Age (yrs) . Percentage 

0-9 SS.5 26.8 11.0 3.7 l.O l.l 0.7 0.3 0.0 0.0 0.0 

10-19 17.8 31.4 lS.4 6.9 3.S 2.4 l.2 0.7 0.2 0.4 0.0 

20-29 28.l 26.l 20.4 11.8 6.7 3.S 4.4 2.2 0.9 0.9 0.0 

30-39 22.4 23.6 18.0 12.7 8.3 4.8 3.8 2.8 l.9 l.7 0.1 

40-49 17.S 21.9 20.7 13.2 9.3 4.S 4.6 2.8 3.4 2.1 0.2 

S0-59 17.0 17.4 16.8 lS.S 10.S 8.S 6.8 S.2 4.2 2.0 0.2 

60-69 11.S 16.9 '20.6 15.9 9.1 9.2 6.0 6.1 2.4 2.1 0.2 

70+ 41.9 22.l 12.3 9.7 S.2 2.9 2.6 l.2 0.8 l.2 0.1 

Overall 28.9 24.0 16.8 10.7 6.4 4.3 3.S 2.4 l.6 l.2 0.1 

• The percentage of females in an age bracket who consume, on average, a specified amount (grams) of fish per day. 

The calculations in this table are based upon the respondents to the TRI survey who consumed fish in the month of the survey. TRI estimates that these respondents 
represent, on a weighted basis, 94.0% of the population of U.S. residents. 

Source: Javitz, 1980. 
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Table 2-132. Percent Distnootion of Total Fish Consumption for Males by Age' 

Consumption Category (g/day) 

0.0-S.O S.1-10.0 10.1-15.0 15.1-20.0 20.1-25.0 25.1-30.0 30.1-37.S 37.647.S 47.6-60.0 00.1-122.S over 122.S 

Age (yrs) Percentage 

0-9 52.1 30.l 11.9 3.1 1.2 0.6 0.7 0.1 0.2 0.1 0.0 

10-19 27.8 29.3 19.0 10.4 6.0 3.2 1.7 1.7 0.4 o.s 0.0 

20-29 16.7 22.9 19.6 14.5 8.8 6.2 4.4 3.1 1.9 1.9 0.1 

30-39 16.6 21.2 19.2 13.2 9.S 7.3 5.2 3.2 1.3 2.2 0.0 

40-49 11.9 22.3 18.6 14.7 8.4 8.5 5.3 5.2 3.3 1.7 0.1 

50-59 9.9 15.2 15.4 14.4 10.4 9.7 8.7 7.6 4.3 4.1 0.2 

60-69 7.4 15.0 15.6 12.8 11.4 8.5 9.9 8.3 S.5 5.5 0.1 

70+ 24.S 21.7 15.7 9.9 9.8 S.3 5.4 3.1 1.7 2.8 0.1 

Overall 22.6 23.1 17.0 11.3 7.7 S.7 4.6 3.6 2.2 2.1 0.1 

• The percentage of males in an age bracket who consume, on average, a specified amount (grams) of fish per day . 

· The calculations in this table are based upon the respondents to the TRI survey who consumed fish in the month of the survey. TRI estimates that these respondents 
represent, on a weighted basis, 94.0% of the population of U.S. residents. 

Source: Javitz, 1980. 
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Table 2-133. Average Fish Consumption (g/day) for Femalcst 

Demographic Category Age (years) 

().9 10-19 20-29 30-39 40-49 SO-S9 60-69 70+ 

~ 

Caucasian 6.0 8.7 12.9 14.7 16.S 19.3 19.0 10.7 
Black 8.S 10.9 20.7 16.S 20.S 24.4 19.S 12.9 
Oriental 9.1 24.0 17.4 27.7 22.S 18.4 8.3 
Other 8.4 11.7 14.2 26.3 10.9 22.S 17.3 6.8 

Census Region 

New England 7.2 9.8 14.0 lS.8 20.8 24.1 22.1 12.7 
Middle Atlantic 6.2 10.0 14.0 17.3 18.7 21.7 22.9 11.2 
East North Central S.9 8.0 12.9 14.2 14.8 17.9 16.8 10.1 
West North Central s.o 7.S 12.0 13.S 13.8 16.8 17.2 8.9 
South Atlantic 6.2 9.0 14.1 14.4 18.9 21.3 18.8 11.4 
East South Central 6.1 7.8 13.4 13.7 lS.2 lS.S 19.4 12.4 
West South Central 6.4 11.2 13.3 16.7 17.6 17.6 16.8 11.7 

"" Mountain S.9 9.0 12.9 13.1 13.3 lS.3 lS.8 12.1 
I 

1s.2 20.3 18.S 9.2 '.-.J Pacific 6.4 8.7 13.S 13.6 
~· 

Community Type 

Outside Central City 2SOK-SOOK S.2 8.6 12.1 14.0 20.S 14.8 17.0 8.9 
Central City 2SOK-SOOK 7.0 7.0 12.6 lS.6 13.3 21.9 18.0 11.2 t'1 
Rural, non-SMSA s.s 7.7 11.9 13.2 14.2 lS.2 18.1 11.S o. 

i ~ '~· Central City, 2M or more 9.0 .. 11.7 17.S 17.0 21.7 26.7 'l2.7 11.1 .. 0 
Outside Central City, 2M or 6.8 11.4 16.3 16.9 20.1 20.4 18.5 10.4 0 1-3" 
moie 6.8 9.3 13.S 17.0 16.8 24.6 23.7 12.1 ~.o~ 
Central City 1M-2M 6.3 8.7 12.9 13.7 14.7 'JlJ.7 22.7 11.2 trJ c: t:r;j 

Ot-3 
Outside Central City 1M-2M 6.2 9.6 13.3 17.4 14.8 20.3 18.3 9.8 1-i 
Central City SOOK-lM 6.2 9.2 13.2 14.3 18.6 20.0 18.9 9.9 tzJ 

Outside Central City SOOK-lM 5.S 7.S 14.9 16.3 16.l 15.3 18.4 9.7 ~ 
Central City SOK-2SOK 3.8 5.2 12.7 12.8 11.0 16.9 15.8 9.8 
Outside Central City SOK-2SOK S.9 8.7 12.4 13.7 lS.3 17.9 17.4 10.8 
Other urban 

• The calculations in this table are hued upon the respondents to the TRI survey who consumed fish in the month of the survey. TRI estimates that these respondents lq)!'CICllt, on a weighted buil, 
94.0" of the population of U.S. residents. 

Source: Javitz, 1980. 



TabJo 2-134. 9Sth Percentile of Fish Conrumption (g/day) for PemaX:.-

Demographic Category Age(ycm) 

0-9 10-19 20-29 30-39 40-49 S0-59 64)..@ 70+ 

~ 

Caucuian 16.S 23.7 33.S 41.1 48.1 49.3 46.3 31.7 
Black 23.4 29.2 SS.6 44.4 S3.3 SS.1 38.S 24.9 
Oriental 17.6 74.S 42.S 13S.9 151.6 SS.I 10.8 
Other 19.6 3S.9 S6.7 119.6 24.6. 26.S 17.3 lS.4 

CCJ!IUI Region 

New England 18.9 23.S 31.3 40.2 46.8 SS.9 60.3 30.8 
Middle Atlantic lS.2 27.2 34.2 54.2 50.2 S4.4 62.3 39.3 
Eut North Central 21.S 20.9 34.1 42.2 46.6 49.4 38.7 30.2 
West North Central 12.4 21.6 34.3 36.8 39.5 46.0 39.1 25.0 
South Atlantic lS.8 23.7 36.0 39.7 52.6 52.4 42.6 32.9 
Eut South Central 15.3 20.0 33.1 3S.2 43.9 38.4 48.7 26.S 
West South Central 16.8 31.9 31.6 48.4 54.9 44.S 46.3 40.2 
Mountain 18.8 25.9 37.6 30.8 34.1 50.l 42.8 41.6 
Pacific 18.4 20.7 38.4 31.6 46.S 46.0 46.2 23.9 

\',,) Communitv _Tvoe 
t!.> -0 Outside Central City 250K-SOOK 13.S 23.l 31.9 28.1 89.l 36.4 41.8 25.l 

t:1 Central City 250K-500K 19.1 19.0 34.9 40.8 46.l S8.9 46.3 38.4 _o 
Rural, non-SMSA 14.S 21.9 30.4 41.8 38.8 39.7 48.9 35.4 1~ 
Central City, 2M or more 30.8 34.3 50.6 42.2 54.5 64.2 52.9 S4.l 0 
Outside Central City, 2M or 17.S 31.3 41.8 48.6 61.S 50.3 46.l 33.6 el-30 

Hp~ more 20.6 25.3 32.5 53.6 40.S S2.5 S0.2 34.l ~C:ttj 
Central City 1M-2M 17.6 21.l 37.6 37.2 34.9 46.0 42.7 34.2 l"Jo~ 
Outside Central City 1M-2M lS.4 26.2 32.9 48.4 35.3 50.0 44.6 24.4 1-3 

tzj 
Central City 500K-1M 18.S 23.0 33.8 41.1 50.8 S6.2 64.6 30.2 

0 
Outside Central City 500K-1M 14.S 21.8 36.2 53.7 44.S 43.1 38.7 30.8 ~ 
Central City 50K-250K 12.3 14.6 25.9 28.7 34.1 33.l 38.4 31.7 
Outside Central City 50K-250K 17.2 26.7 33.l 35.2 46.6 48.6 48.7 30.S 
Other urban 

• The calculations in this table are based upon the respondents to the TRI 1urvey who consumed fish in the month of the survey. TRI estimates that the9c respondents represent, on a weighted buis, 
94.0~ of the population of U.S. residents. 

So11ICC: Javitz, 1980Javitz, 1980. 



Table 2-135. Average Fish Consumption (g/day) for Males' 

Demographic Category Age (years) 

0.9 10.19 20.29 30.39 4049 50.59 60-69 70+ 

Race 

Caucuian 6.1 11.1 15.8 16.9 17.9 22.7 24.3 15.8 
Black 7.9 12.7 20.7 18.1 22.2 24.5 26.7 15.4 
Oriental 13.8 12.9 17.0 24.8 34.6 24.6 46.3 20.8 
Other 7.3 10.7 19.5 13.1 15.5 12.2 30.0 12.7 

Census Region 

New England 6.3 13.7 18.6 17.4 19.9 27.3 32.7 17.4 
Middle Atlantic 6.7 11.5 17.0 19.8 19.9 26.4 28.7 17.1 
, East North Central 6.3 10.1 14.2 14.7 15.1 20.3 21.6 16.0 
West North Central ~.o 9.7 13.3 12.2 15.2 22.1 20.4 13.3 
South Atlantic 6.3 12.4 16.6 18.5 21.1 22.3 25.4 17.5 
East South Central 7.1 8.2 16.0 14.7 15.2 17.3 '13.1 14.9 
West South Central 6.7 12.9 19.1 19.2 18.9 18.3 19.9 16.0 
Mountain 5.3 11.4 14.4 15.4 15.4 18.5 17.3 13.3 

"-> Pacific 6.1 10.7 16.7 17.0 20.0 25.8 24.6 13.4 t!.> -- Community Type 
I 

t1 
Outside Central' City 250K-500K 5.1 8.0 13.5 13.l 16.8 18.6 19.5 14.0 0 

Central City 2SOK-SOOK 6.1 12.0 13.7 18.9 15.4 23.5 27.6 15.3 J.- ~ 
0 

Rural, non-SMSA 5.9 10.1 16.3 16.2 17.8 19.1 21.l 16.3 o~ t1 
Central City, 2M or more 8.4 11.9 18.3 20.2 19.2 28.9 32.1 18.6 ~.o ~ 
Outside Central City, 2M or more 6.7 12.1 16.2 17.9 19.8 24.6 25.4 15.9 t>=J c: t-:rj 

Central City 1M-2M 7.7 12.6 16.8 19.3 19.7 22.8 22.9 18.2 
01-3 
1-3 

Outside Central City 1M-2M 6.6 11.8 17.4 14.7 18.3 24.5 31.0 13.8 t.>:1 

Central City 500K-1M 5.8 12.8 15.6 18.l 19.2 24.2 22.6 15.7 0 

Outside Central City 500K-1M 6.4 10.9 17.6 15.3 19.9 23.9 22.8 15.9 
~ 

Central City 50K-2SOK 5.1 10.0 15.0 19.0 22.7 17.6 23.3 13.2 
Outside Central City 50K-2SOK 5.6 9.7 12.2 13.2 11.9 17.4 20.6 14.3 
Other urban 6.1 11.1 16.0 18.0 16.4 21.6 22.9 15.0 

• The calculations in this table are based upon the respondents to the TRI survey who consumed fish in the month of the survey. TRI estimates that these respondents represent, on a weighted buis, 
94.0,.; of the population of U.S. residents. 

Sdurce: Javitz, 1980.Javitz, 1980. 



Table2-136. 9Sth Pcn:cntilc of Pi.ah Con.tumption (g/day) 10r Maid 

Demographic Category Age (ycara) 

0-9 10.19 20-29 30.39 .co-49 S0-59 6()..69 70+ 

Ee 

Caucuian lS.2 28.8 39.9 45.6 46.6 SS.6 61.1 45.3 
Black 25.1 33.2 S7.0 40.6 S0.6 63.3 63.0 47.8 
Oriental S2.8 40.2 37.7 108.9 171.6 (j/,3 82.2 49.0 
Other 17.4 29.2 86.4 31.4 16.8 28.1 30.0 'JJJ.7 

Census~ 

New England 12.7 41.2 SS.9 47.6 S4.6 S7.8 7S.3 00.2 
Middle Atlantic 18.0 30.1 ss.o SS.4 49.0 63.3 81.4 S0.9 
Eut North Central 16.5 25.3 3S.7 34.8 3S.4 48.0 00.9 46.9 
West North Ccnbal 12.6 23.7 37.3 32.6 3S.6 S9.9 S7.l 37.l 
South Atlantic lS.4 29.6 37.8 48.2 51.6 S8.4 59.1 44.6 
Eut South Central 16.9 23.8 41.6 42.3 42.3 33.1 62.7 44.9 

"-> West South Central 21.3 39.2 S0.7 48.6 S2.0 S4.1 S7.3 4S.2 
~ Mountain 12.6 26.3 31.8 38.8 31.3 SS.4 41.3 39.4 -t..l l'acific 14.9 26.0 42.7 39.3 49.4 00.l S6.4 4S.7 

Community Tyoe 

Outside Ccntra1 City 2SOK-500K 14.2 20.9 4S.O 3S.5 44.l 36.S 52.4 3S.O I~ 0 
Central City 2SOK-500K 14.9 36.6 28.2 38.0 39.4 59.S 53.2 39.4 

!as Rural, non-SMSA 13.8 24.9 4S.O SO.I 47.6 S6.9 53.8 48.S 0 
Central City, 2M or mo1e 35.3 29.l 64.7 48.1 49.0 74.1 82.6 SS.8 0 t-3 0 
Outside Central City, 2M or mo1e 14.9 31.2 41.9 54.2 S4.4 6S.3 72.9 44.6 ~'°~ 
Central City 1M-2M 25.l 31.3 41.S 53.3 48.S S2.l S7.6 42.2 t:sJ c: tzj 

Ot-3 
Outside Central City 1M-2M 18.3 28.9 46.7 36.7 42.S 60.2 64.7 38.6 ~ 

Central City SOOK-lM 1S.2 3S.S 37.0 44.9 50.l 63.1 S5.1 48.9 
t:sJ 

Outside Central City SOOK-IM 16.4 Tl.1 Sl.2 36.2 S7.7 S7.7 Sl.2 48.2 0 
::xi 

Central City SOK-2SOK 10.9 43.6 3S.3 S0.8 SS.5 S0.7 ss.s S6.4 
Outside Central City SOK-2SOK 12.2 29.l S4.4 35.1 27.8 39.l 43.l 36.2 
Other Urban 15.2 25.9 39.2 48.0 42.1 48.9 63.0 49.9 

• The calculations in this tabIC arc based upon the respondents to the TRI survey who consumed fish in the month of the survey. TRI estimates that these respondents rqnaeot, on a weighted buis, 
94.0" of the population of U.S. residents. 

Source: Javilz, 1980Javitz, 1980. 



Table 2-137. Mean Total Fish Consumption by Species-

Mean 
consumption 

Species (g/day) Species 

Not reported 1.173 Mullet' 
Abalone 0.014 oystersb 
Anchovies 0.010 Perch (Freshwater)b 
Bassb 0.258 Perch (Marine) 
Bluefish 0.070 Pike (Marine)b 
Bluegillsb 0.089 Pollock 
Bonitob 0.035 Pompano 
Buffalofish 0.022 Rockfish 
Butterfish 0.010 Sablefish 
Carpb 0.016 Salmonb 
Catfish (Freshwater)b 0.292 Scallopsb 
Catfish (Marine)b 0.014 Scupb 
Clamsb 0.442 Sharks 
Cod 0.407 Shrimpb 
Crab, King 0.030 Smelt> 
Crab, other than Kingh 0.254 Snapper 
Crappieb 0.076 Snootb 
Croaker> 0.028 Spot> 
Dolphinb 0.012 Squid and Octopi 
Drums 0.019 Sunfish 
Floundersb 1.179 Swordfish 
Groupers 0.026 Tilefish 
Haddock 0.399 Trout (Freshwater)b 
Hake 0.117 Trout (Marine)b 
Halibut!> 0.170 Tuna, light 
Herring 0.224 Tuna, White Albacore 
Kingfish 0.009 Whitefishb 
Lobster (Northem)b 0.162 Other finfishb 
Lobster (Spiny) 0.074 Other shellfishb 
Mackerel, Jack 0.002 
Mackerel, other than Jack 0.172 

I DRAFT 
no NOT QUOTE o~ 
t9 CITE 

Mean 
consumption 
(g/day) 

0.029 
0.291 
0.062 
0.773 
0.154 
0.266 
0.004 
0.027 
0.002 
0.533 
0.127 
0.014 
0.001 
1.464 
0.057 
0.146 
0.005 
0.046 
0.016 
0.020 
0.012 
0.003 
0.294 
0.070 
3.491 
0.008 
0.141 
0.403 
0.013 

• The calculations in this table are based upon the respondents to the TRI survey who consumed during 
the month in which the survey was conducted. TRI estimates that these respondents represent, on a 
weighted basis, 94.0 percent of the population of U.S. residents. 

b Designated as freshwater or estuarine species by Stephan (1980). 

Source: Javitz, 1980. 1980. 
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Table 2-138. Fish Consumption Estimates From the Market Facts Survey 

Mean Pm- Capita Consumption (g/dAy'f 

Frcahand Frcah and 
Fro:zcn Canned Fro:zcn Specialty Total 

Dcmo&raphic Chanctcriltica Finfi.ah Filh Shcllfilh Item.I Filh 

Raco 
Blaclc 14.212 9.383 3.735 1.345 28.675 
White 4.909 6.422 2.153 1.770 15.254 
0th« 4.907 6.524 7.214 1.381 20.026 
Not Specified 2.302 3.616 1.021 2.177 9.116 

RcllP>n 
Catholic 4.952 6.567 2.728 1.999 16.246 
Jowilh 12.547 12.539 2.774 6.040 33.899 
Protcatant 5.152 6.350 2.067 1.758 15.327 
Othel' 7.412 6.034 3.540 2.231 19.217 
Not Specified 0.877 1.785 0.504 0.765 3.931 

Total Pc.r Capita 6.12 6.61 2.26 1.77 16.76 

• Convc:.rtcd from lb/year u reported in Javilz, 1980 • 

Source: Javilz, 1980. 
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patterns for one month for each individual in the sample segment and may not accurately 

reflect long-term consumption patterns. Another limitation with the TRI data is that 

participants may not have reported all fish consumed during the month's survey period. In 

addition, the distinction between recreationally caught and purchased fish was not made in 

this study. An advantage of the TRI study is that it is one of the few diet studies where the 

data were collected over the entire year. Other advantages are that the survey dataset was 

large, geographically representative, and the response rate was good (80 percent). 

Pao - Foods Commonly Eaten by Individuals - Pao et al. (1982) used consumption 

iilformation obtained in the 1977-78 USDA Nationwide Food Consumption Survey (NFCS) 

to obtain frequency distributions for intake rates of various foods. The data were collected 

during home interviews in which the respondent was asked to recall food intake for the day 

of the interview, the day preceding, and the day after the interview. Therefore, if the food 

was eaten at least once in 3 days, the quantity consumed was recorded. Of 37,874 

individuals with 3-day diet records, 24.5 percent had eaten fish and/or shellfish at least once 

in 3 days; 20.5 percent had eaten fish on only 1 of 3 days; 3.6 percent had eaten fish on only 

2 or 3 days; and 0.4 percent had eaten fish on all 3 days (Pao et al., 1982). 

The distribution for total consumption of fish and shellfish was calculated by Pao et 

al. (1982) using the 1977-78 USDA food consumption survey data and are presented in 

Table 2-139. The mean fish intake rate for persons who reported consuming fish at least 

once during the 3-day recall period was estimated as 48 g/day. The median value was 

reported as 37 g/day and 128 g/day for the 95th percentile. These intake rates are more than 

twice those calculated by Javitz (1980) from the TRI data and the mean per capita intake 

from the Market Facts survey. The advantages of this study is that the data were derived 

from the USDA-NFCS and are representative of the U.S. population. A disadvantage is that 

these data are based on short-term dietary recall and may not accurately reflect long-term 

consumption patterns and may not be useful in evaluating distributions for fish intake. Also, 

these studies may not be representative of those recreational fishermen who consume larger 

amounts of fish than the general population. 

USDA-Nationwide Food Consumption Survey 1987-88-The USDA conducted a 

survey in 1987-88 in 4,500 households (USDA, 1992b). Individuals were asked to recall 
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Table 2-139. Consumption of FiJh and Shellfish 

Age Group 

1-2 3-S 6-8 9-14 lS-18 

Male and Female Male and Female Male and Female Male Female Male Female 

Percentiles 104¥ 1,71!)8 1,8418 2,08!)8 2,158' 1,394' 1,4738 

Ave/' ~I" Ave/ ~I Ave/ ~I Ave/ ~I Ave/ ~I Ave/ ~I Ave/ cy;y/ 
day eating day eating day eating day eating day eating day eating day eating 

occuaion occusion occauion occasaion occassion occusion ocean ion 

s 3 8 4 12 6 19 9 28 B 19 9 20 9 24 

2S 9 28 13 36 19 40 19 56 19 45 27 51 19 56 

so 19 43 25 57 28 72 30 B4 2B 79 37 85 33 BS 

75 28 SB 37 BS 3B 112 47 113 3B 112 57 142 57 130 
N 90 47 112 49 113 57 160 76 170 61 168 84 200 85 225 ~ -°' 95 56 125 51 170 7S 170 96 255 82 206 113 252 112 270 

99 93 168 96 240 131 28B 154 425 151 2BB 297 454 217 568 

Mean 22 52 27 70 32 81 40 101 33 B6 46 417 45 111 
(SD)• (1B) (38) (19) (51) (24) (SB) (31) (7B) (25) (62) (45) (US) (42) (102) 

" Consumers• 17.3 20.4 22.S 22.0 22.9 21.1 24.2 

Total Individualsr 

Average Per Day for Consumers Quantity Consumed Per Eating Occasion 
Percentile (g/day as consumed) (grams) 

s B 20 I t:1 
25 20 57 I 

0 

so 37 BS !.z: 
75 57 152 0 

ot-:JO 
90 94 227 Hp~ 
95 128 284 )-:] 

tz:I c tzj 

99 215 456 01-3 
1-:l 

Mean (SD)d 48 (42) 117 (98) 
tz:I 

-fil 
( Contiffiiea) 



t-.> 
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Table 2-139. Consumption of Fish and Shellfish (continued) 

• · Total number of individuals (weighted) in each age group with 3-day diet record. 
b 

0 

d 

e 

f 

Ave/day - average per day for consumers (g/day as consumed) who ate fish at least once in 3 days. 
Qty/eating occassion - quantity consumed per eating occassion (grams). 
(SD) - standard deviation. 
Percentage of consumers using food at least once in 3 days. 
Total number of individuals (weighted) 37 ,874 - includes only individuals (adults and children) with 3-day diet record 

Source: Pao et al., 1982. 

t1 
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foods eaten over the past 3 days. The survey response rate was 37 percent. The purpose of 

the survey was to "analyze the food consumption behavior and dietary status of Americans" 

(USDA, 1992). A statistical sampling design was used tO ensure that all seasons, geographic 

regions of the U.S., demographics, and socioeconomic groups were represented. 

The mean per capita intake rates and intake rates for consumers of fish and shellfish 

by gender and age are shown in Table 2-140. These data are based on the 1987-1988 USDA 

Nationwide Food Consumption Survey. Intake rates for consumers-only were calculated by 

dividing the per capita intake rate by the fraction of the population consuming fish and · 

shellfish in one day. 

An advantage of this study is that these USDA NFCS data is a large geographically 

and seasonally balanced survey of a representative sample of the U.S. population. However, 

the data are based on short-term recall (1 day) and may not necessarily reflect long-term 

consumption patterns. In addition, the survey response rate was low. 

U.S. EPA Analysis of 1987188 USDA NFCS Data - EPA analyzed data from the 

1987-88 USDA NFCS to generate distributions of intake rates for fish and shellfish. Fish 

products were identified in the NFCS data base according to NFCS-defined food codes. 

Appendix 2-A presents the codes used to determine the various food groups. Intake rates for 

these fish and shellfish products represent intake of all forms of the product (i.e., 

homeproduced and commercially produced). The USDA data were adjusted by applying the 

sample weights calculated by USDA to the data set prior to analysis. These weights were 

designed to "adjust for survey nonresponse and other vagaries of the sample selection 

process" (USDA, 1987/88). Intake rates were indexed to the body weight of the survey 

respondent and reported in units of g/kg-day. The food analysis was accomplished using the 

SAS statistical programming system (SAS, 1990). 

Distributions of intake rates were determined by apportioning the amount of fish and 

shellfish used by a household among family members based on average serving sizes for 

specified age groups of the population and.the number of weekly meals consumed by each 

family member. A detailed description of the methodology used to generate distributions of 

homegrown intake is presented in Section 2.7 (Intake Rates for Various Homeproduced Food 

Items) of this Handbook. The same method was used to determine the intake rates of all 
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Table 2-140. Mean Fish and Shellfish Intake in a Day, by Sex and Ag 

Males or Females 

Sand under 

Males 

6-11 
12-19 
20 and over 

Females 

6-11 
12-19 
20 and over 

All individuals 

Per capita intake 
(g/day) 

4 

3 
3 

15 

7 
9 

12 

11 

Percent of population 
Consuming fish and 
Shellfish in 1 day 

6.0 

3.7 
2.2 

10.9 

7.1 
9.0 

10.9 

9.4 

Intake (g/day) 
for Consumers 

onlyl' 

67 

79 
136 
138 

99 
100 
110 

117 

• Based on USDA Nationwide Food Consumption Survey (1987 to 1988) data for one day. 

b Intake for users only was calculated by dividing the per capita consumption rate by the fraction of the 
population using fish and shellfish in a day. 

Source: USDA, 1992. 
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forms (i.e., homeproduced and commercially prepared) of fish and shellfish presented in this 

section. 

Fish and shellfish intake rates for various subcategories of the population within 

census regions are presented in Tables 2-141 through 2-145. These distributions represent 

intake rates for consumers of fish and shellfish only. These data represent one-week average 

intake rates for family members from those surveyed households who reported eating the fish 

and shellfish during the survey period. The total number of individuals in the data set (i.e., 

both individuals who ate fish and shellfish and those who did not eat fish and shellfish during 

the survey period) are presented in Table 2-185 in Section 2. 7 .2. These total number of 

individuals surveyed may be used with the consumer only data presented here to calculate per 

capita fish and shellfish intake rates for the survey population as shown in Section 2. 7 .2. 

The advantages of these data are that they provide distributions of fish and shellfish 

intake rates and the NFCS was designed to be representative of the U.S. population. 

However, these data are based on short-term dietary recall and may not accurately reflect 

long-term intake patterns. Additional advantages and limitations of this analysis are outlined 

in Section 2. 7 .4 of this Handbook. 

2.6.3. Other Relevan~ General Population Studies 

Riefjle et al. - Lognormal Distributions for Fish Conswnption by the General 

Population - Ruffle et al. (1994) developed a lognormal distribution to fit to data that were 

collected in the 1973-1974 TRI stirvey. The National Marine Fisheries Service (NMFS) 

obtained permission from TRI and analyzed data on the consumption of saltwater and 

freshwater finfish and shellfish from all sources in 10 regions of the U.S. (Ruffle et al. 

1994). These data were previously analyzed and published by Rupp et al. (1980) for selected 

percentiles, averages, maximums and sample si7.C (Ruffle et al., 1994). 

The intake rates were calculated using three age groups: children (ages 1-11 years); 

teens (ages 12-18 years); and adults (ages 19-98 years). The data used are from a survey 

sample pool of 23,213 participants. One-twelfth of the sample pool received the survey 

during each of the 12 months. Each participant recorded their age and fish consumption 

patterns as number of meals and serving si7.Cs for each type of fish eaten for one month. 
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Population N N 
Group !!JI!!! unWRld Mean 

Total 98387000 mo 8.711!-0I 

.At,e 
<01 1369000 71 3.691!-+-00 
01~ 3342000 1116 2.471!-+-00 
o~s 4'88000 2S9 1301!-+00 
06-11 9271000 Sl7 1.8~1 
12-19 10168000 S49 6.001!-0I 
20-39 30963000 1'68 6.36Jl.Ol 
~ 31036000 rm 1361!-0I 
70+ 71SSOOOO 311 1.491!-0I 

Seasons 
Fill 246'9000 ll03 1.481!-0I 
Sprilw 237UOOO 20IS 9.04l!-01 
Summer 23472000 729 9.198-01 
W'llllu 26'41000 1603 1.211!-0l 

UdioniDtion 
c.erm!Cily 3!l«IOOO !:?!'l !.99!!-+e!I 
Nanmcllapoitan 20771000 1.m 1.131!-0l 
Smtiudlcl 46416000 2'13 7.S:ZS..01 

~ 

.Aliln 17'1000 ., 2.SSE+oo 
Biid: 12224000 614 l.39B+oo 
Nlliw Amaicln 360000 D 1"41!-+00 
OlhalNA 1911000 102 13Sl!-+OO 
Wbilie 82081000 GO 7.441!-0I 

N 
hlpcmolOQumtiarnire I 

tj Do,w&h? 23340000 1313 l.IMl!-+00 
t-

Table 1-141. lulake ofTotal F'llh and Shellfilh (llq-day)- All RcJiona Combined 

SI! PO Pl ~ PIO ru ~ 

1.63!!-04 O.OOB-+-00 3.08!!-02 8.S6£.-02 1.201!-0I 2.221!-0I 4.SSE-41 

4.9Sl!-03 4.94!!-02 2.121!-0I 2.27E~I 6.741!-0I 8.891!-0I 1.821!-+-00 
2.28&-03 2.0ll!-02 1.338-01 2.801!~1 3.688-01 6.431!-0I 13SB-+00 
7.64!!-04 0.001!-+-00 1.08!!-02 1.768-01 2.611!-0I 4.481!-0I 8.008-01 
4.43!!-04 O.OOB-+-00 2.29E-02 1.091!-0I 1.691!-0I 2.821!-0I S.121!-0l 
2.64!!-04 O.OOB-+-00 0.001!-+00 6"3!!-02 9.89!!-02 1.711!-0I 3.36J!.Ol 
l.77E-04 0.001!-+-00 2.S'1!-42 733E-02 9.89!!-02 -- 1.788-01 3.~l 

2.401!-04 0.00B-+-00 4.46!!-02 8.69!!-02 1.191!-0l 2341!-0I 4.SSE-01 
3.921!-04 0.001!-+-00 S-'9!!-02 1.111!-0I l.S3B-01 2.901!-0I S.lSl!-01 

3.S4l!-04 0.001!-+-00 2.44!!-02 7.~ 9.98!!-02 1.7~1 3.901!-0I 
4.18!!-04 O.OOB-+-00 3.~ 9.0'11-42 1.271!-0l 2.348-01 4.601!-0l 
2.7~ O.OOB+oo 1.948-02 9.SSl!-02 1.431!-0l 2.'41!-0I S.OOl!-01 
2.431!-04 O.OOB+oo 4.23J!.02 8.3'11-42 1.208-01 2.371!-0I Ulll!-01 

3.~I~ O.Cl:B~ 4.~ll-42 ;,G()i;.;)2 l.47i!-111 2.io"E-01 S.ffi!.VI 
4.171!-04 0.001!-+00 2.22J!..02 6.82£.02 9.96!!-02 1.741!-0l 3.611!-0l 
l.77E-04 0.001!-HIO 3.69£.02 1"6E-02 1.2'1!-0l 2.lSl!-01 USl!-01 

3.Sll!-03 2.298-01 2.371!-0l 2.111!-0I 3.6'1!-0I 6.391!-0I 1.271!-+00 
6.00l!-04 0.001!-+00 O.OOB-+00 9.71£.02 1.~l 1381!-0l 7.7Sl!-Ol 
S.631!-0l S.79!!-02 S.791!-02 S.791!-02 7.73!!-02 l~I 3.24&01 
1.641!-0l 3.69!!-02 7.321!-02 1.211!-0I 2.718-01 4.621!-0I 7~1 
I.~ O.OOl!+oo 3.S~ 1.44!!-02 l.ISl!-01 2.~I 4.0ll!-OI 

S.OSB-04 0.00ll+oo S.Sll!-03 6.IOl!-02 9.s&t2 1.191!-0l UIB-01 

P7S P90 "' 
9.36Jl.Ol 1.811!-+-00 2.121!-+-00 

3.1161!-+00 7.811!-+00 9.s21!-+-00 
2.681!-+00 S.221!-+00 8.411!-+-00 
1.631!-+00 2.611!-+00 3.601!-+-00 
l.02B-+OO 1.811!-+-00 2.901!-+00 
6.911!-0l 1.381!-+-00 1.911!-+00 
6.82Ul 1341!-+00 2.121!-+-00 
9.20841 l.7dl!-+OO 2.631!-+-00 
9.9SJ!.-01 1.141!-+00 2.SSB-+00 

l.7Sl!-01 1.801!-+00 2.891!-+00 
9.22&01 l.72E+oo 2.6611-+00 
l.02B-+OO U4B+oo 3.19B+oo 
9.481!-0l 1.7SB-+OO 2.S71!+oo 

l.2iJB-+OO 2.47B+oo 3.731!-+00 
1.001!-0l 1"9B+oo 2.Sll!-+00 
1.408-01 1.5.31!-+00 2.271!+oo 

2.361!-+00 S.611!-+00 9.s21!-+00 
1"21!-+00 3.101!-+00 4.1511-+00 
6.498-01 6.27B-+OO 6.271!+oo 
l.SOB+oo 2.641!-+00 3.9111!-+00 
USl!-01 U6B+oo 2.23E+oo 

9.941 1148+oo 1731+oo 

P99 

6.!181!-+-00 

3.0Cl!-+01 
2.421!-+0I 
7.721!-+-00 
S.681!-+-00 
S.031!-+00 
0611-+-00 
6"21!-+00 
OSB-+-00 

l.09B-+OO 
l.29B-+OO 
6.9811-+00 
6.14B+oo 

7.908-+00 
6.6611-+00 
S.911!-+00 

3.G811-+01 
9.13B+oo 
Ull!-+01 
6.721!-+00 
S.6lll+oo 

U711-HIO 

PIOO 

4'213:-Hil 

3.76R-Hll 
4'213:-Hll 
l.4'11t-Hll 
1'311:-Hll 
1.44£-+-00 
1.301t+OI 
UIR+Ol 
1.19£+01 

3.08R+Ol 
4.52£-+i>I 
l.47B-+tl 
2.Glt-+-01 

3.Ml-+tl 
4.m-+tl 
1'91!-+tl 

3.Gm+OI 
3.Ml+Ol 
l.D+OI 
1'9B-+tl 
4.52£+01 

02B+Ol 

tj 
0 

··~ ~ 
' 0 
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Populalion N N 
Q!!!!!I! !!II!!! unWRld Me.It 

ToCll 22179000 1305 1.068-01 

Age 
<01 377UOO 23 5.91E+oo 
01-02 1013000 59 2.SIE+oo 
ous 1374000 79 1.06E+oo 
Qd.11 2514000 156 1.02£.01 
12·19 2088000 133 3.921!.ol 
:Z0.39 1696000 427 5.191!.ol 
~ 605'°°' "4 d.691!.ol 
"10+ 1062000 74 7.17&01 

Salons 
Piii 6427000 220 9.46Jl.OI 
~ 5002000 521 6.6dll-01 
Summer 4691000 154 UOB-01 
W"lllll!r 6059000 4llJ 7.311!.ol 

i.Jd.nmtion 
Calla!Clly 9222000 m l.cm!+oo 
NG!~ 6~ ~ 6..~Jl.41 

llulbutt.I ""'°°° 41S S.76B.ol 

~ 

Alim 5ll8000 27 4.'JOB+oo 
1lllCt 1744llOG ., U411+oo 
NC.. Ameibn IOllO 1 1.37B+oo 
OdlaiNA 16'000 s 1.ldll+oo 
Wlill 19674000 1203 6.191!.ol 

t-) hlponM ID Qulllliamlire 
~ Do7111lllllh? wnaoo 420 l.02E+oo 
t-) 
w 

Table 2-143. lntab ofTocal Fath and Shellfilh (g/kg-ifay)- Midwest Region 

SE PO Pl PS PIO P2S PSO 

3.118&44 O.OOE+oo 3.06E-02 7"'91!-02 l.IJ7B.Or- . 1.89&41 3.75&41 

1.38&42 4.94!!-02 4.94E.Q2 2.20&41 7.99&41 8.67&01 2.93E+oo 
2.69E-03 2.0IE-02 2.0IE-02 2.30&41 4.SOE-41 7.261!--0I l.73E+oo 
l.02E-03 l.CJ8!!.02 1.081!-02 l.SIE-41 2.57&41 4.03E.OI 6.13&41 
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The 12-month duration of the survey was designed to account for seasonal variation (Ruffle 

et al. 1994). 

Ruffle et al. (1994) converted annual NMFS intake rates that were calculated by Rupp 

et al. (1980) into daily intake rates and modeled the summary statistics to determine the best 

fit lognormal distribution. Ruffle et al. (1994) used three methods (Non-linear Optimization, 
1111 

First Probability Plot, and Second Probability Plot) to fit lognormal distributions to 89 

datasets of fish consumption from the NMFS Survey. Ruffle et al. (1994) determined that 

the best fit was obtained from the nonlinear optimization method (NLO). Therefore, only 

the results of the NLO analysis are presented (See Table 2-146). This table presents the 

optimal values for the mean(µ.) and the standard deviation (o) from the NLO method, 

including the minimum value of the objective function (min SS). Also, Table 2-146 shows 

five relationships based on Daily Consumption Rate (DCR) DCR 50, DCR 90, DCR 99, 

DCR.vs' and DCRmax that were used to obtain values of µ. and u from the lognormal fit by 

the NLO method. Ruffle et al. (1994) observed that the NLO predicted DCR 50, DCRavg 

and DCRmax were more accurate and less bias than other methods when the analysis was 

restricted to 77 data sets. Therefore, they concluded that the "results for 77 datasets fit by 

the "full information" NLO method with min SS <30 are well suited for risk assessment that 

focuses on the diet of people in the general population while the other 12 datasets may be 

appropriate for risk assessment when used with care and sensitivity analyses (Ruffle et al., 

1994)." In addition, Ruffle et al. (1994) noted that there is an overall increase of about 25 

percent in fish consumption since the survey was conducted. Therefore, adding 0.22 (In 

1.25) to each of theµ. value obtained compensates for this increase in fish consumption in the 

U.S. (Ruffle et al., 1994). 

Limitations and advantages of this study are those associated with the NMFS dataset 

used by Rupp et al. (1980). The NMFS data are from all sources (i.e., purchased, 

consumed in restaurants, gifts, etc.). The following limitations of the NMFS survey were 

noted by Ruffle et al: (1) the participants may not have reported all the fish that was 

consumed in the month and result in .an underestimate of amount of fish consumed; (2) the 

participants may have over or-underestimated portion size; (3) the type of fish consumed may 

have been categorized improperly; (4) consumption of certain fish types 011 a long-term basis 
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Table 2-146. Best Fits of Lognormal Distributions Using the NonLinear Optimi:ration (NLO) 
Method 

Adults Teenagers Children 

Shellfish 
µ. 1.37 -0.183 0.854 
(/ 0.858 1.092 0.730 
(min SS) 27.57 1.19 16.06 

Finfish ·(freshwater) 
µ. 0.34 0.578 -0.559 

.. (/ 1.183 0.822 1.141 
·(min SS) 6.45 23.51 2.19 

Finfish (saltwater) 
µ. 2.311 1.691 0.881 
(/ 0.72 0.830 0.770 
(min SS) 30.13 0.33 4.31 

The following equations were may be used with the appropriate µ. and u value to obtain an average Daily 
Consumption Rate (DCR) and percentiles of the DCR distribution. These values have been adjusted to 
account for a 25% increase in consumption since Rupp's data were collected. 

DCRSO =exp (p.) 
DCR90 = exp [µ + z(0.90) • a] 
DCR99 = exp [µ + z(0.99) • u] 
DCR.v1 =exp[µ+ 0.5 • ~] 

Source: Ruffle et al. 1994 
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may have been underestimated; (5) the survey did not focus on the consuli'fttmo;omem-M 

sport anglers who catch and eat fish from particular waterbodies; and (6) because respondents 

reported on fish consumption for one month, a < 10 percent chance exist for capturing 

participants who eat fish only once per year. Despite these limitations, Ruffle et al. (1994) 

suggests that the data of Rupp are an excellent basis for Monte Carlo analyses. 

An advantage associated with the NMFs data is that the data are large regional sample 

and the survey was designed to capture fish consumption patterns over 1 year (Ruffle et al. 

1994). The data are representative of the general U.S. population; it includes a subset of the 

general population eating > 150 g/day (i.e., large amounts of fish) (Ruffle et al., 1994). 

2.6.4. Key Recreational (Marine Fish Studies) 

Puffer et al. - Intake Rates of Potentially H(l7.(lrdous Marine Fish Caught in the 

Metropolitan Los Angeles Area - Puffer et al. (1981) conducted a creel survey with sport 

fishermen in the Los Angeles area in 1980. The survey was conducted at 12 sites in the 

harbor and coastal areas to evaluate intake rates of potentially hazardous marine fish and 

shellfish by local, non-professional fishermen. In addition, it was used to identify and 

estimate the sire of population subgroups with large fish intake rates. The survey was 

conducted for the full 1980 calendar year, although inclement weather in January, February, 

and March limited Ille interview days. Each site was surveyed an average of three times per 

month, on different days, and at a different time of the day. The survey questionnaire was 

designed to collect information on demographic characteristics; fishing patterns; species, 

number, and weights of fish caught; and fish consumption patterns. Interviews were 

conducted with 1,059 anglers who had caught fish, and the anglers were interviewed only 

once during the entire survey period. Sport fishermen kept 67 to 89 percent of the finfish 

and 97 percent of the shellfish catch. The cumulative distribution of estimated total fish and 

shellfish consumption by surveyed sport anglers in the Los Angeles area is presented in 

Table 2-147. The median fish and shellfish intake rate was reported to be approximately 

37 g/day and the 90th percentile intake rate was approximately 225 g/day. Intake rates were 

calculated only for those fishermen who indicated that they eat the fish they catch. A mean 

value was not presented. 

2-228 



DRAFT 
DO NOT Q.UOTE OR 

··; CITE 
Table 2-147. Cumulative Distribution of Total Fish/Shellfish Consumption by 

Surveyed Sport Fishermen in the Metropolitan Los Angeles Area 

Percentile 

s 
10 
20 
30 
40 
so 
60 
70 
80 
90 
95 

• Based on total grams of edible fish regardless of species. 

Source: Puffer et al. (1981). 
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Intake rd 
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2.3 
4.0 
8.3 

15.5 
23.9 
36.9 
53.2 
79.8 

120.8 
224.8 
338.8 
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Puffer estimated daily consumption (grams/day-person) for each species using tl'ie 

following equation: 

where: 

(K x N x W)/E x (F/365) 

K - edible proportion (by weight) of fish; 
F - frequency of fishing/year; 
E - number of fish eaters in family/living group; 
W - average weight of (grams) fish in catch; and 
N - number of fish in catch. 

(Eqn. 2-7) 

Assumptions associated with the calculation are: (1) Amount of fish and average weight of 

fish per catch is constant; (2) The frequency of fishing for each fisherman is constant 

throughout the year; (3) The number of family fish-eaters is constant (greater than zero), 

and the catch is shared evenly among family members; and (4) All of the catch is eaten, and 

25 to 50 percent of the weight of the fish is edible (Puffer et al., 1981). 

Data were obtained for successful fishermen. If fishermen who caught no fish were 

included, intake estimates would be somewhat lower. On the other hand, the survey 

assumed that the number of fish caught at the time of the interview was all that would be 

caught that day. If it were possible to interview fishermen at the conclusion of their fishing 

day, intake estimates could be potentially higher. 

A description of consumption patterns for primary fish species kept, is presented in 

Table 2-148. Differences in the participation and intake rates of ethnic groups are shown in 

Table 2-149. Although Caucasians make up the largest percent of fishermen interviewed, the 

fish intake rate for Oriental/Samoan fishermen and their families is considerably higher than 

for other groups. Puffer et al. (1981) found similar median intake rates for seasons; 36.3 

g/day for January through March, November and December; and 37.7 g/day for April 

through October. 

It should be noted that in early Spring, fishing quarantines were imposed due to heavy 

sewage overflow (Puffer et al., 1981). An advantage to this study is that it provides direct 

information on fish consumption patterns for active fishermen in the Los Angeles coastal 

area. 
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Table 2-148. Description of Consumption Patterns for Primary Fish Kept 
by Sport Fishermen (n = 1059) 

Species 

White Croaker 
Pacific Mackerel 
Pacific Bonito 
Queenfish 
Iacksmelt 
Walleye Perch 
Shiner Perch 
Opal eye 
Black Perch 
Kelp Bass 
California Halibut 
Shellfish• 

a Crab, mussels, lobster, abalone. 

Source: Puffer et al., 1981. 

Percent of fishermen 
who consume I give away 

82'/o 
74'/o 
77'/o 
19'/o 
78'/o 
83'/o 
679' 
879' 
89'/o 
789' 
86'/o 
97'/o 
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159' 
lS'lo 
18% 
13% 
16% 
7% 
109' 
1'1o 
S'lo 
2'1o 
89' 
O'lo 

'lo of Fishermen 
Who Caught 

34 
2S 
18 
17 
13 
10 
7 
6 
s 
s 
4 
3 



Table 2-149. 

Ethpic Group 

Caucasian 
Black 
Mexican-American 
Oriental/Samoan 
Other 

< 17 
18-40 
41-65 
> 65 

• Not reported. 

.·~ CITE I Do~o~~~~TE oR 

Median Intake Rates Based on Demographic Data of Snd?T'Pl"ism~e1t1im&-!llloi"~ 
Family/Living Group 

Percent 
of total 
interviewed 

42 
24 
16 
13 
5 

11 
52 
28 
9 

Median 
intake rates 
(g/person-day) 

46.0 
24.2 
33.0 
70.6 -· 

27.2 
32.5 
39.0 

113.0 

Source: Puffer et al., 1981. 
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Pierce et al. - Commencement Bay Seqfood Comumption Study - Pierce·et"'""'.-++~~ 

performed a local creel survey to examine seafood consumption patterns ~d demographics of 

sportfishermen in Commencement Bay, Washington. The objectives of the survey conducted 

by Pierce et al (1981) included determining (1) seafood consumption habits and demographics 

of noncommercial anglers catching seafood; (2) the extent to which resident fish/crustacea 

were used as food; and (3) the method of preparation of the fish/crustacea to be consumed. 

An additional objective was to develop a health risk model for fish/crustacea consumers in 

Commencement Bay using U.S. BP A data for toxicant edible tissues. The first half of this 

survey was conducted from early July to mid-September, 1980. The second half of the 

survey was conducted mid-September through most of November. The fishermen were 

interviewed along Commencement Bay waterways in Tacoma, Washington, for 5 days in the 

summer and 4 days in the fall. There were 304 interviews in the summer and 204 in the 

fall; the total number of unique fishermen was calculated at 3,391. The interviews were 

conducted only with persons who had caught fish or shellfish. The anglers were interviewed 

only once during the survey period. Data were recorded for species; wet weight; size of the 

living group (family); place of residence; fishing frequency; planned uses of the fish; age; 

sex; and race (Pierce et al., 1981). A follow-up survey was conducted with survey 

participants with telephones to determine if fish caught had been eaten. The ethnic makeup 

of the fishermen surveyed by season is presented in Table 2-150. Table 2-151 contains catch 

data by species obtained from the survey. When comparing total weights between the specie 

of fish caught, the dominant speci1~ were Pacific Hake and Walleye Pollock (Table 2-151). 

Pierce et al. (1981) found that more than half of the fishermen caught and consumed fish 

weekly during both seasons (Table 2-152). 

The U.S. EPA (1993) used data from Pierce et al. (1981) and calculated fish intake 

rates using the following equation (U.S. EPA, 1993): 

fishing freqwn.cy x weight of catch per trip (lb) x edible portion x 4S4 g/lb 
Fish intak.e rate = ________ no_._of_pe_o __ IJJ_le~p--e_r_ho_US<_e_ho_ld _______ _ 

36S days 

(F.qn. 2-8) 
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Ethnic group 

White 
Black 
Oriental 
Mexican 
Indian 

Source: Pierce et al., 1981. 

Summer 

58.9% 
22.7% 
15.5% 
2.6% 
0.3% 
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Fall 

60.8% 
15.2% 
23.5% 
0.5% 
0% 



Table 2-lSl. 

Species 

Pacific Hake 
Walleye Pollock 
Pile Perch 
Pacific Cod 
Pacific Tomcod 
Rock Sole 
Striped Seaperch 
Speckled Sandab 
Brown Rockfish 
Sand Sole 
English Sole 
Big Skate 
Copper Rocldish 
Quillback Rocldish 
Black Rocldish 
Spiney Dogfish 
Starry Flounder 
White Spotted Greenling 
Shiner Perch 
Canary Rocldish 
Red Irish Lord 
Dover Sole 
Bocc:accia Rocldish 
Flathead Sole 
Pacific Sandab 
Staghom Sculpin 
Petrale Sole 
Butter Sole 
Red Stripe Rockfish 
Sable fish 
Cabazon 
Arrowtooth Flounder 
Kelp Greenling 
Buffalo Sculpin 
Blenny 
C-0 

SummeX
catch wt 
(ka)C 

150.32 
121.97 
46.88 
38.53 
30.19 
10.66 
10.55 
10.11 
9.07 
7.85 
6.40 
5.44 
3.11 
2.77 
2.72 
2.72 
2.29 
1.93 
1.59 
1.59 
1.13 
1.11 
0.91 
0.70 
0.54 
0.48 
0.39 
0.23 

o.os 
0.14 

Fallb 
catch wt 
(kg)C 

137.24 
433.03 

7.80 
42.34 
23.68 

5.44 
1.56 

18.59 
6.31 
3.08 
1.66 
4.31 
6.12 
S.33 

23.50 
2.86 
3.67 
0.32 
9.90 
4.85 
1.84 
1.45 
0.20 

4.76 
1.81 
0.57 

1.11 
0.82 
0.68 
0.64 
0.50 
0.36 
0.11 

• Summer - July through Septi~mber, survey was conducted over 5 days and it encompassed 
4 survey areas (i.e., area #1, #2, #3 and #4). 

b 

c 

Fall - September through November, survey was conducted over 4 days, and it encompassed 
5 survey areas (i.e., area #1, #2, #3, #4 and #5). 
Original data (fishweight) were presented in lbs, conversions were made to kg by multiplying 
by a factor of 0.4536. 

Source: Pierce et al., 1981. 

. :·•'." . 
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Table 2-152. Percent of Fishing Frequency During the Summer and Fall Seasons 
in Commencement Bay, ~ashington 

Frequency , Frequency 
Fishing Frequency Percent Percent in the Percent in the 
Frequency in the Summer- Fallb Fallc 

Daily 10.4 8.3 5.8 
Weekly 50.3 52.3 51.0 
Monthly 20.1 15.9 21.1 
Bimonthly 6.7 3.8 4.2 
Biyearly 4.4 6.1 6.3 
Yearly 8.1 13.6 11.6 

• Summer -July through September, includes 5 survey days and 4 survey areas (i.e., area #1, 
112, #3 and #4) 

b Fall - September through November, includes 4 survey days and 4 survey areas (i.e., area 
#1, #2, #3 and #4) 

° Fall - September through November, includes 4 survey days described in footnote b plus an 
additional survey area (5 survey areas) (i.e., area #1, #2, #3, #4 and #5) 

Source: Pierce et al., 1981. 
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The edible portion of fish consumed was assumed to be 50 ·percent. Most of the anglers 

surveyed consumed fish on a weekly basis, and consumed less than 10 g/day (U.S. EPA, 

1993). 

In the study conducted by Pierce et al. (1981) the fish intake rates obtained were 204 

g/person-day in the summer and 454 g/person-day in the fall (U.S. EPA, 1993). These 

values are much higher than the values obtained in this study. For this study, U.S. EPA · 

(1993) converted the group responses of (Pierce et al. 1981) into individual responses as 

well. The mean intake rate calculated for anglers based on individual responses was 39 .1 

g/day (Table 2-153) and the intake rate of anglers based on group responses was 46.9 g/day 

(Table 2-154). Fish intake rates for most respondents ranged between 1-10 g/day for the 

individual (42.5 percent) and group (30.4 percent) calculation with approximately 10 percent 

consuming more than 90 g/day (U.S. EPA, 1993). 

An advantage of this survey is that the data do provide an indication of consumption 

patterns for that time period in the Commencement Bay area. However, the data may not 

reflect current consumption patterns, because fishing advisories were instituted due to local 

contamination. 

Santa Monica Bay Restoration Project - Santa Monica Bay Seafood Consumption 

Study - A study was conducted by the Santa Monica Bay Restoration project (1994) to 

investigate the demographic characteristics of recreational anglers who fish in Santa Monica 

Bay, California. Food consumption patterns and rates of these anglers were assessed, ethnic 

subgroups of the population that have high rates of fish consumption were identified, and the 

fish species caught and consumed at the highest rates by these anglers were determined. The 

study.was conducted between September 1991 and August 1992 at 29 sites around the Santa 

Monica Bay. The sampling period included summer months (September 1991 and June -

August 1992), and fall, winter and spring months (October 1991 - May 1992). During the 

summer period, 12 surveys were conducted per month, and 6 surveys per month were 

conducted during the non-summer period. A stratified random approach was used to 

schedule and conduct the surveys. The survey design consisted of a creel census and 

questionnaires which were administered to anglers utilizing four different fishing modes: 

piers and jetties, private boats, party boats, or beaches and intertidal zones. Information 
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Table 2-153. Percentile and Mean Intake Rates for Non-Commercial Anglers in 
Commencement Bay (Individual Responses:r 

Percentile 

25th 

SOth 

15th 

90th 

95th 

98th 

lOOth 

Mean 

• Raw data are from Pierce et al. (1981). 

Source: U.S. EPA, 1993. 
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Table 2-154. Percentile and Mean Consumption Rates for Non-Commercial Anglers in 
Commencement Bay (Group Responses)& 

Percentile 

25th 

.50th 

15th 

90th 

95th 

98th 

lOOth 

Mean 

• Raw data are from Pierce et al. 1981. 

Source: U.S. EPA, 1993. 

Intake Rate 
(g/day) 

1.2 

12.2 

38.1 

132.0 

163.4 

267.5 

2,139.3 

46.9 



collected included number of anglers that fish at the Santa Monica Bay; demographic 

characteristics of anglers (i.e. ethnicity, age, gender); fishing site characteristics; different 

species of fish caught; fishing frequency; fishing seasons; and seafood consumption patterns 

of anglers. 

One of the two methods used in estimating seafood consumption rates was based on 

the respondents estimates of fish meal sizes relative to a balsa wood fillet model. The fillet 

model assumes 150 g is for the fish meal size considered standard (Santa Monica Bay 

Restoration Project, 1994). The fish consumption rate was calculated by multiplying the 

estimated fish species meal size relative to the fillet model by the frequency of fish species 

consumption four weeks prior to the interview. Also, for anglers that caught fish, the 

number 1 was added to their frequency of fish consumption (Santa Monica Bay Restoration 

Project, 1994). 

The results obtained from the estimates based on the fillet model by ethnicity and 

income groups for all fish consumed by Santa Monica Bay anglers are presented in 

Table 2-155. The median and mean consumption rate for Santa Monica Bay anglers was 21 

g/day and 50 g/day, respectively (fable 2-155). Table 2-155 also indicates that for the 

identifiable ethnic groups, median consumption rates were the highest for blacks, 24 g/day, 

while Asians had the highest 90th percentile estimate of 116 g/day. Anglers with annual 

household incomes less than $5,000 had the highest median consumption of 32.1 g/day, and 

anglers with household annual income greater than $50,000 had the highest 90th percentile 

estimate of 128.6 g/day. 

A limitation in the approach used to calculate fish consumption rate is that the 

frequency of fish consumption was based on recall. This may somewhat bias the results 

obtained. An advantage of this study is that the random sampling approach employed 

minimiz.ed sampling biases that may be created. Also the method used to estimate fish 

consumption rate accounted for all anglers who consumed fish whether or not the fish was 

caug.ht at the time of interview. Another advantage is that the survey accounted for fishing 

seasons that occurred all year round. 
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Table 2-155. Distribution of Seafood Consumption Rates of All Fish by Ethnic and Income Groups of Santa Monica Bay Anglers 

Subgroup Population Number of 
Anglers 

Ethnicity 

White 217 

Hispanic 137 

Black 57 

Asian 122 

Other 14 

.Income 

< $5,000 20 

$5,000 - $10,000 27 

$10,000 - $25,000 90 

$25,000 - $SO,OOO 149 

> $50,000 130 

Total All Anglers SSS 

Source: Santa Monica Bay Restoration Project, 1994. 

Mean 

58.1 

28.2 

48.6 

51.1 

137.3 

42.1 

40.S 

40.4 

46.9 

58.9 

49.6 

Consumption Rates (g/day) 

SOth Percentile 

21.4 

16.1 

24.l 

21.4 

85.1 

32.l 

21.4 

21.4 

21.4 

21.4 

21.4 

90th Pereentile 

112.S 

64.3 

85.1 

115.7 

173.6 

64.3 

48.2 

80.4 

113.0 

128.6 

107.l 

. t1 I 
···. 0 
1~ I 

0 I 
~ 1-) t:1 ; 
.... ~' t-3 .() 
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Price et al. - The Effect of Sampling Bias on Estimates of Angler Consumption RaJes 

in Creel Surveys - Price et al. (1994) investigated the effect of sampling bias on estimates of 

fish consumption rates derived from the creel surveys of marine and estuarine anglers 

conducted by Puffer et al. (1981) and Pierce et al. (1981). A description of the original 

creel surveys conducted by Puffer et al. and Pierce et al. and the methodology employed to 

obtain fish consumption rates have been discussed earlier in this section. In their original 

surveys, Puffer et al. (1981) and Pierce et al. (1981) collected data on the size of fish 

caught, number of fish caught, angler's fishing frequency, and the number of individuals 

sharing the fish caught. Using these data, Puffer et al. (1981) estimated fish consumption 

rates for the individual anglers surveyed. However, Pierce et al. (1981) did not estimate fish 

consumption rates for the individual anglers (Price et al., 1994). In an effort to derive 

recommended rates for typical anglers, EPA calculated a distribution of fish consumption 

rates using the information obtained from the Pierce et al. (1981) survey (Price et al., 1994). 

Based on the arithmetic average of the median consumption rates from both surveys (i.e. 

Puffer et al., 1981, at 37 g/day; and EPA's estimate at 23 g/day), EPA recommended a 

consumption .rate of 30 g/day for a typical angler. A value of 140 g/day was recommended 

as the "worst-case" consumption .rate (Price et al., 1994). 

Price et al. (1994) reanalyzed both survey data by weighting the individual survey 

responses by the inverse of the angler's self-reported fishing frequency to produce a more 

accurate characterization of the total angler population. Price et al. (1994) re-estimated 

Pierce's data to obtain a distribution of consumption .rates in the total angler population using 

the equation presented below: 

where: 

TN _ N 36S 
A - gX

F 

TN A = total number of anglers with a consumption rate· of A 

(Eqn. 2-9) 

NAF = number of anglers with a consumption .rate of A and fishing frequency F 
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Similarly, Price et al. (1994) re-estimated both Puffer and Pierce's data to obtain a 

distribution of fishing frequencies in the total angler population from the following equatio11: 

where: 

TN,= N,x 365 
F 

TNp = total number of anglers with a fishing frequency F 

Np = number of surveyed anglers with a .fishing frequency F 

(Eqn. 2-10) 

Due to insufficient data, Price et al. (1994) used a different approach to estimate 

consumption rates from Puffer's survey. In this approach an average consumption rate per 

angling trip was calculated based on the anglers mean consumption rate and fishing frequency 

in the Puffer survey. This estimated average consumption rate per angling trip in 

conjunction with the distribution of fishing frequencies in the total angler population was 

used to develop a distribution of consumption rates. 

Table 2-156 shows that the recalculated median consumption rate for the survey 

population in the Pierce et al. (1981) survey is 19 g/day, and the median rate for the total 

angler population is 1.0 g/day. In the Puffer et al. (1981) survey, the recalculated median 

consumption rate for the survey population is 37 g/day and the median rate for the total 

angler population is 2.9 g/day (Table 2-156). The average median consumption rate for the 

survey population is 29 g/day and 2.0 g/day for the total angler population (Table 2-156). 

The results obtained indicate that the total angler population using a given waterbody have 

much lower fishing and consumption rates than the surveyed populations. Therefore, using 

intake estimates obtained from creel surveys provide a biased estimate of the total angler 

population's intake (Price et al., 1994). 

A limitation of this study i:s that some of the raw data obtained for use by Price et al. 

were incomplete. Therefore, assumptions made to eliminate unusable data may have affected 

the results obtained in this study. An advantage of this study is that it supports the 
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Table 2-156. Selected Percentile Consumption Estimates (g/d) for the Survey and Total Angler 
Populations Based on the Reanalysis of the Puffer and Pierce Data 

50th Percentile 90th Percentile 

Puffer 37 225 
Pierce 12. ill 

Average 28 190 

Puffer 2.ga 35b 
Pierce .1..0 u 

Average 2.0 24 

• Estimated based on the average intake for the 0 - 90th percentile anglers. 
b Estimated based on the average intake for the 91st - 96th percentile anglers. 

Source: Price et al., 1994. 
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limitations of using creel surveys (i.e., oversampling of frequent anglers, overestimation of 

consumption rates). 

San Diego County - San Diego Bay Health Risk Study - The San Diego County 

Department of Health Services, Environmental Health Services, conducted a creel survey to 

investigate the potential human health risk from the consumption of fish caught from the San 

Diego Bay. Because of the potential health risk, the study was designed to determine the 

intake rates of fish caught from the Bay. Three hundred sixty-nine (369) anglers were 

interviewed over a one year period beginning October 1988 through October 1989 (San 

Diego County, 1990). Survey objectives were to identify the fish species most commonly 

caught in the Bay and the demographics of anglers that catch those fish; and characteriz.e the 

fish consumption patterns of the anglers and others who may consume the fish (i.e., fishing 

frequency, fish meal size) (San Diego County, 1990). The anglers were interviewed at 

selected, but popular fishing locations such as piers and shorelines. The fish species were 

identified and the fish caught were weighed during the interview. The ratio of male anglers 

to female anglers was 10.5 to 1. The average fishing frequency of Bay anglers was about 

6.4 times per month. Most anglers fished from < 1 to 12 times per month. The most 

successful anglers fished more frequently. 

Intake rates were calculated using the following equation (San Diego County, 1990): 

Intake Rate- (Fish Weight)(Edible Portion) 
(Number of Consumers)(Fishing Freq1Uncy) 

(Eqn. 2-11) 

For this calculation, San Diego County (1990) assumed 30 percent of the total fish 

weight caught on the survey day to be edible. The cumulative fish intake rate was estimated 

at 31.2 g/day for the total fish catch. Table 2-157 presents the species-specific average 

intake rates estimated from the survey data for four of the seven species targeted for the 

survey. To calculate the bay-wide average consumption rates of the species targeted, the 

individual rates were averaged, then adjusted to reflect the total population. Pacific 

Mackerel had the largest intake rate of 11.5 g/day representing about 38.8 percent Qargest) 

of total fish caught from the bay. Table 2-158 shows the intake rates obtained for specific 
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Table 2-157. Estimated Species-Specific Consumption Rates of San Diego Bay Anglers 

% of Average Intake Rate Upper 
Species Na Total Catch (grams/day) 95% CJC 

Pacific mackerel 24 38.8 11.S 59.3 

California li7.ardfish 11 19.4 4.7 56.9 

Barred und bass 5 10.2 1.3 23.3 

Spotted und bass 10 4.2 o.s 14.1 

Ovenll 59 31.2b 73.4 

Number of angler interviews. 
CUmulativo and species-specific consumption rates were estimated from angler 11\ll'Vey data. A cumulative rate 
of 31.2 g/day was determined for the total fish catch. Individual rates were determined for 4 of the 7 targeted. 
species, because these 4 species accounted for 74 percent of the total catch (San Diego County, 1990). 
CI • confidence of interval. 

Source: San Diego County, 1990. 
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Table 2-158. Intake Rates of San Diego Anglers by Ethnicity .,. .. CITE 

% of % of Total Average Lower and Upper 95 % 
Ethnicity Total No. of Consumersb Intake Rate Confidence Interval 

Anglers Interviewsll (grams/day)c of the Mean 

Caucasian 42.0 20 24.0 10.8 0, 25.6 

Filipino 20.1 26 32.6 49.5 6.3, 92.7 

Hispanic 12.5 5 8.9 23.6 0, 270.4 

Asiand 11.1 4 25.6 81.9 0, 102.3 

Black 6.5 _f 4.7 NC' 

Other° 7.8 _f 2.2 NC' 

Total 100 100 31.2 
Population 

a It should be emphasized that limitations on sample siz.e, especially for Hispanics and Asians, make comparison 
of these rates problematic (San Diego .County, 1990). 

b This distribution is based on sample siz.e of 143 interviews, representing 490.5 potential consumers. 
c These are average rates and a range of values exists for individuals within each group. 
d Group includes Vietnamese, Laotian, Japanese, Cambodian, Korean and Thai. 
c Group includes Indian, American Indian, Hawaiian, Polynesian, and Unidentified. 
f No values were reported. 
g NC - not calculated. Sample siz.es for these groups were insufficient to allow calculations of consumption rates. 

Source: San Diego County, 1990. 
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ethnic groups. The author notes that a comparison of intake rates by ethnic group may be 

difficult due to the limitations on sample sire for Hispanics and Asians. In addition,· the 

reported rates are average rates, and a range of values exists for individuals within each 

group (San Diego County, 1990). 

A limitation associated with this study is the small sample size of anglers surveyed. 

Only 59 interviews (representing 195 potential consumers) were used to calculate the 

cumulative intake of 31.2 g/day for total fish catch from all species. Only 59 of the 369 

interview questionnaires contained all the data necessary for calculating individual intake 

rates and subsets of this 59 used to calculate specie and ethnic consumption rates (San Diego 

County, 1990). This may somewhat bias the intake rate values reported. In addition, it was 

assumed that the fishing success rate on the interview day would be the same for future 

fishing trips. However, an advantage of this study is that on-site interviews were conducted 

which could minimize bias that would be associated with recall. 
" ' 

National Marine Fisheries Service - In 1985, the National Marine Fisheries Service 

(NMFS) collected national recreational catch data for coastal areas (NMFS, 1986a). 

Fishermen in the field were surveyed directly and households were surveyed by telephone. 

For the Atlantic and Gulf coas~, approximately 41,000 field interviews and 58,000 telephone 

interviews were conducted. For the Pacific coast, approximately 38,000 field interviews and 

73,000 telephone interviews were conducted. Appendix 2D contains data on total catch size 

according to marine species, seasonal variations in catch size, and the number of sport 

fishermen in the Atlantic, Gulf, and Pacific Coast regions. Intake rates were not derived 

from these surveys. 

2.6.6. Key Freshwater Recreational Studies 

U.S. EPA - Fish Intake Study - EPA (1993) calculated arithmetic mean fish intake 

rates using raw data from six fish consumption surveys conducted during the 1980s. Surveys 

with appropriate data needed to estimate fish intake rates for recreational anglers were used 

for this study (U.S. EPA, 1993). The calculated arithmetic mean fish intake rates ranged 

from 3.1to24.2 g/day. Data from the five freshwater surveys were used to calculate fish 

intake rates for anglers and are summarized below. 
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The first dataset was from West et al. (1989) - •Michigan Sport Anglers Fish 

Consumption Survey.• U.S. EPA (1993) calculated eating frequencies and intake rate for 

self-caught fish using the raw data of West (1989) discussed earlier in this section. The 

eating frequencies were different for the 7-day and 1-year recall period for anglers who 

included the percentage of self-caught fish. For example, 269 anglers consumed fish once a 

week during the 7-day recall period, while 92 anglers .. consumed fish weekly during the 1-

year recall period (U.S. EPA, 1993). During the 7-day recall, 538 out of 1,062 anglers did 

not provide any information; 50.6 percent was believed to not eat fish (U.S. EPA, 1993). 

The estimated mean intake rate during the 7-day recall period for self-caught fish when zero 

responses (i.e. anglers that did not consume self-caught fish during this period) were not 

included was 49.0 g/day and the 95th percentile was 105.8 g/day (Table 2-159). In 

comparison, when zero responses were included in the analysis, the mean intake rate for 

anglers during the 7-day recall period was 24.2 g/day and the 95th percentile was 94 g/day 

(U.S. EPA, 1993). 

U.S. EPA (1993) noted that comparison of the eating frequencies between the 1-year 

recall period data and the 7-day recall period data suggest that extrapolation of a short-term 

data to long-term data may result in inaccurate data results. A limitation of this reanalysis· is 

that results based on 1-year recall were not presented. 

The second dataset was from Smith and Enger (1988) - A Survey of Attitudes and . 

Fish Consumption ·of Anglers on the Lower 1ittabawassee River. Seven hundred and three 

(703) individuals participated in this survey, however, only 694 records were provided for 

this study. The creel survey was r,onducted from May 1 through August 31, 1987, through 

personal interviews with the participants along fishing sites. All responses were based on a 

1-year recall period. The survey was designed to obtain information such as 

sociodemographic factors, fishing practices, frequency of fish meals, and awareness of fish 

advisories. The calculated mean intake rate was 6.5 g/day when zero responses (i.e., 

respondents that did not eat fish from the Tittabawassee River) were excluded from data 

analysis. U.S. EPA (1993) assumed 145 g to be the average meal size consumed by anglers 

(Table 2-160). This assumption is based on Pao (1982). Also, 85.4 percent of anglers 

surveyed consumed between a range of 1-10 g/day of fish from this river (U.S. EPA, 1993). 
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Table 2-159. Percentile Rankings and Mean Consumption Rates for Michigan Sport Anglers 

Fish Consumption Survey& 

Percentile Intake Rate 
(g/day) 

25th 32.6 

50th 32.6 

15th 65.1 

90th 93.6 

95th 105.8 

98th 122.1 

lOOth 223.9 

Mean 49.0 

• Responses of zero (angler did not eat any self-caught fish) for 7-day consumption period not included. 
Raw data are from West et al. 1989. 

Source: U.S. EPA, 1993. 

..._ 
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Table 2-160. Percentile and Mean Intake Rates of Anglers Fishing on e wer Tittabawassee 
River, Michigan• 

Percentile Intake Rate 
(g/day) 

25th 2.4 

50th 2.4 

15th 4.8 

90th 20.7 

95th 20.7 

98th 39.7 

lOOth 39.7 

Mean 6.5 

• Zero responses (Person who stated they did not eat fish from this river) were excluded. Raw data 
are from Smith and Enger (1988). 

Source: U.S. EPA, 1993. 
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Smith and Enger (1988) did not calculate fish intake rates, but reported that 7 percent of the 

anglers consumed one or more meals per week (U.S. EPA, 1993). A limitation of the 

survey is that consumption rates may be a reflection of lower angler activity due to fishing 

ban. 

The third data set was from Connelly et al. (1990) - New York Statewide Anglers 

Survey, 1988. The mail survey was conducted from January through March, 1989 and the 

survey was designed to obtain general information including sociodemographic factors, 

angler effort and interest in particular species, boating patterns related to fishing, angler 

preferences for various New York fishing programs, and angler awareness of and adherence 

to health advisories related to the consumption of fish (U.S. EPA, 1993). The survey was 

based on 1-year recall. 

The mean intake rate for the anglers surveyed was calculated at 18.0 g/day 

(Table 2-161). These values, however, represent fish consumption from all sources (i.e., 

fresh, marine, purchased, etc.) U.S. EPA (1993) used the responses from 4,573 respondents 

and assumed a meal size of 145g for each angler in their calculation. The mean fish intake 

rate for those respondents who caught fish from Lake Erie (343 respondents) was 4.8 g/day 

when zero responses were excluded (Table 2-162). The mean intake rate for those 

respondents who fished at Lake Ontario (1,167 respondents) was 3.3 g/day when zero 

responses were excluded (Table 2-163). 

In comparison, Connelly et al. (1990) assumed a fish meal size of 112-pound 

(approximately 229g) (U.S. EPA (1993). Hence, the mean intake rate obtained by Connelly 

ct al. (1990) was 27.6 g/day versus the 18.0 g/day calculated by U.S. EPA, 1993. A 

limitation of this study is that results may be a reflection of fish advisories in place. For 

example, 76 percent of respondents indicated not eating the species listed in the advisory and 

following the guidelines for maximum fish meal consumption. 

The fourth dataset was from Cox et al. (1990) - The results of the 1989 - Guide to 

Eating Ontario Sport Fish. The survey were designed to collect information for 

sociodemographic factors, fishing effort and locations, fish intake rates, meal sizes, and 

changes in fishing and fish consumption patterns due to health advisories (U.S. EPA, 1993). 

This survey was enclosed in the back of 100,000 of the 300,000 guides that were distributed 
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Table 2-161. Percentile and Mean Intake Rates for all Fish Meals Consumed by New York 
State Anglers• 

Percentile 

25th 

SOth 

15th 

90th 

95th 

98th 

100th 

Mean 

• Raw data from Connelly et al. (1988). 

Source: U.S. EPA, 1993. 

2-253 

Intake Rate 
(g/day) 

7.9 

13.9 

20.7 

39.7 

43.78 

69.5 

396.9 

18.0 



DRAFT 
DO NOT QUOTE OR 
·~~.CITE 

Table 2-162. Percentile and Mean Consumption Rates for New 'Y'Off"Ailglers Who Caught 
Fish From Lake Erie• 

Percentile Intake Rate 
(g/day) 

25th 0.8 

50th 2.0 

15th 4.8 

90th 11.9 

95th 19.9 

98th 29.8 

lOOth 119.2 

Mean 4.8 

• Zero respondents not included. Raw data from Connelly et al. (1990). 

Source: U.S. EPA, 1993. 
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Table 2-163. Percentile Rankings and Mean Consumption Rates for-New York Anglers Who 
Caught Fish From Lake Ontario 

Percentile 

25th 

50th 

15th 

90th 

95th 

98th 

100th 

Mean 

• Zero responses excluded. Raw data from Connelly (1990). 

Source: U.S. EPA, 1993. 
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mainly to selected stores as well as some fishing license distributors. The survey was based 

on a 1-year recall. Only 913 individuals responded out of 100,000 questionnaires that were 

distributed (approximately 1 percent response rate). About 47 percent of these respondents 

ate fish either once a month or once every two weeks. Most of the anglers survey consumed 

less than 20 g/day of fish (U.S. EPA, 1993). 

Cox et al. (1990) assumed a fish meal sire of 227g for their intake rate estimation. 

Cox et al. (1990) calculated a mean fish intake rate of 20.19 g/day (U.S. EPA, 1993). The 

mean fish intake rate calculated by U.S. EPA (1993) using actual meal size from the survey 

was 19.2 g/day (Table 2-164). 

The fifth dataset was from Fiore et al. (1989) - Spon Fish Consumption and Body 

Burden Levels of Chlorinated Hydrocarbons: A Study of Wisconsin Anglers. The survey was 

conducted to assess sociodemographic factors; sport fishing and fishing habits of anglers; 

evaluate the anglers comprehension of and compliance with the Wisconsin Fish Consumption 

Advisory; measure body burden levels of PCBs and DDE through analysis of blood serum 

samples; and examine the relationship between body burden levels and consumption of sport

caught fish (U.S. EPA, 1993). The survey was conducted during the summer of 1985 from 

a sample pool of 1,600 Wisconsin residents. Respondents from this sample comprised 801 

individuals (50 percent response rate) 601 males and 200 females. Each participant had 

purchased fishing or sporting licenses within 10 counties adjacent to water bodies identified 

in the Wisconsin Fish Advisories (U.S. EPA, 1993). 

U.S. EPA (1993) used the following equation used to calculate intake rate: 

Intake rate = meals x 14Sg x year 
year IMal 36Sdays 

(Eqn. 2-12) 

A meal size of 145g (based on Pao, 1982) was assumed for these calculations. Most 

respondents reported eating less than one sport-caught meal of fish per month. 

Approximately 70 percent of the anglers had consumption rates in the 1-10 g/day range 

(U.S. EPA, 1993). U.S. EPA (1993) calculated mean intake rate of 7.3 g/day for sport 

caught fish (Table 2-165). 
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Table 2-164. Rankings and Mean Consumption Rates for Lake Ontario Anglers• 

Percentile 

25th 

50th 

15th 

90th 

95th 

98th 

lOOth 

Mean 

• Zero responses excluded. Raw data are from Cox et al., 1990. 

Source: U.S. EPA, 1993. 
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Table 2-165. Percentile and Mean Intake Rates for Wisconsin Sport Angler~ 

Percentile 

25th 

SOth 

15th 

90th 

95th 

98th 

lOOth 

Mean 

• Raw data are from Fiore et al. 1989. 

Source: U.S. EPA, 1993. 
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In the study conducted by Fiore et al. (1989) fish intake rates were not esttmated, but 

results from their survey showed that an average of 18 sport-caught and 24 other fish meals 

were consumed during the year. Fiore et al. (1989) assumed an average meal size of 227 g. 

The calculated mean daily sport-caught fish intake rate (based on the 227 g meal size) at 12.3 

g (i.e. respondents that did not consume sport-caught fish were excluded), and the average 

daily intake for all fish meals was 26.1 g (U.S. EPA, 1993). 

U.S. EPA (1993) calculated overall mean and percentile intake rates using the data 

from all five surveys. Estimated mean fish intake rates ranged from 3.1 g/day to 24.2 

g/day for consumers and non consumers combined (Table 2-166). These data are based on 

all responses (i.e., zero responses included). The estimated fish intake rates for consumers 

only ranged from 3.3 g/day to 49 g/day. Mean values are larger than the median values 

(50th percentile). The lOOth percentile rates represent maximum intake values of any one 

individual in a survey (U.S. EPA, 1993). 

A brief description of the surveys and their limitations are summarized in 

Table 2-167. Accurate assessments of fish intake rates are dependent on obtaining actual 

data for two variables; (1) actual number of meals consumed per period of time and (2) the 

best estimate of amount of fish tissue consumed per meal (U.S. EPA, 1993). The raw data 

obtained from the surveys conducted by West et al. (1989) and Cox et al. (1990) appeared to 

give the most reasonable estimates for fish tissue consumption because in these studies an 

attempt was made to identify the individual's estimated fish serving portion size (U.S. EPA, 

1993). 

The limitations associated with this study are based in part on the limitations 

associated with the 5 surveys. Methods used to estimate weights of the amount of fish eaten 

by the respondents were for the most part subjective. Consequently, the derivation of meal 

sizes may be somewhat inaccurate. In addition, adult males were the predominant anglers 

for each survey (U.S. EPA, 1993). Therefore, using these data for exposure assessments for 

women and children may be somewhat biased. Also, most of the survey data were based on 

recall and/or successful anglers onll.y. An advantage of this study is that the intake rates were 

calculated using a large database. However, U.S. EPA cautions the reader that these are 

preliminary results and that comparisons "across the board" of the surv'eys are very difficult 
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Table 2-166. Calculated Fish Consumption Rates Using Raw Data From All Five Surveys 

Percentile Rankings 

Study Mean Intake 50th 90th 95th lOOth 
Rate 

~~m:i:um~~ a.nd Non~mum~s 
West et al. (1989)" 24.2 0 65.1 93.6 223.9 

Smith and Enger (1988)8' 3.1 0 4;8 20.7 39.7 

Connelly et al. (1990)b 18.0 13.9 39.7 43.7 396.9 

Cox et al. (1990)• 19.2 7.6 48.4 72.7 254.3 

Fiore et al. (1989)b 7.3 4.0 19.9 23.8 145.0 

~sm:iYm~rs OnI~ 

West et al. (1989) 49 32.6 93.7 105.8 223.9 

Smith and Enger (1988) 6.5 2.4 10.7 20.7 39.7 

Connelly et al. (1990) Lake Ontario 3.3 2.0 7.9 9.9 158.9 

Lake Erie 4.8 2.0 11.9 19.9 119.2 

All responses included for these calculations (i.e., consumers and nonconsumers. 
Based on total fish meals, not only sport-caught fish meals. 

Source: U.S. EPA, 1993. 
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Table 2-167. Summary of Fish Consumption Swveys 

Study No. Participants Response Objective of Study Time Period/Swvey Type 
Rate& 

West et al. (1989) 1,104 47.3% To obtain infonnation that Ian-May '88; during the past 1 
could be used to revise fish year and 7 days - data based on 
consumption advisories by recall 
examining fish 
consumption 

Smith and Enger 694 100" To dc:termine fish May 1-Aug 31 '87; Creel 
(1988) consumption habits of census 

anglers who fished on the 
lower Tittabawassee River 
in Michigan 

Ccnnelly et =I. 10,314 62.4% To determine fishing Ian-Mar '89; mail survey and 
(1990) efforts expenditures and telephone survey of non-

New York anglers attitudes respondents 
and preference for fishing 
programs 

I'-.> 
~ 

°' -
Cox et al. (1990) 913 <1" To detennine fish 1989; questionnaires distributed 

consumption rates and in "Guide" 
changes in fishing and fish 
consumption patterns due 
to heahh advisories of 
Lake Ontario anglers 

Fiore et al. (1989) 801 so" To usess the sport fishing Summer 'BS; data collection 
and fish consumption 
habits of W'11consin anglers 

• Estimated suecess rates presented in the individual reports. 

Source: U.S. EPA, 1993. 

Population Surveyed 

Sport fishing license 
holders 

RCCRational anglers 

Resident and non-resident 
licensed sport fishenncn 

Lake Ontario anglers 

Sport fishing license 
holders 

Comments 

Obtained eating frequency of 
fish meals and fish meal si7.e 
data based on 7-day recall 
and 1-yr recall 

U.S. EPA assumed meal si7.e 
of 14S g. Obtained 
infonnation on frequency of 
self-caught fish meals; data 
based on 1 year recall. 

U.S. EPA usumed meal si7.e 
of 14S g. Obtained 
information on total number 
of fish meals consumed and 
number of sport-caught fish 
meals from Lake Erie and 
Ontario. Data based on 1 
year recall 

Obtained information on 
eating frequency of 
sport-caught fish meals; meal 
size; data based on 1-year 
recall 

U.S. EPA usumed meal si7.e 
of 14S g; also, data based on 
recall; eating frequency of 
sport-caught fish meals 

t1 
.· 0 

·~ 0 
~ 1-i 0 
~.o~ 
t:sJ c::: l:tj 
o~ 

~ 
0 
::i:i. 
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at best, if not impossible. In addition, intake rates in certain areas are a reflection of fish 

advisories which are in place. 

West et al. - Michigan Sport Anglers Fish Conswnption Survey - West et al. (1989a) 

evaluated the fish consumption patterns among licensed sport fishermen in Michigan. A 

"stratified random sample" was drawn from the fish license records for the State of 

Michigan. The sample was stratified based on type of license and geographic residence (zip 

codes). Survey questionnaires were mailed to approximately 2,500 households, and the 

deliverable survey sample was 2,334 households. Only 1, 104 households of the deliverable 

surveys responded, therefore, a final response rate of 47.3 percent. The survey was 

designed to gather information for fish consumption by species; average fish meal size; 

demographics of consumers; fish consumption by other household members; and 

consumption of fish from other sources (i.e., restaurant fish, purchased fish, gifts of fish). 

Additionally, to test for seasonal patterns of fishing and fish eating, survey respondents were 

asked information on the frequency of each pattern over the past year. The survey was 

based on a 7-day recall and was conducted from January through June 1988 (winter-spring 

season). 

The meal sire consumed was estimated by each respondent using a pictorial guide of 

about 1/2 pound (8 oz. or 227 g) of different types of fish meals. West et al. (1989a) 

estimated the meal size at 10 ounces when the respondents reported eating "more" fish and 5 

ounces when the respondents reported eating "less" fish. The calculated average fish intake 

rate for all respondents including all household members who eat fish was 18.3 g/person-day 

for the January-June, 1988 period (winter-spring). These values represent fish consumption 

from all sources. The data are for all household members who ate fish, but also includes 

persons who eat fish, but did not eat fish in the seven-day recall survey period. Grams 

consumed per person over the 7-day period were divided by 7 to convert to grams/person

day (West et al. 1989a). 

In addition, West et al. (1989a) calculated estimates for the frequency of fishing and 

fish-eating based on 1-year recall data. Results showed that the frequency of fishing was 

significantly greater in the summer-fall (peak season) when compared to the winter-spring 

(off fishing-season) (West et al. 1989a). However, the frequency of fish consumption was 
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only somewhat greater in the summer-fall season than in the winter-spring season. In 

addition, West et al. (1989a), estimated the fish intake rates for both seasons by making 

conservative assumptions in converting the frequency of fish consumption ranges (based on 

1-year recall) obtained for both seasons to point estimates (i.e., number of meals per 6 month 

period). Based on these assumptions, the estimated fish intake rate for the winter-spring 

season was 19.4 g/day and 21.2 g/day for the summer-fall season, the difference between 

both seasons was 1.8 g/day. Because the estimated winter-spring rate (19.4 g/day) was close 

to the calculated winter-spring consumption rate (18.3 g/day), the summer-fall consumption 

estimate was considered to be somewhat reliable (West et al~, 1989a). Therefore, the 18.3 

g/day (winter-spring rate) was adjusted by adding the 1.8 g difference, giving an adjusted 

intake rate of 20.1 g/person-day value for summer-fall. This value (20.1 g) was then 

averaged with the 18.3 g actual mean for winter-spring to get an adjusted yearly intake of 

19.2 g/day (West et al., 1989a). 

There are several limitations with this study. The data obtained were based on 7-day 

and 1-year recall. Also, the sampling period for the 7-day recall was between January 

through June (winter-spring season) instead of the peak fishing period of July through 

December (summer-fall season). The frequency of fishing and fish consumption during the 

peak period were estimated based on the 1-year recall data. The estimation of meal sizes by 

the respondents were based on more than or less than sizes shown in pictures, therefore 

subjective. These factors may affect the accuracy of the intake rates obtained in this study. 

Another limitation associated with this survey was the relatively low response (47.3 percent). 

This low response rate could impose some degree of non-return bias on the results obtained 

(West et al. 1989a). However, the data do represent fishing and fish-eating patterns for that 

area (Great Lakes) during that time period. 

West et al. - Mi110rity Anglers and Toxic Fish Consumption: Evidence From a State

Wide Survey of Michigan - West et al. (1993) investigated fish consumption patterns by 

minority, elderly sport anglers, and members of their household that consume fish in the 

State of Michigan. The fish intake rates of these subgroups of population were determined 

using the data obtained from West et al. (1989a). The study (previously described) was a 

mail survey of a stratified sample (2,500 households) of Michigan licensed anglers. The 
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respondent anglers consisted of 69 Blacks, 139 Native Americans, 3,339 Whites, and 123 

other minorities including Hispanics, mixed, and others. The sampling period was January 

through June 1988 (winter-spring period). Participants were asked to recall consumption 

patterns over the past 7 days. Fish meal consumption information was gathered from all 

household members that eat fish. 

The results obtained from these data indicated that the fish intake rate for minority 

sport-anglers was 21.7 g/day (West et al. 1993). The fish intake rates calculated for 

different minority groups surveyed are presented in Table 2-168. Native American and 

Black sport-anglers had the highest fish intake rates of 24.3 and 20.3 g/day, respectively 

(Table 2-168). The intake rates obtained for Black and Native American minorities are higher 

than the average fish intake rate (18.3 g/day) determined for the general Michigan sport

anglers, in West et al. (1989a). 

Table 2-169 presents data for the Michigan sports anglers by age. The data show that 

the older sport-anglers (65 and above) had the highest intake rate of 25.2 g/day. The anglers 

between the ages of 51-65 had the next highest intake rate of 24.0 g/day. 

Differences in intake by age were determined by West et al. (1993) to be statistically 

significant. 

West et al. (1993) analyzed the data obtained to show the effects of a joint 

multivariate analysis of race and age on fish intake rates. The results obtained and presented 

in Table 2-170 show that Black anglers 51-91 years and older had the highest intake rate of 

31.9 g/day. Native Americans within this same age category had the next highest intake rate 

of 21.7 g/day. For Native American anglers, the highest intake rate (30.6 g/person-day) was 

reported for persons between the ages of 31-50. The other minority groups (Hispanics, 

mixed, and other races) had the next highest rate in this age category. The data in 

Table 2-170 show the joint multivariate effects of race and age in an ANOVA. West et al. 

(1993), therefore, concluded that the interaction is not statistically significant but the main 

effects are (i.e., age and race). 

Overall, the findings in this survey suggest that in Michigan, more fish is consumed 

by Native Americans (24.3 g/person-day) than Blacks (20.3 g/person-day), and both minority 

subgroups consume more fish than White sports anglers. However, the sample size is small 
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Table 2-168. Average Fish Consumption (g/person-day) by Race for Michigan Sport Anglers 

Average Fish 9S% Confidence Maximum 
Race N Consumption SD lnterval0 Value• 

(g/person-day) (g/person-day) (glperson-day) 

Black 69" 20.3 26.8 13.9-26.8 122.4 

Native 
American 139 24.3 33.3 18.7-29.9 163.3 

Other 
Minorityb 123 19.8 24.S lS.4-24.2 138.8 

White 3,339 17.9. 26.S 17.0-18.8 224.S 

Total 3,670 18.3 26.8 17.4-19.1 224.S 
tJ 
t!.l 
~ • Maximum value is the highest fish consumption (in grams/person/day) found for any individual in that age group. Few people in the same 

con.~ume at this high level. 
b Other includes Hispanic, mixed, and other. 
c 'lb.e confidence interval is a statistical measure of the probability of the population mean (as opposed to the sample mean) falling within these 

parameters. 

Source: West et al., 1993. 
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Table 2-169. Average Fish Consumption (g/person-day) by Age Groups for Michigan 
Sport Anglers 

Average Fish 95 % Confidence Maximum 
Age N Consumption SD Intervalb Value 

(g/person/day) (g/person-day) (g/person-day) 

0-10 444 9.5 15.7 8.1 to 11.0 81.6 

11-20 571 10.8 18.6 9.2 to 12.3 106.1 

21-30 S66 18.0 25.7 15.9 to 20.2 146.9 

31-40 665 20.4 30.0 18.1to22.7 163.3 

41-50 S66 20.9 30.0 18.4 to 23.4 224.5 

51-65 560 24.0 29.2 21.6 to 26.4 224.5 

Over 65 269 25.2 28.5 21.7 to 28.6 138.7 

Total 3,641 18.2• 26.6 17.3 to 19.0 224.5 

a The overall mean consumption is somewhat different (.1 gram) than the main figure reported in Table 
Fish-35, due to missing data for the age variable. Note that the confidence limits for the overall mean 
consumption is between 17.3 and 19.0 grams/person/day (West et al. 1993). 

b The confidence interval is a statistical measure of the probability of the population mean (as opposed 
to the sample mean) falling within these parameters. 

Source: West et al., 1993. 
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Table 2-170. Average Fish Consumption (g/person-day) by Age and Race for Michigan Spor:ts 
Anglers 

Consumption Rate (g/person-day) 
Age 

Race 1-30 31-50 51-91 

Black 14.1 19.8 31.9 
(~ (25) (17) 

Native American 16.9 30.6 21.7 
(35) (48) (53) 

Other M'morityb 13.1 27.4 24.1 
(56) (37) (24) 

White 12.9 20.4 24.4 
(1,463) (1,120) (730) 

a ( ) = Subsample size. 

b Includ~ Hispanic, mixed, and other. 

Source: W~t et al., 1993. 
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and these differences between Black and Native American may not be significant. West et 

al. (1993) calculated intake rates based on race and income. Results showed that Black 

anglers with an income range between $15,000-$29,999 had the highest fish intake rates 

(30.5 g/person-day). The highest reported intake rate for Blacks (cities with population over 

20,000) was 23.9 g/person-day (West et al. 1993). 

A limitation of this study is that the population sample size for the minority sub

groups were small. This may affect the statistical data obtained. Other limitations and 

advantages associated with the data of West et al. (1989a) also apply, because the data used 

in this study were obtained from the survey of West et al. (1989a). These data were 

presented earlier in this section of the report. 

West et al. - Michigan Spon Anglers Consumption Survey, Supplements I and II - A 

further investigation by West et al. (1989b) determined whether a non-response bias existed 

in the calculation of fish intake rates due to the low response rate (47.3 percent) experienced 

in the West et al. (1989a) survey. A stratified random sample was initially selected for the 

survey consisting of 1,260 households. Of these households, 580 households of respondents 

and 680 households of non-respondents were selected from the West et al. (1989a) mail 

survey. A follow-up phone survey was conducted, only 570 households could be reached by 

phone and 557 of these households granted complete phone interviews (44.2 percent of total 

' survey sample). The phone survey was designed to obtain information on the frequency of 

fish meals (fish caught or bought in Michigan) consumed by the respondents of all household 

members. The participants were asked to recall their fish eating patterns over the previous 

seven days. The sampling was between January 1989 through June 1989. The phone survey 

results showed that 72.3 percent of the participants that did not respond to' the original mailed 

survey did not eat fish. In comparison, 40. 7 percent of participants who responded to the 

survey did not eat fish. Also, non-respondents to the mailed survey consumed less fish than 

those who responded, however, when the frequency of fish meals was greater than four 

meals over the seven-day recall period the converse was true. 

Based on the results of the follow-up phone survey, West et al. (1986b) concluded 

that a non-response bias existed. West et al. (1989b) calculated an adjustment factor of 2.2 

g/day. Based on these findings, West et al. (1989b) calculated an adjusted fish intake rate 
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Tiie authors noted mat 
the adjustment factor can only be used as a rough estimate for adjusting sub-groups intake 

rates~ A summary of original and adjusted seasonal intake rate averages from the previous 

studies conducted by West et al. are presented in Table 2-171. 

West et al. (1989b) investigated further by examining the stability of fish consumption 

data for the 1988 winter-spring season in comparison with data for the 1989 winter-spring 

season .. The results indicated a decline in fish consumption from 1988 (58.6 percent) to 1989 

(41.1 percent). The authors attributed the decline to three potential factors; (1) a real 

downward trend in fish consumption could have occurred; (2) more people responding to fish 

consumption advisories and media reports about toxics in fish; and (3) increased awareness 

by survey participants of risks associated with consumption of contaminated fish 

(West et al. 1989b). 

2.6. 7. Other Relevant Freshwater Recreational Studies 

Chemrisk - Consumption of Freshwater Fish by Maine Anglers - Chemrisk (1991) 

conducted a study to characteri7.e the rates of freshwater fish consumption among Maine 

residents. Since the only dietary source of local freshwater fish is recreational fish, the 

anglers in Maine were chosen as the survey population. About 2,500 randomly selected 

anglers were surveyed by mail and resulted in a usable sample of 1,612 Maine anglers (70 

percent response rate). The survey was designed to gather information on the consumption 

of fish caught by anglers from flowing (rivers and streams) and standing (lakes and ponds) 

water bodies. Respondents were asked to recall the frequency of fishing trips during the 

1989-1990 ice-fishing season and the 1990 open water season, the number of fish species 

caught during both seasons, and estimate the number of fish consumed from 15 fish species. 

The respondents were also asked to describe the number, species, and average length of each 

sport-caught fish caught and consumed that had been gifts from other members of their 

households or other households. All anglers were defined as "licensed anglers who fished 

either during the 1989-1990 ice-fishing season or 1990 open-water season (consumers and 

non-consumers), and licensed anglers who did not fish but consumed freshwater fish caught 

in Maine during these seasons" (Chemrisk, 1991). River anglers were defined as "survey 
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Table 2-171. Summary of Original and Adjusted Seasonal Consumption""Rite Averages 

Season 

Winter-Spring 

Summer-Fall 

Year-Round 

Original Consumption Rate 
(g/day) 

18.3 

20.1 

19.2 

Non-Response Adjusted 
Consumption Rate 

(g/day) 

16.1 

17.9 

17.0 

Note: Fi&W"es for summer-fall and year-round are only roup estimates, based on the actual data that 
was &athered in the winter-spring season. 

Source: West et al., 1989b. 
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respondents (consumers and non consumers) who indicated that they fished on rivers or 

streams during the 1990 open water season." Consuming anglers were defined as " those 

anglers who consumed freshwater fish obtained from Maine sources during the 1989-1990 ice 

fishing or 1990 open water fishin.g season" (Chemrisk, 1991). 

Data for 1,369 anglers (85 percent of total responses) were used to calculate fish 

intake rates. Table 2-172 presents the intake rates by ethnic groups for all waters. The 

highest mean intake rates reported are for native Americans (10 g/day) and French Canadian 

(7.4 g/day) Because there was a low number of respondents for Hispanic, Asian/Pacific 

Islander, or African American ancestry, the sample was not large enough to calculate intake 

rates within these subgroups (Chemrisk, 1991). The consumption by species of freshwater 

fish caught is presented in Table 2-173. The largest consumption was salmon for ice fishing 

(-292,000 grams); white perch (380,000 grams) for lakes and ponds; and Brooktrout 

(420,000 grams) for rivers and streams (Chemrisk, 1991). The median consumption rates 

for all anglers, all waters, was calculated at 1.1 g/day and the arithmetic mean value at 5.0 

g/day. The median value reported for consuming anglers, all waters, was 2.0 g/day and the 

arithmetic mean, 6.4 g/day. The percentile data for this study are presented in Ebert et al. 

(1993), presented to follow in this section. Chemrisk (1991) reported that the fish 

consumption estimates obtained from the survey were conservative because of assumptions 

made in the analysis. The assumptions included: a 40 percent estimate as the edible portion 

of land locked and Atlantic salmon; inclusion of the intended number of future fishing trips 

and; it was assumed that the average success and consumption rates for the individual angler 

during the trips already taken would continue through future trips (Chemrisk, 1991). 

However, the data collected for this study was based on recall and self-reporting 

which may have resulted in a biased estimate. The social desirability of the sport and 

frequency of fishing are also bias contributing factors; successful anglers are among the 

highest consumers of freshwater fish (Chemrisk, 1991). Overreporting appears to be 

correlated with skill level and the importance of the activity to the individual; it is likely that 

the higher consumption rates may be substantially overstated (Chemrisk, 1991). 

Additionally, fish advisories are in place in these areas and may affect the rate of fish 

consumption among anglers. An advantage of this study is that it presents area-specific 
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Table 2-172. Analyail ofFllh Consumption by Ethnic Groups fur• All Watcn• (graml/day, \ ,., CI TE 

Consuming Anglcd' 

Fn:nch Native Othel'While 
Canadian Iriah Italian American Non-Hispanic Scandinavian 
Heritage Heritage Heritage Heritage Heritage Heritage 

N of Cues 201 138 27 96 533 37 

Median (SOth pcn:entilc~ 2.3 2.4 1.8 2.3 1.9 1.3 

66th pcrccntileO .. 4.1 4.4 2.6 4.7 3.8 2.6 

7Sth pcrccnt&¥ 6.2 6.0 s.o 6.2 S.1 4.9 

Arithmetic Mcan° 7.4 S.2 4.S 10 6.0 S.3 

Percentile at the Mcan4 80 70 74 83 76 78 

90th pcrccntilec .. 15 12 12 16 13 9.4 

9Sth pacc:ntilc0 
.. 27 20 21 51 24 25 

Paccntilc at 6.S i/da.,... 77 75 81 77 77 84 

• All watc:n• based OD filh obtained from all lakcl, ponds, ltrcaml and riven in Maine, from other houaehold IOUl'CCI and from 
othu non.fwUJdlo]d IOUl'CCI. 

•eomuming Anglen" rcfen to only thoac anglcn who comumcd fielhwatcr filh obtained from Maine aoun:ca during the 1989-
1990 ice filhing or 1990 open watcr filhing aeuon. 
The average comumption pet day by frcahwatcr filh consumcn in the household. Fish consumption ratca under •All Watcn" 
arc hued on reported consumption from all Maine aoun:ca, and catimatcd consumption during 1990 after the 1urvcy wu 
completed. Ratca 1ununariud under •Riven and strcama• arc baaed on rcpodcd conaumption from riven and ltrcaml, 
Cltima1cd comumption during 1990 after the 1urvcy wu completed, and catimatcd conaumption from other household and non
hoUKbold aoun:ca attributable to riven and ltrcaml. 
Calcu1atcd by rank without any uaumption of atatia~ diatribution. 
Fah conaumption rate recommended by EPA (1984) fur uac in Cltabliahing ambient water quality atandardl . 

Source: Cbcmriak, 1991. 
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Table 2-173. Total Consumption of Freshwater Fish Caught by All Survey Respondents During the 1990 Season 

Ice Fishing Lakes and Ponds Rivers and Streams 
Species 

Quantity Grams (xla3) Quantity Grams (xla3) Quantity Grams (x1<>1) 
Consumed (I) Consumed Consumed (#) Consumed Consumed (#) Consumed 

Landlocked salmon 832 290 928 340 30S 120 

Atlantic salmon 3 1.1 33 9.9 17 11 

Togue (Lake trout) 483 200 4S9 l(j() 33 2.7 

Brook trout 1,300 100 3,294 210 10,185 420 

Brown trout 27S S4 37S S6 338 23 

Yellow perch 23S 9.1 1,649 S2 188 7.4 

White perch 2,544 100 6,540 380 3,013 180 

tJ Bass (smallmouth and largemouth) 474 120 73 S.9 787 130 
~ 
-.l 

Pickerel l,O'Jl 180 SS3 91 303 4S ~ 

Lake whitefish lll 20 SSS 13 SS 2.7 

Hornpout (Catfish and bullheads) 47 8.2 1,291 100 180 7.8 

Bottom fish (Suckers, carp and sturgeon) so 81 62 22 100 6.7 

Chub 0 0 252. 35 219 130 

Smelt 7,808 150 428 4.9 4,269 37 

Other 201 210 90 llO S4 4S 

TOTALS 15,463 1,583.4 16,587 1,590 20,046 1,1'8 
= 

Source: Chemrisk, 1991. 
~ 

'I~ .. 0 
0 .-3~ 
t-t.o~ 
.-3 c:: ltj 
Mo 1-3 

I-'] 
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0 ,, 



DRAFT 
DO NOT QUOTE OR 
... CITE 

consumption patterns. Also, the response rate from the mailed survey was considerably high 

which may have eliminated non-response bias. 

Eben et al.. - Estimating Conswnption of Fresh Water Fish Among Maine Anglers - A 

recent rulemaking process to set an ambient water quality standard for 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD) in Maine rivers required estimations of fish intake rates 

from the rivers that receive TCDD discharge (Ebert et al., 1993). Since there are no 

commercial freshwater fisheries in the State of Maine, individuals can only be exposed to 

TCDD present in these rivers by consuming sport-caught fish. Ebert et al. (1993) evaluated 

data from a statewide survey of licensed resident anglers in Maine. The survey data used 

were data previously collected by Chemrisk (1991) (previously described). 

Ebert et al. (1993) analyzed the survey data and found that of the 1,612 survey 

respondents, 1,251 reported that they fished either during the 1989-1990 ice-fishing or 1990 

open-water seasons. In addition, 118 anglers reported that they did not fish, but consumed 

fish caught by other anglers during these seasons. Consequently, the "all anglers" used in 

the data analysis consist of 1,369 (1,251 + 118) respondents (85 percent of total responses) 
!' 

(Ebert et al., 1993). The median and arithmetic mean fish intake rates for consuming 

anglers who caught fish in all waters (rivers, streams, lakes, and ponds) were 2.0 g/day and 

6.4 g/day, respectively. The median and arithmetic intake rates for consuming anglers who 

caught fish in flowing waters were 0.99 g/day and 3. 7 g/day, respectively (Table 2-174). 

The arithmetic means represent the 77th percentile and 88th percentile· of the consumption 

distribution for all waters and flowing waters, respectively (Ebert et al., 1993). 

All waters represent rivers, streams, ponds, and lakes, and flowing waters represent 

rivers and streams only. Table 2-175 presents the fish intake rates based on how fish were 

shared among household members. The data varies depending on the sharing pattern. The 

median fish intake rate increased by a factor of 2.5 based on the assumption that only anglers 

(no sharing) consumed fish caught in all water bodies relative to when all household 

members share and consume fish equally (Ebert et al., 1993). 

The data used in this study was obtained from the survey conducted by 

Chemrisk (1991). Therefore, the same advantages and limitations associated with Chemrisk 

(1991), are applicable to this study. 
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Table 2-174. Estimates of Fish Intake Rates of Licensed Sport Anglers in Maine During the 

1989-1990 Ice Fishing or 1990 Open-Water Seasons• 

Intake Rates (grams/day) 

Percentile Rankings Rivers and Streams 

50th (median) 

66th 

15th 

90th 

95th 

Arithmetic Mean' 

All Anglers0 

(N = 1,369) 

1.1 

2.6 

4.2 

11.0 

21.0 

s.o 
[79] 

Consuming 
Anglersd 

(N = 1,053) 

2.0 

4.0 

5.8 

13.0 

26.0 

6.4 

[77] 

River Anglers0 

(N = 741) 

0.19 

0.71 

1.3 

3.7 

6.2 

1.9 

(82] 

• Estimates are hued on rank except for those of arithmetic mean. 

Consuming 
Anglersd 

(N = 464) 

0.99 

1.8 

2.S 

6.1 

12.0 

3.7 

[81] 

b All waters hued on fish obtained from all lakes, ponds, strams and rivers in Maine, from other 
household sources and from other non-household sources. 

c Licensed anglers who fished during the seasons studied and did or did not consume freshwater fish, 
and licensed anglers who did not fish but ate freshwater fish caught in Maine during those seasons. 

d Licensed anglers who consumed freshwater fish caught in Maine during the seasons studied. 
e Those of the "all anglers" who fished on rivers or streams (consumers and nonconsumers). 
f Values in brackets [] are percentiles at the mean consumption rates. 

Source: Ebert et al., 1993. 
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Table 2-175. Intake rates of Sport-Anglers in Maine Based on How Fish Was Shared Among 
Household Members 

All Household Consumers Only Adults Share Anglers Only; No 
Share Sharing 

Percentile All Waters Rivers & All Waters Rivers & All Waters Rivers & 
Rankings Streams Streams Streams 

50th 2.0 0.99 2.3 1.2 5.0 2.5 

66th 4.0 1.8 4.4 2.0 9.1 4.1 

7Sth S.8 2.S 6.6 3.0 13 6.1 

90th 13 6.1 16 6.5 32 14 

9Sth 26 12 28 20 57 27 

Mean• 6.4 3.7 7.5 4.5 15 8.9 
[77] [81] (78] (83] (78] (83) 

Values in parentheses [ ] are percentiles at the mean intake rates. 

Ebert et al., 1993. 
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Columbia River Inter-Tribal Fish Commission (CRJTFC) - A Fish Consumption Survey 

of the Uinatilla, Nez Perce, Yakama, and Wann Springs Tribes of the Columbia River Basin -

CRIFTC (1994) conducted a fish consumption survey among four Columbia Basin River 

Indian tribes at different reservations during the fall and winter of 1991-1992. The survey 

was based a stratified random sampling design where respondents· were selected from patient 

registration files at Indian Health Service. The survey respondents consisted of 513 tribal 

members, 18 years old and above. Information for 204 children, 5 years old and less was 

provided by the participating adult respondent. The overall response rate was 69 percent. 

Information requested consisted of age group; 24 hour dietary recall; seasonal, 

annual, and daily intake rates; species and part(s) of fish consumed; preparation method; 

changes in patterns of consumption over the last 20 years, and during ceremonies and 

festivals; and breast feeding practices (CRITFC, 1994). Foam sponge food models were 

provided approximating four, eight, and twelve ounce fish fillets for use in estimating 

amount of fish consumed (CRIFTC, 1994). The fish consumption rates were determined for 

each respondent followed by calculation of the average and distribution of these individual 

rates. The mean consumption rates were estimated using respondents who were fish and-non

fish consumers. These estimates represent the entire tribal population (CRIFTC, 1994). 

Results of the survey are the following: 

• Gender of respondents: 57.9 percent female and 42.1 percent male; 

• Age of respondents: 58.7 percent, 13-39 years; 31.4 percent, 40-59 years; and 
9.9 percent 60+ years; 

• Adults: consumed an average of 1. 71 fish meals/week and had an average intake 
rate of 58. 7 grams/day; 

• Fish Consumers: consumed an average of 1. 85 fish meals/week and had a mean 
intake rate of 63.2 grams/day; 

• Intake by gender: males averaged 63 grams/day and females 56 grams/day; 
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• Intake by Age: ages 18-39 had average intake rates of 57.6 grams/day; ages 40-
59 had average intake rates of 55.8 grams/day; and ages 60+ had average intake 
rates of 74.4 grams/day; 

• Intake by Location: respondents living on a reservation consumed more fish than 
ones living off-reservation; 

• Seasonal Intake: 42 percent consumed more fish April-July, 18 percent eat the 
same amount each month; for months identified as high consumption months, the 
average intake rate was 87.9 grams/day; 

• Dietary Recall: 19 percent had eaten fish within the 24 hours preceding the 
survey and their intake rate was 61.8 grams/day; 81.3 percent had not eaten fish 
during this period and their intake rate was 57.9 grams/day; 

• Nursing Mothers: consumed an average of 59.1 grams/day; 

• Consumption by Species: 92 percent of respondents ate more salmon than any 
other species; and 

• Children: consumed an average off 1.17 meals/week with an intake rate of 19.6 
grams/day. 

The data for grams of fish consumed per day for all adult respondents are presented 

in Table 2-176 and for consumers-only in Table 2-177. Fish intake rates for children are 

presented in Table 2-178. Fish intake rates by gender, age and location are presented in 

Table 2-179. Although the data were gathered from four different tribes, the results 

presented represent all four tribes as a single population (CRITFC, 1994). The sample sizes 

for each tribe was essentially the same size, however the population sizes of the tribes varied 

quite a bit. Therefore, the data were weighted based on the population size of each tribe. 

The larger tribes were given more weight. The majority of the data reported have been 

weighted so that they reflect the fish consumption patterns and habits of the overall 

population (CRITFC, 1994). Fish consumption patterns and habits of children were not 

weighted because of the small sample size for children (CRITFC, 1994). 

The author no,ted several limitations with the survey: 

• It is possible that the sample population had some health related bias that affected 
their diet; 
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Table 2-176. Number of Grams Per Day of Fish Consumed by All Adult Respondents (Consumers and 
Non-consumers) Combined -Throughout the Year 

Number of Grams/Day Cumulative Number of Cumulative Percent 
Percent Grams/Day 

0.00 8.9% 77.0 81.4% 

1.6 9.0% 81.0 83.3% 

3.2 10.4% 97.2 89.3% 

4.0 10.8% 130 92.2% 

4.9 10.9% 146 93.7% 

6.5 12.8% 162 94.4% 

7.3 12.9% 170 94.8% 

8.1 13.7% 194 97.2% 

9.7 14.4% 243 97.3% 

12.2 14.9% 259 97.4% 

13.0 16.3% 292 97.6% 

16.2 22.8% 324 98.3% 

19.4 24.0% 340 98.7% 

20.2 24.1% 389 99.0% 

24.3 27.9% 486 99.6% 

29.2 28.1% 648 99.7% 

32.4 52.5% 778 99.9% 

38.9 52.9% 972 100% 

40.5 56.ssg 

48.6 67.6% 

64.8 80.6% 

72.9 81.2S5 

N = 500 
Weighted Mean = 58. 7 arams/day (gpd) 
Weighted SW = 3.64 
90th Percentile: 97 .2 gpd < (90th) < 130 gpd 
95th Percentile • 170 gpd 
99th Percentile = 389 gpd 

Source: CRITFC, 1994.pd < (95th) < 194 gpd 
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Table 2-177. Number of Grams Per Day of Fish Consumed by Adult Fish Consumers Only 

Number of Grams/Day Weighted Number of Weighted 
Cumulative Percent Grams/Day Cumulative Percent 

<1.0 1.8% 72.9 79.8% 

1.6 1.9% 77.0 79.9% 

3.2 3.4% 81.0 82.1% 

4.1 3.9% 97.2 88.5% 

4.9 4.0% 130 91.6% 

6.5 6.0% 146 93.2% 

7.3 6.1% 162 94.0% 

8.1 6.9% 170 94.4% 

9.8 7.8% 194 97.0% 

12.2 8.2% 243 97.1% 

13.0 9.7% 259 97.2% 

16.2 16.8% 292 97.4% 

19.4 18.0% 324 98.2% 

20.2 18.2% 340 98.6% 

24.3 22.3% 389 98.9% 

29.2 22.5% 486 99.5% 

32.4 48.9% 648 99.7% 

38.9 49.2% 778 99.8% 

40.5 53.1% 972 100% 

48.6 65.1% 

64.8 79.1% 

N= 464 
Weighted Mean= 63.2 grams/day (gpd) 
Weighted SW = 3.84 
90th Percentile: 97 gpd < (90th) < 130 gpd 
9Sth Percentile: 170 gpd < (95th) < 194 gpd 
99th Percentile • 389 gpd 

Source: CRITFC, 1994. 
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Number of Grams/Day 

N ~ 194 

0.0 

0.4 

0.8 

1.6 

2.4 

3.2 

4.1 

4.9 

6.5 

8.1 

9.7 

12.2 

13.0 

16.2 

19.4 

20.3 

24.3 

32.4 

48.6 

64.8 

72.9 

81.0 

97.2 

162.0 

Unweighted Mean= 19.6 grams/day (gpd) 
Unweighted SW = 1.94 

Source: CRITFC, 1994. 
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Unweighted Cumulative Percent 

21.1 % 

21.69' 

22.2% 

24.7% 

25.3% 

28.49' 

32.0% 

33.5% 

35.6% 

47.4% 

48.5% 

51.0% 

51.5% 

72.7% 

73.2% 

74.2% 

76.3% 

87.1% 

91.2% 

94.3% 

96.4% 

97.4% 

98.5% 

100% 



Table 2-179. Fish Intake Throughout the Year by Sex, Age, and 
Respondents 

~ 

Female 

Male 

Total 

AG 

18-39 

40-59 

60 & Older 

Total 

Location 

On Reservation 

Off Reservation 

Total 

Source: CRITFC, 1994. 

N 

278 

222 

500 

287 

155 

58 

500 

440 

60 

500 

-

Weighted Mean 
(grams/day) 

55.8 

62.6 

58.7 

57.6 

55.8 

74.4 

58.7 

60.2 

47.9 

58.7 
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Weighted SE 

4.78 

5.60 

3.64 

4.87 

4.88 

15.3 

3.64 

3.98 

8.25 

3.64 



I DRAFT 

I. DO NOT QUOTE OR 

'·• CITE 

• It is possible that respondents living closer to the interview site were more willing 
to participate; 

• More females were surveyed than males, although the intake rate for males was 
higher; 

• The survey was conducted during the low fish consumption months and may have 
underestimated actual consumption; 

• Rates of consumption are based on fish consumed from all sources (Columbia 
River and other sources); 

• Some of the respondents provided the same information for their children as their 
own; and 

• The percentage for non-consumers was very low and there is a possibility that 
overall fish intake rates for the whole population including non-consumers were 
overestimated. 

Although the author has noted these limitations, this study does present information on fish 

consumption patterns and habits for the Native American subpopulation. It should be noted 

that the number of surveys that address subsistence subpopulations are very limited. 

Consumption patterns have also been affected by fish advisories and availability of fish. 

Wolfe and Walker - Subsistence Economies in Alaska: Productivity, Geography, and 

Development Impacts - Wolfe and Walker (1987) analyzed a dataset from 98 communities for 

harvests of fis~, land mammals, marine mammals, and other wild resources. The analysis 

was performed to evaluate the distribution and productivity of subsistence harvests in Alaska 

during the 1980s. Harvest levels were used as a measure of productivity. Wolfe and Walker 

(1987) defined harvest to represent a single year's production from a complete seasonal 

round. The harvest levels were de.rived primarily from a compilation of data from 

subsistence studies conducted between 1980 to 1985 by various researchers in the Alaska 

Department of Fish and Game, Division of Subsistence. Additional information was 

gathered from 4 other research projects (Wolfe and Walker, 1987). 

The harvests for most communities (94) were documented through detailed 

retrospective interviews with harvesters from a sample of households (Wolfe and Walker, 
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1987). Harvesters were asked to estimate the quantities of a particular species t were 

harvested and used by members of that household during the previous 12-month period 

(Wolfe and Walker, 1987). 

Since the data used in of the analysis were from 94 different datasets with differing 

units of measure, harvests were converted to a common unit, pounds dressed weight per 

capita per year. This conversion consisted of multiplying the harvests of household within 

each community by standard factors; converting total pounds to dressed weight; summing 

across households; and then dividing by the total number of members in that household over 

thr. previous 12-month sampling period (Wolfe and Walker, 1987). Dressed weight varies 

among households, but was considered approximately 70 to 75 percent of pound weight for 

fish and was that portion brought into the kitchen for use (Wolfe and Walker, 1987). It 

represents an estimate of the pounds of useable wild resources harvested during the study 

year by the sample households (Wolfe and Walker, 1987). 

Harvests for the other four populations were developed from a statewide dataset 

gathered by the Alaska Department of Fish and Game Divisions of Game and Sports Fish. 

Urban sport fish harvest estimates were derived from a survey that was mailed to a randomly 

selected statewide sample of anglers (Wolfe and Walker, 1987). Sports fish harvests were 

disaggregated by urban residency and the dataset was analy7.ed by converting the harvests 

into pounds and dividing by the 1983 urban population (Wolfe and Walker, 1987). 

For the overall analysis, each of the 98 communities were treated as a single unit of 

analysis and the entire group of communities was assumed to be a sample of all communities 

in Alaska (Wolfe and Walker, 1987). E.ach.community was weighted the same, regardless of 

the size of the population (Wolfe and Walker, 1987). Total annual per capita harvests were 

calculated for each community. The harvest amounts varied between the communities and 

ranged from 5 to 1,239 pounds per capita per day (6.2g/day to 1~541 g/day). In most of the 

98 communities analy7.ed, resource harvests for fish were greater than the other wildlife 

harvests categories Qand mammal, marine mammal, and others). The author noted that 

although the group of communities is large, it represents an incomplete sample of all Alaska 

communities. 
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A limitation of this study is that the data were based on 1-year recall and mail survey. 

An advantage of the study is that it is one of the few studies that presents fish harvest 

patterns for a subsistence population. Another limitation is that the data are harvest data and 

must be converted to intake rates. 

2.6.9. Recommendations 

The survey designs, data g1:nerated, and limitations/advantages of the studies 

described in this report are summarlled and presented in Table 2-180. Fish consumption 

rates are recommended based on tlh.e survey results presented in the key studies described in 

the preceding sections. A large variation exists in the fish consumption rates obtained from 

these studies, and can be attributed to many factors including survey designs; type of 

waterbocly (i.e., marine, estuarine~ freshwater); characteristics of the survey population (i.e., 

general population, recreational anglers); and methods of data collection. Based on these 

study variations, it is not recommended to average data across the studies. The assessors 

should evaluate the individual study and select the mean or upper percentile value from the 

study that closely matches their needs. One should consider if the exposure being evaluated 

are long-term or short-term. In addition, regional, and seasonal variations should be 

considered. Recommendations for consumption rates were classified into the following 

categories: 

• General Population - Per Capita; 

• Recreational Marine Anglers; 

• Recreational Freshwater Anglers; and 

• Native American Freshwater Anglers. 

For exposure assessment purposes, the selection of recommended fish consumption rates 

from these categories will depend on the exposure scenario being evaluated. It should be 

noted that the recommended rates are based on mean values which represent a typical intake 

or central tendency for fish consumers (i.e., low and high consumers); and the up~r 

estimates (i.e., 90th-99th percentiles) represent the high end of fish consumers. However, in 

some of the key studies, mean consumption rates were not presented. The recommended fish 
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Table 2-180. Summary of Fish Intake Studies 

Study Population Surveyed Survey Tune Pcriod!Type Data Generated Limitations/ Advantaces 

Geaeral Population 

Javitz 1980 25,162 individuals - Sept 1973-Aug. 1974 (1 year Mean and distribution of fish High response rate (80"); 
gcnctal population survey). Completed consumption rat.ea grouped by population wu large and 

qucationnairea on date of meal race, age, gender, census geographically representative; 
consumption, apccie1 of fuh, region, fish species, community however, consumption rat.ea 
packaging type, amount of filh type, and religion represented one month data for 
prepared, number of servings each sample segment because 
consumed, etc. questionnaires were administered 

to l/12th of survey population 
during each month of the l year 
survey period. 

Pao ct al., 1982 37 ,874 individuals - Home interviews baaed in 3-day Distnbution of fish and shellfish Population was large and 
general population dietary recall consumption rat.ea for consumers geographically rcprc1Cntative; data 

only were based on short-term dietary 
recall 

N 
r\.> 

USDA 1987-88 4,SOO households - general Survey based on 3-day dietary Mean intake rate per capita of Population wu large 
population recall filh and shellfish grouped by geographically and seasonally 

()0 

°' 
age and gender; mean intake balanced; data based on short-term 
rat.ea for consumers only dietary recall 
grouped by age and gender 

Ruffie ct al., 1994 23,213 participants - Data baaed on NMFS1 1973- Mean and distributions of the Population was large 
general population 1974 1urvey (l year period) daily consumption rat.ea of geographically and scuonally 

shellfilh, freshwater finfish, and balanced; over or under reporting 
nhwater finfish for &dulls, of fish consumed and portion lli7.e 
teenagers, and children by 1urvey respondents 

National Marine Fiahericl Service, 1986a Atlantic and Gulf Couts - Ficld and telephone intervicwl Intake rat.ea wcre not calculated; Population wu large 
41,000 field intcrviewl and were conducted for National total catch lli7.e grouped by geographically and scuonally 
58,000 telephone recreational fishermen marine spccia, ICUOnl, and balanced; no houseful data wu 
intcrvicwl; Pacific Coast - number of filhcrmcn for each presented for exposure u&e1smcnt 
38,000 field interviews and coastal region were presented purposes 
73,000 telephone 
interviews 

Madeira and Penfield, 1985 39 panelistl of staff, Questionnaires were completed Diltnbution of intake rat.ea were Population siz.c wu small and 
facuhy and students at the by fish consumers only not presented; frequency of fish does not represent the general 
University of Tennessee consumption data were U.S. population; data based on 

presented for the respondents short-term recall 
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Study 

Recreational-Marine Fhh 

Puffer ct al., 1981 

Pierce ct al., 1981 

San Diego County, 1990 

Santa Monica Bay Restoration Project, 1994 

Price ct al., 1994 

Table 2-180. Summary of Fish Intake Studies (continued) 

Population Surveyed Survey Time Period/Type Data Generated 

1,067 anglers in the Los Creel surveys conducted for the Di.atnl>ution of fish and shellfish 
Angeles area full 1980 calendar year intake rates for 1p0rt anglers 

(i.e., indicated eating the fish 
they caught) including their 
families/living groups grouped 
by age, ethnicity, and fish 
apccics were presented 

3,391 fishermen in July-November 1980; creel Total weight of catch grouped 
Commencement Bay, survey interviewa conducted by lpccics were pracnted for 
Washington consisting of S summer days only anglen that caught fish; 

and 4 fall days percent of fishing fmiucncy wu 
presented for the summer and 
fall; mean intake ratcs calcuiaicd 
by the U.S. EPA (1993) were 
also pracnted for individual and 
group responses 

369 anglm in San Diego Oct. 1988-0ct. 1989; creel Mean intake rates for San Diego 
County, California surveys were conducted over a Bay anglm grouped by ethnicity 

1-ycar period and apcc:ies were pracnted; 
cumulative fish intake rate of the 
anglen WU also lq)Ortcd 

SSS anglm in Santa Survey design consisted of creel Mean and distributions of fish 
Monica Bay, California ccnaus and questionnaires consumption rates grouped by 

adminiatcred to anglm; ethnicity and income level were 
umpling period consisted of presented for Santa Monica Bay 
summer months (Sept. 1991 anglm 
and June-Aug. 1992), fall, 
winter and spring months (Oct. 
1991-May 1992) 

Baled on Puffer ct al. Sec Puffer d al. (1981) and Recalculated median 
(1981) and Pierce ct al. Pierce ct al. (1981) above consumption rates for the 
(1981) creel surveys surveyed population and the 

total angler population 

Limitations/ Advantages 

Population was not Iqlrcscntative _ 
of the U.S. population; 
usumptions made in the intake 
rate calculations may biu the 
results obtained; crccl surveys 
tend to ovenample frequent 
anglers 

Population docs not rcprcacnt 
general U.S. population; intake 
rates estimated were not 
acuonally balanced; fish 
advisories were in place, this may 
have affected fish consumption 
pattcms among anglen 

Population docs not Iqlresent 
general U.S. population; also 
population si7.c wu small and 
usable data from thit sample size 
wu low (S9 out of 369 
interviews); on-site interviews 
were conducted which may 
minimi7.c recall biu 

Population docs not rcprcaent 
general U.S. population; 
frequency in fish consumption wu 
baaed on recall; random 11mpling 
approach employed to conduct 
survey• may minimize sampling 
biases; survey accounted for all 
fishing IClllODS 

Raw data obtained were 
incomplete; therefore, assumptions 
were made which may affect the 
rc1ults obtained; the findings of 
this study supports the limitations 
associated with creel surveys 
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Study 

Recreational Fresh Water Fiab 

U.S. EPA, I993 - Bated on aix 1UIVey1 

a. West ct al., 1989 

b. Smith and Boger, 1988 

C. CoMelly ct al., 1990 

d. Cox ct al., 1990 

e. Fiore ct al., 1989 

West ct al., l989a 

West et al., 1993 

West ct al., I989b 
Suppkmcat I 

Table2-180. Summary ofP"LSb JntakeStudies (conlinucd) 

Popula&n Surveyed Survey Tune PcriodJType Data Generated 

I,I04 1port·anglera January-May, I988; anglcra Mean intake n.tca of self-aught 
completed questionnaires bued fiJb based on 7-day recall period 
on 7-day and I-year recall for coniumen only and for 

co111umcra and non-<:<>nsumen 
in Michigan 

694 anglers May-Aug., 1987; creel 1urvey1 Mean intake ratea of the lower 
conducted along fish 1itcl; Tittabawa11c:e anglers 
bued on 1-year recall period; (co111umera only and con1umera 
assumed meal 1i7.c of 1,4Sg and non-<:0111umers) 

4,S73 respondents January-March, 1989; Mean intake ratea for New York 
responses were bued on I-year State anglers; mean intake ratca 

recall period; a11umed meal for Lake Erie and Lake Ontario 
1i7.c of 14Sg anglers (con1umers only and 

consumers and non-consumers) 

917 rcapondcnts Completed qucstioM&ircs bucd Mean intake ntea of 1port-
on 1-year rccall period caught fish 

801 individuall with fish 198S 1ummer; usumcd meal Mean intake l8lel for sport-
or sporting licensc1 1i7.c of 14Sg caught fish by Wuconain anglcra 

1,104 houschold1 of Jan.-Junc, 1988; atratificd Mean fish intake rate for all 
licensed sport fishermen random sampling approach; rcapondcnts including hoUIChold 

completed mailed members that con1umed fish; 
queatioM&ircs; bucd on 7-day adjusted yearly fish intake ntc 
recall period; fishing frequency 
based on 1-year recall period 

3,670 individuall J!R.-June, 1988; consumption Mean fish intake ntea for 
consisting of 69 Black.I; patlernl bued on 7-day recall; Michigan •port anglers grouped 
139 Native Amcrican1; mail 1urvey bucd on 1tratified by race and age 
3,339 Whitcl; and 123 random approach 
other minority groups 

1,260 households of Jan-June 1989; follow-up phone Adjusted consumption ratea 
respondents and non- survey; bued on 7-day recall based on non-response biu 
respondents from West ct period 
al. (1989a) survey 

Llm.i1ations/ Advantages 

Estimated weights of the amount 
of fish co111umcd were subjective 
in nature for the moat part; 
predominant anglers were adult 
malea, therefore, data for women 
and children may be biased; intake 
ratca were calculated bued on a 
luge source of datuct 

Low rcaponae rate (47.3"); data 
bued on recall; sampling period 
only reflected Wmter-Spring 
1euon; sampling approach wu 
random which may minimi7.e 
umpling biuel 

Sampling 1i7.c of each population 
sub-group wu 1mall; ume 
limitationa/advantages a1 West ct 
al. (I989a) apply to thCIC dataset 
because data used wu obtained 
from West ct al. (1989a) survey 
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Table 2-180. Summary of Fish Intake Studies (continued) 

Study Population Surveyed Survey Time Period!l'ype Data Generated Lirnitationa/ Advantages 

Supplement II 307 respondents Comparison of data from Indicated a decline in fish F"ISh advisories in place; 
Wmter-Spring, 1988 (West ct consumption rate from 1988 to participation of respondents to 
al., 1989a) and Wmter-Spring 1989 mail 1urvey may have incrascd 
1989 data awareness of risks usociatcd with 

fish consumption 

Chemrisk, 1991 1,612 Maine anglers 1989-1990 ice fishing season Mean and distribution of fish Does not iqm:aent general U.S. 
and 1990 open water season; consumption rates by ethnic population; data hued on recall 
frequency of fishing trips and groups; total consumption of and IClf-rcporting; high response 
number of fish species caught freshwater fish caught by 1urvey rate; area-specific consumption 
were based on recall iupondenta pattcma 

Ebert ct al., 1993 1,369 anglers Survey data hued on Chemriak Mean and distribution of intake Same limitationa/advantagc:a with 
(1991) rates for liccn1ed 'lport anglers Chemrisk (1991) apply to dataset 

in Maine during ice-fishing or 
" open water season grouped by ... 

all anglers (consumers and non-
consumers) and consuming 

.... ' - ' , 
anglers 

Subsistence Freshwater Studies 
"N 

~ 
00 

... Columbia River lntertribal Fi.lb Commission S13 tribal members; 18 '° Fall and Wmter of 1991-1992; Weighted mean intake ntea Survey wu conducted during low 
(CRIFTC), 1994 years old and above; 204 at.ratified random ampling grouped by all adult respondents fish consumption 1CUOna; 

children, S yCU11 old and approach; 24-hour diet:ry rccall (consumers and non-consumers), respondents provided ume 
less adult c0nsumers only, age, information for their children u 

gender, children (consumers and their own; data wu hued on 

·- non-consumers) recall; ltudy providea conaumption 
and habib for 1ub1iltcncc 
1ubpopulation group 

Wolfe and Walker, 1987 Datuc:t hued on 94 Survey• conducted between Range of total annual per capita Author noted that ample of 
communities in Alaska by 1980 to 1985; data based on 1- harveatal' Alub communities were 
various resean:bers year rccall period incomplete; data hued on 1-ycar 

recall; data provided arc harvest 
data that must be converted to 
intake rates 

• NFMS - National Marine Filhcrie1 Servicca • I ti 
.o b Harvest was defined H a 1ingle years production of fish, land mammals, marine mammall, and other wild resources from a complete seasonal round. .f ~ ·o 
o~~ H._o 
1-3 c:: t:tj 
t;<j 0 i-3 
~ ....... ltj 

0 
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intake rates based on means and upper-percentile values are presented accordingly: 

Arithmetic Mean 
(g/day) 

17 
14 
11 
12 

General Population - Per Capita 

Upper Percentile 
(g/day) 

42 (95th percentile) 

Reference 

Javitz, 1980 (NMFS) 
Javitz, 1980 (TRI) 
USDA, 1992 
Pao, 1982 

The key studies (Javitz, 1980; USDA, 1992; Pao, 1982) provided per capita intake 

rates for numerous fish species from all waterbodies (i.e., marine, estuarine, freshwater) for 

the general population (consumer and non-consumers). The studies shown above support 

values of an average per capita intake for the general U.S. population ranging between 11-17 

g/day. It is important to note that these values apply to consumption of fish from all sources 

(e.g., store-bought, canned, self caught, etc.). Javitz reported a 95th percentile value of 42 

g/day based on the TRI data. Although the TRI survey focused on consumption patterns 

over the period of one month, it may not reflect the individual's usual long term 

consumption. However, the period of observation in the TRI survey (i.e., one month) is 

longer than the typical food consumption surveys (e.g., few days). It should be noted that 

the TRI results presented by Javitz are based on the 94 percent of the population consuming 

fish during the survey period. Distribution data are also available from Javitz, 1980 and are 

presented in Tables 2-131 and 2-132. In addition, Ruffle, 1994 developed a lognormal 

distribution to fit the TRI data. Parameters for this distribution are presented in Table 2-146. 

Arithmetic Mean (g/day) 

124 
117 

General Population - Consumers-Only 

Upper Percentile (g/day) 

284 (95th percentile)1 

1 This value is the 95th percentile serving size. 
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Reference 

Pao et al., 1982 
USDA, 1992 
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The studies presented above (Pao et al., 1982; USDA, 1992) are base<ron one ttay 

data and may be useful for acute exposure assessments. Although upper percentile estimates 

were not presented in these studies, these may be more appropriate for acute exposures. 

Recreational Marine Anglers 

Arithmetic Mean/Median (g/day) Upper Percentile (g/day) 

37 (median) 
50 (mean); 21 (median) 
39 (mean) 

339 (95th percentile) 
107 (90th percentile) 
146 (95th percentile) 

Reference 

Puffer et al., 1981 
Santa Monica, 1994 
U.S. EPA, 1993 (Pierce) 

The data presented above for recreational marine anglers are based on results from creel 

surveys. As discussed earlier, this survey methodology targets the population of active 

fishermen. The studies presented above suggest that for that population of active fishermen, 

a central estimate of consumption rate is in the range of 37-50 g/day. Puffer presents a 95th 

percentile value of 339 g/day, which is much higher than the values presented in the other 

studies. The methodology used by Puffer, however, assumes that fishermen will catch the 

same amount of fish caught on the day of the interview other fishing trips. This 

methodology will tend to overestimate consumption rate. Therefore, considering the 

limitations of the data, 100 g/day is a reasonable estimate of the 95th percentile. 

Arithmetic Mean (g/day) 

24 (West et al., 1989) 
7 (Smith and Enger, 1988) 
4 (Connelly et al., 1990) 

19 (Cox et al., 1990) 
7 (Fiore et al., 1989) 

Recreational Freshwater Anglers 

Upper Percentile (g/day) 

94 (95th percentile) 
21 (95th percentile) 
15 (95th percentile) 
73 (95th percentile) 
24 (95th percentile) 

Reference 

U.S. EPA, 1993 
U.S. EPA, 1993 
U.S. EPA, 1993 
U.S. EPA, 1993 
U.S. EPA, 1993 

The data presented above, with the exception of Smith and Enger, are based on mail 

surveys. The data obtained from the Smith and Enger were from a creel survey conducted in 
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the lower Tittabawassee River. These data may be a reflection of the low angler activity due 

to the long history of industrial pollution, the resulting decrease in fishing population in the 

river, and the fishing ban. Focusing on the mail surveys, the studies summarized above 

suggest that the average intake rate for recreational freshwater anglers ranges between 4-24 

g/day. Upper percentile values range from 15-94 g/day. 

Based on the data presented above for recreational anglers (both marine and 

freshwater), it appears that consumption of recreational freshwater fish is less than 

consumption of marine fish. It is important to note that these differences may be a result of 

several factors. First, marine fish are generally more abundant than freshwater fish. 

Second, intake rates of freshwater fish may be a reflection of fish advisories. Third, the 

survey methodology used in the studies presented for recreational marine anglers (i.e., creel 

surveys) targets the population of active anglers resulting in higher estimates of fish 

consumption. 

Arithmetic Mean (g/day) 

63 
305 

Native American Freshwater Anglers 

Upper Percentile (g/day) 

170 
913 

Reference 

CRIFfC, 1994 
Wolfe and Walker, 1987 

Data for fish consumption rates for the native American population of freshwater 

anglers are very limited. However, based on the studies summarized above, the mean fish 

consumption rate for this subpopulation of freshwater anglers range between 63-305 g/day. 

The upper percentile estimate ranges between 170-913 g/day. It is important to note that the 

values calculated from Wolfe and Walker may be used to represent a subsistence population. 

However, these values are based on harvest data and therefore may overestimate the actual 

amount consumed. 

It should be noted that the average recommended fish consumption rates for the 

various categories (general population, recreational marine anglers, recreational freshwater 

anglers, and subsistence freshwater anglers) are based on available data in which many of the 
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surveys were site limited. Although, these rates are recommended in order to be applied t.o 

exposure assessments in any area with widespread contamination; the BP A has recommended 

that site or region specific consumption estimates be used wherever possible. (Ebert et al., 

1994). However, site specific information may not always be available. Therefore, 

representative consumption rates selected should be derived from studies consistent with the 

type of waterbody and target population being evaluated (Ebert et al., 1994). ·Hence the 

rates recommended in this report for the various categories are to be considered. 

Other factors to consider when using the data include location, climate, season, and 

ethnicity of the angler or consumer population. In addition, other factors to be considered in 

exposure assessment studies in determining potential risk to a target population are the parts 

of fish consumed and the methods of preparation. For example, individuals who consume a 

greater portion of the fish internal organs may be at a greater health risk. Some studies have 

indicated that there is a significant decrease of contaminants in cooked fish when compared 

with raw fish (San Diego County, 1990). In addition, some contaminants have the affinity to 

accumulate more in certain tissues such as the fatty tissue as well as in certain internal 

organs. 

In some cases, the residue levels of contaminants in fish are reported as the 

concentration of contaminant per gram of fat. When using these residue levels, the assessor 

should ensure consistency in the exposure assessment calculations by using consumption rates 

that are based on the amount of fat consumed for the fish species of interest. Alternately, 

residue levels for the "as consumed" portions of fish may be estimated by multiplying the 

levels based on fat by the fraction of fat per product as follows: 

residue level/g product = [residue level] x [ g-fat . ] 
g-fat g-product 

(Eqn. 2-13) 

The resulting residue levels may then be used in conjunction with "as consumed" 

consumption rates. Table 2-181 presents the total fat content for selected fish species~ 

Additionally, intake rates may be reported in terms of units as consumed or units of 

dry weight. It is essential that exposure assessors be aware of this difference so that they 
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Food Moisture Content Total Fat Content Comments 
(%) (%'f 

FINFISH 

Anchovy, European 73.37 4.101 Raw 

50.30 8.535 Canned in oil, drained solids 

Bass 75.66 3.273 Freshwater, mixed species, 
raw 

Bua, Striped 19.'22 1.951 Raw 

Bluefish 70.86 3.768 Raw 

Butterfish 74.13 NA Raw 

Catp 76.31 4.842 Raw 

69.63 6.208 Coobd, dry heat 

Catfish 76.39 3.597 Channel, raw 

58.81 12.224 Channel, cooked, breaded and 
&ied 

Cod, Atlantic 81.'22 0.456 Atlantic, raw 

75.61 0.582 Canned, solids and liquids 

75.92 0.584 Cooked, dry heat 

16.14 1.608 Dried and salted 

Cod, Pacific 81.28 0.407 Raw 

Croaker, Atlantic 78.03 2.701 Raw 

59.76 11.713 Cooked, breaded and fried 

Dolphinfish, M•nimahi 77.55 0.474 Raw 

Drum, Freshwater 77.33 4.463 Raw 

Flatfish, Flounder and Sole 79.06 0.845 Raw 
species 

73.16 1.084 Cooked, dry heat 

Grouper 19.'22 0.756 Raw, mixed species 

73.36 0.970 Cooked, dry heat 

Htddock 79.92 0.489 Raw 

74.25 0.627 Cooked, dry heat 

71.48 0.651 Smoked 

Halibut, Atlantic & Pacific 77.92 1~812 Raw 

71.69 2.324 Cooked, dry heat 

Halibut, Greenland 70.27 12.164 Raw 
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Food Moisture Content Total Fat Content Commcots 
(%) (%)b 

Herring, Atlantic & Turbot, 72.0S 7.909 Raw 
domestic species 

64.16 10.140 Cooked, dry beat 

59.70 10.822 Kippered 

55.22 16.007 Pickled 

Herring, Pacific 71.52 12.552 Raw 

Mackerel, Atlantic 63.55 9.076 Raw 

53.27 15.482 Cooked, dry heat 

Mackerel, Jack 69.17 4.587 Canned, drained solids 

Mackerel, King 75.85 1.587 Raw 

Mackerel, Pacific & Jack 70.15 6.816 Canned, drained solids 

Mackerel, Spanish 71.67 5.097 Raw 

68.46 5.745 Cooked, dry beat 

Monkfish 83.24 NA Raw 

Mullet, Striped 77.01 2.909 Raw 

70.52 3.730 Cooked, dry heat 

Ocean Perch, Atlantic 78.70 1.296 Raw 

72.69 1.661 Cooked, dry heat 

Perch, Mixed species 79.13 0.705 Raw 

73.25 0.904 Cooked, dry heat 

Pike, Northern 78.92 0.477 Raw 

72.97 0.611 Cooked, dry beat 

Pike, Walleye 79.31 0.990 Raw 

Pollock, Alaska & Walleye 81.56 0.701 Raw 

74.06 0.929 Cooked, dry heat 

Pollock, Atlantic 78.18 0.730 Raw 

Rockfish, Pacific, mixed 79.26 1.182 Raw (Mixed species) 
species 

73.41 1.515 Cooked, dry beat (mixed 
species) 

Roughy, Orange 15.90 3.630 Raw 

Salmon, Atlantic 68.SO 5.625 Raw 

Salmon, Chinook 73.17 9.061 Raw 

72.00 3.947 Smoked 
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Food Moisture Content Total Fat Content Comments 
('le) ('le'/' 

Salmon, Chum 75.38 3.279 Raw 

70.77 4.922 Canned, drained solids with 
bone 

Salmon, Cobo 72.63 4.908 Raw 

65.35 6.213 Cooked, moist heat 

Salmon, Pink 76.35 2.845 Raw 

68.81 5.391 Canned, solids with bone and 
liquid 

Salmon, Red & Soclccyo 70.24 4.560 Raw 

68.72 6.697 Canned, drained solids with 
bone 

61.84 9.616 Cooked, dry heat 

Sardine, Atlantic 59.61 10.545 Canned in oil, drained solids 
with bone 

Sardine, Pacific 68.30 11.054 Canned in tomato sauce, 
drained solids with bone 

Sea Bau, mixed species 78.27 1.678 Cooked, dry heat 

72.14 2.152 Raw 

Seatrout, mixed species 78.09 2.618 Raw 

Shad, American 68.19 NA Raw 

Shufc, mixed species 73.58 3.941 Raw 

60.09 12.841 Cooked, batter-dipped and 
fried 

Snappcc, mixed species 76.87 0.995 Raw 

70.35 1.275 Cooked, dry beat 

Solo, Spot 15.95 3.870 Raw 

Sturacoo, mixed species 16.55 3.544 Raw 

69.94 4.544 Cooked, dry heat 

62.50 3.829 Smoked 

Sucker, white 79.71 1.965 Raw 

Sunfish,Pumpkinaeed 79.50 0.502 Raw 

Swordfish 75.62 3.564 Raw 

68.75 4.569 Cooked, dry heat 

Trout, mixed species 71.42 5.901 Raw 

Trout, Rainbow 71.48 2.883 Raw 
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Food Moisture Content Total Fat Content Comments 
('lo) ('lo"/' 

63.43 3.696 Cooked, dry heat 

Tuna, light meat 59.83 7.368 Canned in oil, drained solids 

74.51 0.730 Canned in water, drained 
solids 

Tuna, white meat 64.02 NA Canned in oil 

69.48 2.220 Canned in water, drained 
solids 

Tuna, Bluefish, fresh 68.09 4.296 Raw 

59.09 5.509 Cooked, dry heat 

Turbot, European 16.95 NA Raw 

Whitefish, mixed species 72.77 5.051 Raw 

70.83 0.799 Smoked 

Whiting, mixed species 80.27 0.948 Raw 

74.71 1.216 Cooked, dry heat 

Yellowtail, mixed species 74.52 NA Raw 

sRFl,I,FJSH 

Crab, Alaska King 79.57 NA Raw 

77.55 0.854 Cooked, moist heat 

Imitation, made from surimi 

Crab, Blue 79.02 0.801 Raw 

79.16 0.910 Canned (dry pack or drained 
aolids of wet pack) 

77.43 1.188 Cooked, moist heat 

71.00 6.571 Crab c:aba 

Crab, Dungeness 79.18 0.616 Raw 

Crab, Queen 80.58 0.821 Raw 

Crayfish, mixed species 80.79 0.732 Raw 

75.37 0.939 Cooked, moist heat 

Lobster, Northern 76.76 NA Raw 

76.03 0.358 Cooked, moist heat 

Shrimp, mixed species 75.86 1.250 Raw 

72.56 1.421 Canned (dry pack or drained 
solids of wet pack) 

52.86 10.984 Cooked, breaded and fried 
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Food Moisture Content 
(%) 

77.28 

Spiny I.obiter, mixed species 74.07 

Clam, mixed specie. 81.82 

63.64 

97.70 

61.55 

63.64 

Mussel, Blue 80.58 

61.15 

Octopus, common 80.25 

Oyster, East.em 85.14 

' 85.14 

64.72 

70.28 

Oyster, Pacific 82.06 

Scallop, mixed species 78.57 

58.44 

73.82 

Squid 78.55 

64.54 

• Data arc reported as ii in the Handbook 
" Total Fat Coo.tcot - saturated, monosaturated and polyunsaturated 
NA - Not available 

Source: U.S.D.A., 1979-1984 - U.S. Agricultural Handbook No. 8 

Total Fat Content 
(%f 

0.926 

1.102 

0.456 

0.912 

NA 

10.098 

0.912 

1.538 

3.076 

0.628 

1.620 

1.620 

11.212 

3.240 

1.752 

0.377 

10.023 

NA 

0.989 

6.763 
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Cominents 

Cooked, moist heat 

Imitation made from surimi, 
raw 

Raw 

Canned, drained solids 

Canned, liquid 

Cooked, breaded and fried 

Cooked, moist heat \ 

Raw 

Cooked, moist heat 

Raw 

Raw 

Canned (Solids and liquid 
based) raw 

Cooked, breaded and fried 

Cooked, moist heat 

Raw 

Raw 

Cooked, breaded and fried 

Imitation, made from Swimi 

Raw 

Cooked, fried 
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may ensure consistency between the units used for intake rates and those used for 

concentration data (i.e., if the unit of food consumption is grams dry weight/day, then the 

unit for the amount of pollutant in the food should be grams dry weight). If necessary, as 

consumed intake rates may be converted to dry weight intake rates using the moisture content 

percentages of fish presented in Table 2-181 and the following equation: 

IRdw = IRac * [(100-W)/100] (Eqn. 2-14) 

"Dry weight" intake rates may be converted to "as consumed" rates by using: 

IRac = ~wf[(lOO-W)/100] (Eqn. 2-15) 

where: 

IRdw - dry weight intake rate; 
IRac - as consumed intake rate; and 
W - percent water content. 

The moisture content ( % ) and total fat content ( % ) measured and/ or calculated in 

various fish forms (i.e., raw, cooked, smoked, etc.) for selected fish species are presented in 

Table 2-181 based on data from USDA ti979-1984). The total percent fat content is based 

on the sum of saturated, monounsaturated, and polyunsaturated fat. The moisture content is 

based on the percent of water present. 
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2.7. INTAKE RATES FOR VARIOUS HOMEPRODUCED FOOD IT.EMS 

2.7.1. Back&round 

Ingestion of contaminated foods is a potential pathway of exposure to toxic chemicals. 

Consumers of homeproduced food products may be of particular concern because exposure 

resulting from local site contamination may be higher for this subpopulation. According to a 

survey by the National Gardening Association (1987), a total of 34 million (or 38 percent) U.S. 

households participated in vegetable gardening in 1986. Table 2-182 contains demographic data 

on vegetable gardening in 1986 by region/section, community size, and household size. Table 

2-183 contains information on the types of vegetables grown by home gardeners in 1986. 

Tomatoes, peppers, onions, cucumbers, lettuce, beans, carrots, and com are among the 

vegetables grown by the largest percentage of gardeners. Homeproduced foods can become 

contaminated in a variety of ways. Ambient pollutants in the air may be deposited on plants, 

adsorbed or absorbed by the plants, or dissolved in rainfall or irrigation waters that contact the 

plants. Pollutants may also be adsorbed through plants roots from contaminated soil and water. 

Finally, the addition of pesticides, soil additives, and fertilizers to crops or gardens may result 

in contamination of food products. Meat and dairy products can become contaminated if animals 

consume contaminated soil, water, or feed crops. Intake rates for homeproduced food products 

are needed to assess exposure to local contaminants present in homegrown or home caught 

foods. Recently, EPA analyzed data from the U.S. Department of Agriculture's (USDA) 

Nationwide Food Consumption Survey (NFCS) to generate distributions of intake rates for 

homeproduced foods. The methods used and the results of these analyses are presented below. 

2.7.2. Methods 

NFCS data were used to generate intake rates for homeproduced foods. USDA conducts 

the NFCS every 10 years to analyze the food consumption behavior and dietary status of 

Americans (USDA, 1992). The most recent 'C~-was conducted in 1987-88. The survey used 

a statistical sampling technique designed to ehsure that all seasons, geographic regions of the 48 

coterminous States in the U.S., and socioeconomic and demographic groups were represented 

(USDA, 1994). There were two components of the NFCS. The household component collected 

infonnation over a seven-day period on the socioeconomic and demographic characteristics of 
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Table 2-182. 1986 Vegetable Gardening by Demographic Factors 

Percentage of 
total households Number 
that have gardens of households 

(%) (million) 

Total 38 34 

Region/section 

East 33 7.3 
New England 37 1.9 
Mid-Atlantic 32 S.4 

Midwest so 11.0 
East Central so 6.6 
West Central so 4.5 

South 33 9.0 
Deep South 44 3.1 
Rest of South 29 S.9 

West 37 6.2 
Rocky Mountain S3 2.3 
Pacific 32 4.2 

Size of community 

City 26 6.2 
Suburb 33 10.2 
Small town 32 3.4 
Rural 61 14.0 

Household size 

Single, separated, divorced, widowed 54 8.5 
Married, no children 45 11.9 
Married, with children 44 13.2 

Source: National Gardening Association, 1987. 
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Table 2-183. Percentage of Gardening Houscholda 
Growin& Different Ve&ctablca in 1986 

Vegetable Percent 

Artichokca 0.8 
Asparagus 8.2 
Beam 43.4 
Bcct.1 20.6 
Broccoli 19.6 
Bru11cl sprouts S.7 
Cabba&c 29.6 
Carrots 34.9 
Cauliflower 14.0 
Celery S.4 
Chard 3.S 
Com 34.4 
Cucumbcn 49.9 
Dricdpcu 2.S 
Dry bcan1 8.9 
B&gplant 13.0 
Hcrl>1 9.8 
Kale 3.1 
Kohlrabi 3.0 
Lccka 1.2 
Lettuce 41.7 
Melo111 21.9 
Okra 13.6 
Onions S0.3 
Oriental vegctablca 2.1 
Pan nip• 2.2 
Pcanutl 1.9 
Peas 29.0 
Pcppcn 57.7 
Potatoes 25.S 
Pumpkins 10.2 
Radishes 30.7 
Rhubarb 12.2 
Spinach 10.2 
Summer squash 25.7 
Sunflowers 8.2 
Sweet potatoCI S.7 
Tomato 85.4 
Turnip• 10.7 
Wmtcraquuh 11.1 

Source: National Gardcnin& Association, 1987. 
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households, and the types, value, and sources of foods consumed by the household 

(USDA, 1994). The individual component collected information on food intakes of individuals , 

within each household over a three-day period (USDA, 1993). The sample si7.e for the 1987-88 

survey was approximately 4,300 households (over 10,000 individuals). This is a decrease over 

the previous survey conducted in 1977-78 which sampled approximately 15,000 households (over 

36,000 individuals) (USDA, 1994). The sample siz.e was lower in the 1987-88 survey as a result 

of budgetary constraints and low response rate (i.e., 38 percent for the household survey and 

31 percent for the individual survey) (USDA, 1993). However, NFCS data from 1987-88 were 

used to generate homegrown intake rates because they were the most recent data available and 

were believed to be more reflective of current eating patterns among the U.S. population. For 

the purposes of this study, homeproduced foods were defined as homegrown fruits and 

vegetables, meat and dairy products derived from consumer-raised livestock or game meat, and 

home caught fish. The food items/groups selected for analysis included major food groups (i.e., 

total fruits, total vegetables, total meats, total dairy, total fish and shellfish), individual food 

items for which > 30 households reported eating the homeproduced form of the item, fruits and 

vegetables categorized as exposed, protected, and roots, and various USDA fruit and vegetable 

subcategories (i.e., dark green vegetables, citrus fruits, etc.). Food items/ groups were identified 

in the NFCS data base according to NFCS-defined food codes. Appendix 2-A presents the codes 

used to determine the various food groups. The food intake analysis was accomplished using 

the SAS statistical programming system (SAS, 1990). 

The analytical method used to determine the daily homegrown intake of each food 

item/group was based on the quantity of food used in the household that was reportedl as 

homegrown, the number of meals eaten by each member of the household, and the average 

serving sizes for the food items/groups being evaluated. The USDA household data were used 

to determine (1) the amount of homegrown food used during a week by family members and 

guests and (2) the number of meals eaten by each household member. Average serving siz.es 

for individuals in specified age groups of the population were calculated separately from the 

USDA individual intake survey data for each food item/group .. 

Homegrown household food usage was attributed to the family members only. The 

USDA household survey data contains information on the number of member and guest meals 
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consumed during the week. The portion of the household food item/group attributed to the 

family members was determined by multiplying the fraction of meals consumed by family 

members only by the reported household amount. The fraction of meals consumed by household 

members was determined by dividing the number of meals consumed in the household by the 

total number of meals eaten in the household (i.e., including meals eaten by household guest1). 

The following equation was used to calculate the fraction of meals consumed by household 

members: 

where: 

Wr -

[MEAL---.! W, = Wr • MEAL*'*" (Eqn. 2-16) 

Amount of food item/group used by family members only 
(g/week); 

Amount of food item/group reported for the household (g/week); 

Number of household member meals; and 

Total number of meals, including guest meals~ 

Age-specific serving mes in grams/day were calculated based on the USDA individual 

survey data. The age categories used in the analysis included: < 1 year; 1 to 2 years; 3 to 5 

years; 6 to 11 years; 12 to 19 years; 20 to 39 years; 40 to 69 years; and over 70 years. These 

serving mes were used during subsequent analysis to generate homegrown intake rates for 

household members. Assuming that the proportion of the household quantity of each 

homegrown food item/group was a function of the number of meals and the mean age-specific 

serving size for each family member, individual intakes were calculated for all members of the 

survey population. The following general equation was used for calculating homegrown intake 

for family members: 
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(Eqn. 2-17) 

Homegrown amount of food item/group attributed to member i during the 
week (g/week); 

Total quantity of homegrown food item/group used by the family members 
(g/week); 

Number of meals of household food consumed by member i during the 
week (meals/week); and 

Serving si7.e for an individual within the age and sex category of the 
member (g/meal). 

Daily intake of a homegrown food item/group was determined by dividing the weekly value (wJ 

by seven. The USDA data were adjusted by applying the sample weights calculated by USDA 

to the data set prior to analysis. The USDA sample weights were designed to "adjust for survey 

nonresponse and other vagaries of the sample selection process" (USDA, 1987-88). Also, the 

USDA weights are calculated "so that the weighted sample total equals the known population 

total, in thousands, for several characteristics thought to be correlated with eating behavior" 

(USDA, 1987-88). Intake rates were indexed to the body weight of the survey respondent and 

reported in units of g/kg-day. The results were then combined into a data set and homegrown 

mean intake values and quantile distributions were calculated using SAS. Both weighted and 

unweighted sample numbers were also tabulated for each data set. 

Data for each of the major food groups were analyzed for the entire dataset and according 

to subcategories within each of the four census regions and for all regions combined. 

Subcategories included various age groups, urbaniz.ation categories, seasons, racial 

classifications, and responses to selected survey questions. Table 2-184 presents the codes, 

definitions, and a description of the data included in each of the subcategories. 
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S, 8, 9 

Grow 

Raise 
Animals 

Fish/Hunt 

Farm 

Sprini 

Summer 

Fall 

Winter 
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Definition 

Northeast 

Midwest 

South 

West 

C=tra1 City 

Suburban 

Nonmetropolitan 

Other/NA 

Question 75 

Question 76 

Question 77 

Question 79 

Description 

Region• 

Includes Connecticut, Maine, Massachusetts, New Hampshire, New 
Jersey, New York, Pennsylvania, Rhode Island, and Vermont 

Includes Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, 
Missouri, Nebraska, North Dakota, Ohio, South Dakota, and 
W1SC0nsin 

Includes Alabama, Arkansas, Delaware, District of Columbia, 
Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North 
Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, and 
West Virginia 

Includes Arizona, California, Colorado, Idaho, Montana, Nevada, 
New Mexico, Oregon, Utah, Washington, and Wyoming 

Urbani7Jltion 

Cities with populations of 50,000 or more that is the main city within 
the metropolitan statistical area (MSA). 

An area that is generally within the boundaries of an MSA, but is not 
within the legal limit of the central city. 

An area that is not within an MSA. 

Race 

White (Caucasian) 

Black 

Asian and Pacific Islander 

Native American, Aleuts, and Eskimos 

Don't know, no answer, some other race 

Responses to Survey Questions 

Did anyone in the household grow any vegetables or fruit for use in 
the household? 

Did anyone in the household produce any animal products such as 
milk, eggs, meat, or poultry for home use in your household? 

Did anyone in the household catch any fish or shoot game for home 
use? 

Did anyone in the household operate a farm or ranch? 

Season 

April, May, June 

July, August, September 

October, November, December 

January, February, March 

Alaska and Hawaii were not included • 

Source: USDA 1987-88. 
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Seasonally/regionally adjusted values were al.so calculated for the major food groups to account 

for the impact of seasonal/regional variability on the intake of homegrown foods. To calculate 

a distribution of annual intake rates based on seasonal/regional. intake, the per capita distribution 

of intake was determined within each region, for each season. First, seasonal. intake rates at 

each percentile of the distribution for each region were averaged to calculate annual intake rates. 

This method assumes that a person's position in the distribution of homegrown intake is the same 

for all seasons. For example, a person at the pth percentile during one season is al.so assumed 

to be at the pth percentile during all other seasons. Next, the annual intake rates for each region 

were averaged to calculate the per capita seasonally/regionally-adjusted intake rates. 

For individual. food items for which 30 or more households reported usage of the 

homeproduced food, distributions were generated based on the following subcategories of the 

entire data set: age groups, urbaniution categories, seasons, racial classifications, regions, and 

responses to the questionnaire. Intake rates were not calculated for food items/ groups for which 

less than 30 households reported homeproduced usage because the number of observations may 

be inadequate for generating distributions that would be representative of that segment of 

consumers. Fruit and vegetables were also classified as exposed, protected, or roots, as shown 

in Appendix 2A of this document. Exposed foods are those that are grown above ground and 

are likely to be contaminated by pollutants deposited on surfaces that are eaten. Protected 

products are those that have outer protective coatings that are typically removed before 

consumption. Distributions of intake were tabulated for these food classes for the same 

subcategories listed above. Distributions were also tabulated for the following USDA food 

classifications: dark green vegetables, deep yellow vegetables, other vegetables, citrus fruits, and 

other fruits. Finally, the percentages of mean total intake of the food items/groups consumed 

within survey households that can be attributed to home production were tabulated. The 

percentage of intake that was homegrown was calculated as the ratio of total intake of the 

homegrown food item/group by the survey population to the total intake of all forms of the food 

by the survey population. 

It should be noted that, except for the seasonally/regionally adjusted values, intake 

distributions were calculated for consumers of the homeproduced item/ group of interest. These 

data represent one-week average intake rates for family members of those survey households 
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who reported eating the homeproduced food item/group of interest during the survey period. 

Seasonally/regionally adjusted intake rates for the major food groups were calculated on a per 

capita basis. The number of individuals consuming any form of the product (i.e., both 

homcproduced and commercially-produced) are presented in Tables 2-32 through 2-73 in Section 

2.3, Tables 2-86 through 2-100 in Section 2.4, and Tables 2-141through2-145 in Section 2.6. 

The total number of individuals in the data set (i.e., both individuals who ate the food item and 

those who did not eat the food item during the survey period) were also tabulated. These data 

are presented in Table 2-185. It should be noted that the total unweighted number of 

observations in Table 2-185 is 9,852. This is somewhat lower than the number of observations 

reported by USDA because this study only used observations for family members for which age 

and body weight were specified. The intake data for consumers of homeproduced foods and the 

total number of individuals surveyed may be used to calculate per capita intake rates for the 

survey population as follows: 

Assuming that wP is the homegrown amount of food item/group at the plh percentile, NH 

is the weighted number of households who are users of the homegrown food item, and 

NA is the weighted number of all households surveyed; then, (NA - NiJ is the weighted 

number of households who reported 7.ero homegrown consumption. There are (p/100) 

x NH households below the plh percentile. Therefore, wP is the 

(Eqn. 2-18) 

of the per capita distribution of homegrown food consumption. 

2. 7 .3. Results 

,Intake rates are presented in Tables 2-186 through 2-190 for total homeproduced fruits; 

Tables 2-191through2-195 for total homeproduced vegetables; Tables 2-196 through 2-200 for 
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total homeproduced meats; Tables 2-201through2-205 for homeproduced dairy products; and 

Tables 2-206 through 2-210 for home caught fish and shellfish. These tables are presented at 

the end of Section 2. 7. The intake rates for the major food groups vary according to region, 

age, urbanization code, race, and response to survey questions. In general, intake rates of 

homeproduced foods are higher among populations in nonmetropolitan and suburban areas and 

lowest in central city areas. Results of the regional analyses indicate that intake of homegrown 

fruits and vegetables and meat and dairy products is generally highest for individuals in 1he 

Midwest and South and lowest for those in the Northeast regions of the United States. Intake 

rates for homecaught fish in the South was generally greater than the intake rate of consumers 

in the other regions. Homegrown intake varied according to the specific food item/group and 

region for the various racial subpopulations. Homegrown intake was generally higher· among 

individuals who indicated that they operate a farm, grow their own vegetables, raise animals, 

and catch their own fish. The results of the seasonal analyses for all regions combined indicated 

that, in general, homegrown fruits and vegetables were eaten at a higher rate in summer, and 

home caught fish was consumed at a higher rate in spring. Seasonal intake varied based on 

individual regions. Seasonally/regionally-adjusted per capita intake rate distributions for the 

major food groups are presented in Table 2-211. 

Tables 2-212 through 2-238 present distributions of intake for individual homeproduced 

food items for households that reported consuming the homegrown form of the food during the 

survey period. Distributions of intake rates and demographic data for the population consuming 

homegrown foods categorized as exposed fruits and vegetables, protected fruits and vegetables, 

and root vegetables are presented in Tables 2-239 through 2-243. Intake rates and demographic 

data for the population consuming the foods items in various USDA classifications are presented 

in ·Tables 2-244 through 2-248. Table 2-249 presents the percentage of household intake 

attributed to homeproduced forms of the food items/groups evaluated for households using the 

food items/groups during the survey period. 

2. 7.4. Advantages and Limitations 

The USDA NFCS data set is the largest publicly available source of information on food 

consumption habits in the United States. The advantages of using this data set are that it is 
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expected to be representative of the U.S. population and that it provides information on a wide 

variety of food groups. However, the data collected by the USDA NFCS are based on short

term dietary recall and may not accurately reflect long-term intake patterns. This is particularly 

true for the tails of the distributions of homegrown intake. Also, the two survey components 

(i.e., household and individual) do not define food items/groups in a consistent manner. As a 

result, some biases may be introduced into analyses such as these because the two survey 

components are linked. The results of these data may also be biased by assumptions that are 

inherent to the analytical methods used to generate intake rates from the NFCS data. For 

example, the household data used are based on the amount of homeproduced food used during 

the survey week. This amount may not be the actual amount consumed. Factors for spoilage 

and waste are not incorporated into the data. The analytical method used may not capture high

end consumers within a household because average serving sizes are used in the calculations to 

represent the proportion of homegrown food consumed by each household member. Therefore, 

individuals with serving sizes in the upper-percentile of the distribution who also reside in 

households where household consumption is high may not be well represented in the distribution 

of homegrown intake. Also, the analyses assume that all family members consume a portion 

of the homeproduced food used within the household. However, the homeproduced food may 

not be consumed by all family members and serving sizes may not be entirely representative of 

the portion of household foods consumed by all family members. 

2. 7.5. Recommendations 

The distribution data presented in this study may be used to assess exposure to 

contaminants in foods grown, raised, or caught at a specific site. The data presented here for 

consumers of homeproduced foods represents average daily intake rates of food items/groups 

over the seven-day survey period and does not account for variations in eating habits during the 

rest of the year. Thus, these data may not necessarily represent long-term intake patterns. For 

assessing exposure to contaminants in homeproduced foods among specific subpopulations, the 

assessor should refer to Tables 2-186 through 2-210. Intake rates for individual food items or 

classes of foods should be selected from Tables 2-212 through 2-248. 
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Table 2-185. Weighted and Unweighted Number of Observations for NFCS Data Used in AnalysiS-of"Foo"d blbike 

All Regions Northeast Midwest South West 

wgtd unwgtd wgtd unwgtd wgtd unwgtd wgtd unwgtd wgtd unwgtd 

Total 188019000 9852 41167000 2018 46395000 2592 64331000 3399 36066000 1841 

Age 
< 01 2814000 156 545000 29 812000 44 889000 51 568000 32 
01-02 5699000 321 1070000 56 1757000 101 1792000 105 1080000 59 
03-05 8103000 461 1490000 92 2251000 133 2543000 140 1789000 95 
06-11 16711000 937 3589000 185 4263000 263 5217000 284 3612000 204 
12-19 20488000 1084 4445000 210 5490000 310 6720000 369 3833000 195 
20-39 61606000 3058 12699000 600 15627000 823 21786000 1070 11494000 565 
40-69 56718000 3039 13500000 670 13006000 740 19635000 1080 10577000 549 
70+ 15880000 796 3829000 176 3189000 178 5749000 300 3113000 142 

Season 
Pall 47667000 1577 9386000 277 14399000 496 13186000 439 10696000 365 
Spring 46155000 3954 10538000 803 10657000 1026 16802000 1437 8158000 688 
Summer 45485000 1423 9460000 275 10227000 338 17752000 562 7986000 246 
Winter 48712000 2898 1178311'~0 663 11112000 732 16591000 961 9226000 542 

Urbanization 
Central City 56352000 2217 9668000 332 17397000 681 17245000 715 12042000 489 
Nonmetropolilan 45023000 3001 5521000 369 14296000 1053 19100000 1197 6106000 382 
Surburben 86584000 4632 25978000 1317 14702000 858 27986000 1487 17918000 970 

Race 
Asian 2413000 114 333000 13 849000 37 654000 32 577000 32 
Black 21746000 1116 3542000 132 2794000 126 13701000 772 1709000 86 
Native American 1482000 91 38000 4 116000 6 162000 8 1166000 73 
Other/NA 4787000 235 1084000 51 966000 37 1545000 86 1192000 61 
White 157531000 8294 36170000 1818 41670000 2386 48269000 2501 31422000 1589 

Response to Questionnaire 
Do you garden? 68152000 3744 12501000 667 22348000 1272 20518000 1136 12725000 667 
Do you raise animals? 10097000 631 1178000 70 3742000 247 2603000 162 2574000 152 
Do you hunt? 20216000 1148 3418000 194 6948000 411 6610000 366 3240000 177 
Do you fish? 39733000 2194 5950000 321 12621000 725 13595000 756 7567000 392 
Do you Iii.rm? 7329000 435 830000 42 2681000 173 2232000 130 1586000 90 

Source: USDA 1987-88. 
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ClrilJp Ylf.tJ lllW!ld Mem 58 

Tobi 14744WJ 117 2.68B+oo 1.40E-o3 

AgeOroup 
<01 l&S<m 11 6.DSE+oo UlE-<12 
01-<12 3600XI 23 8.74E+oo 2.4£-02 
03-0S SSO<KXI 34 4D7E+oo U7B-<12 
06-11 104400) 7S 3.S9B+oo S.73E-o3 
12-19 118900! 67 194E+oo 2.74E-o3 
20-39 316lm 164 19SE+oo 2.40E-o3 
40-69 S63ml :m 2.66E+oo 2.2.SE-o3 
70+ 262000) 134 2.2.SE+oo l.68E-03 

Scasm 
Fall 313700) 108 157B+oo 934E-o4 
Sp'q 296300) 301 l.SSE+oo l.38E-03 
~ 4350000 145 3.86E+oo 3.69B-03 
Winter 4281ro) 263 3.DSE+oo 2.67B-03 

Urbaiizatim 
Ceolral City 366lrol 143 2.31E+oo l.6SE-03 
Ncxmetropdil8o 41lml 278 2AIB+oo 254E-o3 
&rluba1 689ml 394 3D7E+oo 2A3E-03 

Race 
Black 4SO<KXI 20 l.87B+oo S.68E-03 
Other/NA 49000 2 S.SIB-01 l.SIB-03 
White 14185000 793 2.73E+oo l.4SE-03 

t-l 
Queslicmaire Respmse 

2.79B+oo 157B-03 
I 

Do )'OU garden? 12742000 7(19 

w Do )'OU farm? 1917000 1lZ 258E+oo 198E-03 -t-l 

Tablo 2-116. WW of~ Fnil!J (J/ki~y)- All ~Jiom CombiDcd 

PO Pl PS PIO PZS PSO 

O.ooE+oo 6.26E-<12 1.688-ol 2.788-01 497E-ol 1D7E+oo 

SllE-01 SllE-01 l.78E+oo 2.12E+oo 2.soB+OO 458E+oo 
9.59E-Ol 9.S9B-01 l.ll9B+oo UlE+oo L64E+oo 3.48E+oo 
OOOE+oo O.ooE+oo O.ooE+oo 3.62E-Ol 9.77B-Ol 1.92E+oo 
OOOE+oo O.ooE+oo 191E-Ol 4D2E-Ol 697E-Ol lJlE+oo 
8.74E-<12 8.74E-<12 l.27E-01 2.67B-ol 4AlE-Ol 6.61E-Ol 
S.60E-02 814E-<12 l.28E-Ol 2.1>4E-Ol 3.74E-Ol 7D3E-01 
257B-02 6.26E-<12 191E-01 U!6E-Ol 4.69E-Ol 1D3E+oo 
4lSE-02 4AlE-<12 2.24E-01 3~-01 611E-Ol USE+oo 

2.638-01 2.63E-Ol 3D4E-Ol 3.90E-Ol S.'IOE-01 1D4E+oo 
6ASE-02 8.89E-02 198E-Ol 254E-Ol 4.23E-01 857B-Ol 
O.ooE+oo O.ooE+oo 918E-<12 156E-01 4ASE-01 l.26E+oo 
257B-02 4AlE-02 l.72E-Ol 2.69E-01 S56E-01 USE+oo 

4lSE-02 4AlE-02 l.SZE-01 3J3E-Ol S.67B-01 lDSE+oo 
2.S7B-02 6.26E-02 l.27B-Ol 2.32E-Ol 4.SOE-01 USE+oo 
3J3E-02 l.2.SE-01 2.30E-Ol 29SE-Ol 491E-Ol 9938-01 

l.32E-01 l.32E-Ol 2.84E-Ol 4.SSE-01 6DSE-01 U3E+oo 
4D4E-Ol 4D4E-01 4D4E-Ol 4.04E-Ol 4D4E-01 4D4E-Ol 
257B-02 7.22E-02 l.SZE-01 2.82E-Ol SlOE-01 1D7E+oo 

O.ooE+oo S.60E-02 l.84E-Ol 2.87B-Ol S.30E-Ol ll2E+oo 
S.60E-02 722E-02 2.76E-01 413E-Ol 7.S3E-01 l.61E+oo 

P1S P90 P9S 

2.37B+oo S.97Ei00 UUH-01 

7.osB+oo l.43Ei-01 l.43Et-Ol 
7.98E+oo 1938+-0l 6.ll6Ei-01 
2.73E+oo 6D2E+oo S91E+oo 
3.ll8B+oo USEt-01 158Et-Ol 
2JSE+oo 6.76E+oo SJ4E+oo 
l.77B+oo 4l7B+oo 6.84E+oo 
2.33B+oo S.81E+oo 1.30Et-Ol 
2JSE+oo S.21E+oo 8.69E+oo 

1.92E+oo 3A8E+oo 497E+oo 
l.70E+oo 4D7E+oo SlOE+oo 
3JIB+oo Ul9Et-Ol 1.46Et-Ol 
2.61E+oo 8D4E+oo l.S3Bt-Ol 

2.46E+oo S.34E+oo lDSEt-01 
2A2E+oo 4.46E+oo 8.34E+oo 
233E+oo 7.26E+oo l.SZEt-01 

153E+oo 2.29E+oo 2.29B+oo 
4D4E-01 lJIB+oo lJIB+oo 
2.46E+oo 6.lOE+oo 1.17Bt-Ol 

2.SOE+oo 6lOE+oo USE+ol 
3.62E+oo S97E+oo 7.82E+oo 

P99 P100 

2AOE+-Ol 6.ll6E+ol 

1A3Et-01 1A3Et-Ol 
6.ll6Et-Ol 6.ll6Et-01 
4.83Ei-01 4.83Et-01 
3.22Et-Ol 322Et-Ol 
l!SEt-01 l!SEt-01 
l.61Et-Ol 3.70Et-Ol 
2.38Et-Ol SJ3Et-Ol 
U7Bi-01 153Et-Ol 

1.ll6Et-Ol l.06Et-Ol 
8l2E+oo 3l7Bt-Ol 
SJ3Et-Ol 6.D6Et-Ol 
2.49Et-Ol 4.83Et-Ol 

l.43Et-01 193Et-Ol 
2AOEt-Ol SJ3Et-Ol 
3.70Et-Ol 6.D6Et-Ol 

193Et-Ol 193Et-Ol 
lJIB+oo lJlE+oo 
2AOE+ol 6.ll6E+ol 

2.49E+ol 6.ll6E+ol 
l.SSE+ol 158E+ol 
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Grow> Vl2ld IX1W2ld Mean 

Total 1279000 72 9.29E-01 

AgeGrrup 
01-0Z 14000 1 Z.7SE+oo 
03-05 35000 3 1.30E+oo 
06-11 91000 6 9.83E-01 
12-19 19m> 10 4l6E-01 
20-39 252000 16 S.67E-01 
40-69 495000 2Z 4l8E-01 
70+ 1991JOO 14 2.94E+oo 

Seam 
Fml 260000 8 6.D4E-01 
Sjring 352000 31 8.lre-01 
&mner 271000 9 1.63E+oo 
Winter 39Cl(KJO 24 7.lOE-01 

Urbatization 
Cenira City 50000 3 USE-01 
Nmnetropditan 17(,000 10 4.38E-01 
&rb.Jrbm 1053000 S9 1.0SE+oo 

Race 
White 1279000 72 9.29E-01 

()Jeslionoaire Respmse 
59 1.D4E+oo 0o~y:m1 9UMIO 

.·Do~ ? 132000 4 7.4SE-Ol 

--
I'-) 

~ -w 

Table 2-187. Intake of Homegrown Fruill (g/ki-day) - Northeast Re&ion 

SE l'O Pl PS PlO Pl5 PSO 

1.6SE-03 7.91E-02 7.91E-02 8A8E-02 l.61E-01 3.llE-01 4.BSE-01 

O.llOE+oo Z.7SE+oo Z.7SE+oo Z.7SE+oo Z.7SE+oo Z.7SE+oo Z.7SE+oo 
2l3E-03 9.36E-01 9.36E-01 9.36E-01 9.36E-01 UJOE+oo 1.00E+oo 
8.27E-o4 S.66E-01 S.66E-01 S.66E-01 7.82E-01 7.82E-01 8.93E-01 
SD1E-o4 8.74E-OZ 8.74E-OZ 8.74E-02 1.27E-01 1.27E-01 4.42E-01 
6D2E~ 1.68E-01 1.68E-01 1.84E-O! 2.13E-01 3.90E-01 Sl2E-0! 
2.93E-o4 7.91E-OZ 7.91E-OZ 7.91E-02 8.48E-02 Z.93E-01 4.6ZE-01 
9.16E-03 2D7E-01 2D7E-01 2D7E-01 2D7E-01 2.6ZE-01 8.7SE-01 

3.83E-o4 353E-01 353E-01 353E-01 353E-01 4.69E-01 S.70E-01 
2l8E-03 8.74E-02 8.74E-02 1.61E-01 1.68E-01 2.87E-01 4.BSE-01 
6.96E-03 7.91E-02 7.91E-02 7.91E-OZ 7.91E-02 8A8E-02 4.42E-01 
8.82E-04 1.84E-01 1.84E-Ol z.om-01 Z.30E-01 Z.93E-01 S.4ZE-01 

1.81E-04 8.74E-02 834E-OZ 8.74E-OZ 8.74E-02 8.74E-02 1.61E-01 
15SE-03 7.91E-OZ 7.91E-02 7.91E-02 7.91E-02 8.48E-02 1.27E-01 
1.97E-o3 1.84E-01 1.84E-01 2.30E-01 2.93E-01 4.37E-01 S.43E-01 

1.6SE-03 7.91E-02 7.91E-02 BASE-OZ l.61E-Ol 3l1E-01 4.BSE-01 

2.D4E-03 8.74E-OZ 8.74E-02 1.82E-01 2.13E-01 3.7SE-01 S.43E-01 
4.84E-o4 S.70E-01 5.70E-01 5.70E-01 5.70E-01 5.99E-01 6.91E-Ol 

P75 l'90 1'95 

7.82E-01 1.29E+oo 2l6E+oo 

Z.7SE+oo Z.7SE+oo Z.7SE+oo 
1.79E+oo 1.79E+oo 1.79E+oo 
1.20E+oo 1.38E+oo 1.38E+oo 
S.42E-01 6l2E-01 8.81E-Ol 
6.29E-01 1D3E+oo 1.03E+oo 
5.69E-01 753E-01 753E-Ol 
2l6E+oo 1.17E+ol U7E+ol 

753E-01 Ul3E+oo lOOE+oo 
8.79E-01 1.83E+oo 2l6E+oo 
4.62E-01 U7E+ol U7E+ol 
8.BlE-01 1.38E+oo !.79E+oo 

1.82E-Ol 1.82E-01 1.82E-01 
Z.62E-01 1.83E+oo 2l6E+oo 
8.12E-01 l.29E+oo 2.7SE+oo 

7.82E-01 1.29E+oo 2l6E+oo 

8.SlE-01 1.38E+oo 2.7SE+oo 
8.90E-Ol 1.03E+oo 1.03E+oo 

1'99 PlOO 

l.17E+ol 1.17E+()l 

Z.7SE+oo Z.7SE+GI 
1.79E+oo 1.79E+QI 
1.38E+oo 1.38Et(JO 
8.BlE-01 8.81E-Gl 
156E+oo 156E+QI 
8.91E-Ol 8.91E-Gl 
U7E+ol U7E+()l 

1.03E+oo 1.113E+al 
7.13E+oo 7l3E+al 
U7E+ol 1.17E+()l 
?.7SE+oo Z.7SE-H!!l 

1.82E-01 1.82E-Gl 
2.16E+oo 2l6E+al 
1.17E+ol ll7E+Gl 

1.17E+ol 1.17E+Gl 

l.17E+ol l.17E+ol 
1.03E+oo 1.03E+oo 

,:--1 
0 

0 t-3 t:1 
H....,.::t1 
H"'-"!x:> 
t><.i c::: 1:-j 

0 1-3 

~ 
0 
!7j 



, 

~ N N 
!lld 1.IJllD! Meal 

Tola! 46DXO n lD1B-KO 

Ate 
<01 53CXXI 4 2.S4E-+OO 
01-o? 199<XXI 12 1.138-t-01 
03-0S 21400l 1S 359E+oo 
06-11 26SOll 29 2.12E-HXI 
12-19 ~l<XX> 24 2A9E+oo 
20-39 11900Xl 74 2.89B+-OO 
~-69 162700) 104 2.96B+oo 
70+ 73400J Ml 1.56E+oo 

Seasoo 
Pllll 113lml 43 1.548+oo 

t:er 11S400l 133 1.69E+oo 
129900! 44 7.D3E+oo 

W'mter 1091.00) 82 U8E+oo 

Urbmi7.ation 
Ceotni City 10~ 42 1.848+oo 
Nomietropdil8n 1921XXD 147 2.5'2E+oo 
&rblrbm 1705000 113 4.29E+oo 

Race 
White 468300) :m 3.0lE+oo 

• Respaue to Qiestimnaire I· 261 3.27Ei00 Doym ~? 406000) 
Do ym ? 694<XX> 51 2.S9Ei00 

--
N 
I 
~ -~ 

Table 2-lU. JJ:ilW oC ~ Ptulu (ilq~y)-MiWclt Rciiof,1 

SE ro Pl PS PlO P2S 

lJ2B-03 ~ 4Al.E-Oi 1.2SB-Ql 2.lSE--01 4.6£-01 

4!38--03 S.llB-01 SlIB-01 SlIB-01 SlIB-01 2.12E+oo 
4.2.5B-oi 1.l'.lE+oo 1.l'.lE+oo 1.l'.lE+oo L37E+oo 1.72E+oo 
1.24E--Oi 2.81E-Ol 2J1E-Ol 2J1B-Ol 3.62E-Ol 1.79E+oo 
S.38E-Q3 132E-01 132E-01 1.72E-01 l.91B-ol 4D2E-01 
4A9E-Q3 1.osE-Ql 1.osE-01 1A6E-Ql 3.788-Ql 4.888-01 
6.IME--03 SfiOB--Oi 7.228--0i 9.738-02 1188-Dl 3.IXIHl 
S.738--03 2.S7E-D2 6.26E-D2 1.0IB-01 2.67E-Ol 4.77E-Ol 
2.48E-Q3 4lSE-D2 4lSE-o? 4A1E-o? 3.89E-Ol S.67E-01 

USE-03 2.63E-01 2.638-01 31148-01 4.74E-Ol 6l1E-01 
2.96E--03 6ASE-02 8.89E-D2 2D9E-01 2.62E-Ol 4238-01 
1.GSB-02 626E-D2 6.26E-D2 9188-02 1.2SE-01 4.28lH1 
l.56E-03 2.57E-02 2.57E-02 SliOB-OZ l.46B-Ol 3.QE-01 

2A8B-03 4.lSE-02 USE-02 1.DIB-01 2.63E-01 5.21E-Ql 
4.76E-Q3 2.57E-02 S.60E-OZ 1.0S8-01 1.46E-01 3.96E-Ol 
7lOE--03 6.4SE-o? 9l8E-OZ 21148-01 3lOE-Dl 4.81E-01 

3.328-03 2.57E-02 4.41E-D2 1.2SE-01 235E-01 4.68E-01 

3,m-03 2.57E-02 4.41E-02 l.OlE---01 21148-01 4.48E-01 
Z.73E-03 S.608-0Z S.60B-02 1.91E-01 4.GSB-01 l.26Ei00 

PSO 'f'1S f90 m 
1Jl3E+oo 2.31B+oo 6.16EfOO l..39Ei-01 

2.72E+oo 2.72E+oo 4A7E+oo 4A7Bt00 
3.48E+oo 1D9E+-01 61l6B+-01 6.D6E+Ol 
1.92E+oo 4.2SB+oo S.33E+oo S.3E+oo 
l79E+oo 3.otE+oo 3A7E+oo 4.lSE+oo 
7.64B-Ql 2.S38+oo 7lSB+oo 8.34Ei-OO 
S37E-01 1.6SE+oo l.D9E+Ol. 1.61Ei-01 
Ul6E+oo 1.90E+oo 4A3E+oo 1.39Bi-01 
8.788-Dl l.58E+oo 3.948+oo 4A2E+oo 

1.D7E+oo 1.92E+oo 3.48E+oo 4.34E+oo 
9238-01 1.72E+oo 2.89E+oo 4A7E+oo 
1.sSE+oo 8.34E+oo l.61Ei-Ol 3.70Ei-Ol 
6D9E-01 1A2E+oo 2.61E+oo 3.738+oo 

l.D7E+oo l.90E+oo 2.82E+oo 9.74E+oo 
1.o3E+oo 2.D7E+oo 4A38+oo 6.84E+oo 
7.648-01 3.0lE+oo 1.3'JE+-01 1.m-+-01 

1.o3E+oo 2.31E+oo 6.76E+oo 1.39Bi-01 

1.D7E+oo Z.37E+oo 1lSE+oo 1A6Ei-01 
1.63Ei00 3.898-+00 6.76E+oo 8.34E+oo 

P99 rm 

S.3E+Ot 6.0SB-t« 

4A7B-HXI 4A7Bt00 
6.116Ei-01 6.IJ6Ef-01 
3l7Ei-01 31~ 
18£-t-01 18£-t-01 
S34B+oo l34B+oo 
3.?CEi-01 3.?CE+-01 
S.33Bi-01 SJEi-01 
lDSEi-01 lDSEi-01 

S.33E+oo S.33E+oo 
lfi00+-01 3l7E+-01 
6.116Ei-01 6.ll6Ei-Ol 
1.DIJEi-01 1.DIJE+-01 

1.DIJEi-01 1.D9Ei-Ol 
5338+-01 S.338-t-01 
6.061H-Ol 6.116E+-01 

S.33Ei-01 6.o6E+-01 

S.33Ei-01 6.ll6Ei-Ol 
UlEi-01 llIB+-01 

t:J 

t~ 
0 

o~O 

~.o~ 
txJ c:: l:r;f 

01-:1 
1-3 
t>=:I 

0 
:xi 



Populatioo N N 
Or~ ~td unwetd Mean SE 

Total 414800! 208 2.97E+-00 2.12E-03 

Age 
<01 800XI 3 UllEi-01 1.64E-02 
01-02 81000 5 2.73E+oo 7.7SE-03 
03-05 71000 4 2.77E+oo 6.63E-03 
06-11 147000 8 S.73E+-00 159E-02 
12-19 270000 15 7.20E-Ol 1.48E-D3 
20-39 775000 31 l.88E+-00 l.98E-03 
40-69 178DD 93 3lSE+-OO 3.97E-03 
70+ 941000 49 298E+-OO 3.29E-03 

Season 
Fall 89(j(MX) 29 199E+-00 250E-03 
Siring 620000 59 2.0SE+-00 2.49E-03 
!bnner 132lml 46 2.84E+oo 3.83E-03 
Winter 130400) 74 4.21E+-00 4.91E-03 

Urbalimtioo 
Centra City 106<i00l 39 3.33E+-OO 3.26E-03 
Nonmetropditan 154SOOI 69 256E+oo 2.93E-03 
!Uburba1 153400) ro 3.14E+-OO 4.3SE-03 

Race 
; Bladt 332000 12 1.0SE+-00 1.llE-03 
...., White 381(JOOJ 196 3.14E+-OO 2.29E-03 

Respcnse to QlestiaJIJ8ire 
174 2.82E+oo 2.DSE-03 Do)Wf!!en? 346900I 

Do )W ? 296000 16 S.31E+-OO 8.22E-03 

--
1:-J 
~ ...... 
VI 

Table 2-189. Intake of Homegrown F111ii. (i/ltg-day)- South Region 

PO Pl PS PlO P25 PSO 

3.33E-02 112E-01 2.42E-01 35SE-01 5.97E-01 1.3SE+oo 

458E+oo 458E+-OO 458E+oo 458E+oo 458E+oo 1.43E+ol 
1.()')E+oo Ul9E+oo Ul9E+oo 1.()')E+oo 1.()')E+oo 1.64E+oo 
8.84E-01 8.84E-01 8.84E-01 8.84E-01 8.84E-01 256E+oo 
5.94E-01 5.94E-01 5.94E-01 5.94E-01 113E+oo 1.31E+oo 
1.12E-01 l.12E-01 15SE-01 2.67E-01 35SE-01 4.41E-01 
8.14E-OZ 8l4E-OZ 156E-01 2.84E-01 557E-Ol l.31E+oo 
3.33E-02 1.32E-01 2.73E-01 357E-01 5.78E-01 l.20E+oo 
1.99E-Ol 199E-01 3.77E-01 4.46E-Ol 8.34E-01 l.82E+oo 

3.92E-01 3.92E-01 4.27E-01 4.46E-01 650E-01 U3E+oo 
15SE-01 15SE-01 2.82E-01 3l1E-01 450E-01 1.116E+oo 
8l4E-02 8l4E-02 156E-Ol 2.67E-01 4.41E-01 1.31E+oo 
3.33E-02 1.12E-01 2.36E-Ol 3.82E-01 8.92E-01 1.88E+oo 

2.36E-01 2.36E-01 392E-01 45SE-01 8.34E-01 25SE+oo 
8.14E-02 8.14E-02 2.67E-01 3.38E-01 6.12E-01 1.40E+oo 
3.33E-02 U2E-01 156E-01 2.84E-01 5.0SE-01 1.lOE+oo 

1.32E-01 1.32E-01 1.32E-01 2.84E-01 6.0SE-01 8.20E-Ol 
3.33E-02 1.12E-01 2.42E-01 35SE-01 5.97E-Ol 1.38E+oo 

3.33E--Oi 156E-01 2.84E-01 3.84E-01 650E-01 1.39E+oo 
357E-01 357E-01 3.78E-01 3.84E-Ol 2.87E+oo 4l7E+oo 

P75 P90 l"J5 

3.0lE+oo 8l8E+oo 1.41Ei-01 

1A3Ei-01 l.43Ei-01 i.A3Ei-01 
3.97E+oo 7.82E+oo 7.82E+oo 
4.46E+oo 6.0ZE+oo 6.0ZE+oo 
l.18E+ol 158Ei-01 158Ei-01 
6l8E-01 2.83E+oo 2.83E+oo 
198E+oo 491E+oo S.97E+oo 
2.87E+oo l.04E+ol 15SE+ol 
353E+oo 8.18E+oo 1.06Ei-Ol 

196E+oo 4.97E+oo 8l8E+oo 
4.()')E+oo 5.0lE+oo 658E+oo 
2.83E+oo 6lOE+oo 1A3E+ol 
3.71E+oo 1.41Ei-01 l.97E+-Ol 

4.77E+oo 8.18E+oo l.116E+ol 
2.83E+oo S.97E+oo l.04E+ol 
2.29E+oo USEi-01 15SE+ol 

1A6E+oo 2.29E+oo 2.29E+oo 
3.37E+oo 8.69E+oo 1A3E+ol 

2.94E+oo 6lOE+oo 1.41Ei-01 
6lOE+oo 1.18E+ol 158Ei-01 

P9'J PlOO 

2.38E+ol 2.40E+Cll 

1.43E+ol 1A3E+Cll 
7.82E+oo 7.82E-HXI 
6.D2E+oo 6.mE+CJO 
158E+ol 1.58B+Cll 
2.83E+oo 2.83E-HXI 
UOE+oo 6ll£+CIO 
2.40E+ol 2.40E+Cll 
153Ei-Ol 153E+Cll 

1.116E+ol 1.116E+Cll 
7.oSE+oo 7.oSE+ro 
2.40E+ol 2.40E+-01 
2.38Ei-01 2.38E+-01 

1A3E+ol 1.43E+-01 
2.40E+ol ZAOE+-01 
2.38E+ol 2.38E+-Ol 

2.29E+oo 2.29E-«XI 
2.38E+ol 2AOE+-01 

2l1E+ol 24+-01 
158E+ol 158E+-01 

. t:1 

'~ 0 
0 J-:3" 
!:1.o ~ 
tr.I c: ltj 
o~ 

~ 
0 
~ 



~Dbal N N 
'll!1d lllWlld Mem 

Total 457400) 233 2.62E+oo 

A&c 
<01 S200I 4 3.S6E+oo 
01-<12 6(,(XX) s 9.81E+oo 
03-0S 20COOl 11 6J3E+oo 
06-11 smm 31 4.41E+oo 
12-19 32SOC() 18 3l9E+oo 
20-39 946(XX) 43 ll9E+oo 
40-69 172ml 90 2.40B+oo 
70+ 746(XX) 31 l.s>B+oo 

SemaJ 
Piii 84~ 28 l.47E+oo 
Siriog 837IXXI 78 137Ei-OO 
SimDer 1398000 44 2.47Ei-OO 
Wlllter 149600) 83 4JOB+oo 

Urlmizaticn 
eeoira aiy 1494000 59 199Ei-OO 
Ncmietropdil.ao 47.000 32 2.24Ei-OO 
&rbtrbm 2(,()(,00) 142 3D4Ei-OO 

Rate 
!lid 118000 8 4l6Ei-OO 

.. ()!her/NA 49000 2 S51E-Ol 
White 440700I 223 2.60Ei-OO 

R 10 Qiesticmairc 
~gtrden? 4171ml 207 2.76Ei-OO 

~ 
Do )00 liml? 795000 3S 1.8SE+-OO 

.-
O'I 

Tab lo 2-190. IDtako or Homcirown Fnlka (i/q-day)- Wiit R.cJioa 

SE ro Pl PS PlO ru P50 

2.l9B-03 7l41Hl2 lSOE-Ol 2.75E-01 3.338-01 U7E-Ol 121JE.+OO 

7l2E--03 l.78E+oo l.'l!E+oo l.'l!E+oo l.78E+oo 2.SOE+oo 2.SOE+oo 
2.67E-G2 9.59E-01 9.59E-01 9.59E--Ol 9.59E-01 4.41E+oo 952E+oo 
2.!3E-Q2 7288-01 7.uE-01 8.lE-01 9.77E--01 l..04E+oo l.82E+oo 
991E--03 3.7SE-01 3.75E-Ol 4.836-01 S.32E--Ol 9.76E-Ol 1.61E+oo 
7.38E--03 4.888-01 4.888-01 4.!SE-01 S.7SE-01 7JOB--Ol 153E+oo 
1.288--03 l.67E--Ol UJE-01 1.968-01 2.64E-Ol 4.D4E-Ol 7..54E--Ol 
2.ssE--03 l.sOB-01 1.sOB-01 2.7SE-Ol 291E-Ol SJSE-01 l.20E+oo 
1908--03 7l4E-G2 7l4E--02 l.llOE--01 3.s>B-01 7.33E-Ol 9.71E-Ol 

lME--03 291E--Ol 291E-Ol 291E-Ol 29SE-01 4.838-01 1D4E+oo 
153E--03 l.67E-01 l.73E-Ol 1966-01 251E-01 SJOE-01 9.81E-Ol 
2.6SB-03 1.86E-Ol l.86E-Ol 2.7SE-Ol 4D4E-01 6l7E-Ol l.28Ei-OO 
S.898--03 7J4E-02 7J4E-G2 2.968-01 3.33E-Ol 7.74E-01 151Ei-OO 

2.66E-03 7J4E-02 7l4E--02 23SE-01 3.42E-Ol S26E-01 8.63E-Ol 
431E--03 l.84E-01 l.84E-Ol 2.76E-01 4.24E-Ol 6258-01 7.68E-Ol 
3.41E--03 l.67E-Ol 1.838-01 2.7SE-Ol 3J4E-Ol 7l0E-01 l.39E+-OO 

200E-Q2 SlBE-01 SJBE-01 SJBE-01 SlBE-01 6.llSE-01 1A8Ei-OO 
151E--03 4D4E-01 4.D4E-01 4.D4E-Ol 4D4E-Ol 4D4E-Ol 4D4E-Ol 
2.20E-o3 714E-02 l.sOB-01 2.7SE-Ol 314E-Ol 6258-01 l.20Ei-OO 

239E-03 714E-02 lOOE-01 2.7SE-Ol 314E-Ol 6.29E-Ol l.20E+-OO 
l.72E--03 2.7SE-01 2.7SE-Ol 2.76E-Ol S98E-Ol 7JOE-01 l.26Ei-OO 

[ZS Pl10 m 
2A2B+OO S.3'JIHOO 1ms+ol 

S.47E+oo S.77E+oo S.77E+oo 
1.93Ei-Ol 1.938+-0l 1.938+-01 
2.32E+oo l9llHOO 4.m+-01 
4.96E+oo 7.988+oo 2.49E+ol 
352E+oo UlE+-01 UlEi-01 
l..54E+oo 222E+oo 2.96E+oo 
2.34E+oo S.81E+oo lmE+ol 
2.64E+oo S.DOE+oo S.llB+oo 

2JSE+oo 299E+oo 4.6SE+oo 
l.61Ei-OO 2.9SE+-00 S.29B+-OO 
3l4Ei-OO 7.26Ei-OO lmE+-01 
3.74Ei-OO UlE+-01 1.8SE+ol 

2D4Ei-OO 4.63Ei-OO 952E+oo 
2.64Ei-OO 4258+-00 lmB+ol 
314Ei-OO S.BlE+-00 1D3E+ol 

153Ei-OO 193Ei-Ol 193Ei-01 
4D4E-01 131Ei-OO 131E+oo 
2.47Ei-OO 539E+-OO 1D3Ei-Ol 

254Ei-OO S.BlE+-00 lmBi-01 
250Ei-OO 4.63Ei-OO S.DOE+oo 

P99 PKO 

2.49Ei-01 4.!Ei-01 

5.77BiOO S.77E+oo 
L.9Ei-01 L.9E+m 
4.!Ei-01 4.!Ei-01 
3.228+-01 322Ei-Ol 
USE+-01 1.8SE+-01 
SD4E+oo SD4E+oo 
1.lEi-01 UlE+-01 
S.39E+oo S.39E+oo 

S.39E+oo S.39E+oo 
6.61!E+oo 7.ll2E+oo 
1.llB+-01 131E+ol 
4.83Ei-01 4.83Ei-Ol 

193E+ol 193E+ol 
lmE+ol lmE+ol 
32.ZE+-01 4.83E-Hll 

1.93Ei-01 1938+-01 
131Ei-OO 131E+oo 
2.49E+ol 4.83Ei-Ol 

2.49E+ol 4.83E+ol 
6.81E+oo 6.81E+oo 

tj ,0 
·~ 
0 t-3 0 
~.o~ 
tzj c: lzj 

01-3 
1-3 
tzj 

0 
!:;d 



l'opllatioo N N 
Grall> WJ?td lllWl!td Mean SE 

Total 343IJ2000 1855 2.0SIH-00 4.97E-114 

Age 
46'ml 24 7AOE+-OO 8.78E-03 <01 

01-112 9511XX1 53 520E+-OO 6.32E-03 
03-05 123SOOI 76 2.46E+-OO 2.19E-03 
06-11 :m400) 171 2.0ZE+-00 191E-03 
12-19 329300) 183 1.48E+-OO 1.0lE-03 
20-39 8S9300I 437 1.47E+-OO 6.84E-114 
40-69 12828000 700 2.117E+-OO 753E-04 
70+ 400200) 211 251E+-OO UlE-03 

Seasclla 
F~I 11026l00 394 1.88E+-OO 7.67E--()4 
Sfring 654000) 661 1.36E+-OO 727E--()4 
Smiler 11osum 375 2.86E+-OO 1.12B-03 
Wmter 574500) 425 1.79E+-OO 9SJE-114 

. Urbani7.atiom 
Ccntra aiy 618300) 228 1.40E+-OO 7.47E-04 
NClllletropdit.ao 1~ 878 2.68E+-OO 950E-114 
!Uburbm 14341CDI 747 1.82E+-OO 658E--()4 

.. ' - Race ·-.. Aliao 184000 8 1.74E+-OO 592E-03 
Blaclt 187200) 111 1.78E+-OO 1.79E-03 
Native American ~ 1 6.BOE-01 OOOE+-00 
Olher/NA 331IXXI 19 3.31E+-OO 5208-03 
White 31917CDI 1714 2.lOE+-00 520E-o4 

..., Respaue to Qieslicmaire 
2.17E+-OO S.23E-04 Do)'llllgmden? 30217CDI 1643 

~ Dii )'OU f2Dn? ' 4319000 262 329E+-OO 1.9SE-o3 ..... 
....i 

Table 2-191. llllab of Homegrown Vegetabloa (I/kg-day)- All Reaioaa Combined 

l'O Pl PS PlO P25 PSO P75 

O.OOE+-00 4.79E-03 1.lOE-01 lSJE-01 4.47E-01 UlE+-00 2.47E+-OO 

259E-01 259E-01 5.13E-01 7.22E-01 2.77E+-OO 5.SSE+-00 9.7SE+-OO 
2.32E-02 2.32E-02 2.45E-01 3.82E-01 1.23E+-OO 327E+-OO 5.83E+-OO 
O.OOE+-00 OOOE+-00 4.94E-02 3.94E-01 7.13E-Ol 12SE+-OO 391E+-OO 
O.OOE+-00 595E-03 1.00E-01 1.60E-01 4.00E-01 8.86E-01 221E+-OO 
OOOE+-00 O.OOE+-00 6.46E-02 1.45E-01 3.22E-01 8.D9E-01 1.83E+-OO 
1.48E-03 1.69E-02 7.77E-02 157E-01 2.73E-01 7.61E-01 191E+-OO 
O.OOE+-00 5.13E-03 1.19E-01 2l4E-01 526E-01 USE+-00 2.47E+-OO 
423E-o3 521E-03 151E-01 2.39E-01 5.81E-Ol 1.37E+-OO 3.69E+-OO 

O.OOE+-00 498E-02 U3E-Ol 1.!MlE-01 4l3E-01 9.83E-01 2l1E+-OO 
O.OOE+-00 2A4E-03 4.47E-02 1.3SE-Ol 321E-01 7.D4E-Ol 1.63E+-OO 
OOOE+-00 6.93E-02 157E-01 224E-01 7.12E-01 1.62E+-OO 3.44E+-OO 
O.OOE+-00 3.73E-03 4.49E-02 156E-01 4.69E-01 1.llSE+-00 227E+-OO 

OOOE+-00 1.0lE-02 659E-02 150E-Ol 3.00E-01 750E-01 1.67E+-OO 
OOOE+-00 2.12E-02 158E-01 258E-01 5.99E-01 1.4SE+-OO 327E+-OO 
OOOE+-00 3.34E-03 UOE-01 1.63E-01 3.94E-01 9.63E-01 2.18E+-OO 

4.28E-02 428E-02 4.66E-02 1.71E-01 1.71E-01 5.66E-01 8.37E-Ol 
O.OOE+-00 OOOE+-00 7.77E-02 1.39E-Ol 4.38E-01 9.32E-01 2.116E+-OO 
6SJE-01 6.IKJE-01 6.BOE-01 6.BOE-01 6SJE-01 6SJE-01 6.BOE-01 
9SJE-03 9.lKIE-03 2.D4E-01 2.69E-01 350E-Ol 359E+-OO 6.03E+-OO 
O.OOE+-00 7.34E-03 U3E-01 1.84E-Ol 4.54E-Ol 1.12E+-OO 2.48E+-OO 

O.OOE+-00 521E-03 1.llE-01 1.8SE-01 4.84E-Ol USE+-00 2.68E+-OO 
OOOE+-00 OOOE+-00 1.61E-01 2.92E-Ol 8.46E-01 1.67E+-OO 3.61E+-OO 

l'90 1'95 

520E+-OO 7.54E+-OO 

1.70E+ol 1.87E+ol 
1.31E+ol 1.96E+ol 
6.3SE+-OO 7.74E+-OO 
4.64E+-OO 6.16E+-OO 
3.71E+-OO 6.03E+-OO 
3.44E+-OO 492E+-OO 
5.12E+-OO 6.94E+-OO 
6.3SE+-OO 820E+-OO 

4.88E+-OO 6.94E+-OO 
3.37E+-OO 521E+-OO 
6.99E+-OO 9.7SE+-OO 
3.8SE+-OO 6.0lB+-00 

3.83E+-OO 4.67E+-OO 
6.3SE+-OO 9.33E+-OO 
4.32E+-OO 6.78E+-OO 

6.78E+-OO 6.78E+-OO 
4.68B+-OO 5.70E+-OO 
6SJE-01 6.BOE-01 
6.67E+-OO 9.D4E+-OO 
5.18E+-OO 7.68E+-OO 

5.3SE+-OO 7.72E+-OO 
8.88E+-OO ·1.18E+ol 

l'99 PlOO 

15SE+ol 2.70E+()l 

1.89E+ol 1.89E+()l 
2.70E+ol 2.70E+()l 
1.116E+ol 128E+()l 
1.76E+ol 2.36E+()l 
7.71E+-OO 9.114E+cl0 
1.llSE+ol 2.ll6E+()l 
1.49E+ol 229E+()l 
12SE+ol 15SE+()l 

12SE+ol 1.89E+()l 
8.3SE+-OO 2.36E+()l 
1.87E+ol 2.70E+()l 
1.116E+ol 2.116E+ol 

9.96E+-OO 1.66B+ol 
1.7SE+ol 2.70E+ol 
12SE+ol 2.ll6E+ol 

6.78E+-OO 6.78E+cl0 
820E+-OO 1.89E+-Ol 
6.BOE-01 6.BOE-01 
9.04E+-OO 9.114Et-OO 
15SE+ol 2.70E+ol 

15SE+ol 2.36E+ol 
1.76E+ol 2.36E+ol 

t:2 
~o 
~. !t-

o 
o~" 
~'°~ ~ c:: l%j 

0 t-3 
f-3 
tzj 

~ 



~ N N 
1lo!fd !!!!ltd MC2111 S8 

TolJI mm> 236 1.78&+00 U7E--03 

Age 
<01 Sm> 3 7.76E+oo 7ASE-03 
01-02 7500) 3 123E+oo 3.59B-D4 
03-05 3')(XX) 2 lSIE+oo 1.69B-03 
06-11 2SC(XX) 13 l.53E+oo 3.DlE--03 
12-19 621000 31 1.43E+oo 3.DBE--03 
20-39 l23lXXI S2 8.74E-01 1.14E-03 
40-69 20SSOO> 104 2.30E+OO 1.14E--03 
70+ 5llXIO 28 1.54E+oo 2.62E--03 

Seasoos 
Fsl 13%000 41 1.49E+oo 2.20E--03 
Sjrq l20400I 102 8.lSE-01 9.8SE-D4 
&mner 1S4400l 48 2.83E+oo 2.61E--03 
Wmter 73')(XX) 4S 1.67E+oo 1.14E-03 

Urlmilatiooa 
eeoira a1y 380000 14 9.89E-Ol 950E-D4 
Noanelropditai 787{XX) 48 3.0SE+oo 4.23E-03 
&rbtrbat 371600) 174 159E+oo 1.19E--03 

Race 
Aliao 74000 2 3.76E+oo 1.llE-02 
Other/NA 14500) s S.99E+oo 4.90E--03 
White 466400) 229 1.61E+oo 1.14E-03 

Reapcnse to Qiesticmaire 
l.9'ZE+oo l.28E-03 N Do you garden? 438100! 211 

I Doyoul3nn7 352000 19 1.88E+oo 3.81E-03 
~ ..... 
00 

Tablo 2-192. Iallb ofJJomcsrowi:a Vczct&bloa (J/q-day)-~ Rciloa 

ro Pl PS PlO P25 PSO 

O.IXIE+oo 1.185--03 U7E-Q2 1.43E-01 UlB-01 7.47E-01 

2.8IB+oo 2.81E+oo 2.81E+oo 6.78B+oo 6.78E+oo 6.78E+oo 
6.oSE-01 6.oSE-01 6.0SE-01 6.oSE-01 126E+oo 126E+oo 
UOE+oo llOE+oo UOE+oo UOE+oo UOE+oo UlE+oo 
2.72E-01 2.72E-Ol 2.72E-01 S.94E-01 5.97E-Ol 8.86E-01 
O.IXIE+oo OOOB+oo 2.938-02 USE-01 2.868-01 4.84E-01 
2.44E-03 4.47E-02 l.14E-01 1.588-01 1.83E-Ol 333E-01 
1.63E-03 2.IXIB-03 9.lSE-02 137E-01 4.54E-01 1.D7E+oo 
423E-03 4.23E-03 5.21E-03 SSlE-03 1.90E-01 1.D6E+oo 

8.27E-02 8Z7E-02 l.34E-01 l.74E-01 2.69E-01 S.81E-01 
O.DOE+oo O.IXIE+oo 2.89E-03 4.47E-02 l.72E-01 45SE-01 
1.llE-01 1.llE-01 1.4SE-01 159E-Ol 7.38E-01 1.29E+oo 
3.23E-03 3.23E-03 4.23E-03 9.lSE-02 256E-Ol l.2SE+oo 

2.24E-01 2.24E-01 2.24E-01 252E-01 4.DSE-01 1.DlE+oo 
O.DOE+oo O.OOE+oo 4.68E-02 1.14E-01 2.02E-01 2l8E+oo 
1.63E-D3 2ME-03 8.27E-02 1.42E-Ol 2.7SE-Ol 7.lSE-01 

7.47E-01 7.47E-Ol 7.47E-Ol 7.47E-01 7.47E-01 3.76E+oo 
359E+oo 359E+oo 359E+oo 359E+oo 4.61E+oo 6.03E+oo 
OOOE+oo 1.l.SE--03 8.27E-02 1.42E-Ol 2.69E-01 7.llE-01 

O.OOE+oo 2l8E-03 8Z7E-02 1.42E-Ol 3.lOE-01 8.83E-Ol 
1.63E-D3 l.63E-03 2.lSE-03 2.89E-03 l.llOE-01 USE+oo 

P1S P90 PJS 

1.89E+oo 6D38+oo 7.82E+oo 

9.7SE+oo 9.75E+oo 9.7SE+oo 
1.36E+oo 1.36E+oo l.36E+oo 
UlE+oo UlE+oo UlE+oo 
2.D4E+oo 3.63E+oo 6l6E+oo 
7.48E-01 6.03E+oo 6.67E+oo 
8.99E-01 2l8E+oo 322E+oo 
2.77E+oo 6.80E+oo 1.DlE+ol 
226E+oo 4.82E+oo 635E+oo 

1.17E+oo 6.64E+oo 9.97E+oo 
952E-01 226E+oo 3.llE+oo 
3.63E+oo 7.82E+oo 9.7SE+oo 
2.77E+oo 3.63E+oo 6.lOE+oo 

l.12E+oo 2.39E+oo 2.39E+oo 
4.61E+oo 9.D4E+oo 1.27E+ol 
l.64E+oo 4.82E+oo 6.SOE+oo 

6.78E+oo 6.78E+oo 6.78E+oo 
6.67E+oo 9.D4E+oo 9.D4E+oo 
l.7SE+oo 3.63E+oo 6.80E+oo 

2l8E+oo 6l6E+oo 7.82E+oo 
1.84E+oo S9SE+oo 6.lOE+oo 

P99 PlOO 

1Z7E+ol 1.49B+ol 

9.7SE+oo 9.7SE+oo 
1.36E+oo 1.36E+oo 
1!1E+oo UlB+oo 
6l6E+oo 6l6E+oo 
9.D4E+oo 9.D41lHXI 
8.44E+oo BME+oo 
1.49B+ol 1.49E+ol 
6.78E+oo 6.78E+oo 

1.DlE+ol l.DlE+ol 
652E+oo 6.78E+oo 
1.49E+ol 1.49E+ol 
8.44E+oo 8.44E+oo 

2.39E+oo 2.39E+oo 
1.49B+ol 1.49E+ol 
l.D2E+ol l.DlE+ol 

6.78E+oo 6.78E+oo 
9.D4E+oo 9.D4E+oo 
l.27E+ol 1.49E+ol 

l.27E+ol 1.49E+ol 
8.44E+oo 8.44E+oo 

'~ 0 
o~" H,oe 
t-3 c::: 
tzJ 0 
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PopulatiCll N ~ Gtwp Mtd MeaJ . SE 

Total 121600MI 699 2.261HOO 9.D96-04 

Age 
<01 18UXMI 11 8.3SE+oo 154E-fYJ. 
01-fYJ. 433000 26 S.72E+oo 9.64E-03 
03-0S ssum 39 2.99E+oo 3.73E-o3 
OIHl 110800) ~ 2.lOE+oo 2.81E-03 
12-19 lO&IOD 64 154E+oo 1.898-03 
20-39 3Sl300l 189 1.70E+oo 1.lSE-03 
40-~ 427400! 246 2.lSE+oo 150E-o3 
70+ 990lm SS 2.61E+oo 2A8E-o3 

Sealtxll 
Pall 491400! 111 1.84E+oo t.o6E-o3 
Sjriag 204am 246 l.6SE+oo l.64E-o3 

. &mner 331900) 115 3.38E+oo 2.28E-o3 
Wmter 187900) 158 2.0SE+oo 2.42E-o3 

Urlmi7.ati0111 
Ccniraaiy 3177ml 113 l.36E+oo 1.14E-03 
Ncxmetropditm 5344000 m 2.73E+oo 157E-03 
!Ulubm 363900) 'JJ11 2.3SE+oo l.63E-o3 

Race 
Black . 37600) 14 851E-Ol 1.lBE-03 
'Mlite 11784(D) 68S 2.JIE+oo 9J4E-04 

Rapcnse to ()Jeaticmaire 
63? 2.33E+oo 9.66E-04 t-.> Do )'IJll ganleo? 10927lllO 

~ Do)'lllllilm? 140100) 104 3.97E+oo 3.71E-03 .... 
IO 

Table 2-193. lnlab of Homcpown Ve1etable1 (&/q-day)- Midwelll Rciioa 
) 

l'O Pl PS PlO P2S PSO 

O.llOE+oo 1.S91Hl2 7.TTE-fYJ. 1.IKllHll 4.88E-01 1.lSE+oo 

2.S9E-01 259E-01 2.S9E-01 259E-01 3.!16E+-OO S.8SE+oo 
2.3ZE-02 2.3ZE-fYJ. 1.81E-01 2.4SE-01 1.22E+-OO 3.S3E+oo 
3.84E-fYJ. 3.84E-fYJ.. 4.14E-ol S33E-Ol 7.sOE-01 1.66E+oo 
2.12E-fYJ. 2.SZE-02 1.19E-01 lliOE-01 S.03E-ol 1.lSE+oo 
O.llOE+oo O.IXIE+oo 2.14E-fYJ. 659E-02 3.27E-ol 859E-Ol 
l.84E-03 l.69E-fYJ. 6.osE-fYJ. 1.43E-01 3.92E-01 9.37E-01 
S.13E-03 t.olE-fYJ. l.39E-Ol 2.0IB-01 4.97E-Ol 1.13E+-OO 
1D4E-01 1D4E-01 1.SIB-01 3.alE-01 7.BSE-01 1.83E+-OO 

O.OOE+oo t.oIB-fYJ. 6.SIB-fYJ. 1.60E-01 4l6E-01 1.03Etoo 
2.7SE-fYJ. 6D4E-fYJ. 1.S3E-Ol 2.21E-Ol· 4.S9E-Ol 9.13E-Ol 
7.alE-fYJ. l.oSE-01 l.62E-Ol 3mE-Ol 8.47E-Ol 2.o?E+oo 
l.84E-o3 2.41E-03 2.14E-02 659E-fYJ. 3.62E-Ol 8.TTE-01 

O.ooE+oo O.ooE+-00 6.0SE-02 l.lOE-01 2.4SE-Ol 7.13E-Ol 
Sl3E-o3 2.12E-02 1.13E-Ol 2.61E-01 S98E-Ol lJlE+oo 
l.84E-o3 3.26E-fYJ. 154E-Ol 2.22E-Ol 6.36E-Ol l.39E+oo 

O.OOE+oo O.OOE+oo O.ooE+-00 1.TTE-fYJ. 1.39E-ol SJ3E-Ol 
l.84E-03 2.12E-fYJ. 1.oSE-01 l.BSE-01 4.92E-Ol 1.16E+oo 

O.OOE+oo l.S9E-02 1D4E-01 l.76E-Ol S.03E-Ol 1.18E+oo 
7.69E-fYJ. l.40E-01 3JSE-Ol S.SlE-01 8.67E-Ol 2.18E+oo 

P7S l'90 1'9S 

2.SSE+-00 S.64E+oo 7.74E+-OO 

lJIB-+-01 1.87E+ol 1.87E+ol 
Ul9E+ol 1.66E+ol 1.96E+ol 
4.88E+-OO 7.18E+oo 7.74E+-OO 
2.lOE+-00 4.63E+oo 8.12E+-OO 
1.6SE+-OO 3.89E+oo 754E+oo 
2.29E+oo 4.oSE+oo SJ4E+-OO 
2.3ZE+-OO S.19E+-OO 6.99E+oo 
3.94E+-OO 6.BSE+-00 7.19E+-OO 

2.lOE+-00 S.27E+-OO 6.88E+-OO 
l.72E+-OO 4.49E+oo S.83E+oo 
3.94E+-OO 7.72E+-OO l.40E+ol 
2.13E+-OO S.32E+-OO 7.83E+oo 

l.67E+-OO 3.94E+-OO S.sOE+oo 
3.lSE+-00 7.19E+oo 1.!16E+ol 
2.7SE+-OO 4.87E+oo 7.18E+oo 

1.83E+-OO 1.8SE+-OO 190E+oo 
2.61E+-OO S.78E+-OO 7.74E+-OO 

2.74E+oo S.81E+oo 7.7SE+oo 
S.24E+-OO 1.!16E+ol l.44E+ol 

1'99 PlOO 

1.7SE+ol 2.36E-t-OI 

1.87E+ol U7E-t-01 
2.36E+ol 2.36E-t-01 
1.28E+ol 1.28Ei-Ol 
1A4E+ol lMEi-01 
7.71E+-OO 7.71E+oo 
9.96E+oo 2.ll6Ei-Ol 
l.7SE+ol 2.29Ei-Ol 
1.16E+ol U6Ei-Ol 

lJlE+ol 1.JlEi-01 
l.28E+ol 2.36Ei-Ol 
l.96E+ol 2.29Ei-Ol 
l.67E+ol 2.116Ei-Ol 

9.96E+oo 1.66Ei-Ol 
1.7SE+ol 2.36Ei-Ol 
1.96E+ol 2.116E+-Ol 

190E+oo 190E+oo 
l.7SE+ol 2.36E+-Ol 

l.67E+ol 2.36E+-Ol 
1.7SE+ol 2.36E+-Ol 

--------
t1 _o 
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~ N N 
'll!ld ~ Mean SE 

Tolll J.12S4(Dl '1S 2J9B+oo 8.938-04 

Ar,e 
<01 m:oo 7 7.6SE+oo 1.68E-OZ 
01-o2 34!XXI 19 S51E+oo 1.12E-o2 
03-0S ~ 20 254E+oo 2.79E-03 
06-11 92200) 48 2.6SE+oo 4.92E-o3 
12-19 1056oo:l 61 1.62E+oo 1.41E-o3 
20-:JJ 266100> 138 1.63E+oo 1.36E-o3 
40-69 426100> 238 2.02E+oo ll4E-03 
70+ 14900D lr1 2.36E+oo 1.91E-o3 

Seal<xJs 
Fal 287500> 101 2.117E+oo 1.678-03 
~ 20IJ600I 214 15SE+oo U4E-03 
&mm- 427300) 1S1 2.73E+oo 1.88E-03 
Wmter 2010000 151 1.88E+oo U9E-03 

Ummati<X11 
eeo1111 aty 114400> 45 UOE+oo 1D2E-03 
NCDDetropditan 656500> 386 2.78E+oo UIB-03 
&mrba! 354500> llr1 l.44E+oo 8.21E-IM 

Race 
Aliao 83000 3 4.71E-ot 8.27E-o4 
lladl: 128900) 82 2.09E+oo 2.4SE-03 
OCberJNA lJKMXI 10 4.91E-01 131E-o3 

t..> White 975200J S23 224E+oo 9.7SE-D4 
~ 

Respcme to Qiesticmaire t..> 
0 Do)OOC!f? 944700l S22 2.27E+oo 9.0SE-04 

Do)OO 7 1(,()900) 91 3.34E+oo 3A4E-03 

Tlblc 2-19-4. Ialakc ofJiomcirowa Vcictablca (liq-day)- South Rc1:ioa 

ro Pl PS PIO PZS PSO 

OOOB+oo 2..921Hl2 1.608-01 2.41E-Ol S.63E-Ol 124E+oo 

7.22E-Ol 7.22E-ol 7.22E-Ol 7.22E-()1 3.«E+oo 3.77E+oo 
3.!ZE-01 3.!ZE-01 3.!ZE-01 7.468-01 lB>E+OO 3.76E+oo 
3~E-Ol 3~E-Ol S.88E-Ol S.888-01 9.33E-Ol 2.79E+oo 
1.IXIB-01 UlE-01 1.34E-Ol 1.91E-Ol 3.SOE-01 8.46E-01 
OOOB+oo OOOB+oo l.o8E-Ol 1.77E-()1 4.60E-ol 1.20E+oo 
UlE-OZ 3.468-02 1.2SE-01 l.7SE-Ol 3.900-01 8.638-01 
OOOE+oo 1D2E-02 l.61E-Ol 2.74E-Ol 6.788-01 1.30E+oo 
S.osE-OZ S.osE-02. 2.338-01 3578-01 63SE-Ol 1.29E+oo 

959E-02. 959E-OZ U3E-01 l.91E-Ol S24E-Ol U4E+oo 
1D2E-02 1.41E-OZ 9.21E-OZ 2.61E-01 S33E-01 93SE-01 
OOOE+oo UOE-01 1.72E-01 250E-01 6lSE-01 154E+oo 
OOOE+oo 3D3E-o3 l.63E-Ol 353E-Ol 6.40E-Ol 137E+oo 

1.0ZE-OZ UOE-OZ 959E-OZ 1.SOE-01 2.63E-01 6lSE-Ol 
OOOE+oo S.osE-02 2.23E-01 350E-01 7l2E-01 1.66E+oo 
OOOE+oo OOOE+oo U3E-01 l.99B-Ol 3.96E-01 933E-01 

1.71E-01 l.71E-Ol l.71E-01 1.71E-01 1.71E-01 S.66E-01 
OOOE+oo 2.92E-02 l.99E-Ol 3.oSE-01 4.60E-01 9.77E-01 
2.D4E-Ol 2.IME-01 2.IME-01 2J3E-01 2.69E-01 3.SOE-ot 
O.llOE+oo UIB-02. 1.608-01 2.39E-Ol S.93E-Ol l.29E+oo 

O.llOE+oo 3A6E-OZ l.61E-01 2.62E-Ol 6JOE-01 l.37E+oo 
OOOE+oo OOOE+oo l.32E-01 233E-01 1D3E+oo l.72E+oo 

P7S P90 P9S 

2.69E+oo 4.92E+oo 7.438+00 

l.70Ef01 l.89E+-Ol 1.89E+ol 
S.73E+oo 7.688+oo 2.?0Ei-01 
3.91E+oo 4.8SE+oo SlBE+oo 
2.66E+oo S.99B+oo 1.76Ei-01 
2.34E+oo 3.71E+oo S.27E+oo 
2.ooE+oo 3.49E+oo S.46E+oo 
2.40E+oo 431E+oo S.64E+oo 
3.69E+oo 4.92E+oo BlOE+oo 

2.69E+oo UBE+oo 6D2E+oo 
2.117E+oo 358E+oo 4.81E+oo 
3lSE+oo S.99E+oo 9.70E+oo 
2.69E+oo 3.79E+oo 53SE+oo 

1.37E+oo 2.79E+oo 3.70E+oo 
331E+oo S.99E+oo 956E+oo 
1.72E+oo 3.61E+oo S.26E+oo 

S.66E-01 837E-01 8.37E-01 
2.21E+oo S.26E+oo 733E+oo 
3.82E-01 7.62E-Ol 1.98E+oo 
2.81E+oo 4.92E+oo 7.43E+oo 

3.0ZE+oo Sl8E+oo 7.43E+oo 
3JSE+oo 956E+oo UBE+ol 

f99 PlOO 

1.?0E+ol 2.~ 

1.89E+ol 1.89E+ol 
2.?0E+ol 2.?0Ei-01 
Sl8E+oo Sl88+oo 
2.36Ef01 2.36E+ol 
6l4E+oo 6l4E+oo 
UBB+-01 UBB+ol 
USE+ol 15SE+ol 
9.?0E+oo 9.?0E+oo 

15SE+o1 l.89E+ol 
83SE+oo 1.03E+ol 
2.36E+ol 2.70E+ol 
7.47E+oo 8.36E+oo 

4.21E+oo 4588+oo 
1.89E+o1 2.70E+ol 
8.20E+oo 8.20E+oo 

8.37E-01 8.37E-01 
l.119Et-01 1.89E+ol 
1.98B+oo 1.98E+oo 
l.70Et-Ol 2.70E+ol 

15SE+ol 2.36E+o1 
2.36E+ol 2.36E+o1 

tl 

'

.o 
!l!I 
0 
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Popilatioo N N 
Orcup !!ltd lll'M!td Mean SE 

Total 603500) :m 1.81E+oo 9.70E~ 

Age 
<01 44000 3 1.9'2E+oo 3.60E-03 
01-02 95000 5 4.IDE+oo 1.S2E-02 
03-05 227000 14 1A4E+oo UJE-03 
06-11 710000 40 1.32E+oo 1.70E-03 . 
12-19 536000 27 U6E+oo 1.73E-03 
20-39 1186000 58 lDSE+oo 1D6E-o3 
40-69 223800) 112 1.83E+oo 1.32E-03 
70+ 999000 41 3l3E+oo 3.85E-03 

Seasoos 
Fall 184100> 72 2.0lE+oo 1.83E-03 
~ 119200> 99 1.ll6E+oo 1.SSE-03 
!bmner 188500) S9 2.39E+oo 2.0SE-03 
Wmter 111700> 70 1.28E+oo 1.36E-03 

Urbalimtioos 
Central aiy 1482000 S6 1.IDE+oo 1.70E-03 
NCDlldropditao 111200I 65 152E+oo 1.71E-03 
!Ublrlm 344100> 179 1.90E+oo 1.43E-03 

·- Race ... 
.. Aiian 27000 3 l.OZE-01 4.92E-04 
Black 207000 15 l.SSE+oo 3.74E-03 
Native American 2DlO 1 6.IKJE-01 O.OOE+oo 
Other/NA 56000 4 2.92E+oo 1.0SE-02 
'White 571700> 277 1.82E+oo lDlE-03 

N Rcspmse to Questicmaire 
t!l Do)Wcen? 5402000 276 l.91E+oo 1.ll4E-03 
N Do )W . ? . 957000 48 2.73E+oo 3.32E-03 -

Table 2-195. Intake of Homearown Veaetable1 (i/q-day) - Weat ReJ:ion 

PO Pl PS PlO PlS PSO 

1.48E-03 7.35E-03 9.85E--02 lfi6E-01 3.79E-01 9.0lE-01 

5l3E-01 513E-01 5l3E-01 5.13E-01 1.89E+oo 2.48E+oo . 
9.0SE-01 9.0SE-01 9.osE-01 9.0SE-01 1.23E+oo 1.94E+oo 
7.34E-03 7.34E-03 1.31E-01 2.49E-01 4.21E-01 8.26E-01 
5.95E-03 5.95E-03 7.70E--02 2lOE-01 3.38E-Ol 6.14E-01 
9.80E-03 9.IDE-03 9.83E-02 l.95E-01 2.S9E-01 3.94E-Ol 
1.48E-03 3.42E-03 7.39E-02 l.46E-Ol 2A4E-01 5.74E-01 
3.3lE-03 7.35E-03 l.o4E-Ol 2.o4E-01 4.69E-Ol 1.12E+oo 
4.67E-03 UOE-01 1.91E-Ol lOOE-01 5.81E-01 1.S3E+oo 

6.73E--02 9.83E-OZ 1.SOE-01 2.o4E-01 4.81E-01 1.21E+oo 
l.48E-o3 3.31E-o3 7.35E-03 4fi6E--02 1.95E-01 3.56E-01 
6.93E-02 6.93E-02 l.o4E-01 2.46E-01 5.45E-01 1.37E+oo 
UlE-OZ 1.29E-02 1.SZE-01 l.99E-01 4.83E-01 7.65E-01 

8.S3E-03 2.SSE-02 7.39E-02 l.57E-Ol 4.81E-01 UOE+oo 
l.48E-03 3.42E-03 9.80E-03 2.o4E-01 2.69E-01 6.75E-01 
3.31E-03 1.29E-02 l.o4E-01 152E-Ol 3.94E-01 9.32E-01 

4.28E-02 4.28E-02 4.28E-02 4.28E-02 4.28E-02 4.66E-02 
9.83E-OZ 9.83E-02 9.83E-02 9.85E-02 1.42E-01 7.93E-Ol 
6.80E-01 6.80E-01 6.IDE-01 6.IKJE-01 6.80E-01 6.!IOE-01 
9Bl1Hl3 9.SOE-03 9.IDE-03 9.IDE-03 3.22E-01 1.45E+oo 
1.48E-03 7.34E-03 UOE-01 l.99E-Ol 3.91E-Ol 9.23E-01 

l.48E-03 8.S3E-03 1.o4E-01 l.66E-01 4.33E-01 1D7E+oo 
U7E-Ol U7E-01 4l4E-01 4.69E-01 7.65E-01 1.42E+oo 

P75 P90 1'95 

2.21E+oo 4.64E+oo 6.21E+oo 

2.48E+oo 2.48E+oo 2.48E+oo 
ll4E+ol ll4E+ol ll4E+ol 
1.25E+oo 2.81E+oo 816E+oo 
2.21E+oo 419E+oo 4.64E+oo 
l.85E+oo 3.18E+oo 318E+oo 
l.32E+oo 2.95E+oo 313E+oo 
2.76E+oo 4.85E+oo 5.95E+oo 
4l3E+oo 1.0SE+ol 1.25E+ol 

2.21E+oo 4.85E+oo 7.72E+oo 
9.0SE-01 3.37E+oo 554Etm 
3.23E+oo 4.67E+oo 8.36E+oo 
1.43E+oo 2.81E+oo 5l2E+oo 

2.95E+oo 4.64E+oo 4.85E+oo 
213E+oo 4.13E+oo 5l2E+oo 
2.20E+oo 4.63E+oo 7.98E+oo 

2l6E-01 2l6E-01 2l6E-01 
1.96E+oo 3A4E+oo 5.IDE+oo 
6.SOE-01 6.!IOE-01 6.IDE-01 
554E+oo 554E+oo 554E+oo 
2.21E+oo 4.63E+oo 6.94E+oo 

2.37E+oo 4.67E-f-OO 6.21E+oo 
3.27E+oo 6.94E+oo 1.ll'JE+ol 

l'99 

1.14E+ol 

2.48E+oo 
U4E+ol 
8l6E+oo 
4.68E+oo 
5.80E+oo 
5.30E+oo 
8.60E+oo 
1.SSE+ol 

l.25E+ol 
8.60E+oo 
l.SSE+ol 
7.57E+oo 

U4E+ol 
8l6E+oo 
1.25E+ol 

2l6E-01 
5.80E+oo 
6.80E-01 
554E+oo 
U4E+ol 

l.25E+ol 
1.SSE+ol 

" .0 
"" ~ 0 

PlOO 

1.SSE+ol 

2.48E+oo 
U4E+61 
8l6E+oo 
4.68E+oo 
5.80E+oo 
5.JJE+oo 
8.60E+oo 
1.SSE+ol 

1.2SE+61 
8.60E+oo 
1.SSE+ol 
7.98E+oo 

ll4Ei01 
8.16E+oo 
1.SSE-+01 

2l6E-01 
5.80E+oo 
6.!IOE-01 
554E+oo 
1.SSE-+01 

1.SSE+ol 
l.SSE-+01 

0 t-i" 
::; .0 g! 
tzJ c:: '3j 

0 .-.:) 
~ 
l:z:J 

0 
;J:j 



~ N N 
~ lllW!ld Mem SE 

Total 925'tXO 5fl} 221Et00 8.37E-o4 

A&e 
<01 2GIOOO 13 7J6Et00 l.61E-o2 
01-()2 2761XXJ 22 3.6SEtOO SME--03 
03-0S 3')6000 26 3.61Et00 4.13E-D3 
06-11 106400) 65 3.6SEtOO 3.528-03 
12-19 127200J 71 l.?OE+oo 131E-03 
20-39 273200> 153 1.82E+oo U7E-03 
40-69 287200) 179 l.7ZE+oo 8.7SB-04 
70+ 441000 28 139E+oo 1.86E-D3 

Seasall 
Flil 285200) 107 157E+oo 8.SOB--04 
~ 172600) 197 237E+oo 1.62E-03 
Smmer 236IKXXI 89 3JOE+oo 2.34E-03 
WUJter 2311000 176 1.98E+oo 1.SZE-03 

Urlmimi<XJS 
Cailrri Oty 736IXXI 28 USB+oo U3E.-03 
Noomctropditan 4932000 31S 2.70E+oo l.41E-03 
Sirlubai 3589000 226 1.77E+oo 8l8E--04 

Race 
Black 128000 6 6.SZE-01 l.94E-03 
Native America! 24000 3 1.24E+oo S.SSB-03 
Other/NA 110000 4 8D6E-01 8.73E-04 
White 8995000 SS6 2.26E+DO 857E--04 

tJ 
Re5JXDSC to Qicstimnaire 

2~E+oo U7E-03 Do )'OU raise mim1 5256000 343 w Do )'OU fann? 3842000 243 2.86E+DO 1.47E-03 
t:l 

Table 2-196. Ial&kc ofHomcproduccdM"tJ (Jlki-day)- All RcJioa Com&illcd 

PO Pl PS PIO P2S PSO fl.S 

UlE-o2 1.21E-01 2.37E-ol 3.74E-Ol 6100-01 139E+oo 2.89E+oo 

4.248-01 4.248-01 4.24E-Ol 4.24E-Ol l.36Et00 S.'19E+oo 7.20E+oo 
3!SE-Ol 3!SE-Ol 9.49E-01 9.49E-01 U9B+oo 2.66E+oo 4.7ZE+oo 
SDlB-01 s.otE-01 SDlE-01 l.sIB+oo 2J7E+oo 2.82E+oo 3.nE+oo 
3JlE-ol 3.7ZE-01 6.528-01 7.llE-01 128B+oo 2.09B+oo 4.71Et00 
1.900-01 l.90E-01 320E-01 4.'IOE-01 6238-01 123E+oo 2.35E+oo 
l.21E-01 1.23E-01 l!SE-01 2.9SB-01 S.28E-Ol UlE+oo 2.6SB+oo 
l.81B-D2 1.SlE-02 2.12E-Ol 3.43E-Ol S.84E-01 U7E+oo 238E+oo 
9.26E-o2 9.26E-D2 9.26E-02 1.2SE-01 S.47E-01 lDlE+oo 1.SlE+oo 

1238-01 1238-01 2JOE-01 3.SZE-01 S.21E-01 UlE+oo 2.27B+oo 
1.93E-01 2.44E-01 3.20E-01 4.46E-01 7.76E-01 1.69E+oo 3.48E+oo 
l.81E-02 1.81E-02 l.8SB-01 4.ll6E-01 S.SZE-01 1.77E+oo 4.34E+oo· 
3.70E-02 1.3SB-01 237E-01 3.67E-01 6.48E-01 l.33E+oo 2.43E+oo 

1.SZE-01 l.82E-01 l.8SB-Ol 2JOE-01 4.42E-Ol 7.21E-01 158E+oo 
9.26E-02 1.23E-01 2.63E-01 4.ll6E-01 7.49E-01 1.63E+oo 3.41E+oo 
1.81E-02 2.90E-D2 2.87E-Ol 3.678-01 6.80E-01 1.33E+oo 2.49E+oo 

1.SZE-01 1.SZE-01 l.S2E-Ol 1.SZE-01 2J2E-01 3.90E-01 7.SlE-01 
4.ZSB-01 4.2SE-01 4.2SE-01 4.2SE-01 4.2SE-01 8.70E-01 2.43E+oo 
S.3SB-01 5.3SE-01 S.3SB-01 SJSE-01 5.3SE-01 6.SSE-01 1D7E+oo 
l.81E-02 9.26E-02 257E-01 3.86E-01 6.80E-Ol l.41E+oo 2.91E+oo 

IJSE-01 2.12E-01 3.86E-Ol 6.23E-01 1D3E+oo 1.94E+oo 3.49E+oo 
1.3SE-01 l.97E-01 4.4SE-01 5.98E-01 8.94E-01 l.84E+oo 3.64E+oo 

f90 P9S 

4.89Et00 6.7BE+oo 

223Ef01 2.2.38+-01 
8.688+oo l.OOS+ol 
7.84B+oo 9J3Et00 
SOOB+oo lAOEt-01 
3.66E+oo 4.34E+oo 
4.52E+oo 6238+oo 
3.67B+oo SJ6E+oo 
2.82E+oo 3.48E+oo 

ll9E+oo UlE.+oo 
S.OOE+oo 6.67B+oo 
7D1E+oo lDSB+ol 
3.96E+oo 6.40Et00 

2.69E+oo 3.40Et00 
6.ll6E.+oo 8.47E+oo 
3.66E+oo 4.71E+oo 

2l1E+oo 2J1Et00 
2.43E+oo 2.43E+oo 
1D7E+oo 1.49E+oo 
SDOE+oo 7DIE+oo 

5.90E+oo 7.84E+oo 
6D9E.+oo 8.00E+oo 

P99 PJOO 

lAOE+ol Z.32E+ol 

Z.32E+ol Z.32E+ol 
USB+ol USB-+-01 
l~l. l.30E+ol 
153B+ol 1.53B+ol 
6.78B+oo 7.SlE+oo 
9J7B+oo 1.00B+ol 
S.90E+oo 7.46E+oo 
7.41E+oo 7.41E+oo 

6.78B+oo 7.84E+oo 
lDlE-+-01 1.30E+ol 
2238+ol 2238+ol 
1D9E.+ol 2.328-+-01 

3.64E+oo 3.64E+oo 
1.S3E+ol 2.32E+ol 
7.20E+oo lDlE+ol 

2J1E+oo 2J1E+oo 
2.43E+oo 2.43E+oo 
1A9Et00 l.49Et00 
IAOE-+-01 2.32E+ol 

l.40E+ol 2.32E+ol 
l.40E+ol 2.328-+-0l 

t:J1 I ·O 

O: ~ e1 

o 8 ~1 
~.g 1-J!j ! 
txJ 6 1-3 I 

1-3 I 
!:<:! I 

0 
:xi 

! 
~ 



Popilation N N 
Ot!1!:!J! ~Id ~ Mean SE 

Total 111300) S2 1.46E+oo 1.43E-03 

Age 
01-0Z lJ(XXJ 2 1.90E+oo 4.27E-03 
03-05 58000 3 210E+oo 3.lSE-03 
06-11 8500) 3 1.47E+oo 9.6SE-04 
12-19 149000 7 1.37E+oo 2.34E-03 
20-39 456000 18 1.42E+oo 2.7SE-03 
40-69 319000 17 1.44E+oo 2.71E-03 
70+ 16(0) 2 7.23E-Ol 4.22E-04 

Seasons 
Pal 569000 18 1.30E+oo 1.14E-03 
Siring 66(0) 8 1.41E+oo 4.27E-03 
&mner 176(0) 6 l.OSE+oo 1.lOE-03 
Wmter :mooo 20 2D2E+oo 453E-o3 

Urlr.riiiations 
Nonmelropclitan 391000 17 1.43E+oo 357E-03 
&lrblrlr.n 722000 35 1.49E+oo 1.07E-o3 

Ra:e 
White 1113000 S2 l.46E+oo 1.43E-03 

l'J 
Respaue to Qiestimaaire 

Do )00 r.ise a:iim1 509000 25 2.o3E+oo 2.70E-03 
I 

Do)OO faim? 373000 15 2.oOE+oo 358E-03 w 
l'J 
w 

Table 2-197. Intake ofHomcproduccdMcata (g/kg-day)- NorthcaltRcgion 

ro Pl PS PlO P25 P50 

2.92E-01 2.92E-01 3.40E-01 3.SlE-01 6.44E-01 8.94E-01 

UlE+oo UlE+oo UlE+oo UlE+oo UlE+oo 2.60E+oo 
8D7E-01 8D7E-01 8.ll7E-01 8.ll7E-01 2.34E+oo 2.34E+oo 
1.UE+oo UlE+oo 1.UE+oo lllE+oo UlE+oo 1.48E+oo 
4.70E-01 4.70E-01 4.70E-01 4.70E-01 7.70E-01 lDSE+oo 
2.92E-01 2.92E-01 3.14E-01 352E-01 6.44E-01 852E-Ol 
3.40E-01 3.40E-01 3.40E-01 3.43E-01 4.30E-01 1.38E+oo 
6.70E-01 6.70E-01 6.70E-01 6.70E-01 6.70E-01 7.23E-Ol 

3.43E-01 3A3E-Ol 3.43E-01 3.SlE-01 6.44E-01 8.6SE-01 
4.39E-01 4.39E-Ol 4.39E-01 4.39E-01 6.88E-01 7.76E-01 
3.40E-01 3.40E-01 3.40E-Ol 3.40E-Ol 8.SlE-01 9.6SE-01 
2.92E-01 2.92E-01 3.14E-01 4.30E-01 619E-01 1.llE+oo 

3.40E-01 3.40E-01 3.40E-01 3.43E-01 6.44E-01 7.70E-01 
2.92E-01 2.92E-01 3.SlE-01 4.30E-Ol 6.l!OE-01 1.39E+oo 

2.92E-01 2.92E-01 3.40E-01 352E-01 6.448-01 8.94E-01 

619E-01 619E-01 6.46E-01 6.46E-01 8.78E-01 1.62E+oo 
619E-01 619E-Ol 6.46E-Ol 6.46E-01 8.78E-Ol 1.61E+oo 

P75 P90 1'95 

1.87E+oo - 2.68E+oo 2.89E+oo 

2.liOE+oo 2.60E+oo 2.60E+oo 
2.82E+oo 2.82E+oo 2.82E+oo 
1.80E+oo 1.80E+oo 1.80E+oo 
2.18E+oo 2.89E+oo 2.89E+oo 
l.62E+oo 2.68E+oo 293E+oo 
1.87E+oo 258E+oo 3.61E+oo 
7.76E-01 7.76E-01 7.76E-01 

2.12E+oo 2.68E+oo 2.89E+oo 
258E+oo 3.61E+oo 3.61E+oo 
1.41E+oo 1.80E+oo 1.80E+oo 
2.38E+oo 293E+oo 7.46E+oo 

l.OSE+oo 1.80E+oo 7.46E+oo 
2.34E+oo 2.68E+oo 2.89E+oo 

1.87E+oo 2.68E+oo 2.89E+oo 

' 2.38E+oo 2.93E+oo 7.46E+oo 
2.12E+oo 2.6SE+oo 7.46E+oo 

P9') 

1.119E+ol 

UiOE+oo 
2.82E+oo 
1.l!OE+oo 
2.89E+oo 
1.119E+ol 
7.46E+oo 
7.76E-Ol 

2.89E+oo 
3.61E+oo 
1.80E+oo 
1.119E+ol 

1.o9E+ol 
3.61E+oo 

1.ll9E+ol 

1.119E+ol 
1.ll9E+ol 

t::1 
0 

PlOO 

1.ll9E+ol 

UiOE+oo 
2.82E+oo 
1.80E+oo 
2.89E+oo 
lmE+-01 
7.46E+oo 
7.76E-Ol 

2.89E+oo 
3.61E+oo 
1.80E+oo 
1.o9E+OI. 

1.o9E+ol 
3.61E+oo 

1.o9E+-01 

l.o9E+-Ol 
l.o9E+-01 

:j !2: 
·o" 
0 t-'3 ::d 
Hp!J>o 
1-3 c: t-tj 
t?=j 0 r3 

1-3 
t?=j 

~ 



~ R R 
!It!! lllll!td MClll S8 

Tclll 397.0CO 266 2.SSBi-00 1.431!-03 

A&e 
6.86Ei-OO 1~-<12 <01 1S9(XX) 9 

01-<12 19(00) 14 4.16B+oo 7.438-03 
03-0S lS4003 11 424Ei-OO 8.SSE-03 
06-11 479(XX) 33 4.IXlBi-00 S.72E-03 
12-19 482003 ~ 197Ei-OO 2.S3B-o3 
20-39 124900! 79 l.90Ei-OO 1.68E-03 
40-69 111200l 81 2D2Ei-OO 157E-03 
'Ill+ 14900! 9 8l6B--01 1.83E-03 

Seasoos 
Pal 126100) 49 1:76B+oo lME-03 
Siring 94000) 116 258E+oo 2.49E-03 
~ ~ 38 4.lOE+oo 4.76E-03 
Wmter smoo 63 2DOE+oo 2D8E-03 

UrbmizatiODS 
Ceutraaty 460000 18 l.13E+oo lJOE-03 
N<Dllelropditm 241700J 175 3lSB+oo 2.17E-03 
&rlubm 103700) 73 l.7SE+oo l.67E-03 

Ra:e 
White 397400> 266 2.SSE+oo lASE-03 

N Respcnre to ().iesticmaire 
165 3.20E+oo 19SE-03 ~ Do )'OU nise amn1 216SOOI 

N Do)'Ollf'am? 14DXD 108 3.32E+oo 2A8E-03 
.flo. 

Ttblc 2-191. lal&kc oCHomcproducod Meau (ilki-day)- Midwest Rtiioa 

ro Pl PS P10 P2S PSO 

9.26E-<12 llSB-01 2SIE--Ol 3.!SE-01 6.60E--Ol lAOBi-00 

424E-Ol 424E--01 424E-01 424E-ot l.36Ei-OO 6.lSBi-00 
3.851!-0l 3.8SIHll 3.8SB--Ol 9.498-01 l.19Ei-OO 2.92Ei-OO 
8.0IB-ol 8DIB-Ol 8.0lE-01 8.0IB-01 2.43Bi-OO 3.03Ei-OO 
3l1E-Ol 3llE-01 3.72B-Ol 652E--Ol l.o9E+oo 3.54E+oo 
2ME-ot 2ME-ot 4.38E-ot 4.78E-Ol 69SE--Ol 1.23Ei-OO 
1.21E-Ol UlE-01 2.101.Hll 2.86E-Ol 49SE-Ol U9Ei-OO 
193E-Ol 2.37E-Ol 3538--01 4968-01 698E-Ol U7Ei-OO 
9.26E-OZ 9.26E-OZ 9.26E-02 9.26E-<12 l.2SE-Ol 4D8E-01 

2l0E-Ol 2l0E-Ol 257E-Ol 3:72E-01 49SE-Ol ll9E+oo 
193E-01 2.44E-Ol 3llE-Ol 4D8E-Ol 733E-01 198E+oo 
9.26E-OZ 9.26E-02 l.2SE-01 S.78E-Ol 893E--Ol 2.87E+oo 
l.21E-Ol l.2IB-Ol 2.37E-Ol 3.28E-Ol 6A8E-Ol 136E+oo 

l.82E-Ol l.82E-Ol 2.lOE-01 2l0E-01 4.32E-Ol 8l4E-01 
9.26E-02 9.26E-02 29SE-01 4.2SE-Ol 8.16E-Ol 238E+oo 
1938-01 2.87E-Ol 3.6SE-Ol 4D8E-Ol 6.60E-01 l.llE+oo 

9.26E-02 l.2SE-Ol 257E-Ol 3.BSE-01 6.60E-Ol l.40E+oo 

193E-Ol 256E-Ol 3.86E-01 S.78E-01 1D7E+oo 2.56E+oo 
3.6SE-01 3.6SE-01 S.43E-Ol S.89E-01 1D7E+oo 2.7SE+oo 

l'?S P90 P9S 

3.39B+oo S.75Ei-OO 7.20E+OO 

7.20E+oo 22Ei-Ol 2.238-t-Ol 
Slre+oo 8.688+oo lJXlBi-01 
S.77E+oo lDIB+ol 1.m+o1 
SDIB+oo 7.79Ei-OO lAOBi-01 
3.38E+oo 434Ei-OO S.7SEi-OO 
2.89E+oo 4.oIBi-00 S.42Ei-OO 
2.87Ei-OO S.lSEi-00 s.sm+oo 
1.SSE+oo l.8IB+oo l.8IB+oo 

2.66E+oo 3.49E+oo 6.D6E+oo 
3.67E+oo Sl4E+oo 7.79E+oo 
S.42E+oo 893E+oo l.S3Ei-Ol 
2.69E+oo 4llE+oo s.m+oo 

l.SSE+oo 2.43E+oo 2.92E+oo 
434E+oo 6lSE+oo 9l7E+oo 
2.03E+oo 4.16B+oo S.39E+oo 

339E+oo S.7SE+o0 7.21E+oo 

4.42E+oo 6D6E+oo 9l3E+oo 
4.71E+oo 6.78E+oo 9.17E+oo 

f99 

l.sE+-01 

UEi-01 
USE+ol 
13JIH-Ol 
1.53Ei-Ol 
6.78E+oo 
9l7E+oo 
S.90E+oo 
UIB+oo 

6:78E+oo 
llSBi-01 
22Ei-Ol 
8lOE+oo 

3.04E+oo 
l.S3E+ol 
7.20E+oo 

l.SE+ol 

1.S3E+-Ol 
l.53E+ol 

~ 

,~ 
0 

ol-30 
H,o~ 
8 c: 1-rj 
l.aj 0 1-3 

1-3 
t,tj 

0 
~ 

PIOO 

UE+ol 

22E+ol 
l.lSB+ol 
l.JOEi-01 
153Ei-Ol 
6.78E+oo 
9.17Ei-OO 
S.90E+oo 
1.8IB+oo 

6:78E+oo 
l.JOEi-01 
2.23Ei-Ol 
l.22E+ol 

3D4E+oo 
2.23E+ol 
l.OlE+ol 

2.23E+ol 

l.SE+ol 
l.S3E+ol 



l'opllatioo N N 
Or!!!!! !!Id ll1Mtd Meac SB 

Total 23SSOOO 146 2.24Ei00 1.S3E-o3 

Age 
<01 36(XXI 3 4.soEiOO 9.llE-03 
OHl2 19000 2 2A1Ei00 8.48E-o3 
03-0S 141000 9 3.S3Ei00 S.60E-03 
06-11 21600) 14 433E+oo 1.01E-o2 
12-19 242000 21 1.soE-+-00 3.49E-o3 
20-3'} 636(XXI 'II 2.llE+oo 2.67E-03 
40-69 87lMXI 49 1.71E+oo 1.5SE-03 
70+ 192000 11 1.67E+oo 2D4E-o3 

SealOlll 
Pall 7~ 28 1.81E+oo 1.74E-03 
Sp'q snooo S3 2.33E+oo 2.71E-03 
&mner 522000 18 3.26E+oo S.112E-03 
Wmtei' 564000 47 1.80IH-OO 2.24E-03 

UrlmizatiOlll 
eenira aty 40000 1 4fiOE-01 O.ooE+oo 
Nmmetropditao 168700) 97 2ASE+oo 1.97E-03 
!hiutm 628000 48 1.79E+oo 2.0lE-03 

Race 
llladt 44000 2 1A3E+oo 3.23E-03 
White 2311000 144 2.26E+oo 1.SSE-03 

N Rapcnse to Qiesticmaire 

~ 
Do )llll1 raise aiim1 1222000 74 3.16E+oo 2A6E-03 

N 
Do)lllllfann? 122ml 72 2.8SE+oo 2.48E-03 

UI 

1.ol ! .. 

Table 1-199. lntako of Homeproduced Meata (g/kg-day) - South Region 

ro Pl PS PlO PZS PSO 

l.81E-o2 1.81E-02 1.56E-01 2.97E-01 7.21E-01 1.S3Ei00 

2.61Ei00 2.61E+oo 2.61Ei00 2.61Ei00 2.61Ei00 SA3E+oo 
1D4E+oo 1D4E+oo 1D4Ei00 1D4Ei00 1D4Ei00 3A1E+oo 
1.SIB+oo 1.SlE+oo 1.SlEiOO 1.87E+oo 2.00E-+00 2.92E+oo 
S.63E-Ol S.63E-01 S.63E-01 7.21E-01 1.28E-+-OO 1.94E-+-OO 
1.90E-01 1.90E-01 1.90E-01 1.90E-Ol S.98E-01 7.77E-01 
1.23E-01 1.23E-01 1.56E-01 2.80E-01 6l3E-01 1.S3E+oo 
1.81E-o2 1.81E-02 2.90E-o2 19SE-Ol S.84E-01 1.27E+oo 
2.63E-01 2.63E-01 2.63E-01 SA7E-01 l.OlE-+-00 lAOE-+-00 . 
1.23E-Ol 1.23E-Ol 1.56E-01 1.90E-Ol 8l9E-01 1.S3E-+-OO 
1.93E-01 1.93E-01 2.97E-Ol 4.99E-01 752E-Ol 1.80E-+-OO 
1.81E-02 1.81E-02 1.81E-02 2.90E-02 S.98E-01 2D7E+oo 
3.70E-02 3.70E-02 1.97E-Ol 2.SlE-01 7.16E-01 1.40Ei-OO 

4.60E-01 4fiOE-01 4fiOE-01 4fiOE-01 4.60E-01 4.60E-01 
1.23E-01 1.23E-01 1.90E-01 4.112E-01 7.77E-Ol 1.61E-+-OO 
l.81E-02 1.81E-02 2.90E-o2 3.70E-o2 6.28E-Ol 1.40E-+-OO 

,1.srn-01 7.SlE-01 7.SlE-01 7.SlE-01 7.SlE-01 1.43E+oo 
1.81E-02 1.81E-02 1.56E-01 2.BOE-01 7.21E-01 153E+oo 

2l1E-01 2.63E-01 6.67E-01 8.3SE-01 1.34E-+-OO 2l1E-+-OO 
1.9SE-01 1.9SE-Ol 4.99E-01 S.98E-01 l.OlE-+-00 1.93E-+-OO 

P7S 1'90 1'9S 

3.o7Ei00 S.o7Ei00 6.71Ei00 

6.40Ei00 6.40E+oo 6AOEiOO 
3A1E+oo 3A1E+oo 3.41Ei00 
458Ei00 7.84E+oo 7.84Ei00 
7.32E+oo lAOE+ol lAOE+ol 
1.9SE+oo 3D7E+oo 6.71E-+-OO 
3.79E+oo 6.ll!IE+oo 6.23E-+-OO 
2.38E+oo 3.SSE+oo SD7Ei00 
2.13E+oo 2.82E+oo 3.71E-+-OO 

2.38E+oo 3l9E+oo 4.41E-+-OO 
2.82Ei00 Sl6E+oo 6.71E-+-OO 
SD7E+oo 6.23E+oo 1.0SE+ol 
2.17E+oo 35SE+oo 458Ei-OO 

4fiOE-01 4fiOE-01 4fiOE-01 
3l9E+oo 6.ll!IE+oo 7.84E+oo 
2.31E-+-OO 4.56E+oo 4.61E-+-00 

2.llE+oo 2l1E+oo 2l1E-+-OO 
3D7E+oo SD7E+oo 6.71E-+-OO 

3.79E+oo 6.67E+oo 8.47Ei00 
3A8E+oo 6.23E+oo 8A7E-+-00 

1'99 PlOO 

lAOE+ol 

6AOEiOO 
3.41Ei00 
7.84Ei00 
lAOE+ol 
7.SlE-+-00 
8.47Ei00 
Sl6E-+-OO 
3.71E-+-OO 

7.84E-+-OO 
751Ei00 
lAOE+ol 
8.47E+oo 

4fiOE-Ol 
lAOE+ol 
6.40E+oo 

2.llE+oo 
lAOE+ol 

1.40E+ol 
lAOE+ol 

t!!J 
90 

lAOE+ol 

6AOE+oo 
3.41E+oo 
7.84E+oo 
lAOE+ol 
7.SlE+oo 
8.47E+oo 
Sl6Ef00 
3.71E+oo 

7.84Ef00 
7.SlEf-00 
lAOE+ol 
8.47Ef-OO 

4fiOE-Ol 
1.40Et01 
6.40Ef00 

2l1Ef00 
1.40Et01 

lAOEtOl 
lAOE.f-01 

•= ·O 
OH~ 

~.o~ 
t;<J c 1-:j 

orJ 
1-) 

~ 

• 0 
I !ii 

' 



~ N N 
Yot1d tJ:Mld Mean S8 

Tola! ll15Clll 105 1.891HOO l.61E--03 

Age 
<01 9COO 1 2.32E+ol OL'OEi-00 
OHl2 37IXX) 4 3J1Ei-OO s.sm-03 
03-0S 43(XX) 3 3.67Ei-OO 6.79E-o3 
06-11 U4(XX) 15 321Ei-OO 3.71E--03 
12-19 39900) 20 l.60B+oo 1.s!E-03 
20-3'} 3'JllXXI 24 127B+oo 2A9E-o3 
40-69 56800) 32 l.32E+oo 124E--03 
70+ 84IXXI 6 190Ei-OO 7.ll9E--03 

SealcrJS 
Pal 264<m 12 S.64E-Ol S.9'7E-D4 
SjriDg :zoi.mi 20 l.86Ei-OO 2.22E--03 
&.!mer 74000! rT 220E+oo l.9'ZE-03 
Wuiter 602000 46 lllEi-00 3.988-03 

Urbatlzaticos 
Ceotr.llOty 236000 9 1.30Ei-OO 234E-o3 
NomnelropditaJ 377000 7.6 2.lOEi-00 S.82E-03 
&rlubai 120200) 70 195Ei-OO l.SZE--03 

Race 
Black 84IXX) 4 2ASE-01 3.04E-D4 
Native American 24IXXI 3 124Ei-OO S.SSE--03 
Other/NA 110000 4 8.D6E-Ol 8.738-04 
White 159700> 94 2D7E+oo l.78E-03 

N Reapmse to Qiesticmaire w Do )W rase mli1111 l.36lrol 79 2l2E+oo 2.0ZE-03 
N Do )W faan? 7581XXl 48 2AIB+oo 339E-03 

°' 

Table 2-200. J.atab of Homoproduccd Mc&!J ~y)- WMA. Rcfioa 

RI Pl PS PIO P2S PSO 

1.3SB-01 1.52S-01 USB-01 390E-Ol 6.Sm-ot 1Am+oo 

2.32E+ol 2.32Ei-Ol 2.32Ei-01 2.32Ei-01 2.32Ei-Ol 2.32Ei-Ol 
2AOBt-OO UOEi-00 UOEi-00 2.400i-OO 2.AOBi-00 2.69Ei-OO 
l.ssBt-00 1.ssE+oo 1.SSEi-00 l.SSEi-00 3.'TlEi-00 3.72Ei-OO 
9.86E-Ol 9.86E-Dl 9.86E-Ol 1D7E+oo l.ssE+oo 291Ei-OO 
3.lSE-01 3.lSE-01 3.678-01 4.67E-01 6.58E-Ol 1A9Ei-OO 
l.52E-Ol l.52E-01 1.sm-01 l.8SE-Ol 391E-Ol 7AOE-Ol 
lJSE-01 lJSE-01 2J2E-Ol 299E-01 S21E-01 Ul9Ei-OO 
7.IK!E-01 7.IK!E-01 7.IK!E-01 7.IK!E-01 7.!KlE-01 9.82E-Ol 

1.sm-01 1.SZE-01 152E-01 2.12E-Ol 3.llE-01 S21E-Ol 
299E-Ol 299E-Ol 42SE-Ol 8.70E-Ol 122Ei-OO l.56Ei-OO 
l.8SE-01 l.BSE-01 4.D6E-01 SJSE-01 1D7Ei-OO l.69Ei-OO 
lJSE-01 lJSE-01 356E-Ol 428E-01 6.72E-Ol l.19E+oo 

l.8SE-Ol l.8SE-Ol l.8SE-Ol l.8SE-01 SJSE-01 7.8SE-01 
331E-Ol 331E-Ol 3.30B-Ol 4.IJ6E-01 6.'TlE-01 l.19Ei-OO 
lJSE-01 l.SZE-01 22SE-01 3.67E-01 7.BOE-01 1.S2Ei-OO 

1.SZE-01 l.SZE-01 l.SZE-01 l.S2E-Ol l.82E-01 2.18E-Ol 
42SE-Ol 42SE-01 42SE-Ol 42SE-Ol 42SE-01 8.70E-Ol 
SJSE-Dl SJSE-01 SJSE-01 SJSE-01 SJSE-01 6.SSE-01 
lJSE-01 l.8SE-Ol 3.30E-Ol 4.D6E-Ol 7.SSE-01 l.SSE+oo 

13SE-Ol 1.S2E-01 22SE-01 390E-Ol 8.lSE-01 l.56E+oo 
lJSE-01 lJSE-01 3.30B-Ol 4.67E-Ol 7.8SE-01 l.SSE+oo 

P1S P90 P9S 

2.49Ei-OO 3.66E+oo 4.71E+<XI 

2.32Ei-01 2.32Ei-01 2.32Ei-Ol 
2.69Ei-OO 497Ei-OO 497Ei-OO 
3.'TlE+oo S.67Ei-OO S.67Ei-OO 
4A4Ei-OO 4.71E+oo 8.!XEi-00 
USEi-00 2.89Ei-OO 3.66Ei-OO 
156Ei-OO 2.71E+oo 7.!l2Ei-OO 
L77Ei-OO 327Bi-OO 3.llEi-00 
1A2E+OO 7A1E+oo 7.41Ei-OO 

7.!re-01 9.86E-Ol 1D3E+oo 
2A3Ei-OO 3A8Ei-OO 4.20Ei-OO 
327Ei-OO 4.44Ei-OO 4.71Ei-OO 
23SEi-OO 3.64Ei-OO 7D2Ei-OO 

23SEi-OO 3.40Ei-OO 3.64Ei-OO 
l.77Ei-OO 3.72Ei-OO 497Ei-OO 
2.71Ei-OO 420Ei-OO 4.71Ei-OO 

3D7E-Ol 390E-Ol 390E-Ol 
2.43Ei-OO 2.43E+oo 2.43E+oo 
1D7E+oo 1D7E+oo 1A9E+oo. 
2.70E+oo 3.72E+oo 497E+oo 

2.71E+oo 4.20E+oo 497E+oo 
291E+oo 4.71E+oo 7D2E+oo 

P99 P100 

8.L'OE+oo 2.32Et01 

2.32Ei-Ol 2.32Et01 
497Ei-OO 497Ei-OO 
S.67E+oo S.67Ei-OO 
8.L'OE+oo 8.L'OE+oo 
3.66Ei-OO 3.66Ei-OO 
7.!l2E+oo 7.!l2Ei-OO 
337Ei-OO 337E+oo 
7A1E+oo 7.41E+oo 

1D3Ei-OO 1D3Ei-OO 
420Ei-OO 4.20Ei-OO 
8DOEi-OO SDOEi-00 
2.32Ei-Ol 2.32Ei-Ol 

3.64Ei-OO 3.64Ei-OO 
2.32Ei-Ol 2.32Ei-Ol 
8.00Ei-00 SDOEi-00 

390E-Ol 390E-01 
2.43E+oo 2.43E+oo 
1A9E+oo 1A9E+oo 
8.00E+oo 2.32E+ol 

8.00E+oo 2.32E+ol 
2.32E+ol 2.32E+ol 

-
I ~ 

0 
(") 1-3 ~ 
Ho:> 
l-3'c1:r::1 
l%:l 0 1-3 

1-3 
l%:l 

~ 



Poplfatioo - - - N N 
GrOOll !!&td IE'A2ld MeaJ 

Total 140000! 89 l.40E+ol 

Age 
<01 2lroJ 2 S.96E+ol 
01-02 79000 6 4.112E+ol 
03-0S 57000 s 1.07E+ol 
06-11 264000 16 2.66E+ol 
12-19 84000 s l.67E+ol 
20-39 612000 36 7A1E+oo 
40-69 216000 16 7.86E+oo 
70+ 77000 3 l.82E+oo 

Seasoos 
Fall 211000 7 l.73Ei-Ol 
S(Xing 2S:ml 27 l.78E+ol 
Slmmer 549000 22 1.S3Ei-Ol 
Winter 39<JOllO 33 8.0SE+oo 

Urlmizations 
Central City 115000 7 l.21E+oo 
Noometropditan 98IKJOO 59 l.68E+ol 
!UburbaJ lJ6IJOO 23 9.86E+oo 

Race 
Asian 27000 3 l.34E+oo 
White 138200) 86 1A3E+ol 

Respcnse to Qiestiamaire 

"' Doyourasemim1 ~ 80 159E+ol 
~ DoJOOfimn? 1020000 63 1.71E+ol 
!j 

Table 2-201. Intake of Homcproduced Dairy '(liq-day) - All Rcaiona CombiDcd 

SE l'O Pl PS PlO PlS PSO 

l.29E--02 l.BOE-01 l.BOE-01 4.46E-Ol S.llSE-01 318Ei00 UJZEi-01 

752E--02 S.OOE+ol S.OOE+ol S.OOE+ol S.OOE+ol SJJ9Ei-Ol SJJ9E+ol 
l.OSE-01 2.49E+oo 2.49E+oo 2.49E+oo 2A9E+oo 2.IMEi-01 2.89Ei-Ol 
3.71E--02 l.82E+oo l.82E+oo l.82E+oo 1.82Ei00 2.71Ei00 1.112E+ol 
2.24E-02 S.87E+oo S.87E+oo 6.74E+oo USE+-01 131E+ol 314E+ol 
2.78E-02 2.BOE-01 2.BOE-01 2.BOE-01 2.BOE-01 l.67Ei-Ol l.90Ei-Ol 
7.BlE-03 2.0SE-01 2.0SE-01 3.96E-Ol 4.46E-01 l.89Ei00 6.46E+oo 
6.96E--03 l.BOE-01 l.BOE-01 l.BOE-01 S.36Ei00 613Ei00 8.A3E+oo 
SJSE-03 S.llSE-01 S.OSE-01 S.OSE-ol S.oSE-01 S.oSE-01 958E-ol 

311E-02 216E+oo 216E+oo 216E+oo 216Ei00 613Ei00 1.oSEi-01 
4A1E-02 6.28E-Ol 6.28E-01 6.54E-01 6.72E-Ol S.o6Ei00 l.22Ei-Ol 
l.73E--02 4.46E-Ol 4.46E-01 4.46E-01 S.oBE-01 S.36Ei00 1.o6Ei-Ol 
l.82E-02 l.BOE-01 l.BOE-01 2.0SE-01 2.BOE-ol 7.36E-Ol SA7Ei00 

2.87E-03 l.BOE-01 l.BOE-01 l.BOE-01 l.BOE-01 2.oSE-01 6.72E-ol 
l.63E-02 4.79E-Ol 4.79E-Ol 9.58E-01 l.89E+oo 6.74Ei00 UISEi-01 
2.o6E--02 3.96E-Ol 3.96E-01 3.96E-Ol 4.46E-ol S.71E-Ol S.36Ei00 

S.90E--03 6.28E-01 6.28E-Ol 6.28E-01 6.28E-Ol 6.28E-Ol 6.72E-ol 
lJlE-02 l.BOE-01 l.BOE-01 4A6E-01 S.oSE-01 3.82Ei00 Ul3E+ol 

l.40E-02 l.BOE-01 l.BOE-01 3.96E-Ol l.89E+oo 613Ei00 UISE+ol 
l.56E--02 3.96E-:Ol 3.96E-Ol 7.36E-01 318E+oo 9.o6Ei00 l.21Ei-Ol 

P15 l'IJO l'95 

19SEi-Ol 3.42E+ol 4AOE+ol 

7.26E+ol 7.26E+ol 7.26E+ol 
4.68Ei-Ol 8DlE+ol ll1E+o2 
llSEi-01 2.81E+ol 2.81E+ol 
3A9Ei-Ol 4.40E+-Ol 4.40E+ol 
l.96Ei-Ol 2.SlE+ol 2.SlE+ol 
1.21E+ol l.54E+ol 19SE+ol 
914E+oo l.21E+ol 1.29E+ol 
3.82E+oo 3.82Ei00 3.82E+oo 

314Ei-Ol 4.40E+ol 4.40E+ol 
19SE+ol SJJ9E+ol 8.0lE+ol 
2.SlEi-01 3A9E+ol 3.67E+ol 
llSE+ol 198Ei-Ol 2.o4E+ol 

2l6Ei00 2l6Ei00 2.71E+oo 
2.D4E+ol 3.49E+ol 4.40E+ol 
131Ei-Ol 2.81E+ol 2.89E+ol 

2.71Ei00 2.71Ei00 2.71E+oo 
19SE+ol 3AZE+ol 4.40E+ol 

l.96E+ol 3A9E+ol 4.40E+ol 
2.IME+ol 3.49E+ol 4.40E+ol 

P99 

7.26E+ol 

7.26Ei-Ol 
l.11E+o2 
2.81E+ol 
4.40E+ol 
2.SlE+ol 
23lE+ol 
l/JOE+ol 
3.82E+oo 

4.40E+ol 
ll1E+o2 
4.68E+ol 
7.26E+ol 

2.71E+oo 
8.0lE+ol 
S.OOE+ol 

2.71E+oo 
8.0lE+ol 

8.0lEi-01 
8.0lE+ol 

0 
.o 

t. ~ 
ol-3~ 
~g~ 
tx:lo r3 

r-3 
tx:I 

~ 

P100 

UlE+m 

7.26E+tll 
ll1E+tl2 
2.BlE+tll 
4.40E+tll 
251E+tll 
2.llE+tll 
lliOE+tll 
3.82E+tl0 

4.40E+tll 
ll1E+tl2 
4.68E+tll 
7.26E+tll 

2.71E+tl0 
lllE+-02 
S.ooE+-01 

2.71E+tl0 
l.llE+-02 

l.llE+-02 
l.UE+-02 



Tablo 2-202. J.r:itakl o!HOCDCprodll!Ctd Ddry (Jlq-day)-~ ltc,;oe 

~ N N 
~ ~ Meal SE ro P1 PS P10 P2S 

Tobi 312000 16 l.lSE+Ol l..6SIHl2 3.96E-Ol 3.968-01 3.968-01 S.7llHl 6.IEiOO 

A,.e 
0Hl2 1900> 1 2.1148+-01 O.IXE+oo 2.1148+-01 2.114E+-Ol 2D4E+ol 2.1148+-01 2.1148+-01 
03-0S 1900) 1 UlZE+-01 O.IXE+oo l.oZE+-01 1.om+-01 1.om+-01 1.om+-01 1.oZE+-01 
06-11 2900) 1 3.428+-0l O.IXE+oo 3A2E+o1 3.42E+-Ol 3A2E+ol 3A2E+-01 3A2E+-Ol 
12-19 2900) 1 1.90B+o1 O.IXE+oo 1.90E+ol 1.90E+ol 1.90B+-01 l.90B+-Ol 1.90B+ol 
20-39 1411XXl 7 5.99E+oo 1.258-0Z 3.968-01 3.968-01 3.968-01 3.968-01 S.718-01 
40-69 7fmJ s U3E+oo 7A9E--03 6.13E+oo 6.13E+oo 6.13E+oo 6.13E+oo 6.13E+oo 

Seasoos 
Pal mlO 2 7.92E+oo 8.168-03 6l3E+oo 6.13E+oo 6.13E+oo 6.13E+oo 6l3E+oo 
Siring 36(XXl 4 l.03E+-01 131E-02 6.IKIE+oo 6.!IE+oo 6.8JB+oo 6.!IE+oo 7.96B+oo 
&mncr 1161XXl 4 l!SB+-01 2.84E-OZ Ul3E+-Ol lD:lE+-01 Ul3E+ol t.o3E+ol Ul4E+ol 
W111ter 112lm 6 6.28E+oo 2.lSB-OZ 3.968-01 3.968-01 3.96E-Ol 3.968-01 S.71E-Ol 

UrbaJiziticm 
Nmnelropditm UOOXI 10 1.34E+ol 191E-OZ 2.23E+oo Z.23E+oo 2.23E+oo 3.18E+oo 6.13E+oo 
&rtubaJ 72lm 6 SJ9E+oo 1.948-02 3.968-01 3968-01 3.968-01 3.968-01 4.848-01 

Race 
White 312000 16 USB+-01 1.658-02 3.968-01 3.968-01 3.968-01 S.718-01 6l3B+oo 

Respcme to Qiesliallaire 
llSB+-01 1.658-0Z 396E-Ol 3.968-01 S.71E-Ol 6l3B+oo Do )QI nise 11Jim1 312000 16 3.968-01 

Do )QI film? 312000 16 1.lSB+ol 1.658-0Z 3.968-01 396E-Ol 3.968-01 S.71E-01 6.138+-00 

--
t-.l 
~ 
t-.l 
00 

PSO P15 f90 f9S 

1.om+-01 131E+-Ol 2.1148+-0l 3.42E+-01 

2.114E+-01 2.114E+o1 2.114E+ol 2.1148+-0l 
1.om+o1 1.oZE+-01 1D2B+ol 1.oZE+ol 
3A2E+-01 3A2E+o1 3A2E+ol 3A2E+-01 
1.90B+ol 1.90B+-Ol l.90B+ol 1.90E+o1 
3.18E+oo 1.068+-01 1.068+-0l 1318+-0l 
9J2E+oo 9.718+oo 1.218+-01 1.218+-0l 

7.92E+oo 9.71E+oo 9.71E+oo 9.718+-00 
1.068+-0l 1.26E+-01 1318+-01 131E+ol 
1A8E+-01 2.668+-01 3.42E+-01 3A2E+ol 
3.18E+oo 1.oZE+ol 2.114E+-01 2.1148+-0l 

Ul38+ol 190E+ol 3.42B+ol 3A28+ol 
3.69E+oo Ul6B+ol 131E+-Ol 131E+ol 

1D2B+ol 1318+-0l 2.114E+ol 3AZ8+ol 

1D2E+ol 131E+ol 2.114E+ol 3A2E+ol 
UIZE+ol lJlE+ol 2.114E+ol 3AZE+ol 

P99 Pl!XI 

3Am+o1 3A28+-01 

2.1148+-0l 2.1148+-0l 
1.om+-01 1.om+-01 
3.42E+-01 3A2E+-Ol 
1.90B+-Ol 1.908+-01 
1318+-0l 1318+-0l 
l.21E+-Ol l.21E+-Ol 

9.718+-00 9.718+oo 
131E+ol 131E+ol 
3A2E+-Ol 3A2B+-Ol 
2.114E+ol 2.1148+-01 

3AZE+ol 3A28+-0l 
131E+ol 131E+ol 

3A2B+ol 3A28+-01 

3A2E+ol 3A2E+ol 
3AZE+ol 3A2E+-01 

0 

' 

.. 0 

·~ 

o" oH~ 
~§ lzj 
l2'i 0 1-3 

8 
t>:J 
0 
~ 



Table 1-203. lnlab of Homeproduccd Dairy (g/kg-day) - Midwest Region 

Pojlllatioo N N 
Ortllp W!ld llMld Mean SE ro Pl PS PlO Pl5 

Total 594000 36 1.86E+{ll 2ASE-o? 4.46E--Ol 4.461Hll. 4.46E-Ol l.97E+oo 8.27E+oo 

Age 
<01 lllOO 1 726E+{ll O.ooE+oo 7.26E+{ll 726E+{ll 726E+{ll 7.26E+{ll 7.26E+{ll 
01-02 37000 3 653E+ol l.33E-Ol 4.68E+ol 4.68E+ol 4.68E+ol 4.68E+ol 4.68E+{ll 
06-11 99000 s 3.41E+{ll 2.90E-o? 1.37E+{ll l.37E+ol l.37E+{ll l.98E+ol 3l4E+ol 
12-19 40000 3 2l2E+ol l.67E-o? 1.67E+{ll l.67E+ol 1.67E+{ll 1.67E+ol l.96Et01 
20-39 30400) 16 952E+oo 1.2SE-o? 4.46E--Ol 4.46E--Ol 4.46E-Ol 4.46E-Ol 2.16E+oo 
40-69 lotiOOO 8 8.84E+oo 8J!61Hl3 S.36E+oo S.36E+oo S.36E+oo S.36E+oo S.36E+oo 

Seasons 
f;jl 16~ s 2.ooEi-01 3.7SE-o? 2.16E+oo 2.16E+oo 2.16E+oo 2.16E+oo 2.16E+oo 
Sjl'ing 94000 12 2.4SEi-Ol Ul2E-Ol 654E-01 654E-01 654E-Ol l.97E+oo 8.27E+oo 
&mmer 252000 11 l.tiOEi-01 2.77E-o? 4.46E--Ol 4.46E--Ol 4.46E-Ol 4.46E-Ol S.36E+oo 
W111ter 8SOOO 8 1.'JOE+{ll 6.llE-o? 4.2SE+oo 4.2SE+oo 4.2SE+oo S.47E+oo 9.14E+oo 

Urlmiz.ations 
Ceolr3 City 4~ 1 2.16E+oo OOOE+oo 2.16E+oo 2.16E+oo 2l6E+oo 2.16E+oo 2.16E+oo 
N01JDetropditao 403000 31 2.33E-f-Ol 2.71!E-o? 4.25E+oo 4.2SE-t-OO 8.27E+C!I 9.l!!iE+oo l.21E+ol 
Strburbai 8lllOO 4 2.13E+oo 7.39E-()3 4.46E-Ol 4.46E-01 4.46E-01 4.46E-01 4.46E-01 

Race 
White 594000 36 l.86E+{ll 2.4SE-o? 4.46E--Ol 4.46E--Ol 4.46E-Ol l.97E+oo 8.27E+oo 

Respmse to Ouestimnaire ..., Do you nise a:iim1 490000 32 2.23Ei-Ol 2.69E-o? 4.2SE+oo 4.2SE+oo S.36Et00 8.27E+oo 1.0SEi-01 

c1 Do )'XI !mm? 4CJ<ml 32 2.23E+{ll 2.69E-o? 4.2SE+oo 4.2SE+oo S.36E+oo 8.27E+oo l.OSEi-01 ..., 
'° 

PSO YTS l'90 P9S 

l.24Et01 2.llE+{ll 4AOE+{ll 4.68E+{ll 

726E+ol 7.26E+{ll 7.26E+ol 726E+{ll 
4.68E+ol 8.0lE+{ll UlE-+{12 lllE-+{12 
3.67E+ol 4.40E+ol 4.40E+{ll 4.40E+{ll 
l.96E+ol 251E+ol 251Et01 2.SlE+{ll 
1.21E+ol 1.33E+{ll 1.9SEi-01 1.9SE+{ll 
9.o6E+oo 9.14E+oo 1.29Ei-01 1.liOE+{ll 

1.9SEi-01 3.14E+{ll 4.40Ei-Ol 4AOEi-Ol 
l.tiOEi-01 l.9SEi-Ol 8.olE+{ll UlE-+{12 
1.21E+{ll 1.96Ei-Ol 3.67Ei-Ol 4.68Et01 
1.21Et01 1.37Ei-01 l.98E+{ll 726Ei-Ol 

2.16E+oo 2.16E+oo 2.16E+oo 2.16E+oo 
l.61JE+ol 3.l<IE+{ll 4.40E+{l! 4.68Et01 
654E-01 S.36E+oo S.36E+oo S.36E+oo 

l.24E+ol 2.llEi-01 4.40Ei-Ol 4.68E+ol 

154E+ol 3.14Ei-Ol 4.40Ei-Ol 4.68E+ol 
154Ei-Ol 3.14Ei-Ol 4.40Ei-Ol 4.68E+ol 

1'99 

UlE-+{12 

726E+{ll 
lllE-+{12 
4.40E+{ll 
251E+{ll 
2.llE+ol 
lfJOE+{ll 

4.40Ei-Ol 
UlE-+{12 
4.68Ei-Ol 
726E+{ll 

2.16E+oo 
lllE-+{12 
S.36E+oo 

lllE-+{12 

UlE-+{12 
UlE-+{12 

t:1 
.o 
~. 

~· ~ 

PlOO 

U1Et02 

7.26Ei-Ol 
U1Et02 
4.40Ei-Ol 
251Ei-Ol 
2.llBi-01 
1.60Bi-Ol 

4.411Bi-Ol 
ll1Et02 
4.68Bi-01 
7.26Ei-Ol 

2.16E+oo 
1.11Et02 
S.36E+oo 

lllE+-02 

1.11Et02 
UlE+-02 

0 
ol-30 

~'°~ tx.t c lzj 
0 1-3 
1-3 
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Table '.2-204. WW or Homcproduccd Dairy (ilks-day)- South RciloA 

~ N N 
!!;Id lllWt1d Mean SE PO Pl PS P10 P2S 

Tola! 2421XX> 17 11141H01 2.UE-02 4.?9E-01 4.79E-Dl 6.US-01 6."TZE-01 1.89B+OO 

At,c 
01-02 11000 1 2.49E+oo O.IXJE+oo 2.49E+oo 2.49E+oo 2.49E+oo 2.49E+oo 2.49E+oo 
03-0S 2m 3 4.86E+oo 2.SlE-02 1.!2E+oo 1.82B+oo 1.82B+oo 1.!2E+oo 1.82B+oo 
06-11 6lroJ 4 2.48E+ol 4.2lE-02 SJ7E+oo SJ7E+oo S.B1E+oo S.81E+oo 2.6lE+ol 
20-3'} l!Nrol 8 S20E+oo l.34E-02 4.79E-Ol 4.79E-01 4.79E-Ol 4.79E-Dl 6.72E-01 
10+ 21000 1 3.82E+oo O.IXJE+oo 3.82B+oo 3.82E+oo 3.82B+oo 3.82B+oo 3.82B+oo 

Sc3lall 
Sixing 27000 3 l.34E+oo S.90E-03 628E-Ol 628E-Ol 628E-01 6.288-01 6.US-01 
~ 131000 s 1.68E+ol 3238-02 3.8ZE+oo 3.8ZE+oo 3.8ZE+oo 3.82E+oo 9.64E+oo 
Waller 84000 9 3.37E+oo U3E--02 4.79E-01 4.79E-Ol 4.79E-Ol 4.79E-01 7.36E-Ol 

Urbaiizatioos 
Central Oty 27000 3 1.34E+oo 5.90E-03 628E-01 628E-01 628E-01 628E-01 628E-01 
N<mJCtropditao 215000 14 llSE+ol 2.46E--02 4.79E-01 4.79E-01 4.79E-01 7.36E-Ol 2.49E+oo 

Race 
Alian 27000 3 1.34E+oo 5.90E-03 628E-01 628E-01 628E-01 628E-01 628E-01 
White 215000 14 USE+-01 2.46E-02 4.79E-01 4.79E-Ol 4.79E-01 7.36E-Ol 2.49E+oo 

Respcnie to Qicstianairc 
Do you nise lllim1 215000 14 llSE+-01 2.46E-02 4.79E-01 4.79E-01 4.79E-01 7.368-01 2.49E+oo 
Doyoufam? 148000 8 1.46E+-01 325B--02 4.79E-01 4.79E-01 4.79E-01 7.36E-Ol 2.49E+oo 

N 
~ w 
0 

PSO P1S F90 P9S 

SJ7E+oo 9.861HOO 3..49B+ol 3.49E+ol 

2.49E+oo 2.49E+oo 2.49B+oo 2.49E+oo 
2.71E+oo USB+ol USB+ol llSE+ol 
2.6lE+ol 3.49E+ol 3A9B+ol 3.49B+ol 
l.89E+oo 9.64B+oo 9.86E+oo 9.86E+oo 
3.8ZE+oo 3.82E+oo 3.8ZE+oo 3.82E+oo 

6.72E-01 2.71E+oo 2.71E+oo 2.7lE+oo 
9.86E+oo 2.6lE+ol 3.49E+ol 3.49E+ol 
1.89E+oo S.81E+oo 6.74E+oo llSE+ol 

6.72E-01 2.7lE+oo 2.71E+oo 2.71E+oo 
9.64E+oo llSE+ol 3.49E+ol 3.49E+ol 

6.72E-01 2.71E+oo 2.71E+oo 2.71E+oo 
9.64E+oo USE+ol 3.49E+ol 3.49B+ol 

9.64E+oo lJSE+-01 3.49E+ol 3.49E+-Ol 
9.86E+oo 2.61E+ol 3.49B+ol 3.49E+ol 

P99 P100 

3A9B+ol 3..49E+ol 

2.49E+oo 2.49B+oo 
llSE+ol llSE+ol 
3.49B+ol 3.49B+ol 
9.86E+oo 9.86E+oo 
3.82B+oo 3.8ZE+oo 

2.71E+oo 2.71E+oo 
3.49E+ol 3.49E+ol 
USB+ol USE+ol 

2.71E+oo 2.71E+oo 
3.49E+ol 3.49B+ol 

2.71E+oo 2.7lE+oo 
3.49E+-Ol 3.49E+-01 

3.49E+-Ol 3.49E+-01 
3.496+-01 3.49E+ol 

---. 
. t1 

I~ 
. H ti 
~ :Al 
'"3.0~ 
·tzj c ~ 01-·· H., 

t:<:I 
0 
~ 



Table 2-205. Intake of Homeproduccd Dairy (g/kg-day) - West Region 

Population N N 
Gr!!!j! !&tel ~tel Mean SE ro Pl PS PlO P2S 

Total 261000 20 1.IXJEt-01 2.41E-02 l.80E-01 l.l!OE-01 l.l!OE-01 2.0SE-01 S.OSE-01 

Age 
<01 12000 1 S.ll'JE+ol O.OOE+oo SJllJEt-01 S.ll'JEt-01 S.ll9E+ol SJllJE+ol SJllJEt-01 
OHl'l 12000 1 2.89E+ol O.OOE+oo 2.89Et-Ol 2.89Et-Ol 2.89E+ol 2.89E+ol 2.89Et-Ol 
03-0S 10000 1 2.81E+ol O.OOE+oo 2.81E+ol 2.81Et-Ol 2.81E+ol 2.81E+ol 2.81E+ol 
06-11 6IKJOO 6 l.43E+ol l.27E-02 l.o7Et-01 l.o7Et-Ol l.o7E+ol l.o7E+ol 118E+ol 
12-19 15000 1 2.l!OE-01 O.OOE+oo 2.SOE-01 2.l!OE-01 2.l!OE-01 2.l!OE-01 2.l!OE-01 
20-39 59000 s 4.03Et00 9.44E-03 2.0SE-01 2.0SE-01 2.0SE-01 2.0SE-01 2.0SE-01 
40-69 35000 3 3.64Et00 l.60E-02 l.l!OE-01 l.80E-Ol l.l!OE-01 l.80E-01 l.l!OE-01 
70+ 50000 2 7.33E-01 l.OlE-03 S.OSE-01 S.OSE-01 S.OSE-01 S.OSE-01 S.OSE-01 

Seasons 
Sping 96000 8 l.88E+ol 458E-o2 4.94E+oo 4.94Et00 4.94Et00 4.94Et00 8A2Et00 
Smoer 50000 2 7.33E-Ol l.OlE-03 S.OSE-01 S.OSE-01 S.OSE-01 S.OSE-01 S.osE-01 
Wmter 115000 10 6.69Et00 2.31E-02 l.l!OE-01 l.l!OE-01 l.l!OE-01 l.l!OE-01 2.0SE-01 

Urbaliutioos 
Ceiiraaiy 45000 3 2.22E-01 2.0lE-()4 l.l!OE-01 l.l!OE-01 l.l!OE-01 l.80E-Ol l.l!OE-01 
Nmmetropditan 70000 4 2.:JOE+oo 9.42E-03 S.OSE-01 S.OSE-01" S.osE-01 S.OSE-01 S.OSE-01 
&rbtrlr.n 146000 13 l.67E+ol 3.3SE-o2 4.94Et00 4.94E+oo 4.94Et00 4.9'JE+oo 6.46E+oo 

Race 
'White 261000 20 l.OOE+ol 2AlE-02 l.l!OE-01 l.l!OE-01 l.l!OE-01 2.oSE-01 S.osE-01 

Respcrue to Questiamaire 
Do you raise mim1 211000 18 1.22E+ol 2.77E-o2 l.l!OE-01 l.l!OE-01 l.80E-01 2.0SE-01 4.94Et00 
Doyoufann? 70000 7 l.ll9E+ol 2.BSE-02 4.99E+oo 4.99E+oo 4.99E+oo 4.99E+oo 6.lOE+oo 

N 
I w 
w ...... 

PSO 1'75 l'90 f9S 

610Et00 l.33Et-Ol 2.81E+ol 2.89Et-Ol 

S.ll9E+ol S.ll9E+ol S.ll9E+ol S.ll9E+ol 
2.89E+ol 2.89E+ol 2.89E+ol 2.89E+ol 
2.81Et-Ol 2.81E+ol 2.81Et-Ol 2.81E+ol 
l.27E+ol l.69E+ol 2.0lE+ol 2.0lE+ol 
2.80E-Ol 2.l!OE-01 2.l!OE-01 2.80E-Ol 
4.99E+oo S.116E+oo 6.46E+oo 6A6Et00 
610Et00 6.37Et00 6.37Et00 6.37E+oo 
7.33E-Ol 958E-Ol 958E-Ol 958E-Ol 

l.4SE+ol 2ASE+ol SJllJEt-01 SJllJE+ol 
7.33E-01 958E-01 9.58E-01 9.58E-Ol 
610Et00 l.o7E+ol l.33Et-Ol 2.81E+ol 

2.0SE-01 2.l!OE-01 2.l!OE-01 2.l!OE-01 
958E-01 610Et00 6.37E+oo 6.37E+oo 
l.22E+ol 2.olE+ol 2.89E+ol S.ll9E+ol 

610E+oo l.33E+ol 2.81E+ol 2.89E+ol 

6.46Et00 l.69E+o1 2.89E+ol S.119E+ol 
6A6Et00 1.33E+ol 2.81Et-01 2.81E+ol 

P99 PlOO 

SJllJE+ol SJllJE+ol 

SJllJE+ol S.ll9E+ol 
2.89E+ol 2.89E+ol 
2.81E+ol 2.81E+ol 
2.0lE+ol 2.0lE+ol 
2.l!OE-01 2.80E-Ol 
6A6Et00 6.46E+oo 
6.37Et00 6.37E+oo 
958E-01 958E-Ol 

SJllJE+ol S.119E+ol 
958E-Ol 9511E-Ol 
2.81E+ol 2.81E+ol 

2.80E-01 2.l!OE-01 
6.37Et00 6.37E+oo 
S.ll'JE+ol S.119E+ol 

S.ll9E+ol S.ll'JE+ol 

SJllJE+ol S.ll'JE+ol 
2.81E+ol 2.81E+ol 

--~ 
"~ fl o" 
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~ N N 
!S!!l IZ1l'lftl Melo 

Tobi 391400> m 2.07E-f(X) 

Ace 
<Ol 26WJ 3 7.74B+oo 
01-112 8200) 6 lDEi-Ol 
03-0S 142000 11 2.S!E+oo 
05-11 382000 29 2.71Ei-OO 
12-19 346000 21 152E+oo 
20-39 96200) 59 l.91E+oo 
40-69 151.400) 86 l.79Ei-OO 
70+ 450000 24 l.22E+oo 

5eu«J 
Pdl 1220000 45 lJlE+oo 
~ lll.200I 114 3.DSE+oo 
&miler 911000 29 l.88B+oo 
Wmter 671000 SI 2.DSB+oo 

Urbaliz.atioo 
Ceotra City 999000 46 l.79E+oo 
N<nDelropditan 117400) 94 3lSB+oo 
!Ublrbai 1741000 99 150E+oo 

Race 
A.i211 16000 2 8l9E+oo 
Bid 59300) 41 l.81E+oo 
Native American 22000 3 2.40E+oo 
Other/NA 55000 s 2.BOE+oo 
White ~ 188 2.07E+oo 

N 
Respcnse to Qiestiamaire 

Do }W fish? 355300) 220 2.22E+oo 
I 
t.l 
t.l 
N 

T.W. ~206. Jm.k8 oC &.. c.pc PWt ud !bolffilll (llki.-,.)- Al! hai<- COCl!lb!md 

SH ro Pl PS PIO P2S PSO F1S 

l.!QHB IJQHl2 9llE-Gi lSSE-01 213E-Ol 431E-01 9.97E-Ol 2l7E-f(X) 

3.348-Gi 2.19E-f(X) 2.296+oo 2.29E+oo 2.29E-f(X) 2.29E+oo s.m+oo l.55E-+-Ol 
S.3t!E-<rl l.21E-f(X) l.21E+oo lllEi(X) lllE+oo lllE+oo 2.73B+oo S.61E+oo 
6..S!E-(13 S.631H1- S.63E-Ol S.638-01 6.o3E--Ol UY7E+oo 1.76E+oo 2.32E+oo 
731E-G3 l.6CE-Ol UiOB-Ol lME-01 2.ue:-01 S.47E-Ol 1D3E-f(X) 3.67E+oo 
3l7E-G3 l.9SE--Ol l.9SE-Ol l.9SB-Ol l.9SE-01 3llE-Ol 9.ME--01 l.79E+oo 
2.QE-(13 8l6E-02 8l6E-<rl 9llE-02 USE-01 4A3E-Ol l.ll6B+oo 2l8E+oo 
l.92E-03 9A71Hl2 9A7E-02 ZlOE-01 2.7SE-Ol 3ASE-01 9.&SE-01 l.99IHOO 
l.6SB-G3 9.l!SE-02. 9.888--02 2.33E-Ol 233E-01 S.68E-Ol 7.64E-Ol l.56B-f(X) 

1JlE-D3 1.841Hll l.ME-01 1.968-01 210E-Ol 318E-Ol 9l6E-Ol l.79E+oo 
S.62E-D3 9.888-02. U6E-Ol 3.DSE-01 3.40E-Ol S59E-Ol l.27E+oo 2.64E+oo 
2.39E-D3 8l6E-02. Sl6E-02 9llE-02. 2.04E-Dl 3.0lE-01 7.64E--Ol 3l9E+oo 
32IB-D3 9A1E-02. 9A7E-D2 UIB-01 l.liOE-01 SlOE-01 l.ll6B+oo 2.o9E+oo 

2.3IB-D3 9A7E-02 9.47E-02 lfiOB-01 2.84E-01 6.0SE-01 l.o7E+oo l.8SB+oo 
Sl4E-D3 9.l!SE-02 U6E-Ol 310E-Ol l62E-Ol S.68E-Ol l.88B+oo 3.86E+oo 
l.74E-D3 8l6E-02. 8l6E-()2 l.84E-Ol 2.0lE-01 2.86E-01 S.87E-01 l.38E+oo 

S.78E-02 8..82E-Ol 8.82E-Ol 8.82E-Ol 8.82E-01 8.82E-Ol 8l9E+oo 15SE+ol 
3llE-D3 l.84E-Ol l.84E-Ol 2.0lE-01 2.86E-Ol 3l8E-Ol 9.84E-01 2l7E+oo 
6.82E-D3 l.37E+oo l.37E+oo l.37E+oo l.37E+oo 1.37E+oo 2.19E+oo 3.80E+oo 
SA9E-D3 158E+oo 158E+oo 158E+oo 158E+oo l.61E+oo 22SE+oo 3.67E+oo 
2.14E-o3 8l6E-02 8.16E-02 lfiOB-01 227E-01 393E-01 9.97E-01 216E+oo 

2.0JE-03 8l6E-ll2 8.168-02. 1.84E-Ol Z.27E-Ol 4.66E-01 l.o9E+oo 223E+oo 

P90 m m 
4.6SB+oo 7.8Ei00 LS5l*1 

l.55E+-Ol 155E+Ot LSSE+-01 
3.7Ei-Ol 4.52Bi-Ol 4.52Bi-Ol 
4.!'IEiOO 1..()48+-01 1D4Ei-Ol 
7.0SE+oo 7.!SB+oo 2.S3Bi-Ol 
4.68E+oo 6.67E+oo SME-f(X) 
4A6E-f(X) 9S7E+oo 13Ei-Ol 
4A3E+oo 6.56B+oo l.OSEi-01 
3.73E+oo 3.7E+oo Sl2E-f(X) 

2.64E+oo 3.73E+oo 656E+oo 
6.68E+oo l.DSEi-Ol 3.73Ei-Ol 
4A3E+oo S.6SE+oo 9S7E+oo 
S.89E+oo 7.BSBi-00 l.3IBi-Ol 

3.73E+oo 9S7E+oo 9S7E+oo 
652E+oo 7.83E+oo 3.73Ei-Ol 
4.37E+oo 7.oSE+oo l.osEi-01 

15SE+ol 15SE+ol 15SE+ol 
4.68E+oo 9S7E+oo 9S7E+oo 
3.lKIE+oo 3.80E+oo 3.80E+oo 
4.87E+oo 4.87Ei-OO 4.87E+oo 
4.99E+oo 6.68E+oo 1.61Ei-Ol 

S.61E+oo 7.8SBi-OO l.61E+ol 

~ 

4.smtel 

I.SSE-Kil 
452E-+-Ol 
l.D4E-Kll 
2.SEi-01 
SMB-f(X) 
13E-Kll 
l.61Ei-Ol 
Sl2E+oo 

6.56B+oo 
452Ei-Ol 
9S7E+oo 
lJlE-+-01 

15SE+ol 
452E-Kll 
l.30E-Kll 

15SEi-Ol 
9S7E+oo 
3BJE+oo 
4.87E+oo 
452E+ol 

452E+ol 

'• g • 92: 
0 

o~~ 
t-f Cl ~p .... 
tzj c:::: lzj 
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Populatioo N N 
Gr~ Wl!ld ~Id Mean SE 

Total 33400) 12 S.4SE-01 Ul6E-o3 

Age 
06-11 7cm 1 3.80E+oo O.OOE+oo 
12-19 3Slm 1 1.9SE-01 O.OOE+oo 
20-39 SDXJ 2 3.2SE-01 1.72E-o3 
40-69 116000 s 5.IME-01 1.31E-o3 
70+ 118000 3 6.IJSE-01 8.52E-o4 

Seasoo 
Pal 13Slm 4 4.29E-Ol 7.3SE-04 

~ 1.ml 2 2.99E+oo 6.82E-03 
132000 3 3.63E-Ol 7.97E-o4 

Wmter S:ml 3 6.SOE-01 1.24E-o3 

Urlmizalioo 
NC11111etropdit.m 42000 4 1.59E+oo S.38E-03 
&..-tub;n 292000 8 3.9SE-Ol 4.99E--()4 

Race 
Native American l.ml 2 2.99E+oo 6.82E-o3 
White 32IXXXl 10 4.38E-01 S.27E-o4 

...., Respaue to ()Jeslicmaire 
S.4SE-01 1.ll6E-o3 

<!> 
Do you &lh? 33400) 12 

~ 
~ 

Table 2-'JI17. Jmab of Homo Cauaht Filb and Shellfilb (I/ta-day) - Northealt Reiion 

PO Pl PS PlO PZS PSO P7S 

9.llE-02 9.llE-02 9.llE-02 9.llE-02 2.33E-01 3.76E-01 7.64E-01 

3.80E+oo 3.80E+oo 3.80E+oo 3.80E+oo 3.80E+oo 3.80E+oo 3.BOE+oo 
1.9SE-Ol 1.9SE-Ol 1.9SE-01 1.9SE-Ol 1.9SE-01 1.9SE-01 1.9SE-01 
9.llE-02 9.11E-17l 9.llE-02 9.llE-()2 9.11E-17l 9J1E-02 9.llE-()2 
2.82E-Ol 2.82E-01 2.82E-01 2.82E-01 2.82E-01 3.76E-01 3.93E-01 
2.33E-01 2.33E-01 2.33E-Ol 2.33E-Ol 2.33E-01 7.64E-Ol 9.16E-01 

1.9SE-Ol 1.9SE-01 1.9SE-01 1.9SE-01 1.9SE-01 2.82E-01 3.93E-01 
2.19E+oo 2J9E+oo 2.19E+oo 2.19E+oo 2.19E+oo 2.99E+oo 3.80E+oo 
9.11E-17l 9.llE-()2 9.11E-<J2 9.llE-()2 9.llE-()2 2.33E-01 7.64E-01 
3.76E-01 3.76E-Ol 3.76E-Ol 3.76E-Ol 3.76E-01 7.27E-01 1.IJ6E+oo 

7.27E-01 7.27E-01 7.?'TE-01 7.?'TE-01 7.27E-01 1JJ6E+oo 2.19E+oo 
9.llE-()2 9.llE-02 9.llE-02 9.llE-02 l.9SE-01 2.82E-Ol 7.64E-01 

2.19E+oo 2.19E+oo 2.19E+oo 2.19E+oo 2.19E+oo 2.99E+oo 3.80E+oo 
9.llE-02 9.llE-02 9.llE-02 9.11E-<J2 2.33E-Ol 3.76E-01 7.64E-01 

9.llE-02 9.llE-02 9.llE-()2 9.11E-<J2 2.33E-01 3.76E-01 7.64E-Ol 

P90 P9S 

9.16E-Ol UJ6E+oo 

3.80E+oo 3.80E+oo 
1.9SE-01 1.9SE-01 
1.ll6E+oo Ul6E+oo 
7.?'TE-01 2J9E+oo 
9.16E-01 9.16E-01 

9.16E-01 9J6E-01 
3.BOE+oo 3.80E+oo 
7.64E-Ol 7.64E-Ol 
1JJ6E+oo 1JJ6E+oo 

3.80E+oo 3.80E+oo 
9.168-01 9.168-01 

3.80E+oo 3.80E+oo 
9.16E-01 9J6E-01 

9.16E-ol 1.IJ6E+oo 

l'99 PlOO 

3.80E+oo 3.80!l+oo 

3.80E+oo 3.80ll+oo 
1.9SE-01 1.95E-Ol 
1.ll6E+oo Ul6E+oo 
2J9E+oo 2J9E+oo 
9.16E-01 9.16E-01 

9.16E-Ol 9.16E-01 
3.80E+oo 3.BOE+oo 
7.64E-01 7.648-01 
1JJ6E+oo 1.06E+oo 

3.80E+oo 3.BOE+oo 
9.168-01 9.16lHU 

3.80E+oo 3.80E+oo 
1JJ6E+oo 1.06E+oo 

3.80E+oo 3.80E+oo 

'~ 0 
0 1-3" 
~'°~ t,:r.j c:: 1-:xj 

0 1-3 

~ 
0 
~ 



~ N N 
!!Id IXJfllltd Mclll SE 

Tobi llI.m> 71 2.13Et()() 3.348-03 

Age 
<01 lm:J 2 lJlZE+-01 3.568-0Z 
01-0Z nm 2 3l41HOO 2.9'7E-03 
03-0S 3'}(XX) 3 1.46Et()() U96-03 
06-11 65(XX) 1 6.19E+oo 351B-Q2 
12-19 mx> 1 2.09Bt()() O.ooE+oo 
20-39 312000 20 ll6Et()() 3.llE-03 
40-69 505(XX) rt 2l38t()() 4.D4E-03 
10+ l28lOO 9 9568-ol 2.ooE-03 

Seasoo 
Fsll 362IXXI 13 l.9SE+oo 3.568-03 
spq 224()00 rt 3.45Et()() l.34E-G2 
&mner 264(00 8 1.ooE+oo 3D7E-03 
W111ter 263000 23 2.38Et()() 4.98E-03 

Urbmizatioo 
Ceotr.i City 190!m 9 1A3Et()() 6.84E-03 
Nmnelropditao 501IMXI 40 3.42Et()() 6.41B-03 
&rtubaJ 422IXXI 22 9.IJIJE-01 131E-03 

Race 
Alian 16IMXI 2 8.19Et()() S.78E-OZ 
Native American 8000 l 137Et()() O.ooEt()() 
White 1089000 68 2.oSE+oo 3.23E-03 

t-l 
~ Respmsc to ()Jestiamairc 

23SE+oo loll Do yru lilh? 9S6IMXI (jQ 3.84E-03 .... 

Tablt 2-20I. !mb or Home empt PWi U1111 Slliotl&lza ~y)-MWW1i1t ~ 

ro Pl PS PIO m PS9 P1S 

S.16E-Q2 S.16E-Q2 1.968-01 2..27E-01 4.71E-01 LClE+OO 1.9SE+oo 

S.89E+Gl S.89E+Gl S.89E+Gl 5.89E+oo 5.89E+OO 5.896+<0 15SE+-01 
2.78E+Gl 2.781!+<0 2.788+<0 2.78E+oo 2.18E+oo 2.'l!E+oo 3.96B+oo 
6.o3E-01 6.ll3B-01 6.llJE-01 6.ll3B-01 1A3Et()() l.76E+oo l.76E+oo 
33JE-Ol 33JE-01 33JE-01 33JE-01 821B-Ql LOE+oo 131B+Ol 
2.09B+Gl 2.ll9E+Gl 2.ll9E+Gl 2.09Bt()() 2.09B+oo 2.ll9E+Gl 2.09Bt()() 
8l6E-02 8l6E-02 8l6E-Q2 S.161Hl2 1.968-ol 5,048-01 137E+oo 
2.27E-Ol 227E-01 227E-Ol 3l8E-Ql S.33E-Ql i.om+oo 191B+oo 
2.ME-01 2.84E-Ol 2.84E-Ol 2.84E-Ql 2.ME-01 5.688-ol 1.86E+oo 

1.968-01 1.968-01 1.968-01 227E-Ol 3l81Hl UlB+oo 2l6E+oo 
1J6E-Ol 1J6E-Ol USE-01 3l0E-Ol 4.87E-01 82lB-Q1 1.67E+oo 
8l6E-02 8l6E--02 8l6E-OZ 8l6E-OZ 2.84E-01 4.668-ol 5.688-01 
SlOE-Ql SlOE-01 5lOE-01 SABE-01 1.DE+oo 156Et()() 2.13Et()() 

2.84E-01 2.84E-01 2.84E-01 2.ME-01 5.68E-ol 6D8E-Ql 1.28Et()() 
ll6E-01 ll6E-01 33JE-Ql 4.668-01 5.33E-01 1.88Et()() 5.65Et()() 
8l6E-02 8l6E-02 8l6E-02 1.968-01 3.0lB-01 5.488-01 1.28E+oo 

8.82E-01 8.82E-01 8.82E-01 8.82E-01 8.82E-Ql 8.19Et()() l.SSE+-01 
137Et00 137Et()() 137Et00 137Et()() 137E+oo l.3'1Et()() l.3'1Et()() 
8l6E-02 8l6E-02 USE-01 227E-Ol 4.668-01 11l3Et()() 193Et()() 

8l6E--02 8l6E-02 USE-01 227E-Gl 4.668-01 ll2E+oo 2l6E+oo 

P9J F9S 

6l<E+OO 6.568+<0 

l.SSE+-01 1.SSE+-01 
3.96B+oo 3.968+<0 
l.76E+oo 1.76E+Gl 
2.SE+-01 2.S3E+-01 
2.ll9Et()() 2.ll9E+Gl 
2l6Et()() 6l06+00 
652Et()() 6.568+<0 
2.13E+oo 2.26E+Gl 

652E+oo 6.568+<0 
1.SSE.+01 1.61B+-01 
1.28E+oo 5.6SE+Gl 
5.89Et()() 6l0Et()() 

1.69Et()() 1.69Et()() 
656Et()() 131B+-01 
2.ll9Et()() 2.78Et()() 

1.SSE+-01 l.SSE+-01 
l.37E+oo 137E+oo 
S.89E+oo 656Et()() 

652E+oo 656Et()() 

P99 PWl 

l.61B+-Ol 2..sE+m 

1.SSE+-01 15SE+-01 
3.96Et()() 3.96E+oo 
1.76E+Gl 1.76E+Gl 
2538+-01 2.S3E+Ol 
2.ll9E+Gl 2.ll9E+oo 
7.83E+oo 7.83E+oo 
1.61E+-01 1.61B+-01 
2.26Et()() 2.26Et()() 

656Et()() 656E+oo 
253E+-01 2.538+-0l 
5.6SE+Gl S.6SE+oo 
131B+-01 131B+-Ol 

1.SSE+-01 1.SSE+-01 
2.538+-01 2.SE+-01 
3.738+oo 3.73Et()() 

l.SSE+-01 l.SSE+-01 
137Et()() 137Et00 
1.61E+-Ol 2.538+-0l 

2.53E+Ol 2.538+-0l 

---
,~ 

0 
oHO H,.oe 
1-3 c 
tzJo 

1-3 1-3 
t:<J 
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POjiilatioo - N N 
Or!!!!! !Jltd ll1W2td Mean SE 

Total 1440000 101 2.74E+oo 3.99E-03 

Age 
<01 ml l 2.29E+oo O.OOE+oo 
01-02 16000 2 4l2E+ol 3.lOE-02 
03-0S 85000 7 3.42E+oo l.OSE-02 
06-11 17SIXXI 13 2.81E+oo S.6SE-o3 
12-19 147lXXI 12 l~+oo 6.40E-03 
20-39 28llOO 21 254E+oo S.112E-o3 
40-69 628000 39 2.llE+oo 3.0SE-03 
70+ 9ml 6 l.72E+oo 3.62E-o3 

Season 
Pall 274000 11 9.78E-Ol l.34E-o3 
SjXing S3ml 58 4.IJOE+oo 9.78E-03 
~ 376000 14 2.41E+oo 2.38E-03 
Winter 252000 18 2.42E+oo 6.40E-03 

Urbaii1.atioo 
Central City 28100() 16 1.5o"E+oo 2.500-03 
NIXl!letropditmi SSIXXIO 41 333E+oo 9.14E-03 
!Uhlrbll! <>09000 44 2.73E+oo 4.24E-03 

Ra:e 
Black 421DJO 32 · 1.ll7E+oo l.1SE-o3 
Other/NA SSIXXI s 2~+oo S.49E-03 
White 957000 64 3.48E+oo S.81E-03 

i :"' · Respcnse to Qiesticmaire 
. I Do )'llU fish? l2lKlOOO 95 3.IJOE+oo 4.43E-o3 w w 
I.II 

Table 2-209. Intake of Home Caupt Fllh and Shclllilh (i/q-day)- South Rciioo 

PO Pl PS PlO PlS PSO 

9.47E-02 9.47E--()2 2D4E-Ol 2.86E-Ol S.117E-Ol 1A8E+oo 

2.29E+oo 2.29E+oo 2.29E+oo 2.29E+oo 2.29E+oo 2.29E+oo 
3.73E+ol 3.73E+ol 3.73E+ol 3.73E+ol 3.73E+ol 4.12E+ol 
S.63E-Dl S.63E-Ol S.63E-01 S.63E-Ol 2.ll6E+oo 2.116E+oo 
l.60E-01 l.60E-Ol l.60E-Ol l.60E-Ol 3.62E-Ol 2S1E+oo 
3.osE-01 3.0SE-01 3.osE-01 3.llE-01 3.llE-Gl 7.81E-Gl 
2.BSE-01 2.8SE-01 3.87E-ot S.117E-Ol 9.83E-Ol 2.18E+oo 
9.47E-02 9.47E-OZ l.llE-01 2.D4E-01 3.18E-Ol l.14E+oo 
7.27E-01 7.27E-01 7.27E-Ol 7.27E-Gl 7.27E-Gl 1.48B+oo 

2.86E-Ol 2.86E-Ol 2.86E-01 2.86E-Gl 3.18E-Gl 9.84E-Ol 
3.DSE-01 3.osE-01 3.87E-01 4.46E-Ol 8.74E-Gl 194E+oo 
2.D4E-01 2.D4E-01 2.D4E-01 2.7SE-Gl l.14E+oo 223E+oo 
9.47E-02 9.47E-02 9.47E-OZ l.llE-01 2.28E-Gl 6.3SE-Gl 

9.47E-02 9.47E-Ol 9.47E-02 l.llE-01 ZlSE-01 UIBi-00 
2.8SE-01 2.BSE-01 3.38E-Ol S.117E-Ol UZE+oo 194E+oo 
2.D4E-Ol 2.D4E-Gl 2.7SE-Ol 2.86E-Ol 4.uE-01 l.DSE+oo 

2.86E-Ol 2.86E-01 2.86E-01 3.llE-01 4.93E-Ol 9.20E-Gl 
1.SSE+oo l.SSE+oo 1.SBE+oo 158E+oo l.61E+oo USE+oo 
9.47E-02 9.47E-02 l.60E-Ol 2.28E-Ol S.18E-Gl 2.17E+oo 

9.47E-02 9.47E-02 2.D4E-Ol 281E-Gl 7.ll6E-Gl l.93E+oo 

P7S 1'911 l'9S 

3.37E+oo S.61E+oo 8.44E+oo 

2.29E+oo 2.29E+oo 2.29E+oo 
452E+ol 452E+ol 4.52E+ol 
4.87E+oo 1D4E+ol 1D4E+ol 
4.28E+oo 7DSE+oo 7.8SE+oo 
l.8SE+oo 6.67E+oo 8.44E+oo 
2.40E+oo. 4A6E+oo 8.29E+oo 
35SE+oo 4.43E+oo 8.33E+oo 
2.49E+oo 2.49E+oo S.12E+oo 

l.38E+oo 2.ll6E+oo 2.49E+oo 
3.71E+oo 8.33E+oo l.l!E+ol 
3.7SE+oo 4.28E+oo 4.43E+oo 
4.37E+oo 7.8SE+oo 8.44E+oo 

Z.64E+oo 3.7SE+oo 3.7SE+oo 
3.19E+oo 4.43E+oo 6.67E+oo 
4.37E+oo 8.33E+oo 1D4E+ol 

l.38E+oo 2.32E+oo 2.60E+oo 
3.67E+oo 4.87E+oo 4.87E+oo 
4.17E+oo 7.8SE+oo 1.D4E+ol 

3.67E+oo 6.68E+oo 8.44E+oo 

1'99 FlOO 

3.73E+ol 4.S2E+ol 

2.29E+oo Z.29E+oo 
4.52E+ol 4.52E+ol 
l.D4E+ol 1.D4E+ol 
7.8SE+oo 7.8SE+oo 
8.44E+oo 8.44E+oo 
131E+ol l.llE+ol 
l.osE+ol l.OSE+ol 
Sl2E+oo S.12E+oo 

2.49E+oo 2.49E+oo 
452E+ol 4.52E+ol 
4.43E+oo 4.43E+oo 
l.D4E+ol l.D4E+ol 

3.7SE+oo 3.7SE+oo 
452E+ol 4.52E+ol 
131E+ol l.30E+ol 

3.71E+oo 3.71E+oo 
4.87E+oo 4.87E+oo 
3.73E+ol 4.52E+ol 

3.73E+ol 4.S2E+ol 

' 

.. g 
i ~ .. 

~ t-3" 1-4..o ~ 
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0 1-3 
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Tlblo 2-210. IDUb oCHomo Cwif:at PirG &iDd Sbdlfbb (ill:i-d:ay) • Wctt RcJloA 

~ N N 
1l!ld air.nd MCIO SB FO Pl PS PlO PZS PSO P1S m f9S !?l PlOO 

Tolll 10270:0 SS lSJBiOO l..99E-o3 9.tt.8-<2 lfiOE-01 2.0llHJl 2388-ol UE-<11 IJS8-0l 1.?9E+OO 3.7EiOJ SGJBiOO 9SJB.f00 9.sm+ro 

Age 
OHl2 m:xl 2 2.418+00 lmE-02 111&+00 1218+oo 111Ei00 l.21E+oo l.21Ei00 l.21E+oo S.61E+oo S.61E+oo S.61E+oo 5.618..00 S.61E+oo 
03-0S lm:I 1 lD'lB+oo O.OOE+oo U17B+oo 1.om+oo U17B+oo 1.om+oo t.om+oo 1.om+oo lD'lB+oo lD'lB+oo 1.om+oo 1.om+oo 1.om+oo 
06-11 13SOro I 15SE-01 9.91E--04 lMB-01 U48-01 l.ME-01 1.848-01 SA7B-Ol 6.D8E-Ol 9.648-01 Ul9E+oo 1.68E+oo 1.6!E+oo 1.6S8+oo 
12-19 lSlOOJ 1 1.5<£+oo 3268-03 2DlE-Ol 2DlE-01 2.0lE-01 2DlE-01 a.om-01 9.97B-01 1.79E+oo 4.68E+oo 4.6!E+oo 4.68E+oo 4.6!1B+oo 
20-39 mm 16 2.38B+oo 5.S3E-03 1.600-01 1.600-01 3.400-01 UlE-01 S.9SB-Ol 7l2B-01 1.8SB+oo 9.57B+oo 9.57B+oo 9.57B+oo 9.57B+oo 
'40-69 27SOXI 1S 9.60B-01 1.600-03 2100-01 2100-01 2100-01 2100-01 2.!6E-01 4.33E-01 1.4SB+oo 2.21E+oo 2.69E+oo 2.69E+oo 2.69E+oo 
10+ 10600J 6 1.78E+oo 4.79E-03 9.88B-02 9.88B-02 9.88B-02 2.42E-Ol S.71E-Ol 7.578-01 3.73E+oo 3.73E+oo 3.73B+oo 3.73E+oo 3.73E+oo 

SealOO 
Fiii 44900J 17 1.27B+oo 1.518-03 1.84E-01 l.ME-01 2DlE-01 2100-01 5.878-01 1.ooE+oo l.8SE+oo 2118+oo 3.73E+oo 3.73E+oo 3.73B+oo 
~ 33600) 27 l.3SE+oo 2.64E-03 9.888-02 9.888-02 2.388-01 3.278-01 4.43E-Ol 6.osE-01 l.68B+oo 4.68B+oo S.61E+oo S.67B+oo S.67B+oo 
&miler 13900J 4 3.SSB+oo 1.ll9E-02 3.4SB-Ol 3.4SB-01 3.45E-01 3.458-01 7.578-01 1.4SE+oo 9.57B+oo 9.57B+oo 9.57B+oo 9.57B+oo 9.57B+oo 
Wmtcr lODXI 1 9.78E-Ol 1.62E-03 1.600-01 1.600-01 1.600-01 1.600-01 5.71E-Ol lOOE+oo 1.548+oo 1.57B+oo l.57B+oo 1.57B+oo 1.57B+oo 

Urbalizlitioo 
Ceorra aiy ~ 21 2D3E+oo 3JlE-03 3.278-01 3.278-01 4J3E-01 5.29E-01 7128-01 1.4SE+oo 1.8SE+oo 3.73E+oo 9.57B+oo 9.57B+oo 9.57B+oo 
NIUilelropciillE 8100J 9 1.osE+oo 611E-D3 9.88B-02 9.88B-02 9.88B-02 1.60E-Ol 1.60E-Ol 5.61E-Ol 6.718-01 5.67B+oo 5.67E+oo S.67E+oo S.61B+oo 
SxblrbaJ 4llml 25 l.119E+oo l.93E-03 l.ME-01 l.84E-01 2DlE-Ol 210E-01 31188-01 5.878-01 l.21E+oo 2.90E+oo 4.68B+oo 5.61E+oo 5.61E+oo 

Race 
Rack 16SOXI 9 3.73E+oo 9.22E-03 1.ME-01 1.84E-Ol 1.84E-Ol 2.0lE-01 218E-01 2.69E+oo 9.57B+oo 9.57B+oo 9.57B+oo 9.57B+oo 9.57B+oo 
\\bite 862000 46 116E+oo 113E-03 9.88B-02 1.60E-01 210E-Ol 3.ll8E-01 5.29E-Ol s.om-01 154E+oo 2.21E+oo 3.73E+oo 5.67B+oo 5.67B+oo 

Respmse to Qiestiamire 
Do )QI fish? 98ll00 53 1.63Ei00 2D6E-03 9.BSE-02 1.60E-01 2.0lE-01 218E-Ol 5.47E-01 9.64E-Ol l.79E+oo 3.73E+oo 5.67E+oo 9.57B+oo 9.57B+oo 

t-.) 

~ 
~ 

°' 

ta ·' ·O 
o~" Hp~ 
)oi c::: lsj 
tsJ 0 ~ 
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;:· 

Total Fruita 

Total Vegetables 

Total Meats 

Total Dairy 

Total Fish 

Meaa PO 

0.21462193 

0.3657913 

0.10911165 

0.10782335 

0.03858881 

Table 2-211. Seasonally Adjusted Homegrown Per Capita Intake Rates (g/kg-day) 

Pl PS PlO P2S PSO P7S P90 

0 0 0 0 0 0 0 0.16173552 

0 0 0 0 0 0 0.07337184 0.93010498 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

P9S P99 

0.87817648 5.34938313 

2.05988803 6.78436291 

0.49178472 2.88187144 

0 1.87397677 

0 0.95563983 

PlOO 

16.89300 

14.35318 

9.22850 

30.07S58 

8.76312 
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~ N N 
GcalP !l!l! ~Id Me3ll ~ 

TDIJI 5))(00) 272 U9Bi00 SA3E-G4 

Age 
<01 'l'tXXX) 4 3.0SE+-00 2.36E-o3 
01-0Z 19')(00 12 3.lSE+-00 S.63E-03 
03-0S 291<XXI 16 1.77Ei00 1.27E-o3 
06-11 402(00 ZS ll!EiOO 1A9E-o3 
12-19 2%<XXI 12 SD6E-01 1238-03 
20-39 1268XD 61 7.9SE-Ol 7AOE-G4 
40-69 171900J 90 9.61E-01 9.89E-04 
70+ 106100! 52 lASE+-00 9.86E-G4 

Seasai 
Fal 170700l 60 l.28E+-OO 7.34E-G4 
Sjrq 639IXXI 74 9.SOE-01 1238-o3 
&mner 193SOOJ 68 1.11.E+-OO lDOE-03 
Wmter 102500J 70 1.30E+-OO 1A7E-o3 

Urlmizatiai 
Cailnll City 912<XXI l) 124E+-OO 1A9E-03 
Normetropdilao 211~ 122 1.27E+-OO 9.56E-04 
&rblrba1 227600! 120 l.119E+-OO 6.6SE-04 

Race 
Bladt 84000 4 1.88E+-OO 1.67E-03 
White 522200! 268 USE+-00 S.49E-04 

Rqjoo 
MicRst 204400! 123 1.38E+-OO ll3E-03 
Noobeast #2000 18 S.OSE-01 Sl4E-04 
Soulb 131000! 65 UOE+-00 7.52E-ll4 
West 151000! 66 l.20E+-OO 8.S1E-G4 

Respmse to Qiesti<maire 
t-.> Do )00 garden1 470700) 246 1.21E+-OO S.94E-04 
~ Do )00 fann? 129900) 68 139E+-OO 9.48E-04 
~ 
00 

Table 2-212. 1iDl.Uc orHoov:,rowApplcs (ilki-day) 

PO r1 ~ rio P2S PSO 

SSllHl2 l34E-OZ UJE-01 U4E-Ol 4.SOE-01 l.17E-Ol 

2.7SE+oo 2.7SEiOO 2.7SEiOO 2.7SEiOO 2.7SE+oo U4EiOO 
USEiOO USE+-00 USEiOO USEiOO 1A7Ei00 227E+oo 
8.81E-Ol 8.81E-Ol S!lE-01 9.988-01 1D6Ei00 1.82Ei00 
4.71.E-Ol 4.71.E-Ol 4.71.E-Ol S.638-01 7AOE-01 9.56E-01 
USE-01 UBE-01 UBE-01 UBE-01 3.79E-01 42SE-Ol 
USE-01 1.8SE-Ol 2.30E-01 2.56E-Ol 3.ll4E-01 6D2B-01 
S.57E-D2 S.57E-D2 8.94E-D2 2.SSE-01 3.988-01 6A8E-Ol 
1.99E-Ol 1.99E-01 2.60E-Ol 4A6E-01 6.27E-Ol UBEiOO 

2.56E-Ol 2.56E-01 2.9SE-01 3.208-01 S.83E-Ol 1.03E+-OO 
1.94E-01 1.94E-Ol 2.38E-01 2.84E-01 3.76E-Ol S.67E-01 
S.57E-D2 S.57E-D2 8.94E-D2 1.86E-01 3.98E-01 6.92E-Ol 
1.8SE-Ol 1.8SE-Ol 2.llE-01 3.238-01 S.71E-01 8.SlE-01 

231E-Ol 231E-01 2.56E-01 3.92E-01 SlOE-01 9l7E-01 
S.57E-D2 S.57E-D2 USB-01 2A9E-Ol 4llE-Ol 9.oOE-01 
1.8SE-01 1.86E-01 237E-01 2.91E-Ol 437E-Ol 7.74E-01 

S.S9E-01 S.S9E-01 S.S9E-01 1.61E+-OO 1.61E+-OO 1.84E+-OO 
S.57E-02 8.34E-02 2.llE-01 2.79E-01 USE-01 7.98E-01 

1.94E-01 2l6E-01 2.8SE-01 3D4E-01 S.20E-01 9.238-01 
8.34E-02 8.34E-02 8.34E-D2 8.94E-D2 1.8SE-01 4.58E-Ol 
1.99E-01 1.99E-Ol 2.38E-Ol 3.0lE-01 4.39E-Ol 9l7E-01 
S.57E-02 5.51E-OZ 1.86E-Ol 2.64E-Ol 4.72E-01 7.89E-01 

S.57E-02 1.27E-01 2.49E-01 2.95E-01 4.70E-01 8l7E-Ol 
5.57E-OZ S.57E-02 3.57E-01 S36E-01 7.03E-Ol 9.56E-01 

P7S P90 f9S 

U1Bi00 2.388iQ) 3AO&+OO 

2.91Ei00 4.77Ei00 4.77Ei00 
2.92Bi00 SJ7Ei00 1.0lE+-01 
2.27Ei00 2.69Ei00 2.69Ei00 
1.29Ei00 2.98Ei00 4roBiOO 
l.19Ei00 2.19Ei00 2.19Ei00 
9.22E-01 1.sSE+-00 197Ei00 
Ul8Ei00 1.59Ei00 138Ei00. 
1.82Ei00 3AOEiOO 3.62Ei00 

1.66E+-OO 2.69E+-OO 3AOEiOO 
UOE+-00 2roB+-OO 2.78Ei00 
lAlE+-00 2.296+-00 2.98Ei00 
1.S9Ei00 2.7SEiOO 3AOE+-00 

1.S9E+-OO 2.19E+-OO 2.26Ei00 
l.SSE+-00 2.92E+-OO 3.48E+-OO 
1.296+-00 2.29E+-OO 3AOE+-OO 

2.29Ei00 2.296+-00 2.29E+-OO 
lAlE+-00 2.38E+-OO 3AOE+-00 

l.61E+-OO 2.69E+-OO 3AOE+-OO 
7.71E-01 1.00E+-00 l.ooE+-00 
1.38E+-OO 1.90E+-OO 2.98E+-OO 
1.82E+-OO 2.75E+-OO 3.62E+-OO 

lA?E+-00 2.38E+-OO 3AOE+-OO 
l.58E+-OO 2.99E+-OO 4.ooE+-00 

P99 PIOO 

SA1.E+oo 1.tlE+-01 

4.77Ei00 4.77Ei00 
UJ!E+-01 1.0lE+-01 
3A8Ei00 :JME+-00 
4roBiOO 4roBiOO 
2.19Ei00 2.19Ei00 
SA2Ei00 SAIB+-00 
9.838+-00 9.83Ei00 
4.20Ei00 4.20E+oo 

42SE+-OO 42SE+-OO 
S.87E+-OO S.87E+-OO 
9.838+-00 9.83E+-OO 
l01E+ol 1.DlE+-01 

l.OlE+-01 1.DlE+-01 
9.83E+-OO 9.83E+-OO 
S.42E+-OO SA2Ei00 

2.296+-00 2.296+-00 
SA2E+-OO l.OlE+-01 

9.83E+-OO l.OlE+-01 
1.67E+-OO 1.67E+-OO 
4.ooE+-00 4.91E+-OO 
42SE+-OO 42SE+-OO 

S.87E+-OO 1.0lE+-01 
4.91E+-OO S.87E+-OO 
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Population N N 
Grcuo !!J:ld LllW!l.d Mean SE 

Total 2941000 193 1.67Ei-OO 1.38E-03 

Age 
<01 20IXXI 2 2.69Ei-OO 210E-02 
01-02 103000 8 2.40Ei-OO 3.60E-o3 
03-05 65000 6 6D1Ei-OO 2.4SE-02 
06-11 329000 26 311Ei-OO 5.62E-o3 
12-19 117000 13 1.60Ei-OO 333E-o3 
20-39 573000 3S 1.17E+oo 1.36E-o3 
40-69 107li00l 70 153Ei-OO 2.29E-03 
70+ 59!Kl00 33 1.0lEi-00 1.46E-03 

Seasm 
Fall 485000 19 9.0lE-01 1.23E-03 
Siring 7.56000 91 1.67Ei-OO 3.34E-03 
Summer 1081000 35 2.26Ei-OO 2.72E-03 
Wmter 619000 48 1.ZSE+oo 9.04E-04 

Urbalii.aticn 
Ccntra City 429000 12 1.79Ei-OO 5.44E-03 
Noometropditan 1110000 99 1.87Ei-OO 2.4SE-03 
Sirlxrbin 1402000 82 1.47E+oo 1.34E-03 

Race 
Bl act 39000 1 1.46Ei-OO O.OOEi-00 
Other/NA 41000 1 2.ZSE-01 O.OOEi-00 
White 2861000 191 1.70Ei-OO 1.41E-03 

Region 
Midwest 824000 75 1.39Ei-OO 2.78E-03 
NtXlheast 75000 s 2.72Ei-OO 7.63E-03 
SOlllh 852000 51 1.67Ei-OO 1.99E-03 
We.-t 1190000 62 1.80Ei-OO 2.3SE-03 

N 
Respcnse to ()Jesticmaire w l.7SE+oo 1.49E-03 w Do )'llll ganlen? 2660000 174 

ID Do)'llll farm? 769000 S4 156Ei-OO 2.D9E-03 

Table 2-213. Intake ofHomc~wnPeachc1 (g/kg-day) 

PO Pl PS PIO P25 PSO P75 

352E-02 5.ZOE-02 1.6SE-01 22SE-01 4.74E-01 8.97E-01 1.88E+oo 

258E-01 258E-01 258E-01 258E-01 258E-01 258E-01 6.33E+oo 
2.30E-01 2.30E-01 2.30E-01 2.30E-01 1.39Ei-OO 2.66Ei-OO 3.22Ei-OO 
218Ei-OO 218E+oo 2l8E+oo 2l8Ei-OO 3.ll6E+oo 356E+oo 4.69Ei-OO 
9.7SE-02 9.75E-02 t.olE-01 1.40E-01 6.ZSE-01 1.13E+oo 636Ei-OO 
1.76E-01 1.76E-01 356E-01 3.61E-01 5.03E-01 89SE-01 3.34E+oo 
5.117E-02 5.117E-02 550E-02 22SE-01 4.74E.-01 8.D9E-01 1.llEi-00 
352E-02 5.87E-02 1.90E-01 2.39E-01 5.56E-01 8.92E-01 1.61E+oo 
913E-02 9.13E-02 1.38E-01 1.79E-01 2.82E-01 8.22E-01 1.19Ei-OO 

1.38E-01 1.38E-01 1.38E-01 1.79E-01 2.62E-01 6.43E-01 1.19E+oo 
S.117E-02 5.117E-02 5.87E-02 1.DlE-01 2.76E-01 7.74E-01 1.45Ei-OO 
1.6SE-01 1.65E-01 22SE-01 3.61E-01 5.67E-01 112Ei-OO 2.99E+oo 
352E-02 352E-02 2.39E-01 556E-01 7.79E-01 1.D4E+oo 1.71Ei-OO 

1.38E-01 1.38E-01 1.38E-01 1.79E-01 259E-01 S.26E-01 1.14E+oo 
550E-02 5.87E-02 2.62E-01 393E-01 6.46E-01 1.0ZEi-00 218Ei-OO 
352E-02 5.117E-02 1.40E-01 2.04E-01 4.61E-01 9.20E-01 1.87Ei-OO 

1.46Ei-OO 1.46Ei-OO 1.46E+oo 1.46Ei-OO 1.46Ei-OO l.46Ei-OO 1.46Ei-OO 
22SE-01 2.ZSE-01 22SE-01 22SE-01 22SE-01 Z.ZSE-01 2.ZSE-01 
352E-02 5.20E-02 1.6SE-01 2.30E-01 5.D3E-01 8.97E-01 1.96E+oo 

6.79E-02 1.76E-01 2.20E-01 259E-01 4.60E-01 7.40E-01 1.19Ei-OO 
2.04E-01 2.04E-01 2.04E-01 2.04E-01 8.7SE-01 3.79Ei-OO 3.79E+oo 
352E-02 352E-02 1.38E-01 1.79E-01 6.43E-01 1.DZEi-00 1.96E+oo 
S.117E-02 5.117E-02 1.40E-01 2.ZSE-01 4.68E-01 8.63E-01 1.94E+oo 

352E-02 5.ZOE-02 l.66E-01 259E-01 5.26E-01 92SE-01 1.96Ei-OO 
6.79E-02 6.79E-02 l.76E-01 2.26E-01 4.61E-01 9.0ZE-01 2.0ZEi-00 

l'90 l'9S 

3.79E+oo 636E+oo 

633Ei-OO 6.33E+oo 
3.83Ei-OO 3.86E+oo 
2.23E+-Ol 2.23E+-01 
853Ei-OO 853Ei-OO 
3.!IOEi-00 3.!IOE+oo 
292E+oo 2.99Ei-OO 
2.63Ei-OO 4.43E+oo 
1.60Ei-OO 3.79E+oo 

2.63Ei-OO 2.63Ei-OO 
4.44Ei-OO 6.77E+oo 
6.36Ei-OO 853Ei-OO 
23SE+oo 2.60E+oo 

1.23E+-01 1.23E+-01 
3.86E+oo 636Ei-OO 
3.79E+oo 4.43E+oo 

1.46E+oo 1.46E+oo 
22SE-01 2.2SE-01 
3.79E+oo 6.36Ei-OO 

3.ll6Ei-OO 356E+oo 
713Ei-OO 7l3Ei-OO 
3.83E+oo 6.36Ei-OO 
4.43E+oo 7.37E+oo 

3.79E+oo 6.36E+oo 
299Ei-OO. 6.36E+oo 

P99 PIOO 

1.23E+-01 2.23E+ol 

6.33Ei-OO 6.33Et00 
3.86Ei-OO 3.86Et00 
2.23E+-01 2.23E+ol 
USE+-01 USE+ol 
3.!IOEi-00 3.!IOE+oo 
S.27E+oo S.27E+oo 
1.23E+-01 1.23E+ol 
7l3Ei-OO 713E+oo 

3.ll6Ei-OO 3.D6E+oo 
2.23E+-01 2.23E+ol 
1.23E+-01 1.23E+ol 
356E+oo 3.56E+oo 

1.23E+-01 1.23E+ol 
USE+-01 2.23E+ol 
7.37E+oo 737E+oo 

1.46Ei-OO 1.46E+oo 
2.ZSE-01 2.2SE-01 
1.23E+-01 2.23E+ol 

1.lSE+-01 2.23E+ol 
713E+oo 713E+oo 
853Ei-OO 853E+oo 
1.23E+-Ol 1.23E+ol 

1.23E+-01 2.23E+ol 
853Ei-OO 853E+oo 
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Tabk 2-214. 1dU.c ofBoaqrowd'can (ilki-day) 

~KO N N 
~ tJ:Jfllltd Mell! SE fl) Pl PS PlO P2S PSO P75 P90 P9S m ffiO 

Total lSUXD 94 937E-Dl 7.6E-04 l.OIB-01 l.Ol.B-01 U4E-Ol 2.'.ltE-01 4.28E-ol 6.82B-Ol l.O'JE+oo l.60E+oo 2.76E+OO SJ6E+OO SJ6E-Hn 

At,e 
0Hl2 240ll 3 3.27E+oo BA6E-03 LIE+OO l!E+oo l.!E+oo l.83Ei00 l.!3E+oo 2.54E+oo 4.79E+oo 4.79E-w:> 4.79E+oo 4.79E+oo 4.79E-Hn 
03-0S 4500> 3 ZJ9E+oo 2.S9E-03 l.lSE+oo l.lSE+oo USEiOO USE+oo l.86E+oo 257E+oo 257E+oo 257E-Hn 257E+oo 2S1E+oo 257E+oo 
05-11 14500> 10 2.09EiOO 4.74E-03 7J9E-ol 7J9E-ol 7J9E--01 7.65E-01 8.138-ol l.D9E+oo 4.82E+oo SJ6E-Hn SJ6E+oo SJ6B+oo SJ6E-w:> 
12-19 12l!XXI 7 lME-ol 2ME-03 UZE--01 l.8ZE-ol lBZE-01 lBZE--01 4.728-01 4.97E-01 8.64E--01 2.768-Hn 2.761HOO 2.76E+oo 2.76E-Hn 
20-39 36500> 23 6J9E-ol SJOl!-o4 l.lE--01 l.13E-Ol 3J8E-Ol 3.79E-01 4.288-01 SD3E-01 6.82E-01 1.22E-Hn l.24E+oo l.24B+oo 1.24B+oo 
40-69 SS7IXXI 33 6S7E--01 4.261H>4 l.OIB-01 lDlE--01 l.Dm-01 3.33E-01 4.23E-01 6.4SE-01 9.22E-01 UOE+oo U3E+oo l.SLB+oo 151.B+oo 
70+ 2.S6XXI 1S 9.34E--01 l.S3E-03 l.141Hll l.ME-01 l.84E-Ol l.84E-01 2.38E-01 8.41E-01 U8E+oo 1568-Hn 2.88E+oo 2.88E+oo 2.88E+oo 

Seata! 
Fall lllml 11 UME+oo l.S4E-03 lME--01 l.84E--01 l.84E-Ol 1.84E-01 3.SZE-01 7.29E-01 133E+oo 257E+oo 2.88E+oo 2.88E+oo 2.88E+oo 
Sjxiog 35500) 39 6.87E--01 8.276--04 lDlE-ol lDlE--01 l.13E-Ol l.82E-01 3.38E-Ol 6.m.E-01 8.66E-01 USE+oo 1.83E+oo 2.54E+oo 2.S4E+oo 
&mner 4740XI 16 6.22E-Ol 3.62E--04 3568--01 3568--01 3568-01 3.89E-01 4.23E-01 5.038-01 SllE-01 l.O'JE+oo U8E+oo UllE+oo U8E+oo 
Wioter 376<XXI 28 l.48E+oo 2.JJE-03 l.lll!E--01 Ull!E-01 l.llSE-01 3.79E-01 6.4SE-01 9.49E-Ol l.38E+oo 4.82E+oo Sl6E+oo SJ6E+oo Sl6E+oo 

Urlmizatioo 
eaiiraaiy 222(XX) 11 1.64E+oo 3.64E-03 l.84E-01 1.846--01 l.84E-01 1.84E-01 2.38E-01 9.84E-Ol 2.76E+oo 4.82E+oo Sl6E+oo SJ6E+oo Sl6E+oo 
Nametropdila! 634000 44 7.81.B-Ol 7.lllE--04 3.l'E-01 3.33E--Ol 3.528-01 4J9E-01 4.438-01 S.70E-01 8.lE-01 156B+oo 1.116E+oo 2.88E+oo 2.88E+oo 
!Uiulm 6S7!XXI 39 8.sOE-01 8.98B--04 lDlE--01 lDlE-01 l.llSE--01 l.82E-Ol 3.896-01 7.29E-Ol UOl!+oo lSOE+oo 257E+oo 4.79E+oo 4.79E+oo 

Race 
Blade Sl!XXI 3 1.32E-Ol l.sSE--04 lDlE--01 1.0lE--01 lDlE-01 l.OlE-01 l.OlE-01 U3E-01 1.SZE-01 1.82E--01 1.828-01 1.82E-Ol 1.826-01 
White 146200) 91 9.65E-Ol 7.79E-IM l.llSE--01 lDSE-01 2.JSE-01 3.SZE-01 4.438-01 7.0lE-01 l.O'JE+oo l.60E+oo 2.888+oo SJ6E+oo SJ6E+oo 

R~oo 
'dwest 68.mJ !ii 8.71E--01 8.646-IM 2.22E-oJ. 2.22E-01 3.JSE-01 3.766-01 4.438-01 6.4SE-01 lME+oo l.60E+oo 257E+oo 4.79E+oo 4.79E+oo 

· Ncrtbeast l~ 2 8.70E-ol. 4.738-03 2.356-01 23SE--01 23SE-01 23SE-Ol 23SE-01 8.70E-01 lSOE+oo l.50E+oo 1.sOE+oo lSOE+oo 1.SOE+oo 
Srulft 377000 13 8.32E-01 lDSE--03 l.84E-oJ. 1.846-01 l.84E-01 2.38E-Ol 4.28E-01 7.29E-01 Ul9E+oo l.56E+oo 2.88E+oo 2.88E+oo 2.88E+oo 
West 4:ml0 22 1.14E+oo 2D7E-o3 l.OlE-Ol· lDlE-01 lDSE-01 U3E-Ol 356E-01 7.SZE-01 1.13E+oo 2.76E+oo 4.8ZE+oo Sl6E+oo Sl6E+oo 

1-.l Respcrue to Qieslimnaire 
I Do )'CU garden? • 131200I SS 9.4SE-01 8.400--04 lfilE-Dl lDlE-Dl l.82E-Ol 3.SZE-01 431E-Ol 6.7SE-01 I.o9E+oo 156B+oo 2.888+oo Sl6E+oo SJ6E+oo yo) 

~ Do)'CUfamJ? s~ 3S 1.0'JE+oo l.71E-o3 1.osE-01 lDSE-01 2.22E-Ol 3.766-01 4.286-01 6J4E-01 1.0'JE+oo 2.76E+oo 4.82E+oo Sl6B+oo Sl6E+oo 
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Pop.ilatioo ______ N __ - N 
OraJP Wl!td lmW2ld Mean SE 

Total 20S700I 139 652E-01 4.23E-o4 

Age 
<01 9000 1 1.84E-01 O.OOE+oo 
01-0Z nm 2 1.33E+oo 2.74E-03 
03-0S 6(j()()() 6 lAOE+oo 6D7E-03 
06-11 lS:ml 15 1D2E+oo l.B'IE-03 
12-19 201000 11 63SE-Ol 9.72E-04 
20-39 31(JOOO 22 3.21E-01 SJSE-04 
40-69 83:ml SS 6.44E-Ol Sl7E-o4 
70+ 449000 27 6.36E-01 8.57E-o4 

Seasoo 
Fall 250000 8 1D9E+oo 6.64E-o4 
~ S9lml 66 8.llE-01 1D9E-o3 
&mner 38lm) 11 391E-ol 3.43E-o4 
Wmter 821000 S4 Sl3E-01 S.20E-04 

· Urbmi7.atioo 
eeo1ra1 aty sosooo 23 7.54E-Ol 8.27E-o4 
NoanelrOpditan 664000 S2 6l8E-Ol 9.29E-04 
&rblrbal 88lmO 64 6.20E-01 S.OOE-<14 

Race 
White 2057000 139 6.SZE-01 4.23E-o4 

R • 
:ff:at 112lXD 76 6.BSE-01 6.82E-04 
Nm1beaat 382000 2S 63SE-01 8.21E-o4 
Sou!h 33lXD 23 6.69E-01 6.99E-04 
Well 219000 lS 4.90E-ol S.22E-o4 

N Respmse to Qiestimoaire 
~ Do)Qlcmr 184m 123 6.37E-01 4.48E-o4 
~ Do )QI 7 87000 9 3.SlE-01 S.96E-o4 

Table 2-215. Intake of Homegrown Strawberrie1 (&/kg-day) 

l'O Pl PS PlO P'lS PSO 

2.44E-02 4.lSE-02 816E-02 USE-01 2.SSE-01 4.67E-01 

1.84E-01 1.84E-01 1.84E-01 1.84E-01 1.84E-Ol 1.84E-01 
7.D4E-Ol 7.D4E-Ol 7.D4E-01 7.D4E-01 7.D4E-01 1.69E+oo 
3.00E-01 3.00E-01 3.00E-01 3.00E-01 3.86E-Ol SlSE-01 
lJIZE-01 1.82E-01 1.82E-01 2.46E-01 4.37E-01 8.0SE-01 
8.92E-02 8.92E-02 8.92E-02 1.()6E-01 4l6E-01 S.69E-01 
7.92E-02 7.92E-02 8l6E-OZ lDSE-01 USE-01 2.0SE-01 
2.44E-02 2.44E-02 6.S3E-OZ l.7SE-01 3.SSE-01 S.83E-01 
USE-02 41SE-02 4.41E-OZ 8.64E-OZ 2.62E-01 4.69E-Ol 

6.54E-01 6.54E-01 6.54E-Ol 6.77E-01 8.12E-01 1.00E+oo 
7.92E-OZ 7.92E-02 8.92E-OZ 1.lKIE-01 2.7SE-Ol 4.69E-Ol 
6.S3E-02 6.S3E-02 6.S3E-OZ 6.S3E-02 1.2SE-01 4.28E-01 
2.44E-OZ 2.44E-02 4.41E-02 1.0SE-01 2.o?E-01 3.86E-01 

41SE-OZ USE-02 4.41E-OZ 8.92E-02 3.82E-01 4.88E-01 
2.44E-02 2.44E-02 6.S3E-02 8l6E-02 1.2SE-01 3.BSE-01 
7.92E-02 7.92E-OZ 1.BlE-01 2.21E-01 3.4SE-Ol S.llE-01 

2.44E-02 41SE-02 8l6E-OZ USE-01 2.SSE-01 4.67E-01 

2.44E-OZ 2.44E-02 6.S3E-OZ 8l6E-OZ 1.82E-Ol 4l6E-Ol 
8.92E-OZ 8.92E-02 1.S9E-Ol 1.82E-01 2.SSE-01 4.67E-01 
133E-01 133E-01 2.0SE-01 3.77E-Ol SlSE-01 6.21E-Ol 
8.64E-OZ 8.64E-02 1.71E-Ol 1.lKIE-01 233E-01 S.llE-01 

2.44E-OZ 4.lSE-02 7.92E-OZ 1.18E-01 2.28E-01 4.S3E-01 
1.33E-Ol 133E-01 133E-01 133E-01 2.oSE-01 2.83E-Ol 

P7S P90 F9S 

8.20E-01 1.47E+oo 1.77E+oo 

1.84E-01 1.84E-01 1.84E-01 
1.69E+oo 1.69E+oo 1.69E+oo 
2.97E+oo 4.83E+oo 4.83E+oo 
1.46E+oo 2.43E+oo 2.54E+oo 
8.6SE-Ol 133E+oo 133E+oo 
4.59E-Ol 8.20E-Ol 9.73E-Ol 
9.41E-01 1.42E+oo 1.47E+oo 
7.00E-01 1.66E+oo 1.89E+oo 

1.33E+oo 1.47E+oo 1.66E+oo 
9.73E-01 193E+oo 2.54E+oo 
S.97E-01 6.21E-01 6.96E-Ol 
6.0lE-01 1.27E+oo 1.46E+oo 

1.33E+oo 1.47E+oo 1.69E+oo 
8l4E-01 1.66E+oo 2.16E+oo 
6.96E-01 1.27E+oo 1.56E+oo 

8.20E-01 1.47E+oo 1.77E+oo 

1.00E+oo 1.66E+oo 193E+oo 
8.6SE-01 1.46E+oo 1.83E+oo 
6.96E-01 1.ooE+oo 1.00E+oo 
7.ooE-01 8l2E-01 8l2E-01 

8.20E-01 1.46E+oo 1.77E+oo 
SlSE-01 7.D4E-01 7.D4E-Ol 

P99 

2.72E+oo 

1.84E-01 
1.69E+oo 
4.83E+oo 
2.54E+oo 
1.33E+oo 
1.56E+oo 
2.37E+oo 
2.72E+oo 

1.66E+oo 
4.83E+oo 
6.96E-01 
2.37E+oo 

2.37E+oo 
4.83E+oo 
2.97E+oo 

2.72E+oo 

2.97E+oo 
2l6E+oo 
2.72E+oo 
9.71E-01 

2.54E+oo 
7.D4E-01 

I o 

I-~ 

PlOO 

4.83E+{)() 

1.84E-01 
1.69E+<l0 
4.83E+<l0 
2548+{)() 
133E+<l0 
156E+oo 
2.37E+<l0 
2.72E+oo 

l.66E+oo 
4.83E+oo 
6.96Eo..Ql 
2.37E+oo 

2.37E+-OO 
4.83E+-OO 
297E+-OO 

4.83E+-OO 

4.83E+-OO 
216E+-OO 
2.72E+-OO 
9.71E-Ol 

4.83E+oo 
7.D4E-01 

0 
0 ~ '=' 
H c:0 CJ 
1-'l c:: lzj 
t;i:;l 0 1-3 

~ 
&1 



~KXI N N 
Yl!ld Ol'll!ld Melo SE 

Toal 162600) 99 UE--01 3.31E--04 

Af.e 
<01 m? 1 OOOB+oo OOOB+oo 
01--0? 4UXXI 2 1S7B+oo 1.81E-03 
03-0S s:mo 3 6.71E-Ol 3.638-03 
06-11 10(,(XXI 10 327B-01 8.83E-04 
12-19 '19(XXI 5 3.56E-ol 8.31E-04 
20-39 309IXXI 20 3.90E-Ol S.118E-G4 
40-69 87llXXl 51 4.89E-Ol 4.38E-04 
70+ l.59CXXI 7 4.4SE-Ol 4.72E-04 

Season 
Fall 3'19(XXI 13 4.44E-01 228E-G4 
Siring 287000 29 3.116E-Ol 4.13E-G4 
!bmJer S02lXXl 18 S.56E-Ol 7.91E-G4 
W1Dter 4Sm? 39 SJSE-01 6.82E-G4 

Urbmizatioo 
Centra City 37!rol 15 4JSE-Ol 4.6SE-G4 
NC11Dctropaitao 46liOOI '!I 6.43E-Ol 7.98E-04 
&rb!rbaJ 722lXX) 45 4.48E-Ol 4.20E-o4 

RlU 
Black 7(i(XXI 4 4.D7E-Ol 6.6BE-G4 
'White 149000) 93 5.D3E-Ol 350E-G4 

Regjoo 
Midwest 73()00) S6 4S7B-01 5.46E-04 
Nmheast 2lllXXl 11 650E-Ol UBE-03 
Sculh 204lXX) 12 5.47E-Ol 8.78E-o4 

1-.l West 41SlXXl 18 4.71E-Ol 2.78E-04 
~ 

Reapaise to~tiamaire ~ w Do)'llllgarden? 133DD 84 4.72E-Ol 3.113E-04 
Do)'llll faan? 219lXXl 16 S.76E-Ol lllE-04 

Table 2-216. IlllW or Homcirowa Other Bcnicl (&lki-day) 

RI Pl PS P10 ns PSO 

OOOB+oo OOOB+oo 4.688--0? 9.24E-02 2.3ZB-01 3.MIHl1 

OOOB+oo OOOB+oo OOOB+oo OOOB+oo O.!XE+oo O.!XE+oo 
1.31E+oo 1.31E+oo 1.31E+oo 1.31E+oo 1.3lE+oo 1.31E+oo 
OOOB+oo OOOB+oo OOOB+oo OOOB+oo O.!XE+oo O.!XE+oo 
O.!XE+oo OOOB+oo OOOB+oo O.!XE+oo O.!XE+oo 3.46B--01 
4.688--02 4.68E--O? 4.68E--O? 4.68E--O? 4.688--02 2.91E--Ol 
7.9SE-OZ 7.9SE-02 9l8E-02 9J8E--O? 1.25E--Ol llE-01 
7.69E-OZ 7.69E--02 l.OlE-01 1.34E-Ol um-oi 3.39E--Ol 
2588-01 2.58E-Ol 2588-01 3.31E-Ol 351E--01 3.1141Hll 

2.67E-Ol 2.67E-Ol 2.67E-Ol 2.91E-Ol 3.42E--Ol 3.9SEH11 
4.688-02 4.68E-02 4.688-02 7.69E-OZ 1.114E-Gl 2.54E-Gl 
O.oOE+oo O.OOE+oo O.ooE+oo O.ooE+oo lDlE-Gl 5l4E-Gl 
O.OOE+oo O.ooE+oo lmE-01 159E-Ol 2.32E-Gl 3.89E-Ol 

4.6BE-02 4.68E-OZ 4.688-02 7.69E-OZ lDSE--01 3.9SE--Ol 
O.OOE+oo O.OOE+oo 924E-OZ 1D2E-01' 251E--Ol 4.39E--Ol 
9J8E-OZ 9J8E-02 12SE-Ol l.SSE-01 2.SSE--01 3.114E--Ol 

158E-01 158E-01 158E-Ol l.58E-Ol 2.m--01 4ME--01 
O.OOE+oo 4.6BE-OZ 9l8E-OZ l.OlE-Gl 251E--Ol 3.9SE--Ol 

O.ooE+oo O.ooE+oo 7.69E-OZ 9lBE-m llSE-01 3.00E-Gl 
2.34E-01 2.34E-Ol 252E-01 3.llSE--01 353E--01 4.69E--Ol 
924E-02 924E-02 924E-tn 924E-OZ 22SE-Ol 4.B3E--Ol 
1.34E-Ol l.34E-Ol l.84E-01 251E-Ol 3.31E-Ol 3.9SE--Ol 

O.OOE+oo O.ooE+oo O.ooE+oo 9l8E-OZ 2.IXIE-Gl 353E-Gl 
O.ooE+oo 0.00E+oo 7.9SE-OZ lmE--01 2.91E-Gl 5l4E--01 

P7S P.lO f9S 

S.l9E-Ol lmB+oo lm+oo 

O.!XE+oo OOOB+oo OOOB+oo 
2.ll8E+oo 2.0SE+oo 2.osE+oo 
19SE+oo 1.9SE+oo 1.9SE+oo 
smE-01 6.23E-01 9D2E-Ol 
S.79E--01 S.89E-Ol S.89E-Ol 
5528--01 7.94E-Ol lmB+oo 
6.12E--Ol 7.68E-Gl 128E+oo 
SJSE-01 SJSE-01 1.D7E+oo 

4.69E--01 6.73E-01 7.68E-01 
4.118E-01 5.400-Gl 7.24E-01 
7.24E-Ol 1.31E+oo 221E+oo 
623E--Ol 1.D7E+oo l.9SE+oo 

6.73E-Ol 7.24E-Gl 1.D7E+oo 
1D2E+oo 1.31E+oo 221E+oo 
SJSE-01 S.89E-Gl 9.ll2E-01 

SME-Gl S.89E-Ol S.89E-Ol 
6.0IE-Gl 1.D7E+oo l.31E+oo. 

S.871Hll l.12E+oo l.2BE+oo 
S.43E-Ol 1.9SE+oo 2.ll8E+oo 
6.32E-Gl 1.31E+oo 1.31E+oo 
6.73E--Ol 7.24E-01 7.6BE-Ol 

5528-01 l.D7E+oo llBE+oo 
7.24E-Ol l.28E+oo llBE+oo 

P99 P1al 

221E+oo 221E+oo 

OOOB+oo OOOB+oo 
2.osE+oo 2.08E+oo 
1.9SE+oo 19SE+oo 
9.ll2E-Ol 9D2E-Ol 
S.89E-Ol S.89E-Ol 
lmB+oo l.D7E+oo 
221E+oo 221E+oo 
l.D7E+oo 1.D7E+oo 

7.68E-01 7.68E-Gl 
1.D7E+oo l.D7E+oo 
221E+oo 221E+oo 
2.llSE+oo 2.osE+oo 

1.D7E+oo 1.D7E+oo 
221E+oo 221E+oo 
2.0SE+oo 2.118E+oo 

5.89E-01 S.89E-01 
2.21E+oo 2.21E+oo 

2.21E+oo 2.21E+oo 
2.08E+oo 2.osE+oo 
l.31E+oo 1.31E+oo 
7.6BE-Ol 7.688-01 

2.21E+oo 2.21E+oo 
128E+oo l.28E+oo 

0 
,
. 0 

. !:IS 
0 

(':I 1-:3 " 
H.o~ 
~ c:: ltj 

0 1-:l 

~ 

~ 



Ptlpllafioo N N 
Oroui> \Wiii !!!!!Jl!d Mean SE 

Total 7631XXJ 66 S59E-01 4.76E-64 

Age 
01-0Z IMlOO 1 S52E-Ol O.OOE+oo 
03-0S 25000 3 1.osE+oo 433E-03 
06-11 31000 3 7l8E-Ol 2.0SE-o3 
12-19 70000 s 4.22E-01 6.66E-04 
20-39 144000 11 S.96E-01 8l6E-64 
40-69 4Dm 38 4.6SE-01 S.o6E-04 
70+ 55000 5 1.o6E+oo 2.99E-03 

Seasat 
Fall 62lm 2 3l4E-01 3ASE-64 
Sixiog 60IKlOO 59 6l2E-01 S.67E-04 
Wmter 9ll00 s 3.76E-01 7l2E-04 

Urblllizafioo 
Ceolr.i City llmXI 9 S.83E-01 6.88E-04 
NCDDetropdillE - 215000 27 759E-01 134E-03 
!UlubaJ 35IMlOO JI 4.27E-01 3.70E-04 

Race 
White 76ll00 66 559E-01 4.76E-04 

R:foo 
'dwest 36IMlOO 33 4.78E-01 6.lSE-04 

Northeast 270000 20 7l7E-Ol 8.60E-04 
SoUlb 95000 9 2.76E-Ol 1.49E-04 
West Dm 4 1.D4E+oo 1.86E-03 

Respcnse ID Quesliamire 
59 533E-01 Sl7E-64 N Doyruf:!m? 669000 

I Do )'00 7 157000 16 3l8E-01 3A4E-04 
~ 

t 

Table 2-217. Intake of Homegrown Asparagus (g/kg-day) 

I'll Pl PS PlO P2S PSO 

UXJE-01 1.00E-01 l.41E-Ol 1.91E-01 2.7SE-01 4.00E-01 

S52E-01 S52E-Ol S52E-01 S52E-01 S52E-01 S52E-01 
2.76E-01 2.76E-01 2.76E-01 2.76E-01 2.76E-01 931E-Ol 
3.0SE-01 3.0SE-01 3.0SE-01 3.0SE-01 3.82E-Ol 1.D7E+oo 
1.68E-01 1.68E-01 1.68E-Ol 2.21E-01 2.7SE-01 334E-Ol 
1.00E-01 1.00E-01 1.llOE-01 157E-01 3.03E-01 S.77E-01 
UOE-01 UOE-01 U3E-01 1.81E-01 234E-01 4.00E-01 
2lOE-01 2lOE-01 2lOE-01 2lOE-01 2lOE-01 ll2E+oo 

2.28E-01 2.28E-01 2.28E-01 2.28E-01 2.28E-01 3l4E-01 
1.00E-01 1.llOE-01 157E-01 191E-01 298E-Ol 4.46E-01 
UOE-01 UOE-01 UOE-01 UOE-01 2lOE-01 4.00E-01 

2.28E-01 2.28E-01 2.28E-01 2.28E-01 4.00E-01 4.00E-01 
1.00E-01 1.llOE-01 1138-01 1.41E-Ol 2308-01 5.43E-01 
UOE-01 UOE-01 1.698-01 1.81E-Ol 2.7SE-01 3.6SE-01 

UXJ8-0l l.OOE-01 1.41E-01 1.91E-01 2.7SE-01 4.00E-01 

1.llOE-01 l.OOE-01 1.108-01 1.41E-Ol 2.28E-01 4.00E-01 
1.81E-01 1.81E-01 234E-Ol 234E-01 3.6SE-01 S96E-01 
1.68E-01 1.68E-Ol 1.688-01 1.91E-01 2.81E-01 3.0ZE-01 
733E-01 733E-01 733E-01 733E-01 733E-01 7.948-01 

1.008-01 1.00E-01 1.41E-01 1.81E-01 2.7SE-01 4.00E-01 
1.llOE-01 1.llOE-01 1.00E-01 1.13E-01 230E-01 3.D3E-01 

P7S P90 1'95 

7.D7E-01 1J2E+oo 1.63E+oo 

552E-Ol S52E-01 S52E-01 
1.97E+oo 1.97E+oo l.97E+oo 
l.D7E+oo 1.D7E+oo 1.D7E+oo 
4.40E-01 7.0lE-01 7.0lE-01 
9.29E-01 9.69E-01 ll2E+oo 
S.96E-01 8.84E-01 1.24E+oo 
1.63E+oo 1.92E+oo 1.92E+oo 

4.00E-01 4.00E-01 4.00E-01 
8.84E-01 USE+oo 1.63E+oo 
7.D7E-01 7.D7E-01 7.D7E-01 

9.29E-01 9.298-01 1.D7E+oo 
1.24E+oo 1.7SE+oo 1.9ZE+oo 
S.79E-01 7.DIE-01 931E-01 

7.07E-01 ll2E+oo l.63E+oo 

6.14E-01 931E-Ol ll2E+oo 
9.29E-01 1.248+oo 1.63E+oo 
3.0SE-01 3.lSE-01 3.lSE-01 
l.18E+oo 154E+oo 154E+oo 

6.99E-01 ll2E+oo 1.63E+oo 
4.22E-01 S52E-01 S.79E-01 

P99 PlOO 

1.97E+oo 1.97E+oo 

S52E-01 S52E-01 
l.97E+oo l.97E+oo 
1.D7E+oo 1D7E+oo 
7.DlE-01 7.DlE-01 
ll2E+oo 1.12E+oo 
1.7SE+oo 1.7SE+oo 
1.92E+oo 1.92E+oo 

4.00E-01 4.00E-01 
1.97E+oo 1.97E+oo 
7.D7E-01 7D7E-01 

l.D7E+oo 1D7E+oo 
l.97E+oo 1.97Ef-OO 
ll2E+oo ll2E+oo 

l.97E+oo 197E+oo 

l.97E+oo 197E+-OO 
1.92E+oo 1.92E+-OO 
3.lSE-01 3.lSE-01 
154E+oo 154E+-OO 

1.97E+oo 1.97E+-OO 
5.79E-01 S.79E-01 

.:-\ 
0 

(') lo? " 
Hp~ 
8 c.: l:tj 
tzj 0 1-i 

1-'j 
tzj 

01 
~-



~ N N 
!2! tlllll:td Mem S8 

Tolll 221400) 125 5.12E-ot 3.7E--04 

At,c 
01-0Z 2100) 2 3.!lB+oo Ul7E-o3 
03-0S SllXXl 4 1.!4E+oo 4.638-03 
06-11 16700> 10 3.67E-01 UIE--04 
12-19 22100) 13 3.!lE-ot 6.oeE--04 
20-31} 38m) 22 3.81E-ot 4;74E--04 
40-69 9510)) 51 4.28E-ot 3l8E--04 
70+ 40lml 23 S.81£-01 6.61B--04 

Scasoo 
Plil 562IXXI 21 SASE-01 S.72E--04 
Sjxq SSD>O SS 4.701Hl 8.92E--04 
Smner ~fl11J 22 3.8SE-01 2.S9E--04 
Wmter 411ml 'J:1 7.JIE-01 1.24E-o3 

Urlmizalioo 
CcnlnlOty 6Sllm 'J:1 5l8E-01 7.38E-04 
NOIDIClropditm 7SD>O 51 S.77E-Ol 7.438--04 
!Ulubm IKJSOOO 47 USE-01 UlB--04 

Race 
NatiYe American 2lml 1 7378-0Z O.ooE+oO 
White 2lstml 124 Sll!B-01 3.76E--04 

R:f:ai 88Slm 53 6.llE-01 6.14E--04 
Ncri>ealt 2JXKlO 13 4.SlB-01 854E--04 
Swlh 545000 31 4.SlB-01 8.8SE--04 
West 5540)) 28 3.96E-ot S.SlB--04 

t-.) Respcme to ()Jcslicmaire 
~ Do JllU gadm1 210700) 120 S.26E-01 3.89E--04 

~ Do JllU faml? 229WI 11 3.96E-Ol 4.84E--04 

Tablt 2-111. lDlako of Homcpo'lr1I Booll (J/kl-day) 

ro Pl PS P10 P2S 

lllB-OZ 3.21B-<l2 7378-0Z lmE-01 1.!SfHll 

3.69B+oo 3.69Bt00 3.69B+oo 3.69B+oo 3.69B+oo 
U7E-ot U7E-01 4.47E-01 U7E-01 4.47E-ot 
1.92E-Ol 1.92E-01 2JIJE-Ol 2Jl)E-Ql 2.658-01 
l06E-<l2 8.ll66-0Z 8.ll66-0Z lJlB-01 UWlE-ot 
7S7E-OZ 7S7E-OZ 7S7E-OZ 1.22E-01 1.438-ot 
S.ooE-OZ s.ooe-oz 7J1B-02 7.468-02 2.0SE-01 
lllE-OZ lllB-02 3.21B-OZ 4.76E-OZ 2.71B-Ol 

3.21B-OZ 3.21E-02 4.76E-OZ S.ooE-OZ 2S7E-ot 
7.46E-OZ 7.46E-OZ 8.ll66-0Z Ul9B-01 1.438-01 
7S7E-OZ 7S7E-OZ 1.200-01 1.22E-Ol 1.84E-ol 
7J1B-02 7JlB-02 7J1B-OZ 7378-0Z 2.m-01 

lllB-01 lllB-01 l.35E-01 1.83E-01 2S7E-01 
5.ooE-OZ S.ooE-OZ 7.31B-OZ 7378-0Z 1.80E-01 
lllB-02 3.21B-OZ 4.76E-OZ 8.ll66-02 1.438-01 

7378-02 7378-0Z 7378-02 7378-02 7378-02 
3.21B-OZ 3.21B-OZ 7.46E-OZ ll38-01 2.0SE-01 

S.ooE-02 5.ooE-OZ ll3E-01 1.83E-ot 3lSE-Ol 
8.27E-OZ 8.27E-OZ 1.20E-01 1.200-01 1.38E-01 
7.46E-OZ 7.46E-OZ 7S7E-02 8.o6E-OZ 1.IKIE-01 
3.21B-02 3.21B-02 4.76E-02 7.31E-OZ 1.21E-01 

3.21E-OZ 3.21B-OZ 7378-02 9.56E-OZ 2.0SE-01 
1.84E-Ol 1.84E-01 1.84E-01 l.84E-01 2.8SE-01 

PSO P15 P90 

3.97IH1 SJ7E-01 • 1D38i00 

3.69B+oo 4.lm+oo 4D88i00 
2.32EtOO 2.!4E+oo 2.97E+oo 
3.66E-Ol 4JlB-01 SlSE-ot 
2.73E-01 S.77E-Ol 9.49E-ot 
2.8SE-Ol S.S6E-Ol 9.99E-ot 
3.97E-ot S.49E-Ol 9.2SE-ot 
U9E-ot 9mE-Ol 1.36E+oo 

3.56E-01 9.49E-01 136E+oo 
2.73E-ot U7E-01 8.738-01 
3.97E-01 S.49E-Ol 6.24E-01 
S.20E-Ol 8.28E-01 ll38+oo 

4.0lB-01 S.49E-01 9.ll9E-01 
3.86E-01 6.61B-01 136E+o0 
3.97E-01 S.56E-Ol 9.2SE-01 

7378-02 7378-02 7378-02 
3.97E-01 S.87E-Ol t.o38+o0 

454E-Ol 9.ll9E-Ol USE+oo 
3.97E-Ol 5.87E-Ol 9.99E-01 
2.64E-01 4.84E-Ol 6.61B-Ol 
2.86E-Ol S.49E-Ol 6.24E-01 

4.0lE-ot 6.o6E-Ol 1.o3E+oo 
2.86E-01 498E-01 S.2.0E-01 

P9S 

1.36E+oo 

4.ll8E+oo 
2.97E+oo 
SlSE-01 
9.49E-ot 
9.99E-ot 
USE+oo 
1.36E+oo 

l.36E+oo 
1.59E+oo 
9mE-01 
2.32E+oo 

ll2E+oo 
lAOE+oo 
9.99E-01 

7378-02 
1.36E+oo 

1.36E+oo 
1.32E+oo 
9.44E-01 
7D4E-01 

1.36E+oo 
t.o38+oo 

P99 

3.69B+oo 

4.DSB+oo 
2.97E+oo 
SlSE-ot 
9.49B-Ol 
ll2E+oo 
lAOE+oo 
1.S9E+oo 

lAOE+oo 
4D8E+oo 
9mE-01 
3.69E+oo 

3.69E+oo 
4.DSE+oo 
2.32E+o0 

7378-0Z 
3.69E+o0 

3.69E+o0 
l.S9E+oo 
4D8E+oo 
2.32E+o0 

3.69E+oo 
t.o38+oo 

t1 
f o 
... ~ 
01-3" 

t:.o ~ 
l:i:j c 1%.1 

01-:) 
1-3 
l:i:j 

0 
~ 

PlC:O 

4.DSB+oo 

4.lm+oo 
2.97E+oo 
SlSE-01 
9.49B-01 
ll2E+oo 
lAOE+oo 
1.59B+oo 

lAOE+oo 
4.DSE+oo 
9mE-01 
3.69B+oo 

3.69E+o0 
4.ll8E+o0 
2.32E+o0 

7378-0Z 
4.DSE+oo 

3.69E+oo 
l.S9E+o0 
4.ll8E+o0 
2.32E+oo 

4.0SE+-00 
1.038+-00 



Populalioo N N 
Orouo !!Jltd UllVll!ld Mean SE 

Total 1745000 !Kl 420E-01 3.22E--o4 

Age 
03-0S lml 1 4.24E-Ol O.OOE+oo 
06-11 187000 9 4.27E-01 S.48E-04 
12-19 102000 4 6.2SE-01 t.o1E-G3 
20-3'> 486000 19 3l8E-01 3.34E--o4 
40--69 761000 '!1 4l2E-01 4.S3E-04 
70+ 19()()00 10 S.94E-01 1.86E-03 

Seasoo 
Fall 624000 20 2.87E-01 2.o9E-04 

~ 2~ 27 S.43E-01 1.21E-03 
682000 22 S.osE-01 S.96E-04 

W111ter 181000 11 3.7SE-01 6.66E-04 

Urbmimtit'!J 
Ceo1ral City 165000 s 3.60E-01 7.21E-04 
Ncmielropdilao 647000 34 4.23E-01 3.0SE-04 
Srlubao 933000 41 4.29E-01 SASE-04 

Race 
Other/NA UiOOO 1 3.o9E-Ol O.OOEt-00 
White 171900) 79 4.22E-Ol 3.26E--()4 

R:foo 
'dwelt 792000 38 2.63E-01 4.o6E-04 

NCl'lheast 427000 19 S3lE-01 8.7SE-04 
SoUlh 37DXI 16 6.14E-01 4.ooE-04 
West 153000 7 4.SSE-01 6.78E--o4 

Resprnse to Qiestiamalre 
t..,) Do )'llU ganleo? 172900I 78 4.22E-Ol 3.24E--o4 
I Do )'llU film? 599000 29 4.66E-01 S.83E-04 U> 

~ 

Table 2-219. Intake ofHomCifOWD Broccoli (i/q-day) 

l'O Pl PS PlO PlS PSO 

4.SOE-OZ 7.61E-02 8.24E-02 1.S6E-01 1.96E-01 2.90E-01 

4.24E-01 4.24E-Ol 4.24E-01 4.24E-01 4.24E-Ol 4.24E-01 
1.78E-01 1.78E-01 1.78E-01 1.78E-01 2.7SE-Ol 4.03E-01 
1.7SE-Ol 1.7SE-01 1.7SE-01 1.7SE-01 1.7SE-01 7.37E-01 
7.61E-02 7.61E-02 7.99E-02 7.99E-02 1.72E-01 2.44E-01 
8.24E-02 8.24E-02 1.o6E-01 l.64E-01 2.22E-01 3.SlE-01 

. 4.SOE-02 4.SOE-02 1.86E-01 1.86E-01 2.03E-01 2.31E-01 

7.99E-02 7.99E-02 7.99E--02 8.24E-02 1.7SE-01 2.31E-01 
4.soE--02 4.SOE--02 1.54E-01 1.70E-Ol 2.6SE-01 3.31E-01 
7.61E-02 7.61E-02 1.29E-01 1.78E-01 2.lSE-01 3.99E-01 
1.o6E-01 1.o6E-Ol 1.o6E-Ol 1.lSE-01 2.23E-01 2.31E-01 

1.64E-01 1.64E-01 1.64E-01 1.64E-01 1.86E-Ol 2.03E-01 
4.SOE--02 4.soE-02 1.29E-01 1.70E-01 2.23E-01 3.69E-Ol 
7.99E-02 7.99E--02 8.24E-0'2 1.44E-Ol 2.13E-Ol 2.<14E-01 

3.o9E-Ol 3.o9E-01 3.o9E-Ol 3.o9E-01 3.o9E-Ol 3.o9E-Ol 
4.soE-02 7.61E-02 8.24E--02 1.56E-Ol 1.96E-01 2.88E-01 

7.61E-02 7.61E--02 7.99E-02 8.24E-02 1.7SE-01 2.13E-01 
4.SOE-02 4.SOE--02 lME-01 1.70E-01 2.23E-01 3.99E-01 
2.23E-01 2.23E-01 2.23E-01 3.62E-01 4.34E-01 6.14E-01 
2.llE-01 2.12E-01 2.31E-01 2.31E-01 2.77E-01 3.G9E-01 

4.SOE--02 7.61E-02 8.24E-02 1.64E-01 1.96E-01 2.90E-01 
4.SOE--02 4.SOE--02 7.61E-02 1.54E-01 1.9SE-01 3.lOE-01 

P7S l'90 P9S 

4.S9E-01 8.lSE-01 9.74E-01 

4.24E-01 4.24E-01 4.24E-Gl 
6.61E-01 8.86E-01 8.86E-01 
9.74E-01 9.74E-01 9.74E-01 
3.79E-01 7.47E-01 9.19E-Gl 
4.61E-01 6.14E-01 8.lSE-01 
2.90E-01 2.48E+oo 2A8E+oo 

3.79E-01 4.S2E-01 S.29E-01 
S.89E-01 1.2SE+oo 2.37E+oo 
6.61E-01 8.86E-01 9.74E-01 
4.40E-01 9.19E-01 9.19E-01 

2.88E-01 9.19E-01 9.19E-01 
S.89E-01 7.47E-Ol 8.86E-01 
4.41E-01 6.84E-Ol 2.37E+oo 

3.o9E-01 3.G9E-01 3.o9E-01 
4.S9E-01 8.lSE-01 9.74E-01 

2.7SE-01 3.44E-01 4.03E-01 
4.S9E-Ol 8.lSE-01 2A8Et-OO 
7.47E-01 9.74E-01 9.74E-01 
4.79E-01 9.19E-01 9.19E-01 

4.S9E-01 8.lSE-01 9.74E-01 
6.61E-01 8.86E-01 9.74E-01 

P99 

2A8E+oo 

4.24E-Gl 
8.86E-01 
9.74E-01 
9l9E-01 
3.DZE+oo 
2A8E+oo 

8.lSE-01 
3.0ZE+oo 
2.48E+oo 
9.19E-01 

9.19E-01 
9.74E-01 
2.48E+oo 

3.o9E-Ol 
2A8E+oo 

3.0ZEt-00 
2A8Et-OO 
1.2SEt-OO 
9.19E-01 

2A8Et-OO 
3.0ZE+oo 

t1 
0 

~ 
0 

oHO 
Hp :-x1 
1-3 c:: > 
ltj~~ 

t;i:j 

0 
~ 

PllXI 

3.oZE+ilO 

4.2AIH11 
8.86fH11 
9.7AE-01 
9.19E-Ol 
3.oZE+<lO 
2A8E+<l0 

8.lSE-01 
3.112E+<l0 
2.48E+<l0 
9.19E-ot 

9.19E-01 
9.74E-01 
3.ll'2E+co 

3.G9E-01 
3.0ZE+-00 

3.0ZE+-00 
2A8E+-OO 
1.2SE+-OO 
9.19E-01 

3.0ZE+-00 
3.112Ef-OO 



N ~Ulial N 
!I!!:! ~ Mell! SE 

Tobi 20J.SIOO) 89 1.llE+oo 6.6SE-o4 

A&e 
<01 mX> 1 2.77B+oo O.ooE+OO 
01-0Z 14<00 2 L'lOIHOO 2.JSE-()3 
03-0S 29(XX) 1 lASE+oo O.ooB+oo 
06-11 6100) 3 454E-ot 4.77E-o4 
12-19 2om> 9 S.4SE-Ol 6.46E-o4 
20-39 :mm 16 9.21£-01 t.o1E-o3 
~-69 966(XXI 44 U4E+oo 1.22E-o3 
'10+ 32600) 13 S.48E-ol 9.39E-o4 

Season 
Fall S'JOOO) 21 1.28E+oo 1.96E-03 
~ luaxl 15 lDZE+oo 1.66E-03 
&miler 114200) 39 9.658-01 S.47E-04 
W111ter 18100) 14 7.DlE-01 1.33E-03 

Urbslizatioo 
Central City 15700) s 5.61E-01 151E-03 
Noometropditan 107900) 48 9.37E-01 5.89E-04 
&rbtrbaJ 7mXl 36 1.26E+oo 1.43E-03 

Race 
Bladt 7000 f 1 2.17E+oo O.ooE+oo 
Other/NA 14500) s 6.99E-01 5.66E-04 
\\1Jite 186700) 83 1.llSE+oo 7l3E-04 

...., R~oo 
I idwest 884000 37 7.42E-01 4.76E-o4 

w Ncrtheast 27700) 11 1.91E+oo 351E-03 
~ SoullJ 61tml 32 lllE+oo 9.67E-04 ...a 

West 242000 9 9.D4E-01 7.49E-o4 

Respmse to Q.iestiamire 
D<> )00 ga'llen? 192100) 86 1D7E+oo 6.90E-o4 
D<> )00 Cann? S46CXXl 26 9.96E-01 7.97E-o4 

Tables 2-220. Imakc or HoincJtOWD Cabbaio (Jlki-day) 

ro rA PS P10 P2S rS! 
3200-0Z lDIB-01 2.038-01 3l7B-01 42.IB-01 7.768-ol 

2.77E+oo 2.77E+oo 2.77E+oo 2.77E+oo 2.77E+oo 2.77E+oo 
1A2E+oo lAZE+oo 1A2E+oo 1A2E+oo lAZE+oo 1.70E+oo 
lASE+oo 1.45E+oo 1.45E+oo lASE+oo lASE+oo 1.45E+oo 
351E-ol 351E-01 351E-01 351.E-01 351E-01 4.71E-01 
4J2E-Ol 4J2E-01 4J2E-Ol 55SE-01 6.?0B-01 7.768-01 
1D7E-01 1D7E-01 2.0lE-01 2.0lE-01 4.49E-01 6.838-01 
3.20E-OZ 2.17E-01 222E-01 3.1SE-Ol 4.081!-ol 7J3E-01 
1.86E-01 1.868-01 1.868-01 1.86E-01 4.54E-01 7.88E-01 

1.868-01 1.868-01 1.868-01 2.03E-01 3.BSE-01 S.42E-Ol 
2.46E-01 2.46E-01 2.468-01 4.0SE-01 SlSE-01 9.22E-01 
2.0lE-01 2.olB-01 2.22E-Ol 3lSE-01 55SE-01 8.28E-01 
3.20E-OZ 3.20E-02 lmE-01 lmE-01 3.67E-Ol 553E-01 

1.86E-01 1.86E-Ol 1.86E-Ol 1.86E-01 2.03E-01 3.BSE-01 
2.0lE-01 2.0lE-01 3l7E-01 3.40E-01 454E-Ol 7J3E-01 
3.20E-OZ 3.20E-02 2.22E-01 3.1SE-01 4.49E-Ol 1.0SB+oo 

2J7E+oo 2J7E+oo 2J7E+oo 2.17E+oo 2l7E+oo 2l7E+oo 
4l0E-01 4l0E-01 4lOE-01 UOE-01 559E-01 7.ooE-01 
3.20E-OZ lmE-01 2.03E-01 2.46E-01 4l3E-01 7.88E-01 

lmE-01 lmE-01 1.86E-01 2.22E-01 35SE-01 S.9SE-01 
2.46E-01 2.46E-01 4lOE-ol 4lOE-01 7.00E-01 1.DSE+oo 
3.20E-02 3.20E-OZ 2.0lE-01 2l7E-01 4.49E-01 8.50E-01 
4l3E-01 4l3E-01 4J3E-01 4l3E-01 55SE-01 9.22E-01 

3.20E-OZ lmE-01 2.03E-01 3l7E-01 454E-01 7.SSE-01 
2.0lE-01 2.0lE-01 2.o6E-01 351E-01 S.87E-01 8.28E-01 

P7S P90 P9S 

1.33&t00 1.97E+oo Z.3SE+«I 

2.77E+oo 2.77E+oo 2.77B+oo 
1.918«0 1.988«0 1.988«0 
lASE+oo lASE+oo lASE+oo 
4.71E-01 7.0SE-ol 7.0Sl!-ol 
1.0SB+oo 1.43E+oo 1.43E+oo 
1.24E+oo 1.97E+oo 23SE+oo 
1.41E+oo 1.82E+oo S.29E+oo 
l.37E+oo 156E+oo 1.97E+oo 

1.49E+oo S.29E+oo S.43E+oo 
1.46E+oo 1.98E+oo 2.17E+oo 
1.24E+oo 1.79E+oo 2.3SE+oo 
850E-Ol 1.97E+oo 1.97E+oo 

5.ll9E-01 1.97E+oo 1.97E+oo 
1.33E+oo 1.79E+oo 2.3SE+oo 
1.37E+oo 2J7E+oo 5.29E+oo 

2l7E+oo 2l7E+oo 2l7E+oo 
7.76E-01 lDSE+oo 1.0SE+oo 
1.37E+oo 1.97E+oo 2.3SE+oo 

UOE+oo 1.29E+oo 1.49E+oo 
2l7E+oo S.43E+oo S.43E+oo 
1.79E+oo 2l7E+oo 2.3SE+oo 
llSE+oo 156E+oo 156E+oo 

1.37E+oo 1.97E+oo 2.3SE+oo 
1.37E+oo l.79E+oo 2.3SE+oo 

1'99 ptQ) 

SAJE+oo SAE+oo 

2.77E+oo 2.77E+oo 
1.98Ei00 1.9SE+oo 
lASE+oo lASE+oo 
7.llSE-01 7.llSE-01 
1.43E+oo L43E+oo 
2.3SE+oo 2.JSE+oo 
S.43E+oo S.43E+oo 
1.97E+oo l.97E+oo 

S.43E+oo S.43E+oo 
2.17E+oo 2J7E+oo 
2.77E+oo 2.77E+oo 
1.97E+oo 1.97E+oo 

1.97E+oo 1.97E+oo 
2.77E+oo 2.77E+oo 
S.43E+oo S.43E+oo 

2l7E+oo 2l7E+oo 
1.llSE+oo lDSE+oo 
S.43E+oo S.43E+oo 

1.82E+oo 1.98E+oo 
S.43E+oo S.43E+oo 
2.77E+oo 2.77E+oo 
156E+oo 156E+oo 

S.43E+oo SA3E+oo 
23SE+oo 2.3SE+oo 

,-
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Population N N 
Gr!!!:!J! Mid lml!td Mean SE 

Total 4322000 193 4.38E-01 2.87E-04 

Age 
<01 65000 3 3.60E+oo 1D3E-02 
01-02 51000 4 l.OOE+oo 437E-03 
03-0S 53000 3 6.91E-Ol 8.12E-04 
06-11 299000 14 427E-Ol 610E-04 
12-19 389000 17 2.82E-Ol 3.SOE-04 
20-39 104ml 46 2.83E-Ol 2.30E-04 
40-69 184DD 82 42SE-Ol 218E-04 
70+ 574000 24 4.44E-Ol 3.SSE-04 

Season 
Pal 1810000 66 4.61E-Ol 5.90E-o4 
SjliDg 267000 28 S.SSE-01 l.03E-03 
Simmer 1544000 49 3.88E-01 222E-04 
Wanter 701000 so 4.44E-01 629E-o4 

Urtmi7.ation 
. Ccntra City 963000 29 2.82E-Ol 2.12E-04 
• Nonmetropdillll 167SOOI 94 5.18E-Ol 6.73E-04 

&mrbal 168400) 70 4.48E-Ol 2.S9E-o4 

Race 
Aiimi • 74000 2 9.13E-01 2.92E-03 
Black 107000 7 1.56E+oo 8.S9E-03 
Other/NA 171000 6 1.13E-01 2.88E-04 

' "11ite 3970000 178 4.13E-01 1.73E-04 

Region 
Midwest 2001000 97 4.57E-01 2.78E-04 
Ncrtheast 735000 29 4.0SE-01 S.S2E-o4 

. Soulh 37IKIOO 20 617E-Ol 2.62E-03 
t..J West 1208000 47 3.68E-Ol 2.0ZE-o4 
I 
~ Respcnie to Qiestiamaire .... 
00 Do )W garden? 4054000 182 4.D4E-Ol 1.79E-04 

. Do)Wfann? 833000 40 3.60E-01 4.12E-04 

Table 2-221. Intake of Homegrown Carrota (g/kg-day) 

PO Pl PS PlO P25 P50 

3.90E-02 4l2E--02 63SE-02 923E-02 1.79E-Ol 318E-01 

1.71E+oo 1.71E+oo 1.71E+oo 1.71E+oo 1.71E+oo 1.71E+oo 
2.72E-Ol 2.72E-01 2.72E-ol 2.72E-01 2.72E-Ol 2.72E-01 
5.43E-Ol 5.43E-01 5.43E-01 5.43E-01 5.43E-01 7.0'7E-01 
7.96E-02 7.96E-02 7.96E-02 l.79E-01 1.94E-Ol 2.8SE-Ol 
6.lSE-02 6.lSE-02 6.lSE-02 63SE-02 6.SlE-02 2.00E-01 
4.47E--02 4.47E-02 5.0ZE-02 8.00E-02 llOE-01 1.99E-01 
3.90E-02 3.90E-02 6.74E-02 113E-01 2.lSE-01 3.67E-Ol 
7.39E-02 7.39E-02 1.79E-01 1.96E-01 UiOE-01 3.70E-01 

9.ll'.IE-OZ 9.ll'.IE-02 UOE-01 llOE-01 l.99E-01· 3D8E-01 
l.39E-Ol 1.39E-01 1.49E-01 2.0ZE-01 2.16E-Ol 3.92E-Ol 
4l2E-02 4.12E-OZ S.OZE-OZ 6.74E-02 l.64E-01 3.76E-Ol 
3.90E--02 3.90E-02 434E-02 63SE-02 1.56E-Ol 22SE-01 

3.90E--02 3.90E-02 63SE--02 8.00E-02 1.63E-01 2.ll'.IE-01 
4.12E-02 4.UE-02 S36E-02 6.81E-02 2.00E-01 318E-01 
6.74E-02 6.74E-02 9.ll'.IE-02 U6E-Ol 2.0ZE-01 3.77E-Ol 

110E-01 110E-Ol 110E-01 110E-Ol llOE-01 9.13E-01 
9.llE-02 9.llE-02 9.llE-02 9.llE-02 l.62E-01 2.54E-01 
4.12E-02 4l2E-D2 4.12E-02 4.12E-02 536E-02 6.lSE-02 
3.90E--02 434E--02 7.96E--02 UlE-01 l.94E-Ol 333E-Ol 

3.90E~02 3.90E-02 8.oOE-02 137E-01 2.00E-01 3.73E-01 
4.12E-02 4l2E-02 S36E-02 6.lSE-02 934E-02 1.49E-01 
4.47E-02 4.47E-02 4.47E-OZ S.OZE-02 1.49E-01 2.72E-01 
6.74E-02 6.74E-02 9.llE-02 1.43E-Ol 1.90E-01 333E-Ol 

3.90E--02 4.12E-02 6.81E-02 934E-02 1.79E-Ol 318E-Ol 
9.ll'.IE-02 9.ll'.IE-02 934E-OZ UOE-01 1.79E-01 218E-Ol 

P75 P90 1'95 

SlSE-01 7.9SE-01 1D8E+oo 

7.79E+oo 7.79E+oo 7.79E+oo 
2.llE+oo 2.94E+oo 2.94E+oo 
7.07E-01 1.0SE+oo l.oSE+oo 
627E-Ol 7.9SE-01 UOE+oo 
416E-01 5.6SE-01 6l9E-Ol 
4.ll'.IE-01 5.64E-01 7.56E-01 
5.SOE-01 7.76E-01 lDlE+DO 
5.39E-01 9.64E-01 lDBE+oo 

S.09E-Ol 7.76E-Ol l.OSE+oo 
6.ll'.IE-01 9.94E-Ol 2.llE+DO 
S.13E-Ol 8.40E-01 9.64E-01 
6.40E-01 1.oSE+oo 1.S3E+oo 

3.SSE-01 51SE-01 5.88E-Ol 
5.13E-01 9.SSE-01 U9E+oo 
63SE-01 7.9SE-Ol 1.ll'.IE+oo 

1.71E+oo 1.71E+oo 1.71E+oo 
4.ll'.IE-01 7.79E+oo 7.79E+oo 
913E-02 3.92E-Ol 3.92E-Ol 
S27E-Ol 7.76E-01 lDlE+oo 

5.39E-Ol 9.SSE-01 l.lOE+oo 
63SE-01 1.ll'.IE+oo 1.71E+oo 
4.ll'.IE-01 S.OZE-01 9.94E-01 
4.S9E-Ol 7.56E-Ol 8.40E-Ol 

5.ll'.IE-01 7.62E-Ol 1D8E+oo 
4.S9E-01 6.19E-01 U9E+oo 

P9') PlOO 

221E+oo 7.79Et<XI 

7.79E+oo 7.79Et<XI 
2.94E+oo 2.94Et<XI 
lDSE+oo l.OSEt<XI 
l.S9E+oo 1.S9Et<XI 
l.olE+oo lDlEt<XI 
U9E+oo U9Et<XI 
l.S3E+oo 221Et<XI 
1D8E+oo lDBE+<XI 

l.71E+oo 7.79E+<XI 
2.94E+oo 2.94E+<XI 
U9E+oo U9Et00 
3D6E+oo 3D6Et00 

9.64E-01 9.64E-Ol 
7.79E+oo 7.79E+oo 
1.71E+oo 1.71Et00 

l.71E+oo 1.71E+oo 
7.79E+oo 7.79E+oo 
3.92E-01 3.92E-01 
l.S9E+oo 3D6E+oo 

2.UE+oo 3D6E+oo 
221E+oo 221E+oo 
7.79E+oo 7.79E+oo 
9.64E-01 9.64E-01 

1.71E+oo 3D6E+oo 
2.llE+oo 2.94Et00 
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~1<11 N N 
~ ll1'l!td Mcxi SB 

Tola! 6891000 421 8.92E-01 5.o6B-04 

Age 
<01 lOSOO> 6 3.8ZE+oo 4196--03 
01-02 20SOOl 13 233E+oo 6.ooB--03 
03-0S 31m 24 1.2SE+oo 2.2SE--03 
06-11 689!m 43 9.32E-01 1.31E--03 
12-19 mm 32 5928-01 7A3E-04 
20-3') 1913000 108 5.97E--01 451E-04 
40-69 ZZ65000 142 8.648-01 83SE-04 
70+ 871IKXI 53 9A3E--01 2.DZB--03 

Seasao 
Fal 24~ 89 5.448-01 5.D4E-04 
Sjrq 1:mxn l(i() 6.3SE-01 6.ooB-04 
&mner 177700I 62 1.82E+oo lSSE--03 
Wllller 127li000 110 5ASE-01 4.348-04 

Urlmizltioo 
Ceotra City 748000 'J:T 7.378-01 8.47E-04 
NID!lelropdit.sn 412200I 268 9.638-01 6.608-04 
!Utubm 2021000 126 8.D4E-01 1D3E-03 

Race 
llaclt . 1~ 9 lmE.+-00 3.S6E-03 

N White 6703000 412 8.87E-Ol SllE-04 
~ 
~ ~~ 2SS700I 188 9.34E-01 8.3SE-04 

Nmbe:lat S8<JIOI 33 6l4E-01 6.32E-04 
Sood! '1:14SOOI 153 8.73E-01 7lOE-04 
West looml 47 9996-01 1.89E-03 

Respmse to Qiesticmaire 
8.7SE-01 4.97E-04 Do)rugardeo? 6233000 387 

Do)rufaml? 173'JOOO 114 1.200+-00 1A3E-03 

T&blo 2-222. Imu.ko ofHomcJrown Cora (ilq-day) 

PO Pl PS PIO P2S P50 

391E-02 5.LSE-Oi l.22E--Ol 1.6SE-01 ZME-01 4SJE-Ol 

1.8ZE+oo 1.8ZE+oo 1.ll2E+oo 3D4E+oo 3.04E+oo 3.38E+oo 
2.49E-01 2.496-01 2.49E--01 2.49E-01 6.53E-Ol 1A8E+oo 
3.2SE--01 3.2SE--01 3.2SE-01 4.ooE-01 5.98E-Ol lOOE+oo 
lJOB--01 lJOB-01 1.19E-Ol 1.896-01 2.52E-Ol 5.13E-Ol 
9.87E-02 9.87E-02 1.ose:-01 l.lSB-01 2.UE-01 3A3E-01 
6596-02 6596-02 UlE-01 1.528-01 2.0SE-01 3.718-01 
1.llSE-01 1J3E-01 1.528-01 1.668-01 ZSSE-01 Sl6B-01 
391E-02 391E-02 SlSB-02 1.ose:-01 1.888-01 3.64E-Ol 

391E-02 3.91E-02 1.0SE-01 UZB-01 1.888-01 3l7E-01 
9.87E-02 lAZB-01 1.688-01 1938-01 2.648-01 U8E-01 
659E-02 6598-02 1.78E-01 3.43E-01 6.44E-01 9368-01 
UISE-01 1.148-01 1.200-01 l.49E-01 2.228-01 4DSE-Ol 

391E-02 391E-02 391E-02 5lSB-02 1.77E-01 S.468-01 
659E-02 7.408-02 1.228-01 1.668-01 2.49E-01 5.31E-Ol 
9.87E-02 1.ose:-01 153E-Ol 1.668-01 239E-01 396E-01 

2996-01 2996-01 2996-01 3.378-01 3.378-01 3568-01 
391E-02 5lSB-02 1.228-01 1.63E-01 2.378-01 4~-01 

3.91E-02 391E-02 1.19E-01 1.68E-01 2.47E-01 4568-01 
9.87E-02 9.87E-02 1.668-01 1.86E-01 2A4E-01 3.81E-Ol 
659E-02 7.40E-02 1.228-01 1.668-01 2.83E-Ol S.61E-Ol 
lDSE-01 1.0SE-01 1.47E-Ol 1.528-01 1.77E-Ol 3.968-01 

391E-02 SlSE-02 1.3SE-01 1.6SE-01 2.44E-Ol SDZE-01 
3.91E-02 391E-02 lDSE-01 1.668-01 2.29E-01 3.81E-01 

P7S P90 f9S 

9mE.-Ol l.!SE+oo 3.37B+oo 

3.94E+oo 5.69E+oo 6.QE+oo 
USE+oo 8.97E+oo 8.97E+oo 
l.21E+oo 1.67E+oo 5.3SE+oo 
Ul8B+oo 3.13B+oo 3.3'7E+oo 
7llE-Ol lSSE+oo USE+oo 
7.llSE-01 153E+oo 2D4E+oo 
8.838-01 UZB+oo 3.22E+oo 
757E-Ol 1.348+oo 6.496+oo 

5.468-01 l.27B+oo UZB+oo 
7.68E-Ol l.21E+oo 157E+oo 
2l3E+oo 4.52E+oo 6.848+oo 
6.148-01 U6E+oo l.47B+oo 

9.298-01 2.D4E+oo 2238+-00 
lOOB+-00 2.13E+oo 3.38E+oo 
6.47E-01 1.34E+oo 1.71E+oo 

9.3SB-Ol lAOE+-00 S.69E+oo 
8.84E-01 1.88E+oo 3.22E+oo 

9.29E-01 2.28E+oo 3.22E+oo 
8.83E-01 1.34E+oo l.71E+oo 
9.3SE-01 lSSE+oo 3.37E+oo 
7.4SE-01 2.23E+oo 6.496+-00 

9l4E-01 1.8ZE+oo 3l3B+oo 
9.74E-01 3.37E+oo 6.496+-00 

f9') P100 

7ME-l<Xl 9.2E+Ql 

6.68E+oo 6.68E+oo 
8.97E+OO am+oo 
5.3SE+OO 5.3SB+oo 
4.52B+oo 4.52B+oo 
1.88E+oo 1.ME+oo 
3.'IOB+oo 3.'IOB+oo 
7ME+oo 7MB+oo 
9238+oo 9238+oo 

5.3SE+oo 5.69E+oo 
SlSB+oo 6.68E+oo 
9238+oo 9238+oo 
2.D4E+oo 3.94E+oo 

3.D4E+oo 3.D4E+oo 
7ME+oo 8.97E+oo 
9238+-00 9238+-00 

S.69E+oo S.69E+oo 
7A4E+oo 9238+-00 

6.84E+oo 7A4E+oo 
1.71E+oo 1.71E+oo 
S.69E+oo 8.97E+oo 
9238+-00 9238+-00 

6.84E+oo 9.23E+oo 
9.23E+oo 9.23E+oo 

r--;;-
~ 0 
i 
i 
I 
? 

!ZS ,; 
0 
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Table 2-223 Intake of Homegrown Cucumbers (g/kg-day) 

PoiiiJatioo N N 
Group Mid !!!!!lltd Meao SE PO Pl PS PlO P2S PSO P75 P90 1'95 P99 Pl!Xl 

Total 399400) 141 1D2E+oo 9.21E--04 O.OOE+oo 3.llSE-02 6.71E-02 1.08E-01 2.40E-01 5.40E-01 1.13E+oo 2l1E+oo 2.79E+oo 1.34E+o1 1.37E+ol 

Age 
01-02 132000 5 2l9E+oo 3.63E-o3 651E-01 651E-01 651E-01 651E-01 1.21E+oo 2l3E+oo 2.29E+oo 4.SOE+oo 4.50E+oo 4.50E+oo 4.SOE+oo 
03-0S 107000 4 8.91E-01 7.60E--04 5.64E-01 5.64E-01 5.64E-01 5.64E-01 833E-01 833E-01 1.28E+oo 1.28E+oo 1.28E+oo 1.28E+oo 1.2BE+oo 
06-11 3S<i000 12 3.4SE-01 45SE--04 8.40E-02 8.40E-02 8.40E-02 8.40E-02 13SE-01 2.34E-01 4.94E-01 6A7E-01 1.0SE+oo 1.G8E+oo 1.0SE+oo 
12-19 254000 10 13SE+oo 2.96E-o3 0.00E+oo O.ooE+oo O.OOE+oo O.ooE+oo 232E-01 5.0IB-01 2.79E+oo 4l8E+oo 4l8E+oo 4l8E+oo 4.18E+oo 
20-39 864000 29 5.G4E-01 5.37E--04 3.0SE-02 3.G8E-02 5.4SE-02 631E-02 1.83E-01 3.IJ9B-01 6l7E-01 13SE+oo 1A9E+oo 2l2E+oo 2l2E+oo 
40-69 1882000 68 133E+oo 1.SIB-03 4l6E-02 4l6E-02 7A6E-02 1.76E-01 3.93E-01 6.84E-01 1.29E+oo 2l1E+oo 3.27E+oo 1.37E+ol 1.37E+ol 
70+ 399000 13 7.30E-01 8.28E--04 1.78E-01 1.78E-01 1.78E-01 1.80E-01 3.47E-01 5.40E-01 1.27E+oo 1.73E+oo 1.73E+oo 1.73E+oo 1.73E+oo 

Season 
Pall 370000 12 5.82E-01 8.43E--04 4.16E-02 4l6E-02 4.16E-02 4.80E-02 13SE-01 432E-01 1.l)IJE+oo U3E+oo lASE+oo lASE+oo lASE+oo 
Spiog l.9700I 15 1.21E+oo 2.llE-03 1.90E-01 1.90E-01 232E-01 2.40E-01 3.93E-01 6.84E-01 2l1E+oo 3.27E+oo 3.27E+oo 3.27E+oo 3.27E+oo 
&nmer 342700) 114 1.G6E+oo 1.G6E-03 O.IJOE+oo O.OOE+oo 7A6E-02 1.0SE-01 2.42E-01 5l8E-01 1.13E+oo 2l2E+oo 2.79E+oo 134E+o1 1.37E+-01 

Urbali7Jllioo 
Cenlral Oty 644ml 18 2.9SE-01 2.96E-04 3.llSE-02 3.0SE-02 3.0SE-02 4l6E-02 8.40E-02 l.80E-01 5.40E-01 6.G7E-01 7.GlE-01 7.0IB-01 7.0IE-01 
N011Detropdilal 153Crol 64 1.74E+oo 2.22E-03 1.0lE-01 1.GlE-01 1.21E-01 1.90E-01 3.86E-01 1.G6E+oo 1.67E+oo 3.G9E+oo 4.SOE+oo 137E+o1 1.37E+-01 
&rbtrbm 182400) S9 6.71E-01 4.28E-04 O.OOE+oo O.OOE+oo 7.46E-02 1.62E-01 2.78E-01 4.99E-01 833E-01 1.34E+oo 1.73E+oo 3.27E+oo 3.27E+oo 

Race 
Ali111 l:ml 1 8.37E-ol O.ooB+oo 8.37E-01 8.37E-01 837E-01 8.37E-01 8.37E-01 837E-01 837E-01 8.37E-01 8.37E-01 837E-01 8.37E-01 
Black 8<Jlm 2 153E+oo 6.82E--04 133E+oo 133E+oo 133E+oo 133E+oo 133E+oo 153E+oo 1.73E+oo 1.73E+oo 1.73E+oo 1.73E+oo 1.73E+oo 

.Olber/NA 171000 6 2.64E+oo 2.G8E-03 153E+oo 153E+oo 153E+oo 153E+oo 2l1E+oo 2.79E+oo 3.G9E+oo 4.18E+oo 4.18E+oo 4l8E+oo 4.18E+oo 
-White 372400) 132 93SE-01 9.64E-04 O.ooE+oo 3.llSE-02 631E-02 1.0IB-01 2.22E-01 5.0IB-01 1.03E+oo 1.49E+oo 2.40E+oo 1.34E+o1 1.37E+-01 

t-) R~oo 
I 'dwelt 969000 31 1.ooE+oo 2.22E-o3 3.G8E-02 3.llSE-02 4.16E-02 5.4SE-02 13SE-01 453E-01 1.03E+oo 23SE+oo 2ASE+oo 134E+o1 134E+-01 w Ncxthealt 689000 22 1.92E+oo 3.83E-03 233E-01 233E-01 2.78E-01 2.78E-01 4.7SE-01 6.84E-01 153E+oo 4l8E+oo U7E+ol 137E+o1 1.37E+-01 UI SoUlb 131700) 54 8.8SE-01 6.7SE-04 O.OOE+oo O.IJOE+oo 1.21E-01 1.83E-01 2.87E-01 753E-01 1.28E+oo 1.73E+oo 2l3E+oo 4.50E+oo 4.50E+oo 0 

.West 101900) 34 6.0IB-01 6l3E-04 6.71E-02 6.71E-02 7.46E-02 1.GIB-01 2.G9E-Ol 4.30E-01 7.0IB-01 1.29E+oo 2l1E+oo 3.27E+oo 3.27E+oo 

Respcme to~amaire 
Do )00 f!!?? 346SOOI 123 1.0SE+oo 1.G4E-03 3.0SE-02 3.0SE-02 6.71E-02 1.0IB-01 2.78E-01 SlSE-01 U3E+oo 2.11E+oo 2.79E+oo 134E+o1 1.37E+-01 
Do)'lli 7 710000 29 6.99E-01 6.86E-04 O.ooE+oo O.OOE+oo 0.00E+oo 1A3E-01 1.88E-01 3.86E-01 1.27E+oo 1A9E+oo 1.71E+oo 2.G9E+oo 2.G9E+oo 

t:1 

t~ 
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~ N N 
~ !!!!!Id Mean SE 

Tclll J.S2(M) 8) 3.l'IE-oJ. 2.31E-o4 

Age 
<01 16<XXI 1 OOOEiOO OOOE+oo 
01-02 5400) 4 5.83E-Ol 5.968--04 
03-0S 2SCOO 2 6D6E-Ol lME--03 
06-11 l?ml 7 USB-01 4ME-o4 
12-19 7100) 3 2.64E-ol l.13E--03 
20-39 mm 17 2.SlE-01 2.23E-o4 
40-69 48SIXXl 26 4.ME-01 4.4SE-o4 
70+ 317cm 20 4.52E-01 5.69E-o4 

Season 
F81 214'm 8 6.87E-01 6.94E-o4 
Stxq 3SZCXXI 35 4.52E-01 4.84E-o4 
~ 8S6(XX) 30 3.0ZE-01 23SE-o4 
Wmter 9!ml 7 2.36E-01 SD6E-o4 

Urbmizatioo 
CeolniCity 26lnlO 8 S.26E-Ol S.IKJE--04 
N<Xmelropditm S66cm 36 3.67E-Dl 3.81E-o4 
!btubaJ 686CXXI 36 3.49E-01 3l3E-o4 

Race 
Aian 9cm 1 1.74E-01 O.IJOE+oo 
lhck Slim 3 5.9DE-01 654E-o4 
Other/NA 26(XX) 1 4.94E--Ol OOOE+oo 
White 143400l 75 3.79E-01 2.41E-o4 

N RerJoo 
~ Midwest 63cmO 33 3.83E-01 4.01E-D4 
VI Nmbeast 336(0) 16 3.8SE-Dl 4.94E-o4 - Sculh JIS!m 20 3.52E-01 4.6SE-o4 

West 249(0) 11 4.42E-01 4l3E-o4 

R to QJeslimmire 
~gmleo? 1S0600I 78 3.9DE-01 232E-o4 
Doyoufann? ll4cm 18 3.88E-01 6.0SE--04 

Tablo 2-224. IDlakc o!~ Lcttuco (ilk1-day) 

ro Pl PS PlO PZS 

OOOE+oo OOOE+oo 4.49E-02 9.43E-OZ l.701Hl 

OOOE+oo OOOE+oo o.oos+oo OOOE+oo OOOE+oo 
337E-Ol 337E-01 337E-01 337E--01 4.69E-01 
3.87E-01 3.87E-Ol 3.87E-Ol 3.87E-01 3.87E-01 
4.49E-02 4.49E-02 4.491Hl2 4.49E-02 4.93E-02 
9.43E-OZ 9.43E-02 9.43E-OZ 9.43E-02 9.43E-02 
1.988-0Z 1.98E-OZ 1.988-02 33SE-OZ 2.0lE-01 
USE-01 USE-01 USE-01 12.4E-01 22.lE-Ol 
S.o4E-OZ S.o4E-02 6.71E-OZ l.12E-01 2.23E-01 

l.56E-Ol l.56E-01 l.56E-01 l.56E-01 4.roE-01 
S.o4E-OZ S.o4E-OZ 6.71E-02 12.4E-01 1.99E-Ol 
1.98E-OZ 1.988-02 33SE-02 4.93E-OZ 1.42E-Ol 
O.IJOE+oo nooE+oo O.OOE+oo O.OOE+oo 12.7E-01 

2.0lE-01 2.0lE-01 2.0lE-01 2.0lE-01 2.84E-Dl 
1.988-0Z 1.98E-02 33SE-OZ 4.49E-02 12.3E-01 
O.OOE+oo DOOE+oo 9.43E-OZ 9.68E-02 1.S3E-Dl 

1.74E-01 1.74E-01 1.74E-01 1.74E-01 1.74E-01 
4.BOE-01 4.8DE-01 4.IKJE-01 4mf:-01 4.80E-01 
4.94E-01 4.94E-01 4.94E-01 4.94E-01 4.94E-Dl 
O.oDE+oo DOOE+oo 4.49E-0'2 9.43E-0'2 l.56E-Dl 

1.98E-0'2 1.988-0Z 33SE-OZ 4.49E-0'2 156E-01 
9.43E-02 9.43E-02 9.43E-OZ 9.68E-0'2 1.42E-01 
O.OOE+oo OOOE+oo O.IJOE+oo 127E-01 1.64E-Dl 
1.74E-01 1.74E-01 2.0lE-01 2.0lE-01 22.9E-Ol 

O.oDE+oo O.OOE+oo 4.49E-02 9.43E-02 1.74E-01 
1.98E-02 1.988-02 1.988-0'2 33SE-OZ 4.93E-OZ 

PSO P7S P90 P9S 

U4E-Ol 5ASE-Ol 8..36E--Ol lDE+OO 

O.ooE+oo OOOE+oo OOOE+oo OOOE+oo 
5.98E-01 S.988-01 8.36E-01 8.36E-oJ. 
3.87E-01 9.94E-01 9.94E--Ol 9.94E-ol 
327E-01 4D6E-01 SASE-01 5.4SE-01 
9.68E-OZ 9.68E-OZ 7.98E-01 7.988-01 
22.9E-01 2.'ISE-01 4.IKJE-01 5.388-01 
4.9lE-oJ. 6.84E-01 8.86E-Ol t.oSE+oo 
2.888-01 S.68E-01 l.o3E+oo 1.o3E+oo 

6.84E-01 1.o3E+oo l.oSE+oo l.oSE+oo 
4.S3E-01 S.79E-01 7.98E-01 9.94E-Ol 
2.30E-01 42.4E-01 S.98E-Dl 8l4E-01 
UOE-01 3.87E-01 4.83E-01 4.83E-Ol 

S.68E-01 9.42E-01 1.o3E+oo 1.o3E+oo 
2.88E-01 SASE-DI 8l4E-Dl 8.86E-01 
2.l'.IE-01 4.91E-01 7.67E-Ol 9.94E-01 

1.74E-01 1.74E-01 1.74E-01 1.74E-01 
4.91E-01 7.98E-01 7.98E-01 7.98E-01 
4.94E-01 4.94E-01 4.94E-01 4.94E-01 
2.7SE-01 S.4SE-01 8.86E-01 1.D3E+oo 

234E-Ol S.68E-01 9.42E-01 l.o3E+oo 
3lSE-01 62.SE-01 6.84E-01 1.DSE+oo 
2.75E-Ol 4.83E-01 S.79E-Dl 1.o4E+oo 
4.BOE-01 5.98E-01 7.67E-01 7.98E-Dl 

2.84E-01 SASE-01 836E-01 1.D3E+oo 
2.7SE-01 S.45E-01 8.86E-01 1.D4E+oo 

P9'J PlOO 

l.GSEiOO l.uBiOO 

OOOEiOO O.IXE+oo 
8.36E--Ol 8.36E--Ol 
9.94E-Ol 9.94E-Ol 
5ASE-01 SASE-01 
7.988-01 7.988-oJ. 
S.388-01 S.388-01 
12.SE+oo 12.SE+oo 
1.113E+oo 1.03E+oo 

l.OSE+oo l.OSE+oo 
12.SE+oo 12.SE+oo 
8.86E-01 8.86E-Ol 
4.83E-01 4.83E-01 

1.D3E+oo I.o3E+oo 
12.SE+oo 1.28E+oo 
1.DSE+oo I.oSE+oo 

1.74E-01 1.74E-01 
7.98E-Ol 7.98E-01 
4.94E-Dl 4.94E-01 
1.oSE+oo 12.SE+oo 

1.03E+oo 1.113E+oo 
1.DSE+oo 1.DSE+oo 
12.SE+oo 12.SE+oo 
7.98E-01 7.988-01 

1.oSE+oo 12.SE+oo 
12.SE+oo 12.SE+oo 
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Table 2-225. Intake of Homegrown Lima Beam (liq-day) 

POPllatim N N 
Groop 111!.td IEWltd Mean SE l'O Pl PS PIO P2S PSO P7S P90 1'95 1'99 PlOO 

Total 191'100) 109 453E-ol. 310E-04 O.OOE+-00 O.ooE+oo 919E-112 l.21E-Ol l.88E-Ol 2.90E-Ol SASE-01 9.90E-01 l.69E+oo l.86E+oo 191E+oo 

Age 
<01 35000 2 O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+oo O.OOE+oo O.OOE+oo O.ooE+oo O.OOE+oo O.OOE+oo O.ooE+oo O.ooE+oo O.ooE+oo O.OOE+oo 
01-112 62000 3 U19E+oo l.461H3 7.69E-Ol 7.69E-01 7.69E-01 7.69E-01 7.69E-Ol 8.61E-Ol 153E+oo 153E+oo 153E+oo l.S3E+oo 153E+oo 
03-0S 35000 2 USE+oo 158E-03 9.90E-Ol 9.90E-Ol 9.90E-Ol 9.90E-01 9.90E-01 9.90E-Ol 9.90E-Ol l.69E+oo l.69E+oo l.69E+oo l.69E+oo 
06-11 95000 7 2.87E-Ol 2.72E-04 2mE-01 2mE-Ol 2mE-01 2mE-Ol 2mE-Ol 2.39E-Ol 3.96E-Ol 4.119E-01 4.32E-Ol 4.32E-Ol 4.32E-Ol 
12-19 lOSXXI 6 219E-Ol 4.92E-04 9.0ZE-02 9.llZE-02 9.0ZE-112 9.0ZE-02 9A3E-112 l.56E-Ol 310E-ol. S.24E-Ol S.24E-Ol S.24E-01 S.24E-Ol 
20-39 464000 20 3.114E-ol. 451E-04 3.23E-02 3.231H12 lDSE-01 lJOE-01 l.77E-Ol 2.34E-Ol 4.87E-Ol 9.37E-Ol UOE+oo l.lOE+oo UOE+oo 
-40-69 75700l 44 454E-Ol 4.80E-04 919E-O'l 919E-112 l.ll6E-Ol l.21E-Ol 2.04E-Ol 293E-Ol S.60E-Ol 8.69E-01 l.71E+oo l.91E+oo 191E+oo 
70+ 361000 2S S.238-01 8.77E-04 8.20E-02 8.20E-02 l.86E-01 l.88E-Ol 22SE-Ol 2.86E-01 6.38E-Ol l.86E+oo l.86E+oo l.86E+oo l.86E+oo 

Season 
Fall 375000 14 3mE-ol. 4.39E-04 919E-02 9.19E-112 9.19E-02 Ul6E-01 l.86E-Ol 2l2E-Ol 357E-Ol 416E-01 l.lOE+oo l.lOE+oo UOE+oo 
Spiog 31(,000 39 4l9E-Ol 611E-04 8.20E-O'l 8.20E-112 9.0ZE-02 lJlE-01 2.32E-Ol 3.06E-Ol S.4SE-Ol 7.48E-Ol 131E+oo 191E+oo 191E+oo 
&mmer 88lXIO 29 499E-Ol S5SE-04 O.ooE+oo O.ooE+oo 9.438-02 l.21E-Ol 1.72E-Ol 2.90E-Ol 4.87E-Ol 153E+oo 1.71E+oo l.86E+oo l.86E+oo 

· Wmter 34DXI 27 S.27E-Ol 554E-04 O.OOE+oo O.OOE+oo 3.23E-02 lDSE-01 3.llSE-01 539E-Ol 758E-01 8.61E-Ol 8.69E-01 1.69E+oo 1.69E+oo 

Urlmi1ali111 
Cenira City 204000 8 3.29E-01 2.0ZE-04 ZASE-01 ZASE-01 2.4SE-Ol ZASE-01 2.8SE-Ol 299E-01 357E-Ol 357E-01 S.60E-01 6.119E-01 6.IJIJE--01 
Nomnelropditao 1075000 (/J 299E-Ol 258E-04 O.OOE+oo 3.23E-02 9A3E-02 l.21E-01 1.71E-01 2l2E-01 3.20E-Ol 4.87E-01 7.69E-01 1.69E+oo 191E+oo 
&rlubai 63lml 32 753E-01 6.IMIE-04 O.OOE+oo O.OOE+oo 8.20E-02 9.19E-OZ 3.20E-01 6.78E-01 9.90E-01 1.71E+oo 1.86E+oo l.86E+oo 1.86E+oo 

Race 
2'.9SE-01 lladt 21DXI 9 l.OZE+oo 1.44E-03 298E-01 2.98E-01 298E-01 2.99E-Ol 85SE-Ol 1.71E+oo l.86E+oo l.86E+oo 1.86E+oo l.86E+oo 

White 1704000 100 3.83E-Ol 2.50E-04 O.ooE+oo O.OOE+oo 9l9E-02 lDSE-01 1.77E-Ol 254E-Ol 4.87E-01 8.61E-Ol 9.90E-Ol 153E+oo 191E+oo 

R:Rm 
!-.> idwest 588000 36 4.28E-01 4.83E-04 O.ooE+oo O.OOE+oo O.OOE+oo 1.06E-Ol 253E-Ol 3.116E-Ol 41SE-Ol 9.90E-Ol 153E+oo 1.69E+oo l.69E+oo 
~ Nll1beaat 68000 6 3.33E-01 9.ooE-04 8.20E-02 8.20E-()2 8.20E-02 8.20E-OZ 9.llZE-112 2.73E-Ol S.26E-01 7.ll'JE-01 7.119E-Ol 7.119E-Ol 7.IJIJE-01 
Ul Sculh 1261000 (if 4.72E-ol. 4.119E-04 3.23E-()2 3.23E-112 l.03E-01 l.30E-01 l.77E-Ol 2A9E-01 6.34E-Ol l.IOE+oo 1.71E+oo 1.86E+oo 191E+oo 
!-.> 

Respcme to Qiesticmaire 
3A9E-04 O.OOE+oo 3.23E-112 9.43E-02 1.21E-Ol l.77E-01 2.8SE-01 S.26E-Ol Do)'OUC1? 16llml 97 4A7E-01 9.37E-01 l.71E+oo l.86E+oo l.91E+oo 

DO)'OU ? 62000 6 3mE-01 l.20E-03 3.23E-OZ 3.23E-112 3.23E-02 3.23E-02 3.23E-02 1.0SE-01 7.48E-Ol 8.19E-Ol 8.19E-01 8.19E-01 8.19E-Ol 

-
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~ N N 
!Z!d ~ Maio SE 

Tolal 16%00) S2 3.91E-ot USE--04 

Age 
<01 2900) 1 0006+oo 0006+oo 
0Hl2 Sm> 2 6l6E-Ol 2.27E-()J 
03-0S 6mJ 3 2.388-ot 7.6SE--04 
06-11 2llml 11 7.238-ot 1.14E-03 
12-19 194003 9 4.93E-D1 7.'TlE--04 
20-39 4170XI 18 2lOE-01 2.DZE-04 
40-69 587000 32 4006-Dl 3.49E-04 
70+ l:mxl 6 3006-01 2.58E--04 

Seasoo 
Fzil 22lml 9 4SOE-Ol 6.4SE-04 
~ 236000 24 3.87E-Ol 6.27E-04 
&mner 114ml 41 3.86E-ot 3A4E--04 
Wmter Simi 8 3l8E-01 4.8SE-D4 

Urbmi7.atioo 
Cai!rBCity 204000 6 2.sm-01 2l0E-04 
Namietropdillll 104ml SS 3.6SE-Ol 3.62E-04 
&rlubm 449000 21 Sl4E-ot 4.76E-04 

Race 
Aliao 41000 l lME-01 OOOE+oo 
Black 236000 13 2.22E-Ol 256E-D4 
'White 141900) 68 4.26E-01 3.oSE--04 

t..> R:11oo 
~ 'drat 113000 7 353E-Ol 2.71E-D4 
tJt Soul!! 144ml 70 3.73E-01 2.93E-D4 
~ West 140000 s 6.0ZE-01 8.79E-04 

Respcme to Qieilicmaire 
Do )'00 Cf? 156400J Tl 3.84E-01 2.84E-D4 
Do )'00 ? 233000 14 S.84E-01 6.0ZE--04 

Table 2-226. I.otab or H1>11lCJtOW11 om (llki-d:ay) 

ro Pl PS PlO P25 

0006+oo 0006+oo SD3E-D2 9.59E-D2 U!E-01 

0006+oo 0006+oo 0006+oo 0006+oo 0006+oo 
l.DZE-01 1.DZE-01 1.DZE-ol l.DZE-01 1.DZE-ol 
llSE-01 llSE-01 llSE-01 USE-01 llSE-01 
S.D3E-D2 S.D3E-D2 S.D3E-02 SD3E-D2 3.638-01 
9.60E-D2 9.60E-D2 9.60E-02 USE-01 2S7E-Ol 
2.69E-D2 2.69E-02 2.69E-02 8.48E-D2 ll6E-01 
6.57E-D2 6.57E-D2 lllE-Dl l.37E-ot 2.47E-Ol 
l.74E-01 l.74E-01 1.74E-01 l.74E-Ol 2.27E-01 

1.83E-01 l.83E-01 1.83E-01 l.83E-01 2.47E-01 
2.98E-D2 2.98E-02 4.58E-D2 6.57E-D2 UOE-01 
0006+oo 0006+oo S.D3E-02 9.59E-D2 lME-01 
1.67E-Ol 1.67E-Ol l.67E-ot 2.27E-Ol 253E-01 

l.37E-Ol 1.37E-Ol 1.37E-Ol 1.37E-Ol lME-01 
ODOE+oo ODOE+oo 2.69E-D2 8.48E-D2 1.48E-Ol 
6.57E-D2 6.57E-02 9.60E-02 lllE-01 3l3E-Ol 

lME-01 l.44E-01 lME-01 lME-01 lME-01 
2.98E-02 298E-D2 4.58E-02 S.03E-D2 ll6E-Ol 
ODOE+oo 0006+oo 6.57E-D2 9.60E-02 1.76E-Ol 

298E-Ol 2.98E-01 298E-01 2.98E-01 2.99E-01 
ODOE+oo ODOE+oo SD31H2 8.48E-D2 lME-01 
1.91E-Ol l.91E-Ol l.91E-Ol 1.91E-Ol 4.oOE-01 

OOOE+oo ODOE+oo SD3E-D2 9.S9E-02 l.48E-01 
2.26E-Ol 226E-01 226E-01 3l3E-Ol 3.46E-01 

PSO P7S P90 

2.99E-01 4.5!8-01 7.SlE-01 

0006+oo 0006+oo 0006+oo 
1.DZE-01 USE+oo USE+oo 
1.76E-Ol 1.76E-Ol 6.64E-Ol 
S.S3E-Ol l.S3E+oo l.S3E+oo 
3.7SE-Ol 6006-01 l.21E+oo 
l.48E-Ol 2.82E-01 4.388-01 
3D7E-Ol 4.62E-Ol 7.81E-01 
3.13E-Ol 3.47E-Ol 4.588-01 

3l3E-01 S.23E-Ol ll4E+oo 
UOE-ot S.9SE-Ol 7.81E-01 
2.99E-01 4.38E-Ol USE+oo 
2.82E-01 33JE-01 6.64E-Ol 

2.98E-Ol 3D7E-01 3.7SE-01 
2.57E-Ol 4.38E-Ol 7.SlE-01 
4.62E-01 6.00E-01 l.14E+DO 

lME-01 lME-01 lME-01 
298E-Ol 3D2E-Ol 4.38E-Ol 
3.llE-01 5.238-01 ll4E+oo 

3D7E-Ol 4.0SE-01 S.40E-Ol 
2.S9E-01 4.38E-01 7.47E-01 
S.23E-01 S.62E-01 ll4E+oo 

2.98E-Ol 452E-Ol 1D7E+DO 
S.76E-Ol 7D4E-01 llSE+oo 

l'9S 

1.21E+oo 

0006+oo 
1.ISE+oo 
6.64E-Ol 
1.S3E+oo 
1.21E+oo 
4.38E-Ol 
ll4E+oo 
4.588-01 

U4E+oo 
9.99E-Ol 
l.S3E+oo 
6.64E-ot 

3.7SE-Ol 
1.S3E+oo 
llSE+oo 

lME-01 
4.38E-01 
1.21E+oo 

S.70E-Ol 
1.21E+oo 
ll4E+oo 

1.21E+oo 
USE+oo 

F99 PlOO 

1.SE+OO 1.5E+oo 

0006+oo 0006+oo 
USE+oo llSE+oo 
6.64E-Ol 6.64E-Ol 
153E+oo 1.S3E+oo 
1.21E+oo 1.21E+oo 
4.38E-01 4.38E-D1 
l.14E+oo l.14E+oo 
4.58E-Ol 4.58E-Ol 

l.14E+oo U4E+oo 
1D7E+oo 1D7E+oo 
153E+oo 1.S3E+oo 
6.64E-01 6.64E-01 

3.7SE-01 3.7SE-Ol 
l.S3E+DO 153E+oo 
llSE+oo llSE+oo 

lME-01 1A4E-01 
4.38E-Ol 4.38E-01 
153E+oo 1.53E+oo 

S.70E-01 S.70E-Ol 
153E+oo 153E+oo 
ll4E+oo ll4E+oo 

1.S3E+oo 1.53E+oo 
USE+oo USE+oo 

~---. 

o I 
l:z: I 

0 
o~~ 
H._o !::ti ye:> 
txJ ~ ~ 

t::.l 

0 
!::ti 



Populatioo N N 
Gtoop !!Ktd IXlWlld Mean SE 

Total 6711m) 370 2.96E-Ol 1.39E-D4 

Age 
<01 61IXXI 3 7.93B-02 1.66E-04 
01-02 291IXXI 17 4.21E-Ol 557E-04 
03-05 17ml 9 3A8E-01 633E-04 
06-11 530lro 31 3.03E--01 4.29E-04 
12-19 6521m 37 2JlE-01 2.7SE-D4 
20-39 156(;00) 78 2.88E-01 2.40E-D4 
40-69 240200) 143 250E-Ol 1.60E-04 
70+ 1031m> S2 433E--01 6.27E-D4 

Seasoo 
Fall 155700I 59 3.7SE--01 4.26E-D4 
stxiDg 143400) 147 19SE--01 1.99E-D4 
~ 289100> 101 3D6E-01 1.72E-D4 
Wmter 836000 63 2.88E-Ol 33SE-04 

Urlmizatioo 
CeolralCity 890IXXl 37 216E--01 1.84E-04 
NCDDelropdilan 294400) 177 3.24E-01 1.60E-04 
&lrlubm 288400) 156 2.9'2E-Ol 2.72E-D4 

Race 
Bladt 2Sml 16 134E-01 3l2E-D4 
NativeAmerican 2ml 1 1.DZE-01 O.OOE..00 
Other/NA 171IXXI 8 131E-01 lME-04 
White 626600) 345 3.DSE-01 1.47E-D4 

t-.J Regioo 
I ·:. Midwest 248700) 143 2.70E-01 1.47E-D4 w 
\II Nlril<mt 376000 52 23ZE-Ol 3.41E-04 
~ ~ Srulb 1919000 107 332E-01 2J9E-D4 

West 143<JOOI 68 332E-01 4.74E-D4 

Respcme to Qieslicmaire 
3S6 3.IXIE-01 1.43E-D4 Do )'OU gmden? 644100> 

Do )'OU faim? 139000> 81 3.7SE-01 2.93E-04 

Table 2-227. Intalcc of Homejrown Oniona (ilk1-ilay) 

ro Pl PS PlO P25 PSO 1'75 

2.0lE--03 3.68E-03 9D9E-03 2.90E-02 8.SlE-02 2D6E-01 3.77E-01 

3.70E-02 3.70E-02 3.70E-OZ 3.70E-02 3.70E-02 1.03E-01 1.24E-01 
1D6E-01 1D6E-01 1D6E-01 l.SlE-01 2.76E-01 353E-01 S.09E-01 
9.75E-02 9.7SE-OZ 9.75E-02 9.7SE-02 1.68E-01 2.46E-01 436E-01 
9.SOE-03 9.SOE-03 lDSE-02 2.76E-OZ 1D6E-01 2.28E-Ol 3.83E-01 
514E-03 Sl4E-03 836E-03 858E-03 5.97E-02 1A2E-01 255E-01 
9.0SE-03 9D9E-03 3.SOE-02 S.SOE-02 9.40E-02 191E-01 3.04E-Ol 
2.0lE-03 3.03E-03 4.S9E-03 1.llE-02 7.ti6E-02 1.72E-01 3.SSE-01 
4.76E-D3 4.76E-03 6.68E-03 2.68E-02 13SE-01 2.86E-01 4.61E-01 

3.68E-03 3.68E-03 255E-02 5.SOE--02 1.23E-01 25SE-01 436E-01 
2.0lE-03 2.0lE-03 5A7E-03 2.68E-02 5.73E-02 1D6E-01 259E-01 
836E-03 8.58E-D3 1.68E-02 4.22E-02 lDSE-01 2.28E-01 3.76E-01 
3.03E-03 3.D3E-03 459E-03 5.D4E-03 3D6E-02 1.99E-01 4.60E-01 

4.76E-03 4.76E-03 1.0ZE-02 2.SSE--02 6.60E-02 193E-01 2.96E-01 
2.24E-03 8.12E-03 314E-02 6.75E-02 1.42E-01 . Z.SSE-01 433E-01 
2.0lE-03 3.D3E-03 S.ZOE-03 UOE-02 5.8SE-02 1.30E-01 356E-Ol 

459E-03 459E-03· SD4E-03 9A3E-03 2.76E-OZ 7D9E-02 1.49E-01 
1.0ZE-01 1.0ZE-01 1.0ZE-01 1.0ZE-01 1.0ZE-01 1.0ZE-01 1.0ZE-01 
Sl4E-03 5J4E-03 7D6E-02 7.06E-02 9.86E-02 1.28E-01 1.59E-01 
2.0lE-03 357E-03 9D9E-03 3D6E-02 9J6E-02 2.24E-01 3.86E-01 

3.68E-03 4.ZSE-03 4.0ZE-02 S.73E-02 UIZE-01 2.24E-Ol 3.43E-Ol 
2.0lE-03 2.0lE-03 3.73E-03 8.36E-03 lDSE-02 1.DSE-01 3.53E-Ol 
3.03E-D3 4.79E-03 2.76E-02 3.70E-02 1.46E-01 251E-Ol 3.93E-01 
2.24E-Q3 357E-03 6.68E-03 1.68E-OZ S.68E-02 152E-01 3.86E-Ol 

2.0lE-03 3.68E-03 9.0CJE-03 3D6E-02 911E-02 213E-01 3.81E-01 
2.34E-02 3.IXIE--02 4.D4E-02 5lSE-OZ 1.llE-01 2.78E-01 5l5E-Ol 

P90 1'95 

6.D9E-Ol 9J2E-01 

1.24E--01 1.24E-01 
8J8E-01 8J8E-01 
6D3E-01 1.0lE+oo 
6D9E-01 1.36E-HXI 
S.74E-01 7.S9E-Ol 
638E-01 935E-01 
552E-01 6.90E-01 
S.63E-Ol 2.68E-HXI 

6.03E-01 7.83E-01 
4.26E-01 S.23E-01 
6.90E-Ol 9.69E-Ol 
6.42E-01 916E-Ol 

5.18E-01 S.63E-01 
6.30E-01 9J2E-Ol 
63SE-01 9.69E-01 

2.67E-01 6.21E-Ol 
1.DZE-01 UIZE-01 
192E-01 2.88E-01 
6l8E-01 9.3SE-Ol 

5.63E-01 7.24E-01 
6.3SE-01 1.0SE+oo 
6.90E-01 1.DSE+oo 
5.49E-01 9.69E-Ol 

6D9E-01 U6E-Ol 
93SE-01 UlE+oo 

1'99 PlOO 

1.49E-HXI 3JIE..OO 

1.24E--01 124E-Ol 
1.77E-HXI 1.77E..OO 
lDSE..00 lDSE..00 
136E-HXI 1.36E..OO 
9J2E-01 9l2E-01 
l.49E-HXI 1.49E..OO 
UlE+oo lAlE..00 
311E-HXI 3JlE..OO 

311E-HXI 3J1E..OO 
1.41E-HXI 1.77E-HXI 
1.49E+oo 1A9E..OO 
136E-HXI 1.36E-HXI 

S.63E-Ol 5.63E-Ol 
1.49E-HXI 1.77E-HXI 
311E-HXI 3llE+oo 

6.21E-01 6.21E-01 
1.DZE-01 lDZE-01 
2.88E-01 2.88E-01 
1.77E-HXI 3J1E+oo 

1.34E-HXI 134E+oo 
136E+oo 1.41E+oo 
l.49E+oo 1.77E+oo 
311E+oo 3J1E+oo 

1.77E-HXI 3JlE+oo 
1.49E+oo 1A9E+oo 

I 
-·-tt ! 

I 0 
1 .. !!: i 

0 ' 
0 >-3 1::1 

~'°~ t<J c: l:tj 
0 1-3 
1-3 
t<J 
0 
::i::i 



~ N R 
!l!!! IJ'Mid Me31 S8 

Tola! ruzoco 226 5DSE-01 2.JSE--04 

Ate 
<01 112000 4 l.81E+oo 2.66E--03 
01--02 16ml 9 9.67E-01 9.606--04 
03-0S l«Xm 7 6.21E-Ol 6.668--04 
06-11 51500) 26 6DSE-ot 633E--04 
12-19 37700) 72 4.ll8E-01 3.27E--04 
20-39 112100! 52 4D8E-Ol 4.23E--04 
40-69 136600! ~ 4.581!-ol 3.53E--04 
70+ 4~ 26 3.34E-Ol 4.20E--04 

Seasm 
Fall 123900! 41 3D3E-01 1.71E-04 
~ 76SIXKI 78 4.38E-Ol 4.30E-04 
!mmcr lSl(JOOl Sl S.8SE-01 4.278-04 
W111tcr 732000 S6 7.53E-Ol 7.7SE-04 

Urlmi1.atioo 
Centra City SS~ 19 S.73E-01 ll2E-03 
Noanetropditan 202800) 126 4.81E-Ol 2~-04 
Srblrb:n 166(i00! 81 Sl3E-01 3.23E--04 

Race 
Aiian 29000 1 1.74E-01 O.ooE+oo 
Black 3SSIXKI 19 6.78E-01 9.98E-04 
Other/NA 84000 3 3.41E-01 7A2E-OS 

l'J Vr'hite 3784000 203 4.9SE-01 2ASE-D4 
~ 
Ut Rcgioo Ut 

Midwest 1004000 SS 4.03E-01 S.36E-04 
Ncrtbeast 241000 14 6.0lE-01 8.13E-04 
Soulh 244900! 132 S.678-01 3l6E-04 
West s~ 2S 3.77E-01 3.82E-04 

Respcnse to Questi<maire 
Sl3E-01 2.48E-04 Do yoo ganlen7 3980000 214 

DoyoofamJ7 884000 SS 459E-01 4.60E-04 

Table 2·221. lDllko of Homcirowu Pou (J/ki-day) 

PO Pl PS PlD P2S PSD 

3.488-02 4.581Hl2 1D2E-ot lADE--01 22!E--Ol 321E-ot 

6.00E-01 6.C00--01 6.ooE-01 6.C00--01 6.C00-01 lliOO+oo 
3.54E-Ol 3.54E-Ol 3.54E-01 3.54E-Ol UJE--01 9l3E-01 
2.28E-Ol 2.28E-Ol 22!E-Ol 22!E-Ol 6.31E-01 633E-01 
l.54E-Ol l.54E-Ol l.54E-Ol 2l8E-Ol 3D4E-01 3.87E--Ol 
S.SlE--02 S.81E--02 1.331!-ol 1.588-01 23SE-ol 3.5!8-01 
9.96E-02 9.96E-02 llSE-01 UOE-01 l.&:JE-01 2.54E-Ol 
6.73E-02 6.78E--02 1D2E-01 1.20E-01 2.26E-Ol 3D4E-ol 
3.48E-02 3.48E--02 3.48E--02 4.58E-02 l.84E-Ol 2.73E-01 

3.48E-02 3.48E--02 458E-02 llSE-01 2D9E-Ol 2.62E-01 
S.SlE-02 5.SlE-02 l.llSE-01 USE-01 1.90E-01 3.26E-Ol 
6.78E-02 6.78E--02 1.27E-01 l.74E-Ol 2.24E-01 3.87E-Ol 
U78-0l U7E-01 l.84E-01 2l2E-01 2.73E-01 S.44E-01 

3.48E-02 3.48E-02 3.48E-OZ 4.SSE--02 l.49E-Ol 2.38E-01 
S.SlE--02 8.42E-02 l.36E-01 1.74E-Ol 2.48E-Ol 3.53E-01 
6.78E-02 6.78E--02 USE-01 l.34E-Ol 2.29E-01 3.87E-Ol 

l.74E-01 1.74E-01 l.74E-01 l.74E-Ol 1.74E-Ol l.74E-01 
1.66E-01 l.66E-01 2D9E-Ol 2.76E-01 2.98E-01 3.21E-01 
3.00E-01 3.00E-01 3.00E-01 3.00E-01 3D9E-01 3.54E-01 
3.48E--02 3.48E-02 1.02E-01 133E-01 2l8E-01 3.26E-01 

3.48E--02 3.48E--02 4.SSE-02 9.96E--02 1.40E-01 2.52E-Ol 
S.SlE-02 S.81E-02 6.73E-02 8.42E-0'2 2.S4E-01 S.OZE-01 
1.278-01 1.27E-01 l.74E-Ol 1.96E-01 2.62E-01 3.72E-01 
6.78E-02 6.78E-02 6.78E--02 1.0ZE-01 2l8E-01 2.73E-Ol 

3A8E-02 3.48E-02 1.0ZE-01 1.40E-Ol 2.28E-01 3.21E-01 
3.48E--02 3.48E-02 4.SSE-02 8.6SE-02 2.118E-01 353E-01 

1'15 P90 P9S 

622E-ol 1D46+00 l.46E+OO 

2.66E+oo 2.66E+oo 2!9B+OO 
Ul6E+oo llOOiOO lliOO+oo 
7.83E-Ol 9D9E-01 1D4E+oo 
9.DOE-01 lJSE+oo lADE+oo 
S1l2E-Ol 7l0E-Ol 8.228-01 
4D6E-Ol 8.47E-01 l.36Ei00 
6lOE-Ol 9.9SE-Ol l.30E+oo 
3.72E-Ol 9.9SE-Ol 9.9SE-01 

3.53E-01 S.99E-Ol 7l4E-Ol 
5l6E-Ol 9l9E-01 l.40E+oo 
8.22E-01 lJSE+oo lliOO+oo 
9.48E-01 l.54E+oo 2.36E+oo 

4.0ZE-01 2.66E+oo 2.66E+oo 
S.79E-01 1D4E+oo l.36E+oo 
6.84E-01 9.9SE-Ol 1.30E+oo 

l.74E-Ol 1.748-01 1.74E-Ol 
9.9SE-Ol l.36E+oo 2.28E+oo 
3.56E-01 3.56E-01 3.56E-Ol 
6.00E-01 9.99E-01 l.40E+oo 

353E-Ol 8.80E-01 l.54E+oo 
9.9SE-01 Ul'JE+oo 1.30E+oo 
6.82E-01 1.24E+oo 1.60E+oo 
4.79E-Ol 9.0QE-01 9.40E-Ol 

6.28E-01 rnm+oo 1.54E+oo 
Sl6E-01 9.00E-01 1.40E+oo 

m 
2.668+00 

U9E+oo 
lliOO+oo 
1D4E+oo 
2.06E+oo 
8.228-01 
2.71E+oo 
2.36E+oo 
l.'46E+oo 

9.9SE-Ol 
2D6E+oo 
2.66E+oo 
2.89E+oo 

2.71E+oo 
l.89E+oo 
2.28E+oo 

1.748-01 
2.36E+oo 
3.56E-01 
2.66E+oo 

2.71E+oo 
l.30E+oo 
2.66E+oo 
1.40E+oo 

2.66E+oo 
l.60E+oo 

,s 
-~ 

0 
08~ 
Hp ::0 
1-3 c: ::> 
trJ 0 ~ 

1-3 
t_:::j 

0 
~ 

PlOO 

2J96+«I 

U9E+oo 
lliOO+oo 
l.IME+oo 
2.06E+oo 
8.228-ot 
2.71E+oo 
2.36E+oo 
1.46E+oo 

9.9SE-Ol 
2.06E+oo 
2.66E+oo 
2.89E+oo 

2.71E+oo 
2.89E+oo 
2.36E+oo 

1.74E-01 
2.36E+oo 
3.56E-Ol 
2.89E+oo 

2.89E+oo 
l.30E+oo 
2.66E+oo 
l.40E+oo 

2.89E+oo 
2.89E+oo 



l'op.Jlatioo N N 
(Jrrop Wl!ld llllW!td Mean SE 

Total SlSlXD 208 2.42E-Ol l.37E-04 

Age 
<01 471XX1 2 OOOE+oo OOOE+oo 
01-02 16ml 6 S18E-01 1.43E-03 
03-0S 108000 s 114E-Ol 328E-04 
06-11 S71ml 26 226E-Ol 2.74E-04 
12-19 3421m 16 l.90E-Ol 4.94E-04 
20-39 104tml 40 2.24E-01 3.77E-04 
40-69 22211XD 88 2.sOE-01 l.7SE-04 
70+ 64lml 25 2.56E-Ol 3.87E-04 

Seara! 
Fall 172600) 53 l.97E-01 l.39E-04 
Sjriog 2SSIXXI 28 2.9SE-01 7.49E-04 
!Umner 267200) 94 2.77E-01 229E-04 
Winter SOlro) 33 l.81E-Ol 2.88E--04 

Urbaiizatioo 
Central City 86SIXXI 30 2.46E-01 2.49E-04 
Noanetropdilal 198200) 89 2.42E-01 2.63E-04 
&rluba! 224600) rT 2.47E-Ol 1.87E-04 

Ra:e 
Asian 74000 2 l.D9E-01 4.0lE--04 
Bladt 127IXXI 6 2.41E-Ol 8.llE-04 
White 489200) 198 2.47E-01 l.42E-04 

R:f!oo 
t,J 'dwe:t 1790000 74 2.34E-01 2.61E-04 
I Nixtheaat 786000 31 3.34E-Ol 4.16E-04 w South 1739000 72 2.30E-01 1.86E-04 Ut 

°' West 771ml 29 2l3E-Ol 3.DBE-04 

Respaise to Qiestiamaire 
23SE-Ol 133E-04 Do)OOgardcn? 4891ml 199 

Do )00 f.ann7 867IKMI 35 3.D3E-Ol 4.77E-04 

Table 1-229. lnlake of Home,rown Peppen (g/kg-day) 

ro Pl PS PlO P2S PSO 

OOOE+oo O.OOE+oo 2.2SE-02 350E--02 7.tiOE--02 l.SZE-01 

O.OOE+oo O.OOE+oo OOOE+oo 0.00E+oo O.OOE+oo OOOE+oo 
l.69E-01 l.69E-01 l.69E-01 l.69E-01 221E-Ol 2.72E-Ol 
O.ooE+oo OOOE+oo O.OOE+oo OOOE+oo OOOE+oo S.66E-02 
O.OOE+oo OOOE+oo O.OOE+oo 3.03E-02 8.9'JE--02 1.62E-Ol 
1.47E-02 1.47E-02 1.9'JE-02 42SE--02 S.98E--02 l.llOE-01 
l.74E--02 l.74E-02 326E-02 5.66B--02 8.SSE--02 119E-01 
O.IXJE+oo S.32E-03 3.40E--02 4.SZE--02 7.S8E--02 1.66E-01 
l.73E--02 l.73E-02 21SE-02 2.30E-02 7.47E-02 l.38E-01 

OOOE+oo O.OOE+oo 326E--02 4.DSE--02 8.SSE-02 l.66E-Ol 
OOOE+oo O.OOE+oo 1.73E-02 3.86E-02 6.93E--02 1.47E-Ol 
O.OOE+oo O.OOB+oo 2.70E-02 3.SSE--02 8.S8E--02 1.S2B-Ol 
O.ooE+oo O.IXJE+oo l.47E--02 l.74E--02 414E-02 UOE-01 

3.86E-02 3.86B-02 S.66E-02 6.72E--02 UOE-01 1.84E-Ol 
O.ooE+oo S.32E-03 222E-02 3.34E--02 6.93E--02 U9E-Ol 
0.00E+oo O.IXJE+oo 2.70E--02 3.SOE-02 8.SSE--02 l.60E-01 

O.IXJE+oo O.IXJE+oo OOOE+oo O.OOE+oo O.ooE+oo UJ9E-01 
O.IXJE+oo 0.IXJE+oo O.llOE+oo 1.13E-01 1.22E-01 l.99E-01 
O.llOE+oo l.74E--02 2.96E-02 4.0SE--02 8.SSE--02 1.54E-Ol 

O.llOE+oo 5.32E-03 222E--02 326E-02 S.98E-02 1.47E-01 
O.OOE+oo O.OOE+oo 3.40E-02 4.S2E-02 l.41E-Ol 217E-Ol 
0.IXJE+oo 3.34E-02 6.74E-02 7.60E-02 l.D7E-01 1.66E-Oi 
l.73E--02 l.73E-02 2.30E-02 2.70E-02 4.0SE-02 8.58E-02 

O.ooE+oo 0.IXJE+oo 222E--02 3.40E-02 7.S8E--02 l.54E-Ol 
O.OOE+oo OOOE+oo 2.70E-02 2.96E-02 7l1E-02 1.66E--01 

P1S P90 l'9S 

2.73E-Ol 4.90E-01 9.24E-Ol 

O:OOE+oo OOOE+oo 0.00E+oo 
3.70E-Ol l.81E+oo l.81E+oo 
1.60E-Ol 2.88B-01 2.88E-Ol 
2.98E-Ol 42SE-01 7.70E-01 
1.93E-Ol 2.4SE-Ol 120E+oo 
218E-Ol 3.97E-Ol 624E-01 
321E-Ol 4.77E-Ol 7.44E-01 
2.39E-Ol 924E-Ol 9.39E--Ol 

2.39E-Ol 3.49E-01 3.97E-Ol 
321E-Ol l.D9E+oo 120E+oo 
317E-Ol 6.00E-01 9.73E-Ol 
2.81E-Ol 4.SSE-01 4.77E-01 

2.73E-Ol 3.61E-Ol 9.39E-01 
2.72E-Ol S.37E-Ol 7.70E-01 
2.91E-Ol 4.90E-Ol 9.73E-Ol 

2.18E-Ol 218E-01 2l8E-01 
2.58E-Ol 2.SBE-01 12SE+oo 
2.91E-Ol 4.90E-01 9.24E-01 

257E-Ol 3.90E-01 8.4SE-01 
3.69E-Ol 9.73E-01 1.sOE+oo 
2.73E-Ol 42SE-01 S26E-Ol 
2.S3E-Ol S.37E-Ol 9.24E-Ol 

2.8SE-Ol 4.77E-Ol 8.4SE-01 
3.SSE-01 6.llOE-01 8.4SE-01 

1'99 PlOO 

1.81E+oo 2.48E+oo 

O.llOE+oo O.IXIE+oo 
1.81E+oo l.8!E+oo 
2.88E-01 2.88E-Ol 
8.4SE-01 8.4SE-Ol 
1.S3E+oo l.S3E+oo 
2.48E+oo 2.48E+oo 
1.SOE+oo l.soE+oo 
l.D7E+oo l.IJ7E+oo 

l.D7E+oo l.IJ7E+oo 
1.S3E+oo l.53E+oo 
l.81E+oo 2.48E+oo 
12SE+oo 12SE+oo 

UOE+oo UOE+oo 
2.48E+oo 2.48E+oo 
l.sOE+oo l.S3E+oo 

218E-01 2l8E-01 
12SE+oo 12SE+oo 
1.81E+oo 2.48E+oo 

2.48E+oo 2.48E+oo 
l.S3E+oo 153E+oo 
1.81E+oo l.81E+oo 
1.D7E+oo 1JJ7E+oo 

l.sOE+oo 2.48E+oo 
2.48E+oo 2.48E+oo 

l-~-·-

1 t1 
0 

!2: 
0 

(') 1-3 e1 
H,o~ 
1-3 c !l> 
t?=:lo t:r;I 

1-3 1-:] 

t:r::I 
0 
~ 



~aliaJ N N 
~ l!Htd Mem SE 

Toll! 2041000 rT 7.?!E-01 4.468-04 

At,e 
<01 3200) 1 L338iOO O.DOE+oo 
01-<12 7lXXJ 4 lAOO+oo l.G7E-<J3 
03-0S lml 2 3.13E+oo 1J2E-02 
06-11 m<m 9 4S6E-01 6.79B-D4 
12-19 24400) 10 2J6E-01 2.S4E-D4 
20-3'} 657000 26 lOIB-01 8J1E-04 
'40-69 41.S(XX) 20 822E-Ol l.D'JE-03 
70+ 37lro lS 8.99E-Ol S53E-D4 

Seasro 
Flil 134500) 49 8.19E-Ol S.38E-D4 
~ ~ 6 7.22E-Ol l.71E-<J3 
&mner 40500) 13 S17E-01 6J2E-D4 
Waller 24lm 19 9.96E-01 1.82E-<J3 

UtbaJi7.atioo 
Caill'lllaty 56500) 20 6.29E-01 6.41E-D4 
NIDDClropditm 86lm 44 6A4E-01 6.88E-D4 
&rtutm 6llm 23 UOE+oo 8.20B-D4 

Race 
Back 22000 1 4.38E-Ol O.DOE+oo 
White 201900) 86 7.82E-01 450B-D4 

l\.l 
R:tfoo 

'dwest 1370000 54 8.21E-Ol 6.o8E-D4 
I Nortbeaat lSOOl 1 4.21E-01 O.OOE+oo w 
~ Soulh 179000 10 454E-01 6.SIB-04 

West 477000 22 7.87E-01 6.S6E-04 

Respcme to Qieilicmaire 
85 7.70E-01 453E-04 Do )'lU C!f? 198700) 

Do )'lU ? 449000 18 7.99E-01 933E-D4 

T&blo 2-23-0. JatW of Homcirowa ~kin (l/ki-day) 

ro Pl PS PIO P2S PSO 

115E-01 llSE-01 1.ME-01 2.41E-01 3J!E-01 S5SE-01 

1.33E+oo 1.33E+oo 1.33E+oo l.33E+oo l.33E+oo 1.33E+oo 
1J2E+oo 1J2E+oo 1J2E+oo 1J2E+oo l.21E+oo l.21E+oo 
1.4SE+oo 1.4SE+oo USE+oo 1.4SE+oo l.4SE+oo 4.48E+oo 
2.41E-Ol 2AlE-Ol 2.41E-01 2.41E-01 2.62E-Ol 3.ll8E-Ol 
l.2SE-01 t.::.'iE-01 l.2SE-Ol l.6SE-Ol l.89E-01 ZAOE-01 
l.76E-Ol l.76E-Ol l.84E-01 3.0lE-01 3.77E-Ol 4.77E-Ol 
2.86E-Ol 2.!!6E-Ol 2.86E-Ol 3l6E-01 3.71E-Ol S.23E-Ol 
2.47E-Ol 2.47E-Ol 4.21E-Ol 4.2SE-Ol S.nB-01 9.40E-01 

1.2SE-01 1.2SE-01 1.76E-01 2.81E-Ol 3.71E-01 6l4E-01 
2.47E-01 2.47E-01 2.47E-Ol 2.47E-01 459E-01 6.89E-01 
1.84E-Ol l.84E-01 1.84E-01 2.400-01 2.41E-Ol 3.TIE-01 
2.88E-Ol 2.88E-01 3.49E-01 3.67E-Ol 4.288-01 7.44E-01 

1.84E-01 1.84E-01 l.84E-01 2A1E-01 2.SlE-01 3.TIE-01 
1.2SE-Ol 1.2SE-01 1.6SE-Ol l.89E-Ol 3JOE-01 SlOE-01 
2.86E-01 2.ll6E-Ol 2.88E-01 3.0lE-01 4.67E-Ol l.D4E+oo 

438E-Ol 4.38E-Ol 438E-Ol 438E-Ol 438E-01 4.38E-Ol 
l.2SE-Ol l.2SE-Ol l.84E-Ql 2AIB-Ol 3J6E-01 55SE-Ol 

l.2SE-Ol l.2SE-01 234E-Ol 2AIB-01 318E-01 5.72E-Ol 
4.21E-Ol 4.21E-01 4.21E-01 4.2IB-Ol 4.21E-Ol 4.2IB-Ol 
l.6SE-01 1.6SE-01 l.6SE-01 1.6SE-01 310E-01 3.92E-01 
l.76E-01 l.76E-01 1.89E-01 3.0SE-01 3.71E-01 7.44E-01 

1.2SE-Ol 1.2SE-01 1.84E-01 2AIB-01 316E-Ol 55SE-01 
1.76E-01 1.76E-01 1.89E-01 2.400-01 3.0SE-01 5.79E-01 

P7S m f9S 

1.G7E+oo 1.47E+oo 1.796+00 

1.33E+oo l.33E+oo l.33E+oo 
l.79B+oo l.79B+oo l.79B+oo 
4.48E+oo 4.48E+oo 4.48E+oo 
S.nB-01 9.uE-01 l.G7E+oo 
4.0lE-01 453E-01 4.53E-Ol 
l.o3E+oo l.73E+oo 2.67E+oo 
9.62E-01 l.47E+oo 3D2E+oo 
l.24E+oo l.35E+oo 138E+oo 

U7E+oo 1.73E+oo l.79B+oo 
8.ooE-01 1.4SE+oo l.4SE+oo 
S.79E-01 l.21E+oo 1.47E+oo 
l.21E+oo 2.24E+oo 2.24E+oo 

9.40E-Ol 1.24E+oo 133E+oo 
6.6SE-Ol l.22E+oo lASE+oo 
1.47E+oo l.79E+oo 2.67E+oo 

438E-01 438E-01 438E-Ol 
UOE+oo 1A7E+oo l.79B+oo 

l.D4E+oo l.73E+oo 2.67E+oo 
4.21E-01 4.21E-01 4.21E-01 
438E-01 8.DOE-01 1.22E+oo 
U7E+oo 1.47E+oo 15IB+oo 

1.D4E+oo 1A6E+oo 1.79E+oo 
UOE+oo 1.38E+oo 1.38E+oo 

f9') 

3.112E+oo 

L3E+oo 
l.79B+oo 
4.48E+oo 
l.46E+oo 
6.6SE-01 
2.67E+oo 
3D2E+oo 
138E+oo 

3D2E+oo 
l.4SE+oo 
U7E+oo 
4.48E+oo 

2.24E+oo 
4ASE+oo 
2.67E+oo 

4.38E-Ol 
3D2E+oo 

3D2E+oo 
4.2IB-01 
l.22E+oo 
151E+oo 

3.02.E+oo 
3D2E+oo 

r--
1 g 

!2: 
0 

Plo:I 

4Am+oo 

l.33E+oo 
l.79E+oo 
4.48E+oo 
l.46E+oo 
6.6SE-01 
2.67E+oo 
3.112E+oo 
l.38E+oo 

3D2E+oo 
USE+oo 
l.47E+oo 
4.48E+oo 

2.24E+oo 
4.48E+oo 
2.67E+oo 

4.38E-Ol 
4.48E+oo 

4.48B+oo 
4.21E-01 
1.22E+oo 
15IB+oo 

4.48B+oo 
3D2E+oo 

0 1-3 t:1 . 

tj.o~i 
tx.l c: l:!:j I 

0 1-3 
1-3 
t.=l 

0 
~ 



Table 2-231. Intake of Homegrown Snap Beam (glq-day) 

Popilatioo N N 
Oroup ~ Ull\\l!ld Me<m SE l'O Pl PS PlO P2S PSO P75 P90 1'95 P99 PlOO 

Total l230ml m 8.ooE-01 2.34E-04 O.OOE+oo 5.6SE-02 · 1.49E-01 1.88E-01 3.38E-01 5.69E-01 1.ll4E+oo 158E+oo 2.olE+oo 3.90E+oo 9.96E+oo 

Age 
<01 129000 7 291E+oo 498E-03 1.ll4E+oo 1.ll4E+oo 1.ll4E+oo 1.ll4E+oo 1.72E+oo 2.38E+oo 3.23E+oo 4.82E+oo 7.88E+oo 7.88E+oo 7.88E+oo 
01-o2 24()(0) 17 1.69E+oo 2.24E-03 4.62E-01 4.62E-01 4.62E-01 4.62E-01 9.IKIE-01 1.34E+oo 1§3E+oo 33SE+oo 33SE+oo 5.988+oo 5.98E+oo 
03-0S 45SCDI 32 1.49E+oo 1.99E-03 0.00E+oo O.OOE+oo O.llOE+oo 3.498-01 9.0lE-01 U6E+oo 1.66E+oo 3.20E+oo 4.88E+oo 6908+oo 6.90E+oo 
06-11 862000 62 897E-01 9.77E-04 O.llOE+oo O.llOE+oo 199E-01 2.21E-01 3.21E-01 6.428-01 1.21E+oo 1.'19B+oo 2.7SE+oo 4.81E+oo 5.66E+oo 

• 12-19 1151000 fD 6.38E-01 4.72E-04 O.OOE+oo O.llOE+oo 1.61E-01 2.228-01 3.20E-01 5.ll48-01 SllE-01 1.34E+oo 1.79E+oo 2.72E+oo 2.72E+oo 
20-39 2677000 160 6l3E-01 3l6E-04 7.0SE-o2 7.0SE-OZ 131E-Ol 157E-Ol 2.60E-01 4.96E-01 7.8SE-01 1.24E+oo 1.648+oo 2.DSE+oo 4.26E+oo 
40-69 4987000 292 7l9E-01 2.4SE-04 9.67E-OZ 999E-OZ 1.61E-ol 2.28E-01 3.62E-01 5.618-01 8598-01 USE+oo 1.77E+oo 2.70E+oo 4.23E+oo 
711+ 1801000 100 9lSE-01 8.61E-04 5338-02 5.6SE-OZ 7.44E-02 151E-01 3.69E-01 6.38E-ol 1.22E+oo 1.70E+oo 2.0lE+oo 9.96E+oo 9.96E+oo 

Se3IClO 
Pal 381lllll 137 8.128-01 4.91E-04 5.6SE-02 5.6SE-02 lSOE-01 1.83E-01 2.72E-01 5.39E-01 U8E+oo 1528+oo 2.0lE+oo 4.82B+oo 9.96E+oo 
~ 2706000 288 9.DOE-01 5.61E-04 O.OOE+oo 293E-02 151E-01 2l9E-01 3.70E-Ol 591E-01 UlE+oo 1.72E+oo 2.8SE+oo 5.66E+oo 6.90E+oo 
&mner 294(J(JOO 98 633E-ol 2.78E-04 O.OOE+oo O.llOE+oo UBE-01 157E-01 331E-01 5.ll4E-01 BSOE-01 1.30E+oo 1.'IOE+oo 2.0SE+oo 2.63E+oo 
Wmter 284lllll 216 8.64E-ol 4.61E-04 S33E-o2 ll4E-01 1.IKIE-01 2.44E-01 4.24E-01 6.20E-01 U2B+oo 1.72E+oo 2.D2B+oo 3.BSE+oo 7.88E+oo 

Urtmi7.atioo 
Ceotra City 2205000 78 S97E-01 3.328-04 5.6SE-o2 5.6SE-02 7.44E-02 1598-01 256E-01 5.128-01 7l2E-01 1.23E+oo 1548+oo 193E+oo 33SE+oo 
NcnnetropdilBD 5696000 404 9.61E-01 4.26E-04 O.llOE+oo 93SE-02 1.77E-Ol 2.29E-01 3.67E-01 6.7SE-01 U98+oo 1.89E+oo 2.70E+oo 4.88E+oo 9.96E+oo 
Strluim 434700) 2SS 7D4E-01 2.88E-04 8.47E-OZ 9.67E-02 1398-01 1.88E-01 3.418-01 S.20E-01 9.32E-01 136E+oo 1.77E+oo 298E+oo 6.DSE+oo 

la::e 
Ai111 41000 1 1538-01 O.DOE+oo 1538-01 153E-Ol 1538-01 153E-01 153E-01 153E-01 153E-01 153E-01 153E-01 1538-01 1538-01 
Bladt 634000 36 75SE-01 1.D7E-03 251E-01 251E-Ol 2518-01 2.79E-01 2.99E-01 4.78E-01 1.D4E+oo 1308+oo l.348+oo S98E+oo 5.98E+oo 
Other/NA 54000 6 6.27E-Ol 2188-03 2l4E-01 2l4E-01 2.14E-01 2l4E-01 2.17E-01 3.20E-01 8.ll4E-01 153E+oo 153E+oo 153E+oo 153E+oo 

N 
White 11519000 694 BlOE-01 2.42E-04 O.OOE+oo 7.0SE-02 lSOE-01 l.89E..:.01 3.498-01 S.73E-Ol 1.D6B+oo 1.63E+oo 2.0lE+oo 390E+oo 9.96E+oo 

I w Regioo 
Ut Midwest 4651000 ~ 8.608-01 4.96E-04 5.6SE-02 7.44E-02 154E-01 1.89E-01 336E-01 SSOE-01 9.88E-01 1.70E+oo 2.47E+oo 4.88E+oo 9.96E+oo co 

Ncrtbeast 990000 52 5.66E-01 4.IKIE-04 0.00E+oo O.DOE+oo 9.66E-OZ 1.D6E-01 1.BlE-01 491E-01 BlSE-01 1.28E+oo 136E+oo 197E+oo 3.D9E+oo 
South 4755000 286 8.82E-Ol 3l3E-04 533E-02 133E-01 2l3E-Ol 251E-01 3.98E-01 6.7SE-01 1.22E+oo 1.72E+oo 2.0lE+oo 3.23E+oo S.98E+oo 
West 185200) 92 5.92E-ol 3.D6E-04 7.0SE-02 7.0SE-02 1.43E-01 1.83E-01 2.72E-01 S.14E-01 7.41E-Ol 1.20E+oo 152E+oo 2l98+oo 2.19E+oo 

Respcme to Qiestiamaire 
7.90E-01 237E-04 O.OOE+oo 5.6SE-o2 1.49E-01 1.87E-01 331E-01 S.63E-01 1D2E+oo Do you gardm? 1184:ml 700 1.60E+oo 2.0lE+oo 3.8SE+oo 9.96E+oo 

Doyoufarm? 2591000 1S7 79SE-01 ·3.72E-04 5.6SE-02 5.6SE-OZ 1.27E-01 1.89E-01 4.0SE-01 6598-01 1.12E+oo 154E+oo 198E+oo 2.96E+oo 4.23E+oo 

---· .. -
t1 

'~ . 0 
.. 'O 1-3 ~ 

•Hp~ 
H C:: l:tj 
tzJ 0 >-:1 

1-3 
tzJ 
0 
~ 



filldillai N N 
Oraip !I!!! lll'll!id Meal SB 

Tola! 16737COO m USE+oo 3.SOE--04 

At,e 
<01 229IXXI 10 521E+oo 7.1)(8--03 
01-02 572000 26 3l4E+oo 353E--03 
03-0S 51600) 26 l.61E+oo lUE--03 
06-11 109lXXI SI l.63E+oo l.83E--03 
12-19 1411000 61 7lSE-Dl 5.606-04 
20-3'} 4169000 17S 8.S4E-Dl 6.6SB-o4 
40-69 675ml 30S l.DSB+oo 351E-o4 
70+ 1989000 89 126E+oo 6.28E-o4 

Seasoo 
Fiii SS16000 201 1.om+oo Sl6E-o4 
Sjrilg 126400) 127 8.J')E-01 627E-()4 
&miler 8122000 279 l.m+OO Sl3E-o4 
Wmter 1835000 136 l.37B+oo 1528--03 

Urlmizaliai 
eeniraaiy 26IKlOOO 90 UOE+oo 7J3E-()4 
NcnnetropditaJ 7389000 378 126E+oo S26E-04 
&rlubm 6668000 215 llJB+oo S.87B-o4 

Race 
AlilE 115000 3 7.o3E-01 2lSE-03 
!lack 74DJO 28 6l48-0l 5288-()4 
Native.Amcricm ~ 1 S.OSE-01 O.DOE+oo 
Other/NA 19DJO 8 5l98-01 8l28-04 
White 1565!KXIO 703 122E+oo 3.718-04 

t-..> 
Regjoo w 

Vt Midwest 6747000 322 U88+oo 6l6E-04 
IQ Ncrtheast 248IXXQ fl U7E+oo 9.708-04 

Sooth 435ml 202 llSE+oo 6l7E-04 
West 31S200I 132 123E+oo 6.418-04 

Respmse to Qiestimnaire 
Do)WC!f? 14791(00 661 12lE+oo 3.818-()4 
Do)W 7 2269000 112 1.428+oo UlE-03 

TahJo 2-232. l':alW or Homeirowii Tomatocl (i/q~) 

ro P1 PS P10 P2S PSO 

OOOE+oo 7S7E-D2 l.52E-Ol 2.348-01 3.92E-Ol 7.43E-Ol 

3.43E-Ol 3.43E-Ol 3.43E-Ol l.32E+oo 1:76E+oo 4:748+oo 
726E-Ol 726E-Ol 8.SSE-01 9.34E-Ol 123E+oo L66E+oo 
4.96E-01 4.96E-Ol SmE-01 SmE-01 7.548-01 12SE+oo 
2.17E-Ol 2l7E-Ol 3lOE-Ol 3.92E-01 S.308-01 7.SSE-01 
OOOE+oo OOOE+oo OOOE+oo l.82E-Ol 2.68E-Ol S21E-Ol 
634E--02 7.32E-02 lJlE-01 1.478-01 2.548-01 SlSE-01 
O.OOE+oo 1J3E-01 1.73E-01 2.SlE-01 3.97E-Ol 7.46E-01 
lJJE-01 1J3E-Ol 2.368-01 298E-01 4.82E-Ol 1J48+oo 

OOOE+oo 7.32E-D2 lJSE-01 2238-01 3.43E-01 59SE-01 
72SE-02 1.368-01 1.898-01 2.39E-01 3.73E-Ol 631E-Ol 
O.DOE+oo l.OSE-01 l.66E-Ol 2.368-01 4.DSE-01 8.03E-01 
OOOE+oo 9D7E-02 2D7E-Ol 2.8SE-Ol 4.97E-01 8298-01 

O.OOE+oo O.DOE+oo 1.528-01 22SE-01 3.54E-01 7.54E-01 
O.OOE+oo UJE-01 2l6E-Ol 2.62E-01 4238-01 7.628-01 
O.OOE+oo 7.57E-02 lJSE-01 l.78E-Ol 3.708-01 6.68E-01 

USE-01 l.45E-01 USE-01 USE-01 l.45E-Ol 2.S3E-Ol 
O.OOE+oo O.DOE+oo O.OOE+oo 7.328-02 2.368-01 5.D7E-01 
5.0SE-01 5.DSB-01 5.0SE-01 S.OSE-01 5.0SE-01 S.OSE-01 
2.48E-01 2.48E-01 2.488-01 2.48E-01 2.73E-01 3.508-01 
0.008+oo 1.0SE-01 1.68E-01 2.418-01 4.D6E-01 7.SSE-01 

0.008+oo 6348-02 1.45E-Ol 2.D6E-01 3.628-01 6.828-01 
7.578-02 7.57E-02 lJSE-01 1.488-01 350B-01 7.SlE-01 
0.008+oo O.OOE+oo 2.D7E-01 2.S3E-01 4238-01 7.468-01 
1.648-01 1.80E-01 2398-01 2.848-01 4llE-01 7.65E-01 

O.OOE+oo 7.57E-02 1.S2E-01 2348-01 4.D6E-Ol 7.588-01 
0.008+oo O.DOE+oo 1.!KIE-01 2268-01 423E-01 7.668-01 

P1S P90 P9S 

1A6E+OO 2.SOE+oo 3.548+oo 

6.87B+oo Ul'JE+-01 l!J'JE+-01 
400E+oo 726E+oo lmE+-01 
l.6SE+oo JOOE+oo 62SE+oo 
l.66E+oo 520E+oo S.70E+oo 
8.506-01 l.67E+oo l.94B+oo 
l.OOE+oo l.83E+oo 2lOB+oo 
1.41E+oo 2.40B+oo 3.0SE+oo 
1.77E+oo 251E+oo 2.99B+oo 

134B+oo 2248+oo 2.87B+oo 
UlE+oo l.7SE+oo 200E+oo 
l.SSE+oo 3.DSB+oo 4.0SE+oo 
1.49E+oo 2.48E+oo 338E+oo 

l.SlB+oo 2l6E+oo 29SE+oo 
l.47E+oo 2.77E+oo 3.85E+oo 
138E+oo 23SE+oo 3.328+oo 

1.768+oo l.76E+oo 1.76E+oo 
9.028-01 USE+oo 1.SSE+oo 
5.0SE-01 S.OSE-01 S.OSE-01 
S25E-Ol lllE+oo l.47E+oo 
l.498+oo 2.SSE+oo 3.S9E+oo 

1.41E+oo 2.S18+oo 3.69E+oo 
1388+oo 2M8+oo 3.S2E+oo 
1.438+oo 2.32E+oo 3.67E+oo 
1.848+oo 2.78B+oo 3.DSE+oo 

1.SOE+oo 2.SlE+oo 3.528+oo 
1.86E+oo 3.SSE+oo S20E+oo 

m PlOO 

726E+oo 1.93£+-0l 

l!J'JE+-01 l!J'JE+-01 
lmE+-01 lmE+-01 
62SE+oo 62SE+oo 
9l4E+oo 9l48+oo 
3.39E+oo 3.39E+oo 
S52E+oo 1.93£+-01 
450B+oo S.DOE+oo 
3.67E+oo 3.67E+oo 

62SE+oo lmE+-01 
3.798+oo S.28E+oo 
726E+oo 1Jl9E+-Ol 
8298+oo 193Ei-Ol 

726E+oo 829E+oo 
6.87B+oo lmE+-01 
S.S2E+oo 1938+-01 

l.76E+oo 1.76E+oo 
1.668+oo 1.66E+oo 
5.0SE-01 S.OSE-01 
l.47E+oo 1.47E+oo 
7268+oo 1938+ol 

6.87B+oo 193E+ol 
1.D98+-0l l.ll'J8+ol 
6.828+oo 9l4E+oo 
726E+oo 726E+oo 

726E+oo 193E+ol 
9l48+oo 914E+oo 

.~ lo 

.~ 
0Ht1 

~.o~ 
tzj c:: ~j 

0 >-:! 
1-3 
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0 
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Populatim N N 
Gr2!!J! Vlild lllWild Mean SE 

Tolal 589SOOI 281 l.66E+oo 7.28E-04 

Age 
<01 70000 4 625E+oo Ul8E--02 
01-02 147000 10 3.68E+oo 6.40E-03 
03-05 119000 6 2.39E+oo 5.42E-03 
06-11 431000 24 2l9E+oo 2.87E-03 
12-19 751000 31 126E+oo ll9E-03 
20-39 1501000 66 124E+oo 8.00E-64 
40-69 18SSOOI 95 1.86E+oo l.64E-03 
70+ 10'21000 45 127E+oo 8.llE-04 

Seasm 
Fall 2267000 86 l.63E+oo 137E-03 
Spring 527000 S8 123E+oo 134E-03 
Summer 2403000 81 l.63E+oo l.ll6E-03 
Winter 698000 S6 2l7E+oo l.77E-03 

Urbmi:r.atim 
Central City 679000 2S 9.60E-Ol 9.17E-04 
Nonmetropditan 3046000 159 196E+oo llZE-03 
Surburlm 2lllml 9S l.49E+oo llZE-03 

Race 
Black 140000 5 l.36E+oo 4.03E-03 
Other/NA 145000 5 l.99E+oo l.SOE-03 
White 5550000 269 l.67E+oo 7.61E-04 

tJ 
R:fion 

idwest 2587000 133 l.77E+oo l.GSE-03 
I Noctheast 656000 31 1.28E+oo l.40E-03 t.J 

~ South 179600) 84 2.08E+oo 1.63E-03 
West 7%000 31 7.61E-01 6.S3E-o4 

Respmse to Qiestiamaire 
Do)'llllgarden? 5291000 250 l.65E+oo 7.46E-04 
Do)'llllfann? 1082000 62 l.83E+oo 135E-03 

Table 2-233. Intake of Homegrown White Polatoe8 (i/q-day) 

l'O Pl PS PlO PlS PSO 

O.OOE+oo O.OOE+oo. l.87E-Ol 3.ll8E-Ol 5.50E-Ol l.27E+oo 

l.97E+oo l.97E+oo l.97E+oo l.97E+oo 525E+oo 5.871H-OO 
l.36E+oo l.36E+oo l.36E+oo 1A7E+oo 227E+oo 2.62E+oo 
O.OOE+oo O.OOE+oo O.OOE+oo O.OOE+oo OOOE+oo 3l5E+oo 
O.OOE+oo O.OOE+oo O.OOE+oo UOE-01 7.ZOE--01 l.76E+oo 
6.67E-O'l 6.67E-O'l l.87E-01 2.S9E-Ol 3.84E-Ol l.22E+oo 
l.41E-Ol l.64E-Ol l.64E-01 l.96E-Ol 4.77E-Ol UIOE+oo 
t.oSE-01 127E-01 2.62E-Ol 3.soE-01 6.99E-Ol 131E+oo 
2.ll6E-01 2.ll6E-Ol 2l7E-01 3.57E-Ol SSOE-01 121E+oo 

l.64E-01 1.64E-01 223E-01 2.65E-01 4.61E-Ol 1.13E+oo 
6.67E-O'l 6.67E-O'l l.DSE-01 l.96E--Ol 4l0E-Ol S.SSE--01 
O.OOE+oo O.OOE+oo 1.87E-Ol 3.19E--Ol 620E-Ol 132E+oo 
l.41E-01 lAlE-01 395E-Ol 4.97E-01 8.64E--Ol 2.112E+oo 

l.64E-01 l.64E-01 l.64E-01 1.75E-01 3.75E-Ol 5.SSE-01 
l.64E-01 l.84E-Ol 2.65E-Ol 3.68E-Ol 7.67E-Ol l.50E+oo 
6.67E-O'l l.OSE-01 l.87E-Ol 3l9E-01 5.40E-Ol 929E-Ol 

425E-Ol 425E-Ol 425E-01 425E-01 6.84E-Ol 722E--Ol 
127E+oo 127E+oo 127E+oo 127E+oo l.58E+oo 197E+oo 
6.67E-O'l l.41E-Ol 2.ll6E-01 3.ll8E-01 5.SOE-01 1.28E+oo 

l.41E-01 1.75E-Ol 2.36E-01 3.39E-01 6.41E-Ol 135E+oo 
6.67E-O'l 6.67E-O'l 127E-01 1.67E-01 3.48E-Ol 8.64E-Ol 
1.64E-01 1.64E-01 3.soE-01 4.61E-01 924E--Ol l.56E+oo 
l.64E-01 1.64E-Ol 2.16E-Ol 2.S9E-01 4.llE-01 5.43E-Ol 

O.OOE+oo O.OOE..00 2.ll6E-Ol 3.oSE-01 S.SSE-01 1.28E+oo 
6.67E-O'l 6.67E-O'l 2.ll6E-01 S.76E-01 924E-01 1.46E+oo 

P15 P90 1'95 

2D7E+oo 3llE+oo 4.76E+oo 

9.43E+oo 9.43E+oo 9.43E+oo 
458E+oo 8.74E+oo 8.74E+oo 
3.77E+oo 4.76E+oo 4.76E+oo 
3lOE+oo 594E+oo 6.SZE+oo 
l.80E+oo 2.95E+oo 3llE+oo 
l.62E+oo 2.54E+oo 3.0SE+oo 
2.D4E+oo 3.43E+oo 529E+oo 
1.69E+oo 235E+oo 2.88E+oo 

l.79E+oo 3.43E+oo 4l4E+oo 
191E+oo 2.86E+oo 3.0SE+oo 
2JllJE+oo 3.ll8E+oo 529E+oo 
295E+oo 426E+oo 5.40E+oo 

l.52E+oo 2D7E+oo 225E+oo 
2.38E+oo 3.SSE+oo 5.64E+oo 
l.68E+oo 3l1E+oo 4.76E+oo 

l.OSE+oo 525E+oo 525E+oo 
2l8E+oo 295E+oo 295E+oo 
2JllJE+oo 3llE+oo 4.76E+oo 

2l5E+oo 3.77E+oo 529E+oo 
197E+oo 295E+oo 3.SOE+oo 
2.40E..OO 3.44E+oo 5.64E+oo 
9.63E-Ol 1.40E+oo 195E+oo 

2JllJE+oo 3.lOE+oo 4.28E+oo 
231E+oo 3.80E+oo 5.ll9E+oo 

1'99 PlOO 

9.S2E+oo l.28E+-01 

9.43E+oo 9.43E+DO 
8.74E+oo 8.74E+DO 
4.76E+oo 4.76E+DO 
6.SZE+oo 6.S2E+DO 
4.14E+oo 4.14E+DO 
429E+oo 5.ll9E+DO 
1.28E+ol 1.28E+ol 
3.92E+oo 3.92E+oo 

l.28E+ol 1.28E+ol 
428E+oo 4.28E+oo 
9.43E+oo 9.43E+oo 
6.00E+oo 6.00E+oo 

2.54E+oo 2.54E+oo 
l.28E+ol l.28E+ol 
9.43E+oo 9.43E+oo 

525E+oo 525E+oo 
2.9SE+oo 2.95E+oo 
9.S2E+oo 1.28E+ol 

9.43E+oo 9.43E+oo 
5.ll9E+oo 5.ll9E+oo 
128E+ol 1.28E+ol 
3.UE+oo 3.UE+oo 

9.SZE+oo l.28E+ol 
6.SZE+oo 6.SZE+oo 

g 
... ,,: 

0 
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Pop.r&11 .. H IC 
Qt!•! ~ !!!Jl4 y .... ~!i 

Total m1000 304 USB+OO l.l7B-03 

Ase 
<01 90000 s l.o&B+OI 1.0aB-01 
01-02 110000 • 4.378+00 7.4S8-03 
03-QS 23«l00 13 3.918+00 4.16B-03 
06-11 695000 31 3.77B+OO 4.398-03 
12-19 658l00 41 l.72B+OO 1.298-03 20-,, 1495000 83 2.1168+00 J.49B-03 
40-91 1490000 IDS IJ48+00 J.188-03 
70+ lm<IO II 9.51B-OI J.428-03 

Scuoa 
Fall 1404000 SS l.SSB+OO l.o9B-03 
Sprl• 91!000 IOI 2.32B+OO 1.77B-03 
Sammer 1155000 69 3.488+00 2.S9B-03 
Wiater aamoo 72 l.9S8+00 2.47B-03 

Urblaludoa 
Ct11tralCllJ 100000 s 8.308-01 1.318-03 
Noamctropoitaa 3070000 194 2.808+00 t.738-03 
Surbarbaa 1788000 IOS 1.938+00 J.158-03 

'bee 
Otber/NA 1000 I 1.508+00 0.008+00 
Wbltc 49!0000 303 2.458+00 1.178-03 

legion 
Midwest 2261000 161 2J3B+OO 1.958-03 

N Nortbe11t 581000 2S t.448+00 1.398-03 
I Soutb 1042000 61 2.458+00 2.658-03 w 

O'I West 10@000 S1 2.208+00 2.078-03 - Respoa1e to Quc1doaaairc 
Do Joa raise aaimab? 3699000 239 2.668+00 1.298-03 
Do JOU farm? 28!0000 182 2.638+00 1.578-03 

Tablt 2-234. Iml:o orHomsprodococl~! (J/q-day) 

PO ?l P5 ?JO ru PSO 

3.93B-01 1.13B-OI 3.74B-OI 4.658-01 1.718-01 l.61B+OO 

S.2SB+OO S.2SB+OO S.251!+00 S.2SB+OO 6.o6B+OO 6.116B+OO 
1.128+00 l.12B+OO 1.12B+OO 1.12B+OO 2.79B+OO 4.41B+OO 
7.47B-OI 7.47B-OI 7.47B-OI 7.478-01 2.46B+OO 3.SIB+OO 
3.54B-OI 3.548-01 6.63B-OI 7.S3B-OI l.32B+OO 2.llB+OO 
3.71B-OI 3.78B-OI 4.718-01 S.13B-OI S.961!-0I 1.511!+00 
2.69B-OI 2.691!-0I 3.S2B-OI 3.94B-OI 6JOB-OI 1.598+00 
3.93B-02 IJ3B-OI 3.61B-OI 4.558-01 8.338-01 1.528+00 
l.D28-0I l.02B-OI l.02B-OI l.D2B-OI S.47B-OI 8.641!-0I 

IJ3B-OI IJ3B-OI 3.521!-0I 3.61B-OI S.17B-OI l.33B+OO 
2.02B-OI 2.70B-OI 3.901!-0I S.108-01 1.048+00 l.96B+OO 
l.02B-OI l.02B-01 6.0SB-01 7.4SB-OI 1.02B+OO 2.44B+OO 
3.938-02 3.93B-02 3.7SB-01 3.94B-OI 6.748-01 1.338+00 

3.138-01 3.138-01 3.138-01 3.138-01 3.948-01 8.968-01 
1.028-01 IJ38-0I 3.778-01 4.998-01 8.648-01 IJIB+OO 
3.938-02 2.678-01 3.758-01 4.168-01 9.078-01 1.528+00 

1.508+00 1.508+00 1.508+00 1.508+00 1.508+00 1.508+00 
3.938-02 IJ38-01 3.748-01 4.658-01 8.788-01 l.61B+OO 

1.838-01 1.838-01 3.548-01 4.168-01 8.478-01 2.0IB+OO 
3.528-01 3.528-01 3.528-01 4.738-01 7.421!-0I 1.068+00 
3.938-02 1.028-01 3.901!-0I S.841!-0I 8.168-01 1.591!+00 
3.13B-OI 3.138-01 3.801!-0I S.S6B-OI l.o48+00 1.608+00 

l.D28-0I 1.83B-OI 3.B88-0I 6.638-01 1.048+00 1.838+00 
1.838-01 2.70B-01 3.948-01 SJS8-0I 8.968-01 1.648+00 

ns P90 P9~ 

3.078+00 S.29B+OO 7.24B+OO 

U7B+OI 1.91B+OI l.94B+OI 
UIB+OO l.39B+OO l.39B+OO 
S.308+00 l.44B+OO l.62B+OO 
4.43B+OO l.14B+OI USB+OI 
2.44B+OO 3.S3B+OO 3.S7B+OO 
2.73B+OO 4.llB+OO 6.SOB+OO 
2.3SB+OO 4.IOB+OO S.39B+OO 
1.40B+OO 2.078+00 2.07B+OO 

2.0IB+OO 2.86B+OO 3.90B+OO 
3.29B+OO 4.221!+00 S.23B+OO 
4.438+00 7.SIB+OO l.14B+OI 
2.148+00 4.238+00 S.398+00 

1.238+00 1.328+00 1.328+00 
3.S78+00 6.031!+00 8.448+00 
2.448+00 4.068+00 S.108+00 

1.508+00 1.S08+00 1.508+00 
3.078+00 S.291!+00 7.248+00 

3.668+00 S.90B+OO S.398+00 
1.688+00 2.628+00 2.628+00 
2.41B+OO 6.361!+00 7.241!+00 
2.868+00 4.D6B+OO 4.428+00 

3.48B+OO S.391!+00 7.518+00 
3.2SB+OO S.398+00 7.SIB+OO 

m 
l.33B+OI 

1.948+01 
1.39B+OO 
9.218+00 
1.33B+OI 
4.21B+OO 
1.268+00 
S.90B+OO 
2.12B+OO 

7.241!+00 
l.62B+OO 
IJ7B+OI 
1.948+01 

1.328+00 
IJ78+01 
7.SIB+OO 

1.508+00 
1.338+01 

1.878+01 
6.038+00 
1.331!+01 
7.518+00 

l.2Sl!+OI 
1.338+01 

t1 
.o 
t .,. ti!: 

b 
a 1-3 o 
H .0 :x1 
1-3 c: !I> 
l!J 0 ~ 

1-'l 
f?j 

~ 

?100 

l.94B+OI 

l.94B+OI 
l.39B+OO 
9.218+00 
l.33B+OI 
4.28B+OO 
1.268+00 
S.901!+00 
2.12B+OO 

7.24B+OO 
9.288+00 
U78+01 
1.948+01 

1.328+00 
1.948+01 
9.288+00 

1.508+00 
1.948+01 

IJ78+01 
6.038+00 
1.338+01 
1.948+01 

l.94B+OI 
1.941!+01 



Populatim N N 
Groop !!ltd lEW2td Mean SE 

Total 270700> 18S 9.67E-Ol SD8E-ll4 

Age 
8 ll2E+oo 2.38E-o3 0Hl2 89IXX) 

03-0S 94000 8 l.81E+oo l.97E-o3 
06-11 362000 28 l.ll9E+oo ll7E-o3 
12-19 462000 'J:1 l.D4E+oo l.116E-o3 
20-39 844000 S9 8.24E-Ol 9.D4E-ll4 
40-69 694000 41 9.64E-Ol 1D8E-o3 
70+ 74000 7 1.4SE+oo 2.12E-o3 

Seasco 
Pall 87<i000 31 9.97E-ol 931E-ll4 
Sping SS4000 68 9.o6E-ol 9.72E-o4 
&miler 273000 9 6.30E-ol 7l9E-ll4 
Wmter 1004001 77 1D7E+oo 9l9E-o4 

' 
Urbalizatioo 

Central City SO<iOOO 20 6.89E-ol 7.9l3E-o4 
N<DDelropditan 1259000 101 9.4SE-ol 7.98E-o4 
&rburbal 942000 64 USE+oo 853E-o4 

h:e 
Other/NA 102000 3 6.9SE-Ol l.87E-G4 
White UiOSOOl 182 9.77E-Ol S.26E-ll4 

Rerjoo 
Midwest 132100> '11 8.83E-Ol 7l3E-ll4 

t-.l Northeast 394000 20 1l3E+oo 154E-o3 
I Soulh 60'.lOOO 47 l.26E+oo ll3E-o3 
~ West 383000 21 6.28E-Ol S.34E-G4 
~ 

Respcnse lo Questimmire 
Do )W lull? ' 23S700l 158 Ul4E+oo S.60E-ll4 

Table 2-235. lntalc of Homccaught Game (lllc1-day) 

I'll Pl PS PlO P2S PSO 

O.ooE+oo O.llOE+oo ll7E-Ol 2lOE-Ol 3.97E-Ol 7.ll9E-01 

l.401Hll lAOE-01 lAOE-01 351E-01 7.70E-Ol 9.67E-Ol 
7.74E-Ol 7.74E-Ol 7.74E-Ol 7.74E-01 l.39E+oo 193E+oo 
ll6E-Ol 1l6E-ol 2.31E-Ol 428E-Ol 633E-01 7.61E-Ol 
2lOE-Ol 2lOE-ol 2lOE-ol 2.91E-01 6.30E-01 8.46E-Ol 
753E-OZ l.D4E-ol ll7E-Ol l.88E-01 3.0lE-01 631E-Ol 
l.24E-Ol l.24E-01 l.72E-Ol 2.87E-01 3.42E-Ol SlOE-01 
S56E-ot S56E-ol S56E-Ol S56E-Ol 7.76E-01 l.7SE+oo 

ll7E-ol 1l7E-01 l.48E-Ol 2l8E-01 428E-Ol 633E-Ol 
O.llOE+oo O.llOE+oo l.D4E-Ol l.72E-Ol 4.43E-01 7.46E-Ol 
l.88E-Ol l.88E-ol l.88E-01 1.88E-01 3.20E-Ol 6.30E-Ol 
O.ooE+oo O.ooE+oo O.oOE+oo l.6SE-Ol 3.88E-01 8l8E-Ol 

O.OOE+oo O.l!OE+oo OOOE+oo l.88E-Ol 2.77E-01 6.30E-Ol 
O.IXIE+oo O.llOE+oo ll7E-ol l.6SE-01 3.20E-01 659E-Ol 
O.ooE+oo O.llOE+oo 256E-Ol 3.97E-01 S.21E-Ol 8l8E-Ol 

6.30E-Ol 6.30E-01 6.30E-Ol 6.30E-Ol 6.30E-Ol 6.82E-01 
O.ooE+oo O.ooE+oo ll7E-ol 2.0ZE-01 3.76E-Ol 7.29E-01 

OOOE+oo O.llOE+oo 753E-OZ 2l8E-Ol 3.42E-Ol 6l2E-01 
2.87E-ol 2.87E-Ol 2.87E-Ol 3.21E-Ol 4.30E-01 7.74E-Ol 
O.oOE+oo O.llOE+oo ll7E-01 lABE-01 632E-01 l.ll9E+oo 
l.24E-ol l.24E-Ol 151E-ol l.88E-Ol 3.'1'/E-01 633E-01 

O.llOE+oo 0.00E+oo lAOE-01 2.77E-Ol 4.42E-01 7.46E-Ol 

P7S P90 l'9S 

122E+oo 2.27E+oo 2.67E+oo 

1Z71HOO 2.34E+oo 2.34E+oo 
2lSE+oo 2.20E+oo 3.oSE+oo 
l.48E+oo 2.67E+oo 2.BSE+oo 
122E+oo l.99E+oo 3.13E+oo 
l.ll9E+oo 157E+oo 250E+oo 
1.41E+oo 251E+oo 3l9E+oo 
l.99E+oo l.99E+oo l.99E+oo 

ll9E+oo 250E+oo 3l3E+oo 
122E+oo 1.7SE+oo 252E+oo 
7.74E-01 l.41E+oo l.41E+oo 
152E+oo 2.20E+oo 2.67E+oo 

7.74E-01 l.48E+oo l.99E+oo 
ll9E+oo 2.27E+oo 3.oSE+oo 
152E+oo 251E+oo 2.BSE+oo 

7.74E-01 7.74E-Ol 7.74E-Ol 
138E+oo 2.34E+oo 2.BSE+oo 

llOE+oo l.99E+oo 251E+oo 
l.41E+oo 3l3E+oo 3l3E+oo 
1.93E+oo 2.38E+oo 3l9E+oo 
7.74E-Ol ll2E+oo l.22E+oo 

l.44E+oo 2.38E+oo 2.90E+oo 

1:'99 

3.61E+oo 

2.34E+oo 
3.oSE+oo 
2.90E+oo 
3.13E+oo 
459E+oo 
3.61E+oo 
l.99E+oo 

3l9E+oo 
3.61E+oo 
l.41E+oo 
459E+oo 

2.34E+oo 
459E+oo 
3l3E+oo 

7.74E-Ol 
3.61E+oo 

459E+oo 
3.61E+oo 
3l9E+oo 
152E+oo 

3.61E+oo 

,~-
f 0 

!2: 
0 

0 1-3 t:1 

'JJ~~~. 1-3 
1-3 

' 
I 
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PlOO 

459E+oo 

2.34Ei00 
3.osE+oo 
290E+oo 
3l3E+oo 
459Ei00 
3.61Ei00 
l.99E+oo 

3l9E+oo 
3.61E+oo 
UlE+oo 
459E+oo 

2.34Ei00 
459E+oo 
3.61E+oo 

7.74E-01 
459E+oo 

459Ei00 
3.61Ef00 
3l9E+oo 
152E+oo 

459E..OO 



hpdalfH H K 
Grot1! •l!• •!!Jl4 !!Its• SB 

Tobi 1732000 121 1.238+00 l.OSB-04 

Ase 
01-02 38COO s 2.108+00 4.178-03 
03-0S 26000 3 2.528+00 S.718-03 
06-11 129JOO 11 1.818+00 3.078-03 
12-19 29Jl00 20 1.288+00 Z.018-03 
20-39 51 JlOO 32 l.21Bt00 t.438-03 
40-69 SS7000 31 l.o28t00 9.518-04 
70+ 180000 12 1.048+00 3.688-03 

StslOI 
Fail 362000 13 t.418+00 1.528-03 
Spring 547000 59 t.138+00 IJ48-03 
Summer 3711000 IS 9.938-01 1.138-03 
Wiater 444000 34 1.408+00 2.D98-03 

Urb1alutlo1 
Ccatnl City 90000 2 8.718-01 1.098-03 
Noametropoitaa 1178000 77 1.398+00 1.068-03 
Surburbaa 464000 42 8.778-01 1.148-03 

Race 
Wbl!e 1732000 121 1.238+00 8.058-04 

Region 
Mldw°'t 844000 64 1.068+00 1.048-03 
Nortbtsll 97Cll0 5 2.228+00 4.828-03 
Soutb SS4000 32 1.358+00 1.118-03 

tJ w .. 1 2371JOO 20 1.158+00 2.848-03 

w Re1poue to Quc11ioaaairc m Do you rai1c 1alm1b? 1428000 100 1J48t00 8.258-04 
Doyouwm? . 1218000 82 1.308+00 9.148-04 

Table 2-236. l:ilako orHomcproduccd Pork (J/k&-<f.ay) 

PO Pl PS Pl2 P25 lSO 

9.261!-02 9.268-02 1.408-01 3.058-01 S.418-01 1.968-01 

l.o&B+OO l.o&8+00 l.DIB+OO l.OSB+OO 1.478+00 2.0S8t00 
1.468+00 1.468+00 1.468+00 1.468+00 1.468+00 2.618+00 
S.038-01 S.038-01 S.038-01 S.&98-01 9.&08-01 1.568+00 
3.058-01 3.0SB-01 3.238-01 3J78-0I S.248-01 US8-0I 
1.118-01 1.118-01 2.&38-01 4,098-01 S.528-01 7.&98-01 
1.198-01 1.198-01 UIB-01 2.228-01 4.058-01 s.tlB-01 
9.268-02 9.268-02 9.268-02 9.268-02 1.258-01 8.748-01 

4,098-01 4.098-01 4,098-01 S.668-01 6.468-01 1.268+00 
1.118-01 1.llB-01 1.408-01 2.228-01 3.528-01 1.968-01 
9.268-02 9.268-02 9.268-02 1.258-01 5.248-01 7.178-01 
1.268-01 1.268-01 2.588-01 3.778-01 S.038-01 l.&38-01 

5.438-01 5.438-01 5.438-01 5.438-01 S.438-01 8.718-01 
9.268-02 9.268-02 2.158-01 4.058-01 6.178-01 9.668-01 
1.118-01 1.118-01 1.198-01 1.81B-01 3.ltB-01 S.898-01 

9.268-02 9.268-02 1.408-01 3.058-01 S.418-01 8.968-01 

9.268-02 9.268-02 1.198-01 2.138-01 5.028-01 6.728-01 
6.468-01 6.468-01 6.468-01 6.468-01 6.468-01 2.218+00 
1.818-01 1.818-0t 2.588-01 3.378-01 8.118-01 1.268+00 
1.268-01 1.268-01 3.238-01 3.778-01 4.408-01 7.298-01 

1.268-01 1.408-01 3.238-01 4.058-01 S.898-01 9.668-01 
1.268-01 2.158-01 3.428-01 4.088-01 5.858-01 9.248-01 

P1S P90 P9S 

L71B+OO 2.738+00 3.378+00 

2.458+00 3J78+00 3J78+00 
3.618+00 3.688+00 3.618+00 
2.738+00 3.238+00 3.738+00 
1.758+00 3.698+00 3.698+00 
1.438+00 2.908+00 3.Da8t00 
t.718+00 1.758+00 2.218+00 
9.668-01 2.298+00 US8t00 

1.698+00 3.288+00 3.698+00 
1.508+00 2.688+00 3.688+00 
1.718+00 1.788+00 2.448+00 
2.218+00 3Jl88+00 4.938+00 

1.208+00 1.208+00 1.208+00 
1.758+00 3.168+00 3.698+00 
1.108+00 2.288+00 2.738+00 

1.718+00 2.738+00 3.378+00 

1.208+00 2.688+00 3.378+00 
3.168+00 4.938+00 4.938+00 
t.758+00 2.448+00 3.D88+00 
1.108+00 1.758+00 2.738+00 

1.758+00 2.908+00 3.378+00 
1.718+00 3.088+00 3.698+00 

"' 
4.938+00 

3J78t00 
3.688+00 
3.738+00 
4.298+00 
4.938+00 
3.168+00 
7.418+00 

3.698+00 
4.298+00 
2.448+00 
7.418+00 

1.208+00 
4.938+00 
2.908+00 

4.938+00 

3.698+00 
4.938+00 
4.298+00 
7.41Bt00 

4.298+00 
4.938+00 

t:1 
,.,.. 0 

~~ 
0 

ol--30 

~'° ?! 
p:j c Ir.I 

0 1-3 
1-3 
M 

~ 

PIOO 

7.418+00 

3J78t00 
3.688+00 
3.738+00 
4.298+00 
4.938+00 
3.168+00 
7.418+00 

3.698+00 
4.298+00 
2.448+00 
7.41B+OO 

1.208+00 
7.418+00 
2.908+00 

7.418+00 

3.738+00 
4.938+00 
4.298+00 
7.41B+OO 

4.938+00 
4.938+00 



Population N N 
Grou2 wgtd uawgtd Mean SB 

Total 1816000 IOS 1.571!+00 8.721!-04 

Age 
< 01 34000 2 2.441!+00 1.491!-02 
01-02 91000 8 3.158+00 2.628-03 
03-0S 70000 5 3.018+00 3.491!-03 
06-11 20~00 12 1.761!+00 1.391!-03 
12-19 194000 12 1.188+00 1.648-03 
20-39 574000 33 1.178+00 1.118-03 
40-69 S61ll00 30 1.Sll!+OO 1.761!-03 
70 + 80000 3 1.891!+00 2.121!-04 

Seuon 
Fall 562000 23 1.528+00 1.128-03 
Spring 374000 34 1.878+00 2.668-03 
Summer 312000 11 1.368+00 1.SS8-03 
Winter ~ 37 1.SSl!+OO 1.611!-03 

Urbanization 
Central City 230000 8 1.048+00 1.378-03 
Nonmetropo&tan 997000 S6 1.488+00 9.888-04 
Surburban 589000 41 1.941!+00 1.921!-03 

Race 
Black 44000 2 1.438+00 3.238-03 
White 1772000 103 1.578+00 8.908-04 

Region 
Midwest 76~00 41 1.601!+00 1.028-03 
Northe11t 64000 4 1.921!+00 3.628-03 
South 654000 38 1.671!+00 1.911!-03 

t....> West 33!100 
~ 

22 1.248+00 1.468-03 

~ Reapoase to Queatlonnaire 
Do you rai1e animal1? 1333000 81 1.588+00 9.211!-04 
Do you farm? 917000 59 1.548+00 1.448-03 

Table 2-237. Intake of Homeproduced Poultry (i/kg-day) 

PO Pl PS PIO P2S 

1.731!-0I 1.958-01 3.038-01 4.181!-0I 6.371!-0l 

4.071!-0I 4.071!-01 4.078-01 4.071!-0I 4.071!-0I 
2.451!+00 2.458+00 2.451!+00 2.451!+00 2.638+00 
1.721!+00 1.721!+00 1.721!+00 1.728+00 2.551!+00 
4.801!-01 4.801!-01 5.851!-01 5.851!-01 1.191!+00 
2.281!-0I 2.281!-01 2.281!-01 4.181!-01 6.078-01 
1.738-01 1.738-01 4.028-01 4.028-01 5.578-01 
1.951!-01 1.951!-01 1.971!-01 3.038-01 4.918-01 
1.838+00 1.831!+00 1.831!+00 1.838+00 1.838+00 

4.078-01 4.078-01 4.188-01 4.608-01 8.118-01 
1.738-01 1.738-01 2.288-01 3.038-01 S.228-01 
4.021!-01 4.028-01 4.028-01 4.028-01 6.721!-01 
1.958-01 1.958-01 1.978-01 <.338-01 5.958-01 

4.608-01 4.601!-01 4.608-01 4.608-01 4.728-01 
1.731!-0I 1.958-01 2.821!-01 4.071!-01 6.728-01 
2.281!-01 2.281!-01 2.671!-01 4.338-01 6.248-01 

7.Sll!-01 7.SIB-01 7.Sll!-01 7.SIB-01 7.SIB-01 
1.731!-01 1.958-01 3.031!-01 4.181!-01 6.241!-01 

4.071!-01 4.078-01 4.188-01 S.571!-01 9.791!-01 
7.098-01 1.ti9B-01 7.091!-01 7.091!-01 1.041!+00 
1.731!-01 1.731!-01 1.978-01 3.038-01 4.608-01 
2.671!-01 2.678-01 2.671!-01 4.278-01 S.608-01 

1.731!-0I 2.288-01 4.078-01 4.728-01 7.091!-01 
1.738-01 1.951!-01 2.288-01 3.038-01 S.9Sl!-01 

PSO P7S P90 P9S 

1.231!+00 2.198+00 3.171!+00 3.838+00 

4.078-01 6.178+00 6.178+00 6.171!+00 
2.711!+00 3.478+00 3.868+00 5.331!+00 
2.958+00 3.061!+00 4.831!+00 4.838+00 
2.101!+00 2.191!+00 2.291!+00 2.348+00 
1.068+00 1.SlB+OO 2.231!+00 2.238+00 
1.151!+00 1.371!+00 1.808+00 2.938+00 
7.748-01 2.691!+00 3.291!+00 4.601!+00 
1.871!+00 1.978+00 1.978+00 1.978+00 

1.398+00 2.238+00 2.698+00 3.178+00 
1.381!+00 3.298+00 4.608+00 S.158+00 
8.808-01 1.978+00 2.198+00 3.291!+00 
1.231!+00 2.181!+00 2.958+00 3.47R+OO 

5.951!-01 1.448+00 2.188+00 2.341!+00 
1.191!+00 2.108+00 3.171!+00 3.298+00 
1.598+00 2.691!+00 4.591!+00 4.838+00 

1.431!+00 2.118+00 2.118+00 2.118+00 
1.231!+00 2.191!+00 3.171!+00 3.868+00 

1.391!+00 2.191!+00 2.708+00 3.178+00 
2.001!+00 2.791!+00 2.958+00 2.958+00 
9.088-01 2.118+00 4.598+00 4.838+00 
1.028+00 1.898+00 2.4Sl!+OO 2.938+00 

1.378+00 2.191!+00 2.931!+00 3.298+00 
1.068+00 2.188+00 3.471!+00 4.831!+00 

P99 PIOO 

S.331!+00 6.178+00 

6.178+00 6.178+00 
S.331!+00 S.338+00 
4.831!+00 4.838+00 
2.341!+00 2.348+00 
3.291!+00 3.298+00 
4.591!+00 4.598+00 
S.151!+00 5.158+00 
1.971!+00 1.978+00 

3.178+00 3.178+00 
S.331!+00 5.338+00 
3.298+00 3.298+00 
6.17R+OO 6.178+00 

2.341!+00 2.348+00 
3.868+00 5.338+00 
6.178+00 6.178+00 

2.111!+00 2.118+00 
S.338+00 6.178+00 

3.868+00 S.338+00 
2.9S8t00 2.9SB+OO 
6.178+00 6.178+00 
2.931!+00 2.938+00 

S.331!+00 6.178+00 
6.178+00 6.178+00 

1--
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f•p•ladOI H N 
GtH! -~ ••1t' Meu SB 

Told 2075000 m 7.31B-OI 7.74B-04 

A1c 
<01 20000 2 6.428+00 4,098-02 
01-02 21(00 3 S.70B+OO 2.ZSB-02 
03-0S 20000 2 2.21B+OO S.678-03 
06-11 170000 12 IJ2B+OO t.098-03 
12-19 163000 14 6.00B-01 7.JOB-04 
20-)9 474000 30 6J2B-OI 7J4B-04 
40-69 711000 43 S.918-DI 4.478-04 
7D+ 419000 It 3.63B-Ot 4.278-04 

Swo11 
Fall 542000 18 4.728-01 S.o78-04 
Spring 460000 S4 1.318+00 3.12B-03 
Sammet 723000 26 4.968-DI 4.888-04 
Wlatet 350000 26 8.608-Dt 8.198-04 

Urbaaizatloa 
Central City 2SIOOO 9 3.S3B-Ot 3.74B-04 
Hoametropoilaa 1076000 6S 7.348-01 9.58B-04 
Sarbarbu 74!000 so 8.54B-OI l.62B-03 

Race 
Bl act 63000 9 4.208-01 1.34B-03 
While 2012000 11S 7.418-01 7..978-04 

Region 
Midwest 66SOOO 37 7.93B-01 l.46B-D3 

N Honbeut 87000 1 1.D2B+OO 2.89B-03 

~ South 823000 44 5.36B-01 4.73B-04 
0\ Wat sooooo 36 9.218-01 2.338-03 
U'I 

Re1poa1e to Quellioaaalre 
Do you ral1e uimall? 1824000 113 7.468-01 8.741!-04 
Doyoufum? 74!000 44 8.98B-01 IJIB-03 

T&blo ~231. Jd&l:c oC Homcproduccd l!ii• (Jlki--day) 

PO Pl PS P!O m PSO 

7.1'!-02 7.16B-02 I.SOB-DI l.7SB-OI 2.61B-Ot 4.66B-Ot 

U9B+DO U98+00 l.69B+OO 1.698+00 l.69B+OO l.69B+OO 
l.34B+OO l.34B+OO 1.348+00 IJ4B+OO IJ4B+OO 6.58B+OO 
1.628+00 1.628+00 l.62B+OO 1.621!+00 l.62B+OO l.62B+OO 
S.70B-Ot S.708-01 UOB-01 6.IOB-01 l.ltB+OO l.J9B+OO 
1.968-01 l.96B-OI l.96B-OI l.96B-OI 4.llB-01 S.158-01 
7.16B-02 7.16B-02 7.16B-02 2.ISB-01 3.00B-01 4.16B-OI 
IJ7B-OI IJ7B-DI 1.418-01 l.SZB-01 3.17B-OI S.14B-OI 
I.SOB-DI I.SOB-OJ IS78-0I l.6SB-01 2.068-01 2.60B-Ot 

1.521!-0I l.S2B-OI J.S2B-OI 1.658-01 2.08B-01 2.72B-DI 
IS78-DI IS78-0t 3.2SB-OI 3.948-01 S.028-01 6.66B-OI 
7.16B-02 7.168-0Z l.37B-OI 1.418-01 2.608-01 3.328-01 
1.678-01 1.678-01 1.758-01 2.158-01 4.038-01 7.SIB-01 

1.658-01 1.658-01 1.658-DI 1.658-01 2.17B-OI 3.29B-OI 
7.16B-02 7.16B-02 l.41B-OI l.67B-01 2.60B-OI 4.748-01 
1.37B-01 1.378-01 I.SOB-DI 2.06B-OI 3.80B-OI S.88B-OI 

IS7B-Ot IS7B-01 1S7B-01 l.S7B-01 2.318-01 3.37B-Ol 
7.16B-02 7.168-02 I.SOB-OJ l.75B-01 2.6SB-Ot 4.828-01 

7.168-02 7.16B-02 l.37B-Ol 1.418-0I 2.178-01 3.391!-0l 
1.75B-OI 1.75B-OI 1.758-01 1.888-01 6.538-01 8.148-01 
l.SZB-01 l.SZB-01 1.778-01 1.!l61!-0I 2.60B-01 3.60B-01 
l.67B-OI 1.678-01 2.068-01 2.081!-01 4.SSB-01 6.661!-0I 

7.16B-02 7.168-02 l.SOB-01 1.658-01 2.561!-01 4.82B-01 
1.SZB-01 l.S2B-01 l.65B-Ol 1.778-01 2.728-01 6.661!-0I 

n~ P90 1'.!S 

9.olB-01 l.36B+OO U9B+OO 

l.3S8+01 l.3SB+DI 1.358+01 
9.168+00 9.168+00 9.16B+OO 
3.268+00 3.26B+OO 3.268+00 
l.6SB+OO IJSB+OO 107B+OO 
6.918-01 1.1>18+00 Ult8+00 
U4B-OI l.32B+OO U3B+OO 
8.448-Dt 1.308+00 1.368+00 
3.328-DI l.OSB+OO 1.228+00 

8.148-01 1.058+00 l.22B+OO 
1.318+00 2.IOB+OO 3.26B+OO 
S.418-01 l.36B+OO l.SIB+OO 
l.17B+OO t.62B+OO 1.938+00 

3.39B-DI 7.45B-OI 7.S7B-OI 
9.16B-OI l.34B+OO 1.6SB+OO 
1.17B+OO 1.368+00 1.858+00 

4.078-01 l.34B+OO 1.348+00 
9.03B-OI 1.36B+OO 1.69B+OO 

1.088+00 1.518+00 2.IOB+OO 
8.30B-OI 2.078+00 3.26B+OO 
5.99B-OI 1.ISB+OO l.62B+OO 
l.05B+OO 1.361!+00 1.368+00 

9.02B-01 l.36B+OO 1.858+00 
l.19B+OO 1.658+00 1.858+00 

.... PIOO 

6.511!+00 

l.3S8+01 
9.16B+OO 
l.268+00 
2.22B+OO 
1.498+00 
2.SOB+OO 
1.318+00 
l.22B+OO 

1.338+00 
1.358+01 
1.658+00 
1.938+00 

7S7B-Ol 
6.588+00 
l.35B+Ot 

1.348+00 
6.588+00 

9.168+00 
3.26B+OO 
l.93B+OO 
1.358+01 

6.SSB+OO 
6.SSB+OO 

r.~ 
'00 
·08~ 
H .0 '%.! 
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l.3SB+DI 

IJSB+OI 
9,168+00 
3.268+00 
2.22B+OO 
1.498+00 
2.SOB+OO 
IJIB+OO 
l.22B+OO 

IJ3B+OO 
lJSB+Ol 
1.658+00 
1.938+00 

7.S7B-Ot 
9.168+00 
1.358+01 

1.34B+OO 
1.3SB+Ol 

9.161!+00 
3.26B+OO 
1.93!+00 
1.358+01 

1.358+01 
9.16B+OO 



puhli:ln 
Meai SE Group 

Total 2876!000 1511 151E+-OO 3.6SE-04 

Age 
<01 334000 17 5.75E+oo 7.lCE-03 
01-02 815(00 43 3.41£+-00 3.7E-03 
03-65 l~ 62 1.74E+oo l.6f£-03 
06-11 24SOXI 134 l.3£+-00 l.3CE-D3 
12-19 2611000 143 Ul?E+-00 6.91£-64 
20-39 696~ 348 l.OSE+-00 5.7SE-o4 
40-69 10993000 S79 l.6m+-OO 6.D4E-o4 
70+ 35lml 185 1.6f£+-OO 8.8(E-o4 

Seam 
Pal 886ml 314 131E+-OO S.SE-04 
Sprilg 4863>00 487 l.14E+oo 635E-04 
&1111mer 10151000 348 2.0E+-00 7.-!m-64 
Wnter 4883>00 362 121E+-OO 8.11£-04 

Urbmlzaticn 
Cmtral City 485~ 173 l.llE+-00 6.lm-04 
Nonmdropolla1 11S77000 711 1.878+-00 6.SSE-04. 
SUrbJrba! 12U6000 625 13SE+oo 5.0IE-04 

Race 
Ali111 lSSCOO 7 l.82E+-OO 6.()(E-D3 
Back 1713>00 100 12E+oo 9.728-64 
Naive Americm 28000 1 5.0SE-01 O.()(E+-00 
Oher/NA 255(00 15 2.87B+-OO 3.61E-03 
V\hite 26551000 1386 15E+oo 3.91E-o4 

R' 
:f~ 104mooo 570 1.41£+-00 65SE-04 

N North eat 4050000 191 1.6SE+oo 1.22E-03 
~ South 9238>00 S03 15SE+oo S.7SE-04 

~ WeS. SOlml 245 UE+-00 7.lE-04 

R~se to Qiestioonaire 
D>)OOf:!Sl7 25737000 1361 1578+-00 3.9SE-04 
[b )00 7 359'i>OO 'JJ1'1 2.l'lB+-00 121E-03 

Table 2-239. Intake of Homegrown Exposed Vegetable1 (i/kg-day) 

PO Pl PS PlO P25 PSO 

O.OCE+-00 32SE-03 9.lSE-02 1.728-01 3.9SE-Ol 8.6m-Ol 

2.97E-01 2.91E-Ol 2.97E-Ol 8.0SE-01 2.81E+-OO 42SE+oo 
221£-02 221£-62 2.3£-01 8.34E-01 lllE+-00 l.SSE+-00 
O.OCE+-00 O.()(E+-00 72E-03 4.85E-02 S.7SE-01 l.16E+-OO 
0.()(E+-00 0.()(E+-00 4.44E-02 9.41E-02 3.11E-01 6.4E-01 
O.OCE+-00 O.()(E+-00 2.92E-02 1.41E-Ol 3.D4E-01 656E-Ol 
l.5<E-03 8.?lE-03 656E-02 1.178-01 25SE-01 551£-01 
0.()(E+-00 32SE-03 l.41E-01 2.44E-01 4.7SE-Ol 9.81E-01 
42E-03 521E-03 151E-01 2.3£-01 521E-Ol l.lE+-00 

O.OCE+-00 524E-o2 l.llE-01 1.m-01 33E-Ol 6.4SE-01 
O.()(E+-00 23SE-03 45E-02 15E-01 331£-01 651£-01 
0.()(E+-00 2.178-03 UE-01 2.D4E-01 6.ll'lB-01 1.3CE+-OO 
O.()(E+-00 42E-03 221£-02 137E-Ol 3.71E-01 6.678-01 

O.OCE+-00 l.OlE-62 6.D4E-02 8.om-02 2.8E-Ol 7.0lE-01 
O.OIE+-00 l.6SE-o2 1.728-01 251E-01 5.0lE-01 l.16E+-OO 
O.()(E+-00 2.9E-03 9.6(£-02 156E-01 355E-Ol 7.44E-01 

42E-02 42E-o2 42E-02 4.61E-02 551£-01 5.81£-01 
O.OIE+-00 O.()(E+oo 7.74E-02 l.41E-01 351E-Ol 8.9E-Ol 
5.0SE-01 5.0SE-01 5.0SE-01 5.0SE-01 5.0SE-01 5.0SE-01 
4.7E-03 4.7E-03 2l4E-01 2.6f£-Ol 1.41E+-OO 2.92E+-OO 
0.()(E+-00 4.67B-03 9.74E-02 1.77B-Ol 3.95E-Ol 85SE-Ol 

0.()(E+-00 l.()(E-62 7.14E-02 1578-01 3.81£-01 8.()(£-01 
O.DIE+-00 23SE-03 8.0SE-02 131£-01 2.61E-01 6.6SE-01 
O.OIE+-00 SllE-62 l.6E-01 2.61E-01 S.11£-01 9.9SE-01 
1.scE-03 32SE-03 2.61E-D2 1.4SE-01 3.91E-01 7.6E-01 

O.OIE+-00 32SE-03 8.S'IE-02 1.61£-01 4.lE-01 8.sSE-01 
O.OIE+-00 O.()(E+oo 1.84E-01 3.71E-01 6.478-01 131£+-00 

P75 P90 1'95 

l.8E+-OO 35SE+oo S.11E+-OO 

l.OE+ol l.lSE+ol 121E+ol 
4.2E+oo 1.07E+ol USE+ol 
25E+oo 3.478+-00 62SE+-OO 
1.6m+-OO 321E+-OO 5.478+-00 
1.4<£+-00 23SE+oo 3.71£+-00 
1.21£+-00 23E+oo 331E+oo 
1.91E+-OO 35SE+oo 5.22E+oo 
231£+-00 4.DIE+-00 4.96E+-OO 

156E+oo 3.lE+-00 4.4SE+oo 
l.3£+-00 2.76E+oo 4.o2E+-OO 
251E+oo 4.328+-00 63SE+oo 
l.41E+-OO 2.76E+oo 3.6SE+-OO 

l.4E+oo 2.4SE+oo 32SE+oo 
2.?lE+-00 4.l:!E+-00 6.llE+-00 
151£+-00 321E+-OO 5.22E+oo 

837E-01 6.ll'lB+-00 6D1E+-OO 
151E+oo 3.32E+oo 3.92E+oo 
5.0SE-01 5.0SE-01 5.0SE-01 
4.11£+-00 5.678+oo S.67B+oo 
l.81E+-OO 3.41E+oo S.12E+oo 

1.6SE+-OO 35SE+oo 4.67B+oo 
1.7SE+oo S51E+-OO 6.8(E+-00 
l.91E+oo 3.lSE+-00 452E+oo 
2.lE+-00 3.4SE+oo 4.84E+oo 

1.97E+-OO 3.6E+oo S.4SE+oo 
2.81E+-OO 6.0lE+-00 6.8E+-OO 

l'99 P100 

l.OE+ol 2.()(E+ol 

USE+ol USE+ol 
121E+ol 121E+ol 
7.36E+oo 8.86E+-OO 
l.3E+ol 13E+ol 
5.678+-00 5.678+-00 
7578+-00 2.()(E+ol 
8.9SE+oo 1.9<E+o1 
6.96E+oo 1.om+o1 

8.92E+oo l.22E+ol 
751E+-OO l.117B+ol 
1278+-0l l.9<E+ol 
8.86E+oo 2.()(E+ol 

8.34E+oo 121E+ol 
l.22E+ol l.9<E+ol 
8.61E+-OO 2.()(E+ol 

6D1E+-OO 6.117B+oo 
55SE+oo 7.lSE+oo 
5.DSE-01 S.DSE-01 
S.67B+oo S.678+oo 
l.DE+ol 2.()(E+ol 

l.lSE+ol 2.()(E+ol 
1278+ol 1.4SE+o1 
9.92E+oo 1.3E+o1 
751E+oo 8.34E+oo 

1.0E+ol 2.()(E+ol 
1.DE+ol 13E+o1 

.g 
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~lillO N N 
Group ~ ~ Mem SE 

Total 11428000 6S6 1.D!E+oo 3.S7B-<>4 

~01 191000 10 3.61E+oo 3.271H3 
01-02 348(00 21 lM:E+oo 3AIB-03 
03-05 «00)() 32 1.3!E+oo 1.82E-03 
06-11 1051000 63 UCE+oo Uloll!-03 
12-19 910000 51 7.71E-01 6.52B-04 
20-39 :mm> 164 7.62E-01 4.3!E-04 
.C0-69 38UWO 226 9.3!E-01 5.6£-04 
70+ 1442000 89 1.0SE+-00 U'IE-03 

Seam 
Pal ~ 143 851E-01 4~-04 
Sprhg 208liXlO 236 7.D7E-01 4.71E-04 
~lmlet' 3SSSOOO 118 lME+oo 8.9SE-04 
Wnter 1876Xl0 159 9.3!E-01 7.DSE-04 

Urbai i?.alion 
C111tra!City 1342000 49 9.91E-01 9.lCE-04 
Nonmdropolit111 593400> 391 1.o'IE+-00 5llE-04 
~rlurlm 4152000 216 9.21E-Ol 5.7SE-04 

Race 
ASai 29000 1 UIE-01 O.DCE+oo 
Back 479000 27 15CE+oo l.6SE-03 
Ober/NA 84000 3 3.27E-01 6.92E-05 
\\bite 108l'i000 625 9.9:£-01 3.61E-<>4 

Rei; on 
Milwea 43SSOOO 273 1.0IE+oo 5.8"8--04 
Noltbeat IKl7000 48 7.0IE-01 6.9:£--04 
Soulh 444SOOO 253 1.D!E+oo SME-<>4 
Weit 1813JOO 82 9S/E-01 1.DSE-03 

t..,) 

~ R~se to QJestioooaire 

~ D> )OU garclm? l<nai(XX) 602 1.0IE+oo 3.628-04 
D>)Ollfarm? 232ml 142 lJCE+oo UE--03 

Table 2-240. Iab.ko of H~ ~ VCJC!Wlca ~y) 

ro Pl PS PIO ns PSO 

1A2E-02 1.oE-01 l.sE-01 UE-01 3228-01 6m-01 

1.4SE+oo l.4SE+oo l.4SE+oo 1.66E+oo ZSIB+oo UE+oo 
3JSE-Ol 3lSE-Ol 3lSE-Ol 5.3£-01 1.31iH«I 1-'E+oo 
2.3£-01 2.3E-01 2.3E-01 3228-01 4.m-01 1.DE+<IO 
U!E-01 USE-01 2.D!E-01 3J!E-01 3.!'IE-01 7.91E-01 
S.811!-02 SJIE-02 1.61E-01 2.31E-Ol 3.54E-01 S.&E-ot 
1A1E-02 UE-01 1.sm-01 1.71E-01 UlE-01 5.DIE-01 
6.7CE-02 6.87E-()2 l.3SE-01 1.666-01 3JIE-01 6.oE-01 
8.2CE-()2 USE-01 UCE-01 UZE-01 3S/E-01 5.72E-01 

UE-01 1.lSE-01 1.61E-01 2.IMB-01 3228-01 5.6!E-Ol 
1.428-02 5.816-02 l.3SE-Ol 1.7CE-01 2.666-01 4.9CE-Ol 
6.87E-02 t.oE-01 1.77E-Ol 2.3E-01 3.81E-Ol 7.81E-Ol 
1.DSE-01 U!E-01 l.42E-01 1.82E-01 3J2B-Ol 6.0lE-01 

1J2E-Ol USE-01 lSE-01 1.67E-01 3J!E-01 7.21E-01 
S.816-02 ll4E-01 1.666-01 2.14E-01 35E-ol 6.4fe-01 
1A28-02 6.87E-()2 lSCE-01 lJIE-01 2.9£-ol 5.6E-01 

1.SIE-01 1.SIE-01 1.SIE-01 1.SIE-01 1.81E-01 1.81E-ol 
l.62E-Ol 1.628-01 2.6"8-01 3.31E-01 8.666-ol 9~-ol 
3.DSE-01 3.DSE-01 3.DSE-01 3.DSE-01 3.DSE-01 ~-oi 
lAZE-02 1.0E-01 lSE-01 1.92E-01 3.21E-Ol UIE-01 

8~-02 UE-01 1.71E-01 2.31E-01 3.21E-ol 5.72E-ot 
5.8/E-02 5.8/E-02 lSCE-01 1.6!E-01 2~-01 5.DSE-01 
l.42E-02 llSE-01 1.71E-01 2J4E-01 3.71E-ol 7.12E-01 
6.87E-02 6.87E-02 USE-01 152E-Ol 2.D!E-01 4.7SE-ot 

1.41E-02 l.DE-01 15E-Ol 1.92E-01 3.31E-01 6.42E-01 
1.42E-02 8.6SE-02 1.61E-Ol 2.0SE-ol 3.37B-ol 5.9SE-ol 

P1S l'90 P9S 

1.2CE+oo UE+oo 3.0!E+oo 

4.7E+oo 4.9SE+<IO S.7E+oo 
2..9{£+()0 3JIE+oo 9.42E+oo 
1..4£+()0 2.SIE+<IO SlCE+oo 
1.31E+<IO 2JE+<IO 3J2B+oo 
8.2£-01 l.SSE+oo 2.2CE+oo 
9.6'/B-ol 1.7E+oo 251E+oo 
UlE+oo 1.m+-00 300+-00 
1.21E+oo 1.861H-OO 3.0SE+oo 

UCE+oo 1.7E+oo 251E+oo 
9.D!E-ol lME+oo 1.81E+oo 
1.6SE+oo 3.0SE+oo SME+oo 
1.2CE+oo 2.32E+oo 3.GIE+oo 

U!E+oo 2.31E+oo 2.8E+oo 
1.3!E+oo 2.SIE+oo 35SE+oo 
l~+oo 1m+oo 2.67E+oo 

1.81E-Ol 1.SIE-ol 1.SIE-01 
2.2CE+oo 3~+-00 3.2E+oo 
3.54E-01 3.54B-01 3.54E-01 
1.21E+oo 2J7B+oo 3.IMB+oo 

1.D!E+oo USE+oo 3.6!E+oo 
9.91E-ol 1.71E+oo 2.3E+oo 
1.31E+oo 2.32E+oo 3.0SE+oo 
1.0IE+oo 1.81E+<IO 3J2B+oo 

1.21E+oo 2.32E+oo 3.0SE+oo 
1ACE+oo 35SE+oo 5ME+oo 

P99 P1CD 

6.4SE+oo 9.428+-00 

6.31E+oo 63SE+<IO 
9.42B+oo 9.42E+-OO 
5.31E+oo 5.31B+oo 
5ME+oo 5ME+<IO 
2.6SE+oo 2.6SE+oo 
3.6E+oo 4.71E+<IO 
6.84E+oo 7.«B+oo 
9.2:£+-00 9.2E+oo 

4.7!E+oo S.31E+oo 
3.7-IE+oo 5.7E+oo 
9.2:£+-00 9.42E+oo 
4.71E+oo 63SE+oo 

4.7!E+oo 4.71B+oo 
6.84E+oo 9.42E+oo 
6.4SE+oo 9.2£+()0 

1.SIE-01 1.SIE-01 
4~+-00 4.9SE+oo 
3.54B-01 3.54E-01 
6.4SE+oo 9.42E+oo 

6.84E+oo 7.«B+oo 
2.71E+oo 2.77E+oo 
5ME+oo 9.42E+oo 
9.2E+oo 9.2E+oo 

6.4SE+oo 9.2E+oo 
9.2E+oo 9.2E+oo 

'·=-~1-30 
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Table 2-241. Intake of Homegrown Koo& Vciclables (l/q-day) 

pularo 
Group W2ld imWl!ld Mem SE PO Pl PS PlO P2S PSO P7S P90 1'95 1'99 PlOO 

Total 137roJO 743 1.16E+oo 42£-04 O.<ME+oo 4.72E-03 3.64E-02 U1E-01 2..SlE-01 6.66E-Ol 1.47E+oo 2.81E+oo 3.71E+oo 951.E+oo ll!E+ol 

Age 
<01 167000 8 4.77E+oo 12'.E-02 1.14E-Ol U4E-Ol 1.14E-01 6m-01 1.llE+oo 1.BIE+oo 1.1£+o1 12E+ol 1.2E+o1 llE+-01 12E+ol 
01-02 371000 22 251.E+oo 4.7(£-03 1.66E-01 l.66E-01 l.66E-Ol 2.1£-01 35£-01 92(£-01 3.67E+oo 7liHOO 1.114E+ol Ul4E+-Ol 1.ll4E+ol 
03-0S 390000 23 121E+oo 2.4£-03 O.<ME+oo O.<ME+oo O.<ME+oo 1.l'lE-01 2m-01 4.61E-Ol 1.61E+oo 4.26E+oo 4.7E+oo 4.7E+oo 4.7£+-00 
06-11 1100Xl0 67 1.31.E+oo 1.67E-03 O.<ME+oo O.<ME+oo 1.39E-02 3.64E-02 2.31.E-01 52E-01 1.6E+oo 3.8E+oo 55£+oo 7.47E+oo 7.41E+oo 
12-19 146ml 76 9.37E-01 85£-04 5.0lE-03 75£-03 8.<ME-03 6.84E-02 2H.IHl1 5.65E-01 1.37E+oo 2.26E+oo 3.31E+oo 5.1'.E+oo 5.1£+-00 
20-39 325ml 164 8.74E-01 525E-04 85'.E-03 1.21E-02 535E-02 9.9E-D2 2.<ME-Gl 5.64E-01 1.24E+oo 2.llE+oo 3.lllE+oo 4.64E+oo 6.0£+-00 
40-69 4903000 276 UE+oo 7.4(£-04 2.o6E-03 3348-03 3.2£-02 1.l'lE-01 251E-01 6.75E-01 1.21E+oo 2.74B+oo 356E+oo 951.E+oo 1.21E+ol 
70+ 209aXlO 107 121.E+oo 121E-04 5348-03 1.7E-02 2.9(£-02 1.6£-01 3.76E-Ol 851E-01 1.71E+oo 2.86E+oo 3.21E+oo 4.0lE+oo 4.1lE+oo 

Seam 
Pal 4028XlO 153 1.41.E+oo 9.4'.E-04 3.37E-02 5.lSE-02 131E-01 1.71E-01 3.GE-01 92(£-01 1.67E+oo 3.26E+oo 3.85E+oo llE+-01 121E+ol 

. Sprilg 255ml 260 6.87E-01 6.1£-04 2.06E-03 3348-03 1.7£-02 3.<ME-02 1.448-01 3.65E-Ol 7.N.E-01 lH.E+oo 2.BIE+oo 4.24E+oo 7.6£+-00 
&l!llllel' 5011000 169 1.1£+oo 6.97E-04 O.<ME+oo O.<ME+oo 4.76E-02 1.31E-01 2.77E-01 7.26E-01 151E+oo 2.74E+oo 3.64E+oo 1.G4B+-Ol 1.1£+ol 
Wnier 2161000 161 1.17E+oo 1.0E-03 3.0'.E-03 3.2'.E-03 857E-03 4348-02 231E-01 557E-01 156E+oo 3.lllE+oo 4.14B+oo 6.21E+oo 1.1£+ol .. 

s~~ .. Urb111ization 
C111tra1City 238ml 96 7.4£-01 53£-04 1.02E-02 2.61E-02 3.9(£-02 1.4£-01 22E-01 4.26E-Ol 9l6E-Ol 1.91E+oo 2.7(E+oo 356E+OO 3.9£+-00 
Noomctropolitai 609«lOO 366 1.4'.E+oo 7.6(£-04 2.27E-03 857E-03 6.87E-02 1.2£-01 2.71E-01 751E-Ol 1.85E+oo 3.31E+oo 4.24E+oo UE+ol 121E+ol 
&Jrb.JrbaJ 5211000 279 1.o6E+oo 631E-o4 2.o6E-03 3.7£-D3 1.21E-02 7.l'lE-02 2.31E-Gl 7348-01 1.1£+-00 234B+oo 3.26E+oo 6.2£+oo 1.1£+ol .. 

Race 
Aliai 83000 3 5.97E-Ol 1.82E-03 4.llE-02 4.llE-02 4.llE-02 4.llE-02 1.47E-01 1.47E-Ol UE+oo 1.llE+oo 1.llE+oo 1.llE+oo UIE+oo 
Back 521000 31 8.8E-01 3.0E-03 4.72E-03 4.72E-03 9.?IE-03 3.64E-D2 8.81B-02 5.41E-Ol 7.65E-01 1.o6E+oo 1m+oo llE+-01 llE+ol 
Naive Americai 28000 1 1.76E-01 O.<ME+oo 1.76E-Ol 1.76E-01 1.76E-01 1.76E-01 1.76E-01 1.76E-Gl 1.76E-01 1.76E-01 1.76E-01 1.76E-Ol 1.7<iE-Ol 
Oher/NA 197000 9 lH.E+oo 23'.E-03 5.0lE-03 5.0lE-03 2.0£-01 2.7(£-01 3.91E-01 1.71E+oo 2.45E+oo 3.31E+oo 3.31E+oo 3.31.E+oo 3.31.E+oo 
Wiite 12861000 697 UIE+oo 4.39E-04 2.o6E-03 7.7£-03 451E-D2 1.2£-01 2.61E-01 6.BIE-01 15(E+oo 2.82E+oo 3.72E+oo 951E+oo 121E+ol 

N R' w :f~ 551ml 314 131E+oo 7l6E-04 1.7E-02 3.37E-02 7.41E-02 1.66E-01 2.6£-01 7.3£-01 1.67E+oo 32E+oo 4UiE+oo l.ll4E+-Ol 1.1£+ol 
OI North eat 1721000 92 831E-Ol 75'.E-04 2.o6E-03 3.2'.E-03 7.7£-03 8.6£-03 1.4£-01 4.81E-Gl UIE+oo 2.oSE+oo 2.77E+oo 4.71E+oo 6.0£+oo 
00 Sooth 384ml 205 131E+oo 1.0lE-03 3.0E-03 U(E-02 535E-02 1.31.E-Ol 2.77E-Ol 6.91E-01 1.71E+oo 3.31.E+oo 3.8£+-00 l.2£+-01 121E+ol 

Wet 2S5ml 130 7.61E-Ol 451E-04 2.27E-03 4.72E-03 2.24E-D2 1.14E-01 231E-01 5.7<E-01 9.77E-01 lH.E+oo 2.45E+oo 3.72E+oo 3.77E+oo 

Reponse to Qlestionoaire 
D>JOOf.:!111? 12578000 68i 1.15E+oo 4.21E-04 O.<ME+oo 4.7£-03 3.64E-D2 1.l'IE-01 251E-01 6.748-Gl 15(£+-00 2.81E+oo 3.64E+oo 7.47E+oo 121E+ol 
IhJOO ? 236'ml 136 1.39E+oo 95£-04 7.D'lE-02 1.llE-01 15IE-01 l.84E-01 3.65E-Ol 8.8E-Gl 1.85E+oo 3.llE+oo 451E+oo 7.47E+oo 7.6£+oo 
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1\iliili IX! N N 
ClrixJo !£! m!£! MQJ SE 

Total llmlOO 679 use+oo 6l1E-04 

~01 105000 a 3lSIB+oo 52£-03 
01--02 306000 19 4.()(E+oo 52£-03 
03-0S 470000 30 2.6CE+oo 6.22E-03 
06-11 915000 6S 2.52E+oo 3.65E-03 
12-19 896000 50 13E+oo I.s.£-03 
20-39 2521000 139 l.ll'.E+oo l.117E-03 
40-69 42moQ 247 Ili!+oo 8.3SIB-04 
70+ 2mlOO 118 l.3SIB+o0 8.3£-04 

Seam 
Pal 2mxJO 100 1.37B+o0 6.~-04 
~mg 24«000 265 use+oo lSIB-03 
SfumJeto 3588)()0 122 1.7!E+oo lME-03 
Wnter 2mlOO 192 l.2'1B+o0 8.72E-04 

Urlnllizatioo 
Ccntral City 2552000 99 1.34E+o0 UE-03 
Nao11Ktropolh1 3891000 269 1.7!£+oo l.3SIB-03 
SUrbubaJ S26ll00 309 lJ!B+oo 6.&SIB-04 

Race 
Bade 250000 12 1.14E+oo UlE-03 
Ober/NA 49000 2 5.4!£-01 IME-03 
Wiite 11411000 663 1.SlE+oo 63!£-04 

R' 
t-.) ~~ 44~ 293 1.6CE+oo 1.l!E-03 w Nollbeat 1219000 69 7.S!E-01 8.85E-04 

~ South 2532000 141 1.SlE+oo 1.37E-03 
Wea 3530000 174 1.6CE+oo 1.()(E-03 

R~se to ()Jestiomaire 
ll>)Wcm1 10197000 596 1.S!E+oo 6.97E-04 
ll> )111 7 19lll00 112 2.32E+oo 1.91E-03 

Tabk 2-242. raw or Hoo:iclfO'WEI BxpOICd Pr.alll (J/kl~y) 

ro P1 PS PlO P25 PSO 

O.()(E+oO 4.41E--02 l.37B-01 2.S!E-01 4ME-Ol 8.3£-01 

Sle-01 5.248-01 5.248-01 UIE+oO 2.1£+o0 2.7!B+oo 
l.IE+oo l.IE+oo l.IE+oo 1.m+oo l.?CE+oO 3.6E+oo 
0.()(E+oo 0.()(E+oo 0.()(E+oo 3.7E-Ol J,O(E+o0 l.82E+oo 
0.()(E+oo 0.()(E+oo l.71E-Ol 3.7E-Ol 6.ISIB-01 l.llE+oo 
8ME-02 SME--02 1-2£-01 2.5£-01 4.()48-01 6.ll'.E-01 
5.6CE-02 7.9E--02 l.31E-01 I.67E-Ol 3,048-01 6.l!E-01 
2.62E-02 6ME-02 l.64E-01 2.slE-01 4.3SIB-Ol 7.ISIB-Gl 
4.l!E-02 UIE-02 2.117E-Ol 2.82E-Ol 5.71E-Ol 9SIB-Ol 

2.SSIB-01 2.SSIB-01 2.91E-01 3.42E-Ol S.4E-01 1.0E+oo 
6.4SIB-02 8.91E-02 1.9!E-01 2.54E-OI 4.32E-Ol 8.$(E-01 
O.()(E+oo 0.()(E+oo 8.6!8--02 l.31E-Ol 3.&SIB-01 6.41E-Ol 
2.62E-02 4.l!E-02 l.G48-01 2JIE-01 4.SSB-01 8.296-01 

4.1$-02 4.41E-02 1.0lE-01 2.596-01 4ME-Ol 8.6E-01 
2.62E-02 6ME-02 l.o48-0l 1.67E-01 4.I!E-01 9.42E-01 
3.4!£-02 9.11£--02 2.117E-01 2.9E-01 4.6SIB-01 7.7E-Ol 

131£-01 131£-01 131£-01 2.92E-01 5.996-01 1.1!£+oo 
4.G48-0l 400-01 400-01 400-01 4.()48-01 400-01 
2.62E-02 6.496-02 l.S!E-01 2.596-01 4.496-01 8,S(E-01 

2.62E-02 4.41E-02 1.2!£-01 2-2£-01 4.2£-01 8.71£-01 
8,0!£-02 8,0!£-02 8.6!8-02 l.6!£-01 3.()(E-01 4.74E-01 
3.4~-02 7.9E-02 2.32E-Ol 3.0lE-01 5,0!£-01 9.llE-01 
7.14E-02 l.()(E-01 2ME-Ol 3.17E-Ol 5.6SIB-01 9SIB-01 

0.()(E+oo 4.l~-02 l.5!£-01 2.S!E-01 USIB-01 8.7!E-01 
S.6CE-02 7.21E-02 2.71E-Ol 3.71E-01 6.81E-01 1.31E+oo 

P7S P90 f95 

l.?CE+oo 3J!B+oo 4.71E+o0 

4.52E+oo 5SIB+oo 7l!B+oo 
5.4<E+o0 82'/B+oO l.1£+-01 
2.648+oo 5.41E+o0 6.117E+oo 
2.9!E+oo 6SIE+oo l.l'IB+ol 
22'/B+oo 3.41E+oo 4.7!£+oo 
l.117E+oo 2.()(E+oO 3.SIE+oo 
IME+oo 2.61E+oo 3.zi!+oo 
1.6!B+oo 3.7E+oo 4.42B+oo 

1.81£+oo 2.81£+oo 4.zi!+oo 
1.6!E+oo 2.91E+oo 4.6'1B+oo 
1.7!B+oo 42.SB+oo 6.12E+oo 
l.S!E+oo 2.61E+oo 4.6!B+oo 

l.6CE+oo 2.37E+oo 2.81£+oo 
I.94B+oo 4.117E+oo 5SIE+oo 
l.6!E+oo 3l6E+oo 4.6'1B+oo 

l.61E+oo 2.296+oo 2.2SIB+oo 
400-Gl 12'/B+oo 12'/B+oo 
I:72E+oo 331E+oo 4.7!£+oo 

l.81E+oo 3.SIE+oo 4.7!£+oo 
7.84E-01 l.3SIB+o0 2.86E+oo 
l.6E+oo 2.6E+oo 5.9!£+oo 
l.9'lE+oo 3.72E+oo 5.IME+oo 

1.7E+oo 3.41E+oo 5.IME+oo 
3.14E+oo S.IME+oo 6.12E+oo 

P99 Pl(l) 

l.2<E+ol 3UE+ol 

7.l!B+oO 7.I!B+oo 
l.l!E+ol 1.l!B~ 
32!£+-01 3.m.t-01 
lSIB+ol l.SSB+ol 
5.9<E+o0 5.9<E+oo 
l.2SIB+ol 1.2SB+ol 
l.31E+ol l.31E+ol 
5.3SIB+o0 7.IE+oo 

5.41E+o0 5.41E+oo 
8l7E+o0 3.2S3+ol 
1.31E+ol ISIB~ 
8.16E+o0 l.IE+ol 

1.31E+ol l.31E+ol 
lSIB+ol 3.2S3+ol 
7.2SIB+o0 12.SB+ol 

2.29E+o0 2.2SIB+oo 
1.27E+o0 l.2'lE+oo 
1.21E+ol 3.2S3+ol 

1.21E+ol 3.zi!+-01 
5.21E+oo 7.IE+oo 
lSIB+ol lSIB+ol 
1.31E+ol 1.31E+ol 

l.2SIB+ol 3.2S3+ol 
ISIB+ol 1.5'lE+ol 

--
~ 

·O 

' 
·• ·. !2: := 

0 
ol-30 
H..0~ 1-'3 c: 
Mo 

1-3 1-3 
tzJ 

~ 



Table 2-243. lnrab of Homcpwn Procccted Fruita (i/q-day) 

fupulaoo 
Grou2 Mem SE PO Pl PS PlO P25 PSO P75 P90 1'95 P99 PlOJ 

Total 385~ 173 5.74E+oo 4l9E-03 ll2E-Ol lSIE-01 2.ti<iE-01 335E-Ol 93E-Ol 2.34Ei-OO 7A5Ei-OO l.61E+ol l.9'lE+ol 4.7£+ol 5~+cll 

Age 
<01 ~ 3 l.16E+ol l.941Hl2 5.38E+oo 5.38E+oo 5.38E+oo 5.38E+oo 5.38E+oo l.ti<iE+ol l.ti<iE+-01 l.66E+ol l.ti<iEi-01 l.ti<iE+-01 l.6CB+cll 
01-02 7900) 5 2.4E+ol 7.38E-o? 9.0IE-01 9.oIE-01 9.oIE-01 9.oIE-01 9.2E+oo 1.81E+ol 536E+ol 536E+ol 536E+ol 536E+-01 5~+cll 
03-05 ~ 4 1.27E+ol 6JIE-o1. l.86E+oo 1.86E+oo l.86Ei-OO 1.86Ei-OO 2.44E+oo 2.44Ei-OO 8.91Ei-OO 4.7E+ol 4.7E+-Ol 4.7£+-0l 4.7E+cll 
06-11 181000 9 8.0SE+oo 255E-o? 452E-01 452E-01 4.52E-Ol 452E-01 7.67E-01 l.16Ei-OO l.61E+ol 25E+ol 3.?IE+-01 3.?IE+-01 3.2E+cll 
12-19 377000 20 2.96E+oo 7.2E-o3 117E-01 117E-01 1.61E-01 2.BE-01 3.9E-01 l.?Ei-00 2.84Ei-OO 7.44E+oo U4E+-Ol 1.91E+ol 1.9lE+cll 
20-39 155000 29 4.SIE+oo 6.72E-o3 1.81E-01 l.81E-Ol 3.62E-Ol 4.87E-01 1.22E+oo l.81E+oo 4.47E+oo 1.46E+ol 1..61E+-01 2A1E+ol 2.41E+cll 
40-69 1700000 77 5.65E+oo 5.82E-o3 ll2E-01 1.12E-01 2.44E-01 2.87E-01 6.6SE-Ol 2.22E+oo 936Ei-OO l.SSE+ol 2l2E+ol 4.1£+ol 4.lE+cll 
70+ <>01000 26 4A4E+oo 4.55E-o3 2..62E-Ol 2.62E-01 2.62E-01 2.85E-01 1.95E+oo 3.29Ei-OO 7.ll6E+oo 8.9'lE+oo 9.9'lE+oo 1.52E+-01 1.51E+cll 

Seam 
Pal 394000 12 2.46E+oo 4SIE-o3 2.62E-Ol 2.62E-01 2..62E-01 2.85E-01 4SIE-01 U6E+oo 4.9'lEi-OO 6.94E+oo 8.9'lE+oo 8.9'lE+oo 8.911H<l0 

.. Sprilg 497000 36 2.0IE+oo 2.96E-o3 1.61E-01 1.61E-01 1.81E-Ol 2.SSE-01 3.71E-01 1.22Ei-OO 4.0IE+oo 5J(E+oo 6.57E+oo 6.7!E+oo 6.7!E+<l0 
!bmmec 14~ 47 7.39E+oo 83E-o3 ll2E-01 1.12E-Ol 2.ti<iE-01 3.9E-01 1.25E+oo 3.ll6Ei-OO 1.0E+-01 1.ti<iE+-01 2.41E+ol 536E+-01 5.3CiH-01 

c·Wntec 153:XJOO 78 6.24E+oo 6AIE-o3 ll7E-01 1.5(E-Ol 3.62E-Ol 3.76E-01 1.39E+oo 2.65Ei-OO 8.?Ei-00 1.71E+ol 2l2E+ol 4.'7£+-01 4.7E+cll 

Urbaiization 
C111tra1City 131ml 50 3.94E+oo 351E-o3 1.5(E-Ol 1.sm-01 2.62E-01 33E-01 8.34E-01 3.0!Ei-00 5.0IE+oo 9.?E+oo 9.9'lE+oo 1.81£+-01 1.BIE+cll 
Nonmctropolit111 506000 19 6.64E+oo 13E-o? 1.ll6E+oo 1.ll6E+oo l.ll6Ei-OO lllEi-00 1.6E+oo 231Ei-OO 53lE+oo U17E+ol 4.lE+ol 4.1£+ol UE+ol 

. SUrbJrbal 20:ml0 104 6.8E+oo 6.71E-o3 ll2E-01 ll2E-01 2.SE-01 2.92E-01 5.94E-01 2.0!Ei-00 l.DE+-01 l.7!E+ol 231E+ol 5.36E+ol 5.31iB+ol 

Race 
Back 200000 8 2.7E+oo l.?(E-()1 4.5(E-Ol 4.5(E-Ol 4.5(E-Ol 4.5(E-Ol 6.44E-Ol 8llE-01 l.5(Ei-OO l.62E+ol l.81E+ol 1.81£+-0l l.BIE+ol 
\\bite 365~ 165 S.91E+oo 435E-o3 ll2E-01 ll7E-Ol 2.62E-Ol 33E-01 l.ll6E+oo 2A4Ei-OO 7.46Ei-OO l.61E+ol 2l2E+-01 4.7£+-0l S.31iB+ol 

t"' Rqjm 
I 

I.I) Milwea 657000 24 1.67E+ol 1.57E-o1. 2.SE-01 2.SE-01 2.62E-Ol 2.85E-01 UIE+oo 7A4Ei-OO l.46E+ol 2.41E+ol 4.lE+ol 5.36E+ol 5.31iB-l-Ol ..... North eat 105000 s 2.57Ei-OO 9.76E-o3 3.71E-Ol 3.71E-01 3.7lE-01 3.7lE-Ol 4.87E-01 5.6lE-01 7ASE+oo 7ASE+oo 7ASE+oo 7A5Ei-OO 7AE+<l0 0 South 180~ 74 4.77Ei-OO 4.14E-o3 U7E-01 1.61E-Ol 3..64E-oI 4.5(E-01 1.2E+oo 2.54Ei-OO 5J(E+oo 1.52E+ol 1.66E+-01 2.31E+-01 2.41E-l-01 
. We!t 128lro) 70 4.85E+oo 6.8E-63 1.12E-01 ll2E-01 1.81E-01 2.6lE-Ol 4.94E-Ol l.84Ei-OO 534Ei-OO 1.?E+-01 1.81E+ol 4.'7£+-01 4.7E+ol 

R~se to Qlestionnaire 
Ill )00 ganl111? 3360000 146 S.9(E+oo 4.59E-63 1l2E-01 ll'lE-01 2..65E-Ol 335E-01 U6E+oo 2A2Ei-OO 7.46Ei-OO 1.61E+ol l.91E+-01 4.'7£+-01 5.31iB-l-01 
Ill )00 fann? 357000 14 lAlE+-00 1.61E-03 ll2E-01 ll2E-01 ll2E-Ol 2A4E-01 4.52E-Ol 131Ei-OO 2.21E+oo 234E+oo 3.26E+oo 3.26E+oo 3.2E+<l0 

-·-1 
tJ 

f o !Z 
. 0 
0H" 
Hp~ 
~c:~ 

,·-, I ts.loH 
H 
tJ:J 

0 
::d 



~!ibo Fl Fl 
Cl!OOi> ~ tn"l!d Me21 SE 

Total 835!000 423 3.91E-Ol 2.0SE-114 

Age 
<01 5600J 3 2.81E+oo 4.92.E-03 
01-02 1800)() 8 4.ME-01 1.uE-03 
03-05 226(00 12 1.76E-Ol 4.6£-114 
06-11 826000 39 3.oSE-01 356E-04 
12-19 628000 32 4.uE-01 1.0SE-03 
20-39 1970000 87 3.36E-01 4JME-04 
40-69 3710000 184 4.0lE-01 2.91E-04 
70+ 12Sm> 63 4.olE-01 Sl6E-114 

Seam 
Pal 268IDI 88 4.41E-Ol 4.ZSE--04 
Spri:Jg 1251000 127 S.S9E-01 7.96E-04 
Sumner 3580000 124 339E-01 2A2E-04 
W11ter 1341000 89 2.71E-01 3l9E-04 

Urbaiizatioo 
C111tra1City 129!rol 48 2.65e-01 224E--04 
Noomdropolitm 32llml 167 331E-01 2.SSE-04 
&lrlurbai 427ml 211 4.75e-01 3.678-04 

Race 
Alim 74000 2 2.01E+oo S.Sll!-03 
Bade 724000 49 1.04E+oo 1AIE-D3 
Ober/NA 34000 2 237E-Ol 6.99E-04 
Wiit.e 796m> 373 321E-Ol l.s<E-04 

l'J 
I Regioo w ...a Mklwest 266lml 121 2.SIE-01 2.31E-04 - North eat lSS«IOO 76 SDIE-01 6.39E-04 

Sooth 294!000 148 4.711!-01 3.S9E--04 
W'*-. 162!rol 81 3llE-01 SllE-04 

Reiponse to Q.iestiomaire 
D) ~ gard111? 8521000 412 3.9SE-Ol 2.IIE-04 
ll>~fam? 1450000 66 3.SIE-01 4.ICE-04 

Tab!G 2-244. IDl&kc ofHomcirowmDad: Orceu VcrctabJoa (i/q-day) 

l'O Pl PS PIO P2S PSD 

o.oce+oo 2.0lE-03 .UlE-03 1.0IE-D2 8.'lre-02 2llE-1!1 

3.«E-01 3ME-01 3.«E-01 3ME-01 2.lSE+oo 35E+oo 
2.0IE-02 2.0IE-02 2.0lE-Ol 1.6£-01 2.0SE-01 2.SlE-01 
o.oce+oo O.ocE-KX> o.oce+oo o.oce+oo 65CE-03 42'1B--02 
o.oce+oo o.oce+oo 6.348-03 2A2E-02 9.ocE-D1 l.81E-01 
4.92E-03 4.92E-03 5.31E-03 6~-03 5.62E-02 2.oE-01 
1.6E-03 221E-03 3.74E-03 l.ocE-02 S.71E-02 l.76E-01 
o.oce+oo 2.2.!E-03 3.678-D3 2.6(E-()1 8l9E-02 23E-01 
2.84E-D3 2.84E-03 42£-03 S.6!E-D3 ll<E-01 231E-01 

1.0lE-02 1.01E-D2 4.46E-02 8.71E-02 USE-01 2.31E-01 
l.62E-03 1.6E-03 3.66E-03 S.72E-03 l.OlE-01 3.0SE-01 
o.oce+oo 0.()(Et-00 2.841H3 S.61E-03 6.348-02 1.SlE-01 
o.oce+oo 2.0lE-03 3.9'1E-03 S21E-03 2.3<E-D2 1.SIE-01 

2.84E-03 2.84E-03 4.71E-03 1.0lE-02 l.o6E-Ol Z.OSE-01 
O.ocE+oo 221E-03 4.67E-03 l.71E-02 6.8(£-02 1.72E-Ol 
1.62E-03 225E-03 S21E-03 2lSE-02 9228-02 23E-Ol 

4.92E-01 4.92E-Ol 4.92E-01 4.92E-Ol 4.92E-01 2.0lE+oo 
O.()(Et-00 0.()(E+oo 1.ocE-01 UE-01 221E-01 S.52E-Ol 
4.91.E-03 4.92E-03 4.92E-03 4.92E-03 3.0SE-01 3.0SE-01 
l.62E-03 22SE-03 4.678-03 1.0IE-02 7.7.!E-02 l.99E-01 

2.0IE-03 2.848-03 4.77E-03 6.26E-03 634E-02 2llE-01 
1.62E-03 2178-03 2.81E-03 42£-03 S.62E-D2 l.96E-01 
o.oce+oo 3.64E-02 6.8E-02 92£-02 1.4SE-01 2.87E-Ol 
1.6E-03 22SE-03 337E-03 6.348-03 3.S(E-02 UIE-01 

0.()(E+oo l.6'.E-03 42:£-03 1.DSE-02 8.76E-02 2l2E-01 
O.OIE+oo 1.62E-03 4.678-03 S.31£-03 6.611!-02 231E-01 

P15 1'90 f95 

4~-01 9l9E-01 1.2.!E+oo 

3.S:E+oo 35E+oo 35E+oo 
3AIE-01 1.65e+oo 1.65e+oo 
2.uE-01 5.9<13-01 6.32E-01 
3.87E-01 9.4£-01 1.IME+oo 
3.7E-01 9.2E-Ol l.64E+oo 
3.75e-01 6.65e-Ol 9l9E-01 
4SE-Ol 9.75e-Ol 1.2.!E+oo 
4.65e-01 925e-01 1.o!E+oo 

4.S9E-01 7.9<13-01 UllE+oo 
S.31E-01 t.21E+oo 2.81E+oo 
4.0SE-01 9.7SE-01 1.lSE+oo 
3.71E-01 6.S9E-01 U7E+oo 

324E-01 6.32E-01 9l9E-Ol 
4.52E-01 7.52E-01 1.ocE+oo 
4.S9E-Ol USE+oo 2llE+oo 

3.SE+oo 3.SE+oo 3.SE+oo 
U7E+oo 329E+oo 3.86E+oo 
3.0'E-01 3.119E-Ol 3.119E-Ol 
3.75e-Ol 7.76E-Ol 1.D'IE+oo 

3511!-01 4.96E-Ol 9.75e-Ol 
4.92E-Ol 1.2.!E+oo 1.9E+oo 
6.4E-01 924E-Ol 1.21E+oo 
3.o9E-01 6.S9E-Ol 925e-01 

4.41E-Ol 9l9E-01 1.2.!E+oo 
4.84E-01 9AIE-01 1.2.!E+oo 

F99 

35E+CIO 

35E+CIO 
1.65e+CIO 
6.32E-01 
1.21E+oo 
4.86E+CIO 
2.94E+CIO 
329E+oo 
3.4SE+oo 

3.86E+CIO 
4.8tE+oo 
2A£+CIO 
2.04E+oo 

1.D'IE+CIO 
2.41E+CIO 
3.8(£+(1() 

3.SE+oo 
4.8tE+oo 
3.119E-01 
2.3'lE+oo 

2.41E+oo 
3.SE+oo 
3.8tE+oo 
4.86E+oo 

3.SE+oo 
2AIE+oo 

.g 
I' !2: 
·O 

0 H 0 
Hp~ 
H C:: t:i;l 
t,xjo~ 

8 
l"J 

~ 

PlCD 

5.82E+oo 

35E+oo 
1.65e+oo 
6.32E-1!1 
ll!Et-00 
4.86E+oo 
429E+oo 
S.82E+oo 
3.4SE+oo 

429E+oo 
S.82E+CIO 
2AIE+oo 
2llE+oo 

1.D'IE+CIO 
5.82E+oo 
4.86E+oo 

3.SE+oo 
4.8tE+oo 
3.09E-Ol 
S.82E+oo 

3.02E+oo 
S.82E+CIO 
429E+oo 
4.86E+oo 

5.82E+oo 
3.02E+oo 



Fopulailn N 
Group W£ld unWl!ld MeaJ SE 

Total 546'iWO 245 6.4E-Ol 2.97E-04 

Age 
<01 97000 4 2.7<E-t00 6.lCE-03 
01-02 124000 8 l.41E-t00 2.41E-03 
03-05 61000 4 131E-t00 5.62E-03 
06-11 382000 17 6.71E-01 8.9E:...04 
12-19 493000 21 4.7E-01 5.~-04 
20-3') 147ml 63 5.32E-Ol 4.9E-04 
40-69 2074000 96 53SE-01 35CE-04 
70+ 761000 32 7.81E-01 5.97E-04 

Seam 
Pal 2664000 97 731£-01 4.94E-04 
Spmg. 315000 34 5.64E-Ol 7.82E-04 
&lmmer 16llrol 52 5.oSE-01 3.61E-04 
Wnter 869000 62 6~-01 7.7E-04 

Urfunizalioo 
C1ntralCitY 130!rol 43 5mE-01 4.o<E-04 
Noomltropolitai 2100000 118 6.6<E-Ol 5.1913-04 
&lrlurbaJ 205lrol 84 7mE-01 4.47E-04 

Race 
,Aliai 74000 2 75E-01 2.27E-03 
Baclc 129000 8 1.2E-t00 6.0SE-03 
Ober/NA 171000 6 l.1'.E-01 2.81E-04 

. \\bite S09IXJO 229 6.4SE-01 2.71E-04 

Regioo 
Mi:lwe!t 2ml00 128 7.52E-01 4mE-04 

N North eat 735000 29 3.96E-01 5.o<E-04 I 
IM South 557000 30 53SE-01 152E-03 
.....i Wea 138IXJO 58 S.97E-Ol 4.SIE-04 N 

R~se to Q.Jestiooaaire 
lb )00 gard1n? S17'iWO 233 6.2:E-01 2.6:E-04 
lb )00 farm? 1088)()() 51 6.0<E-01 S.8E-04 

Table 2-245. Intab of Homegrown Deep Yellow Vegetables (Jlka-day) 

PO Pl PS PlO P25 PSO 

3.9<E-02 4.34E-02 6.7CE-02 l.26E-Ol 222E-01 4.17E-01 

137E+OO 137E-t00 137E-t00 137E-t00 137E-t00 22E-t00 
2.lE-01 2.l'.E-01 2.1'.E-01 2.lE-01 7.0IE-01 l.67E-t00 
5.lE-01 5.l'.E-01 5.l'.E-01 5.l'.E-01 5.lE-01 6.62E-01 
7.74E-02 7.74E-02 7.74E-02 l.9<E-01 3.32E-01 4.71E-01 
6.0SE-02 6.0SE-02 6.0SE-o2 6.2SE-02 9mE-o2 3.6E-Ol 
4.8913-02 4.8913-02 55SE-02 1.lSE-01 l.6<E-Ol 3.0SE-01 
3.9CE-02 3.9CE-02 922E-02 lAE-01 2.21E-Ol 4.0E-01 
7.64E-02 7.64E-02 2.o?E-01 2.11E-01 3.71E-Ol 5.72E-01 

9.21E-02 9.21E-02 l.22E-01 l.4E-01 2.61E-01 451E-01 
l.4'.E-01 lAE-01 USE-01 l.91E-01 2.47E-01 4.4SE-Ol 
4.l<E-02 4.l<E-02 5.4SE-02 6.41E-o2 2.26E-01 4.lCE-01 
3.91E-02 3.91E-02 4.34E-02 6.2SE-o2 1.'7'..E-01 352E-01 

3.9CE-o2 3.9CE-02 62SE-02 l.4'.E-01 2.lE-01 3.81E-01 
4.l<E-o2 4.l<E-02 55SE-02 9mE-o2 2.21E-Ol 3.71E-01 
6.4!E-o2 6.41E-02 9.22E-02 1.26E-Ol 2.62E-01 42SE-01 

135E-01 135E-01 13SE-01 13SE-01 13SE-Ol 75:£-01 
9.2SE-02 9.2SE-02 9.29E-o2 9.2SE-02 2.21E-Ol 431£-01 
4.l<E-02 4.l<E-02 4.l<E-02 4.l<E-02 55SE-02 6.0SE-02 
3.9CE-02 4.89E-02 9.21E-o2 1.4E-01 2.41E-Ol 4.2SE-01 

3.9CE-02 4.3"18-02 1.32E-Ol 1.9E-Ol 2.82E-01 S.D98-0l 
4.l<E-02 4.l<E-02 5.SSE-02 6.0SE-02 9.22E-02 15CE-01 
4.89E-02 4.89E-02 5.49E-02 7.74E-02 2.21E-Ol 3.oSE-01 
6.41E-02 6.41E-02 1.278-01 l.4E-Ol 2.21E-01 4.lCE-01 

3.9<E-02 4.l<E-02 9mE-02 1.32E-01 2.32E-01 4.lSE-01 
9.21E-02 9.21E-02 922E-o2 1.22E-01 l.94E-Ol 3.4CE-Ol 

P75 P90 1'95 

7.74E-Ol l.44E-t00 2.0E-tOO 

257E-t00 6.6E-t00 6.6E-t00 
2.41E-t00 2.6(E-f00 2.61E-t00 
l.42E-t00 437E-t00 437E-t00 
7.1913-01 1.6'.E-tOO 1.89E-t00 
7.7913-01 UE-tOO 1.448-tOO 
5.llE-01 1.22E-t00 2.oE-tOO 
654E-01 UISE-tOO 13E-t00 
124E+oo 1.61E-t00 1.9SE-t00 

9.74E-01 1.7'.E-tOO 2.2E-t00 
6.4'.E-01 l.OlE-tOO 1A2E-t00 
63SE-Ol 9.64E-Ol 1.67E-t00 
7.%E-Ol 1.S<!!HOO 2~+oo 

S.81E-Ol 9.64E-01 1.41E-t00 
8.6SE-01 1.3SE-t00 2.12E-t00 
9.74E-Ol 1.678-tOO 2.0E-tOO 

137E-t00 137E-t00 137E-t00 
4.91E-01 6.6'.E-tOO 6.6E-t00 
9.ll'lE-02 3.92E-01 3.92E-Ol 
7.96E-01 15CE-t00 2.0E-tOO 

9.SSE-01 1.7E-t00 22:E-t00 
63SE-01 1.oSE-tOO 137E-t00 
431£-01 7.74E-Ol 1.22E-t00 
6.42B-01 l.44E-t00 1.89E-t00 

7.5CE-Ol 1.42E-t00 1.9SE-t00 
9.41E-01 12£-tOO 1.7E-t00 

P9IJ PlOO 

2.67E-t00 6.6:E+oo 

6.6E-t00 6.6:E+oo 
2.61E-t00 2.6CE+oo 
437E-t00 4.371l+oo 
2.2'.E-tOO 22E+oo 
151E-t00 151£+oo 
2.67E-t00 2.67E+oo 
3.112E-t00 3.o2E+oo 
l.~-tOO l.9!e+oo 

3.112E-t00 6.6:E+-OO 
2.41E-t00 2.4JE+oo 
231E-t00 23JE+-OO 
4.37E+oo 4.371l+oo 

224E-t00 2.24E+-OO 
437E-t00 6.6:E+-OO 
2.67E-t00 2.67Ef00 

137E-t00 1.371!+-00 
6.6E-t00 6.6:Ef00 
3.92E-Ol 3.92E-01 
2.678-tOO 4.371!+-00 

3.112E+oo 4.371!+-00 
2.21E+oo 2.21Ef00 
6.6E-t00 6.6:Ef00 
231E-t00 231Ef00 

2.678-tOO 4.371!+-00 
3.112E-t00 3.o2Ef00 

,~-
I. o 
f· · .. ~ 

0 
01-3 0 
Hp~ 
8 c:: 1-zj 
l.tj 0 1-3 

1-:3 

_jJ 



~lltllll N N 
OiaJp ?!!!! 111?f!!! Mem SE 

Total 25221000 1437 1.3ei-OO 3nH>4 

~01 2980:XJ 16 4.3ei-OO S.5<&-03 
01-02 613000 38 3.8CEi-OO 4.9E-o3 
03-0S 887(00 59 2.1~ 2.l!E-03 
06-11 214SCOO 134 UEi-00 UlSIHJ3 
12-19 237SlXlO 141 9.raHll 6.m-04 
20-39 6020000 328 9.lE-oJ. 4AE-04 
40-69 9645()00 547 lA<E+oo 6.578-04 
70+ 32uro:l 174 • 1.51E+oo 1.()48-()3 

Seam 
Pal 6934000 253 USE+oo S.21E-04 
Sp mg 540iOOO 567 lltEi-00 63E-04 
&mmer 8454000 2.83 1.?SE+oo 8.84E-04 
WDlCI' 4428'.XXI 334 USE+oo 63E-04 

Urba:iizlllioo 
CmtralCity 414!rol 161 9.61£-01 S.4£-04 
Nonmctmpol~m 10721000 710 1.7!E+oo 7JIB-04 
&rblrbai 10292000 564 ll4B+oo 4.42E-04 

Race 
Aim 1100!0 6 2.7SE-Ol 6.7IB-04 
Back 134'iml 84 1.m+oo 134B-G3 

· Naivc.Amcricm 2800) 1 l.7€E-Ol 0.Q(E+oo 
Ohec/NA 309000 17 2.2CE+oo 3.l!E--03 

t-..> \1\bite 23367000 1327 13'.E+oo 3.91B-04 

~ R' ...... ~~ 829ro00 522 UE+oo 7348-04 w 
North cat 2914000 162 lJE+oo 1.2E-G3 
Soulh 921!rol 518 1.SE+oo 5.8lE-04 
Wt5. 473ll00 233 1.o!E+oo 6.91E-04 

RC!pOOsc to Q.iestionaairc 
Ib)OUf:!lll? 22417000 1291 1.44B+oo 3.9!E-04 
lb )OU 7 396ml 239 l.9!E+oo 1.2iE-o3 

Table 2-246. lcib.b o!BomcirowllOtbor Vcpabloa (clq~y) 

fO P1 PS PIO P2S PSO 

O!(Bi-00 9.4.£-GJ lDIE-01 l.7€E-Ol 3.62E-01 7.71E-Ol 

l.t!E-01 lllE-01 ,.5£-01 l.7CEi-OO 2.21Ei-OO 3.SE+<IO 
1.9.llHll 1.928-01 2.7£-01 400-01 l.llEi-00 2.61E+<IO 
O.IXE+<IO 0.lXEi-00 2.lm-Gl 3.72E-Ol WE-01 L37E+<IO 
O.IXE+<IO O.IXEi-00 UIE-01 1.9E-01 3.5'4E-Ol a.o<E-01 
O.IXE+oo O.IXE+oo S.7€E-O? U!E-01 3l7E-Ol 6.4<E-Gl 
8.31E-()3 3.1SIHl2 9.37E-D2 lA!E-01 2.4E-01 S.6<E-Ol 
1.97E-o3 S.2CE-o3 UlE-Dl 1.8(£-01 3.9!£-01 8.4E-Ol 
S.m-G3 1.6Hl2 1528-01 2.JlE-01 4.628-01 9.416-01 

3.ISE-G'l 4.92E-D'l 1.416-01 l.8lE-Ol 3.21E-01 7.ltE-01 
O.IXE+-00 3.666--03 4.32E-D2 100-01 3.t<E-01 7.l<E-01 
O.IXE+oo O.IXE+-00 ll!E-01 l.81E-Ol 3.8!E-Ol 9.616-01 
3.llE-()3 4.7SE-G3 UIE-01 231E-01 4.Q9E-Ol 7JE-Ol 

8.31E-03 3.5CE-G'l 9.37E-D2 1.6E-Ol 3.248-01 6D7E-01 
O.IXE+oo 2.74B-D'l 1.6<E-01 2.2€E-01 4.616-01 1.0IE+oo 
O.IXE+oo 4.7SE-03 8.9!E-02 l.4€E-01 3.0IE-01 6.47E-Ol 

4.341H12 4348-112 434B-D2 4.7E-D2 1.616-01 2.ltE-01 
2.87E-o2 4AIE-o2 1.748-01 2.ote-01 3.5CE-01 7.llE-01 
L7liE-01 1.71£-01 1.7(£-01 1.7(£-01 1.7(£-01 1.7(£-01 
4.9!E--03 4.9!E-o3 2.Q9E-Ol 2.l!E-01 3.5'4E-Ol 2J2E+oo 
O.IXE+oo 1.2.£--02 ll<E-01 l.?SE-01 3.7(£-01 7.9E-01 

1.B!E--02 3.ISE--02 UIE--01 l.9<E-01 3.6(£-01 7.2.£-01 
OJXE+oo 197E--03 5.6SE-D2 Ul'i'E-01 2.44E-01 5.97E-Ol 
OJXE+oo lAlE--02 1.6!E-01 2.SE-01 4.m-01 1.0E+oo 
2.2.£-()3 UlE-o? 7.otE-D2 1.228-01 2.S!E-01 5.7E-Ol 

O.IXE+oo UlE--02 1.llE-01 l.lm-01 3.84B-01 8.l!E-01 
O.IXE+oo l.41E-o? 13'£-01 2.348-01 S.2CE-Ol 1.21E+oo 

ns P90 F9S 

1.6~ 3~ 4528+«1 

'A<Ei-00 l.o£i-Ol 1.D!Bi-01 
4.5!Ei-OO 7.748+«1 U2Ei-Ol 
3.l(Ei-00 4.47E+<IO SSIB+<IO 
1.6IBi-OO 3.IMB+<IO 4.578+«1 
lJE+oo 2.o!E+<IO 3.17E+<IO 
1J2E+oo 2.lSE+<IO 300+«1 
l.51E+oo 2.92E+<IO 4.6!E+<IO 
l.91E+oo 3ME+oo S.7SE+<IO 

1.44B+oo 2.74B+oo 4.IXE+-00 
lJSE+oo 2.67E+oo 4.21E+oo 
197E+oo 4.lE+oo 6.14B+-OO 
l.4SE+oo UIE+oo 3.37E+oo 

llE+oo l.97E+oo 3.22E+oo 
Z.OIB+oo 4.0!E+oo S.74B+oo 
l.44B+oo 2.6SE+oo 3.'TJE+oo 

2.9!E-Ol 8.37E-Ol 8.37E-01 
l.4SE+oo 3.BllH-00 SA'JE+-00 
1.7(£-01 1.7(£-01 1.7(£-01 
3.7E+oo 3.9SE+oo S.41E+oo 
1.6!E+oo 3.llE+oo 4.4SE+<IO 

1.6!E+oo 3.0!E+oo 4.6!E+oo 
1.64B+oo 3D7E+oo 5.41E+oo 
1.7<E+oo 3.37E+oo 4.7(E+oo 
UIB+oo 2.41E+oo 3.7E+oo 

l.7<E+oo 3.22E+oo 4.6!E+oo 
2.041H-OO 531.B+oo 7mE+oo 

m 
9.9!Ei-OO 

U<E+ol 
l!CE-Hll 
S.41Ei-OO 
9.9!E+<IO 
S.41E+oo 
S.l<E+oo 
l.AIEi-01 
9.91B+oo 

6.74B+oo 
73!E+oo 
lME-Hll 
7.IXE+oo 

7.IXE+oo 
lAIE+ol 
6.81E+oo 

837E-01 
6.21E+oo 
1.7(£-01 
S.41E+oo 
9.91B+oo 

U2E+ol 
1.2CE+ol 
83E+oo 
8mE+oo 

9.9!E+oo 
l.4<iE+ol 

t:1 
:4' 0 
f'. !2S 

Pll:rJ 

lJEi-01 

lJ(Ei-01 
l.&Ei-01 
lA<Ei-01 
9.9!Ei-OO 
S.41E+oo 
7.IXE+oo 
1.848-Hll 
U4Bi-Ol 

9.91B+oo 
lA<Ei-01 
1.841H-Ol 
ll<Ei-01 

8.B!Ei-00 
l.84Bi-01 
l.14Bi-Ol 

8.37E-Ol 
7.72E+oo 
1.7/E-01 
5.41E+oo 
l.84B+ol 

l.84B+ol 
l.41E+ol 
l!CEi-01 
U4Bi-01 

1.848-+-0l 
l.S!!H-01 

0 
ot-30 
t-4p ~ 
t-3 c:: txj 
t:<J 0 t-3 

t-3 
t:<J 

~ 



lam 
Grou~ Meai SE 

Total 25300)() 12S 4.7tE+oo 4.25E-03 

Age 
<01 8000 1 7.S1E+oo OJXE+oo 
01-02 5400> 4 1.148+-0l 3.lSE--02 
03--05 51000 3 l.87E+-Ol 8.848-02 
06-11 181000 9 7.BE+oo 2.sre-02 
12-19 194000 14 3.11E+oo 1.2£-02 
20-39 402000 18 2.sre+oo 2.91E-03 
40-69 118ll00 SS 4.54E+oo 5.5re-03 
70+ 457000 21 4.4E+oo 5.148-03 

Seam 
Pal 280000 8 3l48+oo 5.SIE-03 

: Sprilg 437000 33 2.31E+oo 3.?tE-03 
&mner 334000 11 1.71E+oo 4.81E-o3 
Wilt er 147!ml 73 6.47E+oo 6~-03 

· Urlr.nizatioo 
C111tra1City lOSlXlO 43 3.S7E+oo 3.31E-03 
&uiurlr.n 14n>OO 82 S.61E+oo 6.81E-o3 

' Race 
Bacli: 200000 8 2.8E+oo lllE--02 
'\\bite 23300)() 117 4.9E+oo 4.47E-03 

N 
Rerjoo w 

.....i Milwea 64000 4 S.SIE-01 4.61E--04 
~ Scuth 1240000 SS 5.HE+oo 4.91E-03 

Wea l2UOOO 66 4.s6E+oo 7.llE-03 

R~se to Q.iestioooalre 
°')OU ct!l,? 2151000 102 4.SSE+oo 4.siiE-03 
Dl )OU ? 130000 s 3~-01 6.llE--04 

f 

Table 2-247. IJllatc of Homepowo Citru1 Ftuill (&/ks-day) 

PO Pl PS PlO P2S PSO 

7.81E-02 7.82E-02 157E-Ol 2.8'E-Ol 7.siiE-01 1.9'.E+oo 

7.S1E+oo 7.S1E+oo 7.S1E+oo 7.S1E+oo 7.S1E+oo 7.S1E+oo 
UKE+oo lJXE+oo lJXE+oo UKE+oo 3.41E+oo 9.91E+oo 
l.8E+oo l.8E+oo 1.8E+oo l.8E+oo 1.8E+oo 8.S£+oo 
4.45E-01 4.45E-Ol 4.45E-Ol 4.45E-01 7.siiE-01 l.lE+oo 
l.ltE-01 1.ltE-01 l.ltE-01 l.S?E-01 2.8£-01 6.5£-01 
1.848-01 1.848-01 3.0SE-01 3.65E-01 l.148+oo 1.BE+oo 
8l1E-02 8.llE-02 lJre-01 2.47E-Ol S.21E-Ol l.748+oo 
7.81E-02 7.81E-02 7.81E-02 4.948-01 l.95E+oo 3.SE+oo 

4.5re-01 4.5re-01 4.5re-01 4.5re-01 7.41E-01 l.22E+oo 
l.S?E-01 1.57E-Ol l.84E-01 2.35E-Ol 3.6£-01 l.36E+oo 
7.81E-02 7.82E-02 7.81E--02 BllE--02 2.47E-01 7.siiE-01 
l.ltE-01 lJre-01 3.3E-01 4.948-01 1.64E+oo 2.9E+oo 

1.sre-01 1.sre-01 3.3E-01 4.5re-01 UE+oo 3.0IE+oo 
7.81E-02 7.82E-02 1.148-01 2.47E-Ol 5.l'lE-01 1.81E+oo 

4.5re-01 4.5re-01 4.5re-O}. 4.5re-Ol 6.448-01 8.41E-01 
7.82E--02 7.81E--02 1.sre-01 2.848-01 7.81E-01 2.34E+oo 

S.OE-01 S.OE-01 5.0E-01 5.0E-01 SllE-01 Sl£-01 
UtE-01 1.57E-01 3.7!£-01 6.448-01 1.61E+oo 3.42E+oo 
7.82E--02 7.82E-02 1.148-01 2.35E-01 3~-01 1.42E+oo 

7.81E-02 7.81E-02 1.sre-01 2.848-01 7.siiE-01 1.9'.E+oo 
1.148-01 1148-01 1.148-01 1148-01 2.47E-Ol 2.848-01 

£'15 P90 1'95 

5.UE+oo l.41E+-Ol 1.9'lE+-01 

7.S1E+oo 7.S1E+oo 7.S1E+oo 
2JXE+-Ol 2JXE+-Ol 2JXE+-01 
4.m+-01 4.m+-01 4.m+-01 
1.siiE+-01 2.4£+-0l 3.21E+-Ol 
1.s6E+oo l.lE+-01 1.91E+-Ol 
3.41E+oo 4.9'.E+oo 4.~+oo 
S.24E+oo 1.S1E+-Ol 1.9'lE+-01 
6.94E+oo 8.97E+oo 8.97E+oo 

4.9'lE+oo 8.97E+oo 8.97E+oo 
4.15E+oo 5llE+oo 6Jre+oo 
1.748+oo 3.0SE+oo l..OE+-01 
8.S£+oo 1.91E+-Ol 2.31E+ol 

4.97E+oo 7.4<E+oo 8.97E+oo 
8.11E+oo 1.m+-01 2.31E+-Ol 

l.42E+oo 1.olE+-01 2.IXE+ol 
5.34E+oo 1.41E+-Ol 1.97Et01 

6.S:!E-01 7.82E-Ol 7.82E-01 
6.5re+oo l.41E+-Ol 1.97E+-Ol 
4.SE+oo 1.248+-0l 2.IXE+ol 

4.9'.E+oo l.24E+-Ol i.m+o1 
4.45E-Ol 7.siiE-01 7.siiE-01 

P99 PlOO 

3.22E+-Ol 4.?£+-01 

• 7.51E+oo 7.sE+-00 
2.IXE+-01 2.IXE+-01 
4.m+-01 4.?£+-01 
3.22E+-Ol 3.22E+ol 
1.91E+-01 l.91E+ol 
8.11E+oo 8.12.E+-OO 
2.31E+ol 2.31E+ol 
1.S?E+-01 lSlE+ol 

8.97E+oo 8.9'lE+-OO 
1.S1E+oo 7.57E+oo 
1.0E+-01 1.0E+ol 
4.m+-01 4.?£+-01 

2.IXE+ol 2.IXE+ol 
4.m+-01 4.?£+ol 

2.IXE+-01 2.IXE+ol 
3.22E+-Ol 4.?£+ol 

7.82E-Ol 7.8:/E-01 
2.31E+-01 2.31E+ol 
4.m+-01 4.?£+ol 

3.22E+-Ol 4.?£+ol 
7.siiE-01 7.S<E-01 

--, 
.g 

'~ o~O 
:-:i::l 

Hp> 
H C:: t%:I 
l,:i:j 0 1-3 
~ 
tzj 

~ 



~lilXI N N 
OiQio ~ lll"'9d Mcm SE 

Total 1261.SOOO 106 22.lE+oo 1396-03 

~01 1770)0 10 6.52E+oo l.2!£-02 
OHl2 306alO 19 8.6'.£+oo 2.96B-02 
03-0S 499<00 31 2.6(8+«! s~-03 
06-11 915000 68 Z!iCE+oo 3.77E-03 
12-19 1021000 54 1.62E+oo 2..0IE-03 
20-39 2761000 146 l~+oo 2..?<E-03 
40-69 4610000 259 2.0SB+oo 231E-03 
70+ 232(00() 119 1.6<iB+oo 132.E-03 

Seam 
Pal 292ll00 102 1.3SE+oo 6.7.!E--()4 
Sprilg 2SUOOO 268 1.4'/E+oo 1~-03 
&1111Der 432-ml 144 3.77E+oo 3.77E-o3 
Wnter 28mlO 192 1.2SE+oo 8.9IE-04 

Urir.nizatioo 
Caitral City 2681000 102 1.7SE+oo 1.77E-03 
Noomdropol~m 411!000 278 2.4'.£+oo 2.SSC-03 
&lrlurlm 5750000 324 2m+oo 2.2SE-03 

Race 
Baclc 2.50000 12 U4E+oo 1.41E-03 
Ofter/NA 4900> 2 5.448-01 1.4'.£-03 
Wiite 12256000 690 2.24E+oo lAE--03 

R' :r:e. 461!ml 298 3.07E+oo 3AIE-03 
Nortbealt 127SWO n 932E-01 1.65C-03 

t-.> South 3004000 1S7 l~+oo 1.8'/E-03 
I Wf1. 36SIIOO 177 1.7(£+oo U4E-03 
~ 
...J 
VI R~seto ()Jestioaaaire 

D>ioocm1 1091fi000 619 2.3!E+oo 1.SSE-03 
ll> )00 1 191-ml 112 25'/E+oo 2.0E-03 

Tabl4 2-24!. J.alab or Homcirowra Otbor PMi (ilki-day) 

PO Pl PS PIO P2S l'SO 

o.oce+oo S.41E-o2 1.4'/E-01 2.S.!E-01 4.lilE-ot '~ . 
SA'.£-01 SA'.£-01 1.818+-00 ZUB+oo ~ 4.9E+oo 
UIE+oo U<Ei-00 U<E+-00 1.3'.£+oo 1.?<Ei-00 3.62E+oo 
o.oce+oo OJXE+oo OJXE+-00 3.m-01 1.om+oo LllB+oo 
o.oce+oo OJXE+oo 1.77E-ol 3.818-01 6.!E-01 UE+<XI 
8ME-02 8ME-02 l.2<E-ol 2.S?E-01 3.BIE-01 6.0SB-ot 
SAIE-02 7.948-02 1.m-01 1.m-01 3mE-ol 6.21E-ot 
2.S'/E-02 6.52E-02 1.4'/E-01 2..54E-01 4ME-Ol 7.6£-ot 
4l.!E-02 U!E--02 2.D7E-01 3~-01 S.71E-Ol 1.IJlE+-00 

2.SSE-01 2.SSE-01 3.04E-01 3.SIE-01 SGlE--01 lmE+oo 
65'.£-02 8.66E-02 1.9!E-Ol 2.54E-01 4.2!£-01 8.3'.£-01 
O.IXE+oo OJXE+oo 9l!E-02 1.4'/E-01 4.DE-ol lmE-f-00 
25'/E-02 41.!E-02 1.0IE-01 2.2!£-01 4.54E-ot 8.3'.£-ot 

4.1.!E-02 UIE-02 1.6<iB-Ol 2.91E-01 S.21E--OI. U7B-01 
257E-02 6528-02 1.2<E-Ol 2.3!E-Ol 4SIE-Ol ll'.£+oo 
3.4'.£-02 1.?!E-01 1~-01 2.82E-Ol 4ME-01 7.648-01 

lME-01 lME-01 lME-01 2.91E-Ol S~-ot ll'/E+-00 
4,048-01 4.DE-01 4.DE-01 4.DE-01 4.DE--01 4Jl.IHl1 
2.S'IE-02 6.96B--02 lSIE-01 2.SSE-01 4.6(£--01 91<£-01 

257E-02 4.41E--02 1.2.!E-01 2..3.!E-01 4.54E--Ol 1.DE+-00 
7.91E-02 7.91E-02 8.S.!E--02 1.628-01 3llE-01 4.7.!E-ot 
3A'.£-02 7.94E-02 231E-Ol 2~-01 SME-01 U<E+oo 
7148-02 1.IXE-01 2l6B--Ol 2.91E-Ol SMB-ot 9.71E-ot 

o.oce+oo 4.41E-02 1.S!E-01 2.S?E-ot 4.748-ot 9.94E-ot 
S.41E-02 6.9(£--02 2.71£-01 3.61E-Ol 7.3'.£-ot 1.5.!E-f-00 

P1S P90 F9S 

131E+O) 4.SSE+OO l.12B+oo 

7A<Ei<IO 1.5.£+-0l 1~1 
S.39B+oo 1~+-01 6~1 
2.71E+-OO S.5E+-OO 6.3<E+oo 
~+oo 7l'.£+oo 1.21E+o1 
UB+oo 3.92E+oo 6.SIB+oo 
1.:m+-00 3.71E+oo 6.64E+oo 
1.m+-00 3l7E+oo 9.77E+oo 
1.6.!E+-00 4.otE+oo S.21E+oo 

1.lllB+oo 2.8SE+oo 4.otE+oo 
l~+oo 2.8SE+oo 45SE+oo 
3l7E+oo 1.0SB+Ol 1548+-0l 
l.5.!E+-00 2..'11E+oo 4.7SE+oo 

1.li<E+oo 2.61E+oo Ul4E+ol 
2AE+oo 4.lilE+oo 8.12B+oo 
1.81E+oo 4.72E+oo 7.61E+oo 

1.61E+oo 2ZB+oo 2ZB+oo 
4.DE-01 1.2CiE+oo lUE+oo 
1.941HOO 4.6.!E+oo 8.2CiE+-OO 

2..35C+oo 6.7E+oo U2E+ol 
8.12B-Ol 1.2SE+oo 2ltE+oo 
1.828+oo 4.otE+oo 6.JE+oo 
2.DE+oo 43.!E+oo S.7.!E+-00 

1.96B+oo 4.94E+oo 1.o4E+ol 
3.62E+oo S.8<E+oo 8.otE+oo 

m 
1.MIH-01 

l.5E+ol 
6:uB+ol 
3.32.E~ 
1.62E+ol 
S.12B+oo 
3.'11E+ol 
1.848+-01 
U'/E+ol 

S.3SE+oo 
8:uB+oo 
S3E+ol 
8.otE+oo 

1.S41H01 
2.4<E+ol 
1.84E+ol 

2.2SE+oo 
1.2CiE+oo 
l.84E+ol 

S.3'.£+ol 
U'/E+ol 
1.62E+o1 
1.m+o1 

1.84E+ol 
1.62E+ol 

'

g 
~ 

·O 
01-3 0 
~pg: 
txi c::: l:rj 

0 1-3 
1-J 
txi 

0 
:x1 

PICO 

6:uB+ol 

1.54E+ol 
6:uB+o1 
332E+o1 
1.6.!E+ol 
8.12E+oo 
3.?<E+ol 
S3'.£+ol 
1.1'/E+ol 

S.54E+oo 
332E+ol 
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Table 2-249. Mean Fraction of Food Intake That is Homeproducedl DO NOT QUOTE OR 

·-CITE -
Total Total Total Total Total 
Fruits Vegetables Meats Dairy Fish 

All Regions 
Total 0.041 0.070 0.024 0.012 0.095 
Central City 0.027 0.027 0.003 0.000 0.053 
Nonmetropolitan 0.052 0.144 0.064 0.043 0.219 
Surburban 0.047 0.058 0.018 0.004 0.075 
Asian 0.000 0.013 0.000 0.001 0.029 
Black 0.007 0.027 0.001 0.000 0.063 
Native American 0.000 0.001 0.003 0.000 0.095 
Other/NA 0.001 0.034 0.003 0.000 0.0()() 
White 0.049 0.081 0.031 0.014 0.110 
Do you garden? 0.101 0.173 
Do you raise animals? 0.306 0.207 
Do you farm? 0.161 0.308 0.319 0.254 
Do you fish? 0.325 

Midwest 
Total 0.059 0.112 0.046 0.024 0.133 
Central City 0.018 0.043 0.005 0.000 0.028 
N onmetropolitan 0.088 0206 0.132 0.074 0.382 
Surburban 0.097 0.116 0.029 0.001 0.103 

Northeast 
Total 0.005 0.038 0.009 0.010 0.008 
Central City 0.000 0.006 0.000 0.000 0.000 
Nonmetropolitan 0.004 0.076 0.025 0.062 0.035 
Surburban 0.008 0.044 0.011 0.002 0.009 

South 
Total 0.042 0.069 0.017 0.006 0.126 
Central City 0.045 0.014 0.000 0.000 0.041 
N onmetropolitan 0.046 0.156 0.043 0.019 0.197 
Surburban 0.038 0.035 0.009 0.000 0.150 

West 
Total 0.062 0.057 0.023 0.007 0.108 
Central City 0.053 0.046 0.007 0.000 0.186 
Non metropolitan 0.038 0.045 0.026 0.003 0.072 
Surburban 0.073 0.067 0.031 0.014 0.057 
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Exposed 

Vegetables 

Total 0.095 

UrbanlZltloo 

Ceotral Clty 0.037 
N oometropolltao 0.207 

Surburban 0.079 

Race 

Asian O.ot8 

Black 0.037 
Native American 0.003 

Other/NA 0.058 
White 0.109 

Region 
Midwest 0.148 

Northeast 0.062 

South 0.091 

tJ West 0.019 

~ 
~ Response to Questionnaire ~ 

Do you gardeo7 0.233 

Do you farm? 0.420 

Table 2-249. Mean Fraction of Food Intake 'That is Homeproduced (continued) 

Protected Root Exposed Protected Dark Oreen Deep Yellow Other 

Vegetables Vegetables Pru its Pru its Vegetables Vegetables Vegetables 

0.069 0.043 0.050 0.037 0.044 0.065 0.069 

0.027 0.016 0.030 0.026 0.012 0,038 0.026 
0.134 0.088 0.100 0.025 0.090 0.122 0.154 

0.054 0.03S 0.043 o.oso 0.054 O.OS8 O.OS3 

0.001 0.008 0.000 0.000 0.063 0.020 0.002 

0.029 0.012 0.008 0.007 O.OS3 0.056 0.026 
0.000 0.001 0.000 0.000 0.000 0.000 0.001 

0.004 0.028 0.002 0.000 0.004 0.017 0.040 
0.081 0.050 0.059 0.04S 0.043 0.071 0.082 

0.109 0.077 0.078 0.048 O.OS4 0.174 0.102 

0.016 O.ot8 0.010 0.002 0.039 0.019 0.034 

0.077 0.042 0.040 0.044 0.049 0.022 0.077 
0.060 0.029 0.07S 0.054 0.034 0.063 O.OS5 

0.178 0.106 0.116 0.094 0.120 0.140 0.180 

0.394 0.173 0.328 0.030 0.220 0.328 0.368 

Citrus 

Prults 

0.038 

O.o35 
0.000 

O.OS6 

0.000 

0.012 
0.000 

0.000 
0.045 

0.001 

0.000 

0.060 
0.103 

0.087 

0.005 

Other 

Prults 

0.04? 

0.022 
0.077 

0.042 

0.000 

0.004 
0.000 

0.001 
0.051 

0.083 

0.008 

0.031 
0.046 

0.107 

0.227 

,--;-· ,. ~ 
0 

0 t-3 0 
Hp~ 
t-3 c:: > 
trJ ~ ~ 

0 
!:J;j 



Table 2-249. Mean Fraction of Food Intake That is Homeproduced (continued) 

Ape rs Peaches Pean Slrawbm ies Oth1r Berries &ea:~ Beels B:occoli Cabbage Ca:rots Corn Cucumbcn Lettuce Lima Beals 

Total 0.030 0.147 0.067 0.111 0.217 0.063 0.203 0.015 0.038 0.043 0,078 0.148 0.010 0.121 

Urbanization 
Cenlral City 0.017 0.087 0.038 0.107 0.228 0.058 0.212 0.004 0.004 0.018 0.025 0.029 0.009 0.037 
Nonmelropolitan 0.066 o.zn o.m 0.133 0.282 0.145 0.377 0.040 0.082 0.091 0.173 0.377 0.017 0.13? 
&rblrban 0.024 0.121 0.068 0.101 0.175 0.040 0.127 0.016 0.045 0.039 0.047 0.088 0.009 0.16S 

Race 
Alian 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.082 0.000 0.019 0.002 0.000 
Bladt 0.007 0.018 0.004 0.000 0.470 0.000 0.000 0.000 0.001 0.068 0.019 0.060 0.007 0.103 
Native Am'l'i:an 0.000 0.000 0.000 0.000 - 0.000 0.172 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Other/NA 0.000 0.015 0.000 0.000 0.000 0.000 0.000 0.008 0.065 0.018 0.000 0.531 0.007 0.000 
Whle 0.035 0.164 0.089 0.125 0.214 0.071 0.224 0,018 0.056 0.042 0.093 0.155 0.011 0.13S 

Region 
Midwest 0.052 0.164 0.112 0.209 0.231 0.194 0.432 0.025 0.053 0.101 0.124 0.193 0.010 0.149 
Northeast 0.004 0.027 0.002 0.085 0.205 0.091 0.074 0.020 0.047 0.025 0.020 0.147 0.009 0.026 
South 0.0?4 0.143 0.080 0.072 0.177 O.ot5 0.14S 0.013 0.029 0.020 0.088 0.140 0.006 0.140 
West 0.043 0.238 0.093 0.044 0.233 0.015 0.202 0.006 0.029 0.039 0.069 0.119 0.009 0.000 

I! 
Respot11e to Qus tionnai:'e 

Do you garden? Cl.070 0.316 0.169 0.232 0.306 0.125 0.420 0.043 0.099 0.103 0.220 0.349 0.031 0.258 
· Do you fa:m7 0.292 0.461 0.606 0.1!57 0.548 0.432 0.316 0.159 0.219 0.185 0.524 0.524 0.063 0.103 

Okra OniC111 Peas Peeem Pumf!in SnaeBeans Tomatoes Wbte Potatoes Beef Game Pak Poul!!! ~ 

t-.l Total 0.270 0.056 0.069 0.107 0.155 0.155 0.184 0.038 0.038 0.276 0.013 0.011 0.014 
~ 
....i · Urbaniz3tion 00 

Cenlral City . 0.068 0.017 0.033 0.067 0.130 0.066 0.100 0.009 0.001 0.146 0.001 0.002 0.002 
Nonmelropolitan 0.411 0.127 0.123 0.228 0.250 0.307 0.313 0.080 0.107 0.323 0.040 0.026 0.029 
&rblrban 0.299 0.050 0.064 0.086 0.127 0.118 0.156 0.029 0.026 0.316 0.006 0.011 0.014 

Race 
Alian 1.000 0.000 0.042 0.042 0.000 0.007 0.046 0.000 0.000 0.000 0.000 0.000 0.000 
Bladt 0.069 0.009 0.047 0.039 0.022 0.046 0.060 0.007 0.000 0.000 0.000 0.001 0.002 , ,g Native Ameri:an - 0.006 0.000 0.000 0.000 0.000 O.ot5 0.000 0.000 0.000 0.000 0.000 
Other/NA 0.000 0.015 0.045 0.000 0.000 0.029 0.040 0.034 0.001 0.179 0.000 0.000 0.000 

·~ · Wbte 0.373 0.068 0.076 0.121 0.187 0.186 0.202 0.044 0.048 0.359 0.017 0.014 0.017 
'O 8 t:1 

Region ~ 
Hp !I> 

Midwest 0.224 0.098 0.058 0.188 0.357 0.243 0.291 0.065 0.076 0.513 0.021 0.021 0.019 .,:] c: lzj 
Northeast 0.000 0.022 0.021 0.067 0.002 0.052 0.117 0.016 0.014 0.202 0.006 0.002 0.004 Mo 1-3 
South 0.291 0.047 0.106 0.113 0.044 0.161 0.149 0.042 0.022 0.199 0.012 0.012 0.012 I-} 

West 0.333 0.083 0.051 0.082 0.181 0.108 0.182 0.013 0.041 0.207 0.011 0.008 0.021 tx1 
0 

Respome toQues tioonai:'e I ~ 

Do you ga:den? 0.618 0.148 0.193 0.246 0.230 0.384 0.398 0.090 
Do you raise animals? 0.478 0.239 O.lSl 0.214 
Do you hunt? 0.729 
Do you farm? 0.821 0.361 0.308 0.564 0.824 0.623 0.616 0.134 0.485 0.242 0.156 0.146 
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2.8.1. Back&round 
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The ingestion of soil is a potential source of human toxics exposure. The potential for 

exposure to contaminants via this source is greater for children because they are likely to ingest 

more soil than adults as a result of behavioral patterns present during childhood. Inadvertent 

soil ingestion among children may occur through the mouthing of objects or hands. Mouthing 

behavior is considered to be a normal phase of childhood development. Adults may also ingest 

soil or dust particles that adhere to food, cigarettes, or their hands. Deliberate soil ingestion is 

defined as pica and is considered to be relatively uncommon. Because normal inadvertent soil 

ingestion is more prevalent and data for individuals with pica behavior are limited, this section 

focuses primarily on normal soil ingestion that occurs as a result of mouthing or unintentional 

hand-to-mouth activity. 

Several studies have been conducted to estimate the amount of soil ingested by children. 

Most of the early studies attempted to estimate the amount of soil ingested by measuring the 

amount of dirt present on children's hands and making generaliz.ations based on behavior. More 

recently, soil intake studies have been conducted using a methodology that measures trace 

elements in feces and soil which are believed to be poorly absorbed in the gut. These 

measurements are used to estimate the amount of soil ingested over a specified time period. The 

available studies on soil intake are summari7.ed in the following sections. Studies on soil intake 

among children have been classified ~ either key studies or relevant studies based on their 

applicability to exposure assessment needs. Recommended intake rates are based on tlie results 

of key studies, but relevant studies are also presented to provide the reader with added 

perspective on the current state-of-knowledge pertaining to soil intake. Information on soil 

ingestion among adults are presented based on available data from a limited number of studies. 

Relevant information on the prevalence of pica and intake among individuals exhibiting pica 

behavior are also presented. 

2.8.2. Key Studies on Soll Intake Among"i:hildren 

Binder et al. - Estimating Soil Ingestion: Use of Tracer Elements in Estimating the 

.Amount of Soil Ingested by Young Children - Binder et al. (1986) studied the ingestion of soil 
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among children 1 to 3 years of age who wore diapers using a tracer technique modified from 

a method previously used to measure soil ingestion among grazing animals. The children were 

studied during the summer of 1984 as part of a larger study of residents living near a lead 

smelter in East Helena, Montana. Soiled diapers were collected over a 3-day period from · 

65 children (42 males and 23 females), and composited samples of soil were obtained from the 

children's yards. Both excreta and soil samples were analyud for aluminum, silicon, and 

titanium. These elements were found in soil but were thought to be poorly absorbed in the gut 
' 

and to have been present in the diet only in limited quantities. This made them useful tracers 

for estimating soil intake. Excreta measurements were obtained for 59 of the children. Soil 

ingestion by each child was estimated based on each of the three tracer elements using a standard 

assumed· fecal dry weight of 15 g/day, and the following equation. 

where: 

Ti,e -
fi,c -
Fi -
si,c -

7: - ft,e x F, 
l,e - -S,,,--

l,e 

(Eqn. 2-19) 

estimated soil ingestion for child i based on element e (g/day); 

concentration of element e in fecal sample of child i (mg/g); 

fecal dry weight (g/day); and 

concentration of element e in child i's yard soil (mg/g). 

The analysis conducted by Binder et al. (1986) assumed that: (1) the tracer elements were 

neither lost nor introduced during sample processing; (2) the soil ingested by children originates 

primarily from their own yards; and (3) that absorption of the tracer elements by children 

occurred in only small amounts. The study did not distinguish between ingestion of soil and 

housedust nor did it account for the presence of the tracer elements in ingested foods or 

medicines. 

The arithmetic mean quantity of soil ingested by the children in the Binder et al. (1986) 

study was estimated to be 181 mg/day (range 25 to 1,324) based on the aluminum tracer; 184 

mg/day (range 31 to 799) based on the silicon tracer; and 1,834 mg/day (range 4 to 17,076) 
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based on the titanium tracer (Table 2-250). The overall mean soil ingestion estimate based on 

the minimum of the three individual tracer estimates for each child was 108 mg/day (range 4 to 

708). The 95th percentile values for aluminum, silicon, and titanium were 584 mg/day, 578 

mg/day, and 9,590 mg/day, respectively. The 95th percentile value based on the minimum of 

the three individual tracer estimates for each child 'Yas 386 mg/ day. 

The authors were not able to explain the difference between the results for titanium and 

for the other two elements, but speculated that unrecogni7.ecl sources of titanium in the diet or 

in the laboratory processing of stool samples may have accounted for the increased levels. The 

frequency distribution graph of soil ingestion estimates based on titanium shows that a group of 

21 children had particularly high titanium values (i.e., > 1,000 mg/day). The remainder of the 

children showed titanium ingestion estimates at lower levels, with a distribution more 

comparable to that of the other elements. 

The advantages of this study are that a relatively large number of children were studied 

and tracer elements were used to estimate soil ingestion. However, the children studied may 

not be representative of the U.S. population and the study did not account for tracers ingested 

via foods or medicines. Also, the use of an assumed fecal weight instead of actual fecal weights 

may have biased the results of this study. Finally, because of the short-term nature of the 

survey, soil intake estimates may not be entirely representative of long-term behavior, especially 

at the upper-end of the distribution of intake. 

Clausing et al. - A Method for Estimating Soil Ingestion by Children - Clausing et al. 

(1987) conducted a soil ingestion study with Dutch children using a tracer element methodology 

similar to that of Binder et al. (1986). Aluminum, titanium, and acid-insoluble residue (AIR) 

contents were determined for fecal samples from children, aged 2 to 4, attending a nursery 

school, and for samples of playground dirt at that school. Twenty-seven daily fecal samples 

were obtained over a 5-day period for the 18 children examined. Using the average soil 

concentrations present at the school, and assuming a standard fecal dry weight of 10 g/day, 

Clausing ct al. (1987) estimated soil ingestion for each tracer. Clausing et al. (1987) also 

collected eight daily fecal samples from six hospitali~, bedridden children. These children 

served as a control group, representing children who had very lilnited access to soil. 
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Table 2-250. Estimated Daily Soil Ingestion Based on Aluminum, Silicon, and Titaniwn 
Concentrations 

Standard 95th Geometric 
Estimation Mean Median Deviation Range Percentile Mean 

Method (mg/day) (mg/day) (mg/day) (mg/day) (mg/day) (mg/day) 

Aluminum 181 121 203 25-1,324 584 128 

Silicon 184 136 175 31-799 578 130 

Titanium 1,834 618 3,091 4-17,076 9,590 401 

Minimum 108 88 121 4-708 386 6S 

Source: Binder et al., 1986. 
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The average quantity of soil ingested by the school children in this study was as follows: 

230 mg/day (range 23 to 979 mg/day) for aluminum; 129 mg/day (range 48 to 362 mg/day) for 

AIR; and 1,430 mg/day (range 64 to 11,620 mg/day) for titanium (Table 2-251). As in the 

Binder et al. (1986) study, a fraction of the children (6/19) showed titanium values well above 

1,000 mg/day, with most of the remaining children showing substantially lower values. Based 

on the Limiting Tracer Method (LTM), mean soil intake was estimated to be 105 mg/day with 

a population standard deviation of 67 mg/day (range 23 to 362 mg/day). Use of the LTM 

assumed that "the maximum amount of soil ingested corresponded with the lowest estimate from 

the three tracers" (Clausing et al., 1987). Geometric mean soil intake was estimated to be 90 

mg/day. This assumes that the maximum amount of soil ingested cannot be higher than the 

lowest estimate for the individual tracers. 

Mean soil intake for the hospitalired children was estimated to be 56 mg/day based on 

aluminum (Table 2-252). For titanium, three of the children had estimates well in excess of 

1,000 mg/day, with the remaining three children in the range of 28 to 58 mg/day. Using the 

LTM method, the mean soil ingestion rate was estimated to be 49 mg/day with a population 

standard deviation of 22 mg/day (range 26 to 84 mg/day). The geometric mean soil intake rate 

was 45 mg/day. The data on hospitalired children suggest a major nonsoil source of titanium 

for some children, and may suggest a background nonsoil source of aluminum. However, 

conditions specific to hospitalization (e.g., medications) was not considered. AIR measurements 

were not reported for the hospitalized children. Assuming that the tracer-based soil ingestion 

rates observed in hospitalized children actually represent background tracer intake from dietary 

and other nonsoil sources, mean soil ingestion by nursery school children was estimated to be 

56 mg/day, based on the LTM (i.e., 105 mg/day for nursery school children minus 49 mg/day 

for hospita'Hred children) (Clausing et al. 1987). 

The advantages of this study are that Clausing et al. (1987) evaluated soil ingestion 

among two populations of children that had differences in access to soil, and corrected soil 

intake rates based on background estimates derived from the hospitalired group. However, a 

smaller number of children were used in this study than in the Binder et al. (1986) study and 
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Soil Ingestion Soil Ingestion Soil Ingestion 
Sample as Calculated as Calculated as Calculated Limiting 

Child Number from Ti from Al from AIR Tracer 
(mg/day) (mg/day) (mg/day) (mg/day) 

1 L3 103 300 107 103 

L14 154 211 172 154 

L25 130 23 23 

2 LS 131 71 71 

L13 184 - 103 82 82 

L27 142 81 84 81 

3 L2 124 42 84 42 

L17 670 566 174 174 

4 L4 246 62 145 62 

Lll 2,990 6S 139 6S 

5 L8 293 108 108 

L21 313 152 152 

6 L12 1,110 693 362 362 

L16 176 145 145 

7 L18 11,620 120 120 

L22 11,320 77 77 

8 Ll 3,060 82 96 82 

9 L6 624 979 111 111 

10 L7 600 200 124 124 

11 L9 133 95 95 

12 LIO 354 195 106 106 

13 LIS 2,400 48 48 

14 L19 124 71 93 71 

15 L20 269 212 274 212 

16 L23 1,130 51 84 51 

17 L24 64 566 64 

18 L26 184 56 56 

Arithmetic 1,431 232· 129 105 
Mean 

Source: Adapted from Clausing et al. 1987. 
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Table 2-252. Calculated Soil Ingestion by Hospitalized, Bedridden Children 

Child 

1 

2 

3 

4 

5 

6 

Arithmetic 
Mean 

Sample 

GS 

G6 

Gl 

G2 

GS 

G3 

G4 

G7 

Soil Ingestion as 
Calculated from Ti 

(mg/day) 

3,290 

4,790 

28 

6,570 

2,480 

28 

1,100 

58 

2,293 

Source: Adapted from Clausing et al. 1987. 
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Soil Ingestion as 
Calculated from Al Limiting Tracer 

(mg/day) (mg/day) 

57 57 

71 71 

26 26 

94 84 

57 57 

77 28 

30 30 

38 38 

56 49 
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these children may not be representative of the U.S. population. Tracer elements in foods or 

medicines were not evaluated. Also, intake rat.es derived from this study may not be 

representative of soil intake over the long-term because of the short-term nature of the study. 

Van WlJnen et al. - Estimated Soil Ingestion by Children - In a study by Van Wijnen et 

al. (1990), soil ingestion among Dutch children ranging in age from 1to5 years was evaluated 

using a tracer element methodology similar to that used by Clausing et al. (1987). Van Wijnen 

et al. (1990) measured three trac.ers (i.e., titanium, aluminum, and AIR) in soil and feces and 

estimated soil ingestion based on the LTM. An average daily feces weight of 15 g dry weight 

was assumed. A total of 292 children attending daycare centers were sampled during the first 

of two,sampling periods and 187 children were sampled in the second sampling period; 162 of 

these children were sampled during both periods (i.e., at the beginning and near the end of the 

summer of 1986). A total of 78. children were sampled at campgrounds, and 15 hospitaliu:d 

children were sampled. The me.an values for these groups were: 162 mg/day for children in 

daycare centers, 213 mg/day for campers and 93 mg/day for hospitalired children. Van Wijnen 

et al. (1990) also reported geometric mean LTM values because soil intake rat.es were found to 

be skewed and the log transformed data were approximately normally distributed. Geometric 

mean LTM values were estimated to be 111 mg/day for children in daycare centers, 174 mg/day 

for children vacationing at campgrounds (Table 2-253) and 74 mg/day for hospitaliu:d children 

(70-120 mg/day based on the 95 percent confidence limits of the mean); a 5 mg/day represents 

the midpoint. AIR was the limiting tracer in about 80 percent of the samples. Among children 

attending daycare centers, soil intake was also found to be higher when the weather was good 

(i.e., < 2 days/week precipitation) than when the weather was bad (i.e., > 4 days/week 

precipitation (Table 2-254). Van Wijnen et al. (1990) suggest that the mean LTM value for 

hospitalired infants represents background intake of tracers and should be used to correct the soil 

intake rat.es based on LTM values for other sampling groups. Using me.an values, corrected soil 

intake rat.es were 69 mg/day (162 mg/day minus 93 mg/day) for daycare children and 120 

mg/day (213 mg/day minus 93 mg/day) for campers. Corrected geometric mean soil intake was 

estimated to range from 0 to 90 mg/day with a 90th percentile value of 190 mg/day for the 

various age categories within the daycare group and 30 to 200 mg/day with a 90th percentile 

value of 300 mg/day for the various age categories within the camping group. 
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Table 2-253. Geometric Mean (GM) and Standard Deviation (GSD) LTM Values for Children 
at Daycare Centers and Campgrounds 

Daycare Centers Campgrounds 
Age (yrs) Sex 

GMLTM GSDLTM GMLTM GSDLTM n n 
(mg/day) (mg/day) (mg/day) (mg/day) 

<1 Girls 3 81 1.09 

Boys 1 75 

1-<2 Girls 20 124 1.87 3 207 1.99 

Boys 17 114 1.47 5 312 2.58 

2-<3 Girls 34 118 1.74 4 367 2.44 

Boys 17 96 1.53 8 232 2.15 

3-4 Girls 26 111 1.57 6 164 1.27 

Boys 29 110 1.32 8 148 1.42 

4-<S Girls 1 180 19 164 1.48 

Boys 4 99 1.62 18 136 1.30 

All girls 86 117 1.70 36 179 1.67 

All boys 72 104 1.46 42 169 1.79 

Total 162• 111 1.60 7gb 174 1.73 

Age and/or sex not registered for eight children . 
Age not registered for seven children. 

Source: Adapted from Van Wijnen et al., 1990. 
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According to Age, Weather Category, and Sampling Period 

First Sampling Period Second Sampling Period 

Age Estimated Estimated 
Weather Category (years) Geometric Geometric 

n Mean n Mean 
LTM Value LTM Value 

(mg/day) (mg/day) 

Bad <1. 3 94 3 67 

( > 4 days/week precipitation) 1-<2 18 103 33 80 

2-<3 33 109 48 91 

4-<5 5 124 6 109 

Reasonable <1 1 61 

(2-3 days/week precipitation) 1-<2 10 96 

2-<3 13 99 

3-<4 19 94 

4-<5 1 61 

Good <1 4 102 

( < 2 days/week precipitation) 1-<2 42 229 

2-<3 65 166 

3-<4 67 138 

4-<5 10 132 

Source: Van Wijnen et al., 1990. 
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The advantage of this study is that soil intake was estimated for three different 

populations of children; one expected to have high intake, one expected to have "typical" intake 

and one expected to have low or background-level intake. Van Wijnen et al. (1990) used the 

background tracer measurements to correct soil intake rates for the other two populations. 

Tracer concentrations in food and medicine were not evaluated. Also, the population of children 

studied was relatively large, but may not be representative of the U.S. population. This study 

was conducted over a relatively short time period. Thus, estimated intake rates may not reflect 

long-term patterns, especially at the high-end of the distribution. Another limitation of this study 

is that values were not reported element-by-element which would be the preferred way of 

reporting. 

Davis et al. - Quantitative Estimates of Soil Ingestion in Nonnal Children Between the 

ages of 2 and 7 years: Population-Based Estimates Using Aluminum, Silicon, and Titanium as 

Soil Tracer Elements - Davis et al. (1990) also used a mass-balance/tracer technique to estimate 

soil ingestion among children. In this study, 104 children between the ages of 2 and 7 years 

were randomly selected from a three-city area in southeastern Washington State. The study was 

conducted over a seven day period, primarily during the summer. Daily soil ingestion was 

evaluated by collecting and analyzing soil and house dust samples, feces, urine, and duplicate 

food samples for aluminum, silicon, and titanium. In addition, information on dietary habits and 

demographics was collected in an attempt to identify behavioral and demographic characteristics 

that influence soil intake rates among children. The amount of soil ingested on a daily basis was 

estimated using the following equation: 

where: 

si,o 

DWr 

DWP 

Er 

-
-
-
-

soil ingested for child i based on tracer e (g); 

feces dry weight (g); 

feces dry weight on toilet paper (g); 

tracer amount in feces (µgig); 
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DWrd - food dry weight (g); 

Erd - tracer amount in food (µgig); and 

EIOil - tracer concentration in soil (p.g/g). 

The soil intake rates were corrected by adding the amount of tracer in vitamins and medications 

to the amount of tracer in food, and adjusting the food quantities, feces dry weights, and tracer 

concentrations in urine to account for missing samples. 

Soil ingestion rates were highly variable, especially those based on titanium. Mean daily 

soil ingestion estimates were 38.9 mg/day for aluminum, 82.4 mg/day for silicon and 245.5 

mg/day for titanium (Table 2-255). Median values were 25 mg/day for aluminum, 50 mg/day 

for silicon, and 81 mg/day for titanium. Davis et al. (1990) also evaluated the extent to which 

differences in tracer concentrations in house dust and yard soil impacted estimated soil ingestion 

rates. The value used in the denominator of the mass balance equation was recalculated to 

represent a weighted average of the tracer concentration in yard soil and house dust based on 

the proportion of time the child spent indoors and outdoors. The adjusted mean soil/dust intake 

rates were 64.5 mg/day for aluminum, 160.0 mg/day for silicon, and 268.4 mg/day for titanium. 

Adjusted median soil/dust intake rates were: 51.8 mg/day for aluminum, 112.4 mg/day for 

silicon, and 116.6 mg/day for titanium. Davis et al. (1990) also observed that the following 

demographic characteristics were associated with high soil intake rates: male sex, non-white 

racial group, low income, operator/laborer as the principal occupation of the parent, and city 

of residence. However, none of these factors were predictive of soil intake rates when tested 

using multiple linear regression. 

The advantages of the Davis et al. (1990) study are that soil intake rates were corrected 

based on the tracer content of foods and medicines and that a relatively large number of children 

were sampled. Also, demographic and behavioral information was collected for the survey 

group. However, although a relatively large sample population was surveyed, these children 

were all from a single area of the U.S. and may not be representative of the U.S. population as 

a whole. The study was conducted over a one-week period during the summer and may not be 

representative of long-term (i.e., annual) patterns of intake. 
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Table 2-255. Average Daily Soil Ingestion Values Based on Aluminum, Silkan, and Titanium 
as Tracer Elements• 

Standard Error 
Element Mean Median of the Mean Range 

(mg/d) (mg/d) (mg/d) (mg/d)b 

Aluminum 38.9 25.3 14.4 279.0 to 904.5 

Silicon 82.4 59.4 12.2 -404.0 to 534.6 

Titanium 245.5 81.3 119.7 -5,820.8 to 6,182.2 

Minimum 38.9 25.3 12.2 -5,820.8 

Maximum 245.5 81.3 119.7 6,182.2 

• Excludes three children who did not provide any samples (N = 101). 
b Negative values occurred as a result of correction for nonsoil sources of the tracer elements. 

Source: Adapted from Davis et al., 1990. 
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Calabrese et al.. - How Much Soil do Young Children Ingest: An Epidemiologic Study -

Calabrese et al. (1989) studied soil ingestion among children using the basic tracer design 

developed by Binder et at. (1986). However, in contrast to the Binder et al. (1987) study, eight 

tracer elements (i.e., aluminum, barium, manganese, silicon, titanium, vanadium, ytrium, and 

zirconium) were analyzed instead of only three (i.e., aluminum, silicon, and titanium). A total 

of 64 children between the ages of 1 and 4 years old were included in the study. These children 

were all selected from the greater Amherst, Massachusetts area and were predominantly from 

two-parent households where the parents were highly educated. The Calabrese et al. (1989) 

study was conducted over eight days during a two week period and included the use of a mass-

. balance methodology in which duplicate samples of food, medicines, vitamins, and others were 

collected and analyzed on a daily basis, in addition to soil and dust samples collected from the 

child's home and play area. Fecal and urine samples were also collected and analyzed for tracer 

elements. Toothpaste, low in tracer content, was provided to all participants. 

In order to validate the mass-balance methodology used to estimate soil ingestion rates 

among. children and to determine which tracer elements provided the most reliable data on soil 

ingestion, known amounts of soil (i.e., 300 mg over three days and 1,500 mg over three days) 

containing eight tracers were administered to six adult volunteers (i.e., three males and tlhree 

females). Soil samples and feces samples from these adults and duplicate food samples were 

analyzed for tracer elements to calculate recovery rates of tracer elements in soil. Based on the 

adult validation study, Calabrese et al. (1989) confirmed that the tracer methodology could 

adequately detect tracer elements in feces at levels expected to correspond with soil intake rates 

in children. Calabrese et al. (1989) also found that aluminum, silicon, and ytrium were the most 

reliable of the eight tracer elements analyzed. The standard deviation of recovery of these three 

tracers was the lowest and the percentage of recovery was closest to 100 percent (Calabrese, et 

al., 1989). The recovery of these three tracers ranged from 120 to 153 percent when 300 mg 

of soil had been ingested over a three-day period and from 88 to 94 percent when 1,500 mg soil 

had been ingested over a three-day period (Table 2-256). 

Using the three most reliable tracer elements, the mean soil intake rate for children, 

adjusted to account for the amount of tracer found in food and medicines, was estimated to be 

153 mg/day based on aluminum, 154 mg/day based on silicon, and 85 mg/day based on ytrium 
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Table 2-256. Mean and Standard Deviation Percentage Recovery of Eight Tracer Elements 

300 mg Soil Ingested 1500 mg Soil Ingested 
Tracer Element 

Mean SD Mean SD 

Al 152.8 107.5 93.5 15.S 

Ba 2304.3 4533.0 149.8 69.S 

Mn 1177.2 1341.0 248.3 183.6 

Si 139.3 149.6 91.8 16.6 

Ti 251.5 316.0 286.3 380.0 

v 345.0 247.0 147.6 66.8 

y 120.5 42.4 87.5 12.6 

Zr 80.6 43.7 54.6 33.4 

Source: Adapted from Calabrese et al., 1989. 
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(Table 2-257). Median intake rates were somewhat lower (29 mg/day for aluminum, 40 mg/day 

for silicon, and 9 mg/day for ytrium). Upper-percentile (i.e., 9Sth) values were 223 mg/day for 

aluminum, 276 mg/day for silicon, and 106 mg/day for ytrium. Similar results were observed 

when soil and dust ingestion was combined (Table 2-257). Intake of soil and dust was estimated 

using a weighted average of tracer concentration in dust composite samples and in soil composite 

samples based on the time children spent at home and away from home, and indoors and 

outdoors. Calabrese et al. (1989) suggested that the use of titanium as a tracer in earlier studies 

that lacked food ingestion data may have significantly overestimated soil intake because of the 

high levels of titanium in food. Using the median values of aluminum and silicon, Calabrese 

et al. (1989) estimated the quantity of soil ingested daily to be 29 mg/day and 40 mg/clay, 

respectively. It should be noted that soil ingestion for one child in the study ranged from 

approximately 10 to 14 grams/day during the second week of observation. Average soil 

ingestion for this child was 5 to 7 mg/day, based on the entire study period, 

The advantages of this study are that intake rates were corrected for tracer concentrations 

in foods and medicines and that the methodology was validated using adults. Also, intake was 

observed over a longer time period in this study than in earlier studies and the number of tracers 

used was larger than for other studies. A relatively large population was studied, but they may 

not be enUrely representative of the u.s. population beoauae they were aeleoted from a amslo 

location. 

2.8.3. Other Relevant Studies on Soil Intake Among Children 

Thompson and Bunnaster - Parametric Distributions for Soil Ingestion by Children -

Thompson and Burmaster (1991) developed parameteriz.ed distributions of soil ingestion rates 

for children based on a reanalysis of the data collected by Binder et al. (1986). In the original 

Binder et al. (1986) study, an assumed fecal weight of 15 g/day was used. Thompson and 

Burmaster reestimated the soil ingestion rates from the Binder et al. (1986) study using the 

actual stool weights of the study participants instead of the assumed stool weights. Because the 

actual stool weights averaged only 7 .5 g/ day, the soil ingestion estimates presented by Thompson 

and Burmaster (1991) are approximately one-half of those reported by Binder et al. (1986). 

Table 2-258 presents the distribution of estimated soil ingestion rates calculated by Thompson 

and Burmaster (1991) based on the three tracers elements (i.e., aluminum, silicon, and titanium), 
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Table 2-257. Soil and Dust Ingestion Estimates for Children Aged 1-4 Years 

Intake (mg/day>-
Tracer Element 

N 95th 
Mean Median SD Percentile Maximum 

Aluminum 

soil 64 153 29 852 223 6,837 

dust 64 317 31 1,272 506 8,462 

soil/dust combined 64 154 30 629 478 4,929 

Silicon 

soil 64 154 40 693 276 5,549 

dust 64 964 49 6,848 692 54,870 

soil/dust combined 64 483 49 3,105 653 24,900 

Ytrium 

soil 62 85 9 890 106 6,736 

dust 64 62 15 687 169 5,096 

soil/dust combined 62 65 11 717 159 5,269 

Titanium 

soil 64 218 SS 1,150 1,432 6,707 

dust 64 163 28 659 1,266 3,354 

soil/dust combined 64 170 30 691 1,059 3,597 

a Corrected for Tracer Concentrations in Foods 

Source: Adapted from Calabrese et al., 1989. 
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Table 2-258. Estimated Soil Ingestion Rate Summary Statistics and Parameters for 

Distributions Using Binder et al. (1986) Data with Actual Fecal Weights 

Soil Intake (mg/day) 
Trace Element Basis 

Al Si Ti AVE• 

Mean 97 85 1,004 91 

Min 11 10 1 13 

10th 21 19 3 22 

20th 33 23 22 34 

30th 39 36 47 43 

40th 43 52 172 49 

Med 45 60 293 59 

60th SS 65 475 69 

10th 73 79 724 92 

80th 104 106 1,071 100 

90th 197 166 2,105 143 

Max 1,201 642 14,061 921 

Lognormal Distribution Parameters 

Median 45 60 59 

Standard Deviation 169 95 126 

Arithmetic Mean 97 85 91 

Underlying Normal Distribution Parameters 

Mean 4.06 4.07 4.13 

Standard Deviation 0.88 0.85 0.80 

•A VE = arithmetic average of soil ingestion based on aluminum and silicon. 

Source: Thompson and Burmaster, 1991. 
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and on the arithmetic average of soil ingestion based on aluminum and silicon. The mean soil 

intake rates were 97 mg/day for aluminum, 85 mg/day for silicon, and 1,004 mg/day for 

titanium. The 90th percentile estimates were 197 mg/day for aluminum, 166 mg/day for silicon, 

and 2, 105 mg/day for titanium. Based on the arithmetic average of aluminum and silicon for 

each child, mean soil intake was estimated to be 91 mg/day and 90th percentile intake was 

estimated to be 143 mg/day. 

Thompson and Burmaster (1991) tested the hypothesis that soil ingestion rates based on 

the adjusted Binder et al. (1986) data for aluminum, silicon and the average of these two tracers 

were lognormally distributed. The distribution of soil intake based on titanium was not tested 

for lognormality because titanium may be present in food in high concentrations and the Binder 

et al. (1986) study did not correct for food sources of titanium (Thompson and Bunnaster, 

1991). Although visual inspection of the distributions for aluminum, silico11, and the average 

of these tracers all indicated that they may be lognormally distributed, statistical tests indicated 

that only silicon and the average of the silicon and aluminum tracers were lognormally 

distributed. Soil intake rates based on aluminum were not lognormally distributed. Table Soil-9 

also presents the lognormal distribution parameters and underlying normal distribution 

parameters (i.e., the natural logarithms of the data) for aluminum, silicon, and the average of 

these two tracers. According to the authors, "the parameters estimated from the underlying 

normal distribution are much more reliable and robust" (Thompson and Burmaster, 1991). 

The advantages of this study are that it provides percentile data and defines the shape of 

soil intake distributions. However, the number of data points used to fit the distribution was 

limited. In addition, the study did not generate "new" data. Instead, it provided a reanalysis 

of previously-reported data using actual fecal weights. No corrections were made for tracer 

intake from food or medicine and the results may not be representative of long-term intake rates 

because the data were derived from a short-term study. 

Lepow et al. - Role of Airborne Lead in Increased Body Burden of Lead in Hartford 

Children - Lepow et al. (1974) estimated ingestion of airborne lead fallout among urban children 

by: (1) analyzing surface dirt and dust samples from locations where children played; (2) 

measuring hand dirt by applying preweighed adhesive labels to the hands and weighing the 

amount of dirt that was removed; and (3) observing "mouthing" behavior over 3 to 6 hours of 
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normal play. Twenty-two children from an urban area of Connecticut were included in the 

study. Lepow et al. (1975) found that the mean weight of soil/dust on the hands was 11 mg. 

Assuming that a child would put fingers or other •dirty• objects into his mouth about 10 times 

a day ingesting 11 mg of dirt each time, Lepow et al. (1975) estimated that the daily soil 

ingestion rate would be about 100 mg/day. According to Lepow et al. (1975), the amount of 

hand dirt measured with this technique is probably an underestimate because dirt trapped in skin 

folds and creases was probably not removed by the adhesive label. Consequently, mean soil 

ingestion rates may be somewhat higher than the values estimated in this study. 

Duggan and Williams - Lead in Dust in City Streets - Duggan and Williams (1977) 

assessed the risks associated with lead in street dust by analyzing street dust from areas in and 

around London for lead, and estimating the amount of hand dirt that a child might ingest. 

Duggan and Williams (1977) estimated the amount of dust that would be retained on the 

forefinger and thumb by removing a small amount of dust from a weighed amount, rubbing the 

forefinger and thumb together, and reweighing to determine the amount retained on the finger 

and thumb. The results of •a number of tests with several different people• indicated that the 

mean amount of dust retained on the finger and thumb was approximately 4 mg with a range of 

2 to 7 ing (Duggan and Williams, 1977). Assuming that a child would suck his/her fingeX' or 

thumb 10 times a day and that all of the dirt is removed each time and replaced with new dirt 

prior to subsequent mouthing behavior, Duggan and Williams (1977) estimated that 20 mg of 

dust would be ingested per day. 

Day et al. - Lead in Urban Street Dust - Day et al. (1975) evaluated the contribution of 

incidental ingestion of lead-contaminated street dust and soil to children's total daily intake of 

lead by measuring the amount of lead in street dust and soil and estimating the amount of dirt 

ingested by children. The amount of soil that might be ingested was estimated by measuring the 

amount of dirt that was transferred to a •sticky sweet• during 30 minutes of play and assuming 

that a child might eat from 2 to 20 such sweets per day. Based on •a small number of direct 

measurements•, Day et al. (1975) found that 5 to 50 mg of dirt from a child's hands may be 

transferred to a "sticky sweet" during 30 minutes of "normal playground activity. Assuming that 

all of the dirt is ingested with the 2 to 20 "sticky sweets." Day et al. (1975) estimated tltat 

intake of soil among children could range from 10 to 1000 mg/day. 
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Hawley et al. - Assessment of Health Risk from Exposure to Contaminated Soi - g 

existing literature, Hawley (1985) developed scenarios for estimating exposure of young 

children, older children, and adults to contaminated soil. Annual soil ingestion rates were 

estimated based on assumed intake rates of soil and housedust for indoor and outdoor activities 

and assumptions about the duration and frequency of the activities. These soil ingestion rates 

were based on the assumption that the contaminated area is in a region having a winter season. 

Housedust was assumed to be comprised of 80 percent soil. 

Outdoor exposure to contaminated soil among young children (i.e., 2.S years old) was 

assumed to occur S days per week during only 6 months of the year (i.e., mid-April through 

mid-October). Children were assumed to ingest 250 mg soil/day while playing outdoors based 

on data presented in Lepow et al. (1974; 1975) and Roels et al. (1980). Indoor exposures 

among this population were based on the assumption that young children ingest 100 mg of 

housedust per day while spending all of their time indoors during the winter months, and SO mg 

of housedust per day during the warmer months when only a portion of their time is spent 

indoors. Based on these assumptions, Hawley (1985) estimated that the annual average soil 

intake rate for young children is 150 mg/day (Table 2-259). Older children (i.e., 6 year olds) 

were assumed to ingest 50 mg of soil per day from an area equal to the area of the fingers on 

one hand while playing outdoors. This assumption was based on data from Lepow et al. (1975). 

Outdoor activities were assumed to occur each day over 5 months of the year (i.e., during May 

through October). These children were also assumed to ingest 3 mg/day of housedust from the 

indoor surfaces of the hands during indoor activities occurring over the entire year. Using these 

data, Hawley (1985) estimated the annual average soil intake rate for older children to be 23.4 

mg/day (Table 2-259). 

2.8.4. Soil Intake Among Adults 

Information on soil ingestion among adults is very limited. Hawley (1985) estimated soil 

ingestion among adults based on assumptions regarding activity patterns and corresponding 

ingestion amounts. Hawley (1985) assumed that adults ingest outdoor soil at a rate of 480 

mg/day while engaged in yardwork or other physical activity. These outdoor exposures were 

assumed to occur 2 days/week during 5 months of the year (i.e., May through October). The 
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Table 2-259. Estimates of Soil Ingestion for Children 

Scenarios Media Exposure Days/Year Fraction Soil Annual 
(mg/day) Activity Content Average Soil 

Intake 
(mg/day) 

l:Qun1 gu1d '21~ Years Old) 
/· 

Outdoor Activities (Summer) Soil 250 130 1 90 

Indoor Activities (Summer) Dwit so 182 0.8 20 

Indoor Activities (Winter Du.sit 100 182 0.8 ...42 
TOTAL SOIL INTAKE 1SO 

Qldm: Child (§ Years Qldl 

Outdoor Activities (Summer) Soil. so 152 1 21 

Indoor Activities (Year-Round) Du.sit 3 365 0.8 2& 

TOTAL SOIL INTAKE 23.4 

Source: Hawley, 1985. 
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ingestion estimate was based on the assumption that a 50 µm/thick layer of soil is ingested fiOm 

the inside surfaces of the thumb and fingers of one hand. Ingestion of indoor housedust was 

assumed to occur from typical living space activities such as eating and smoking, and work in 

attics or other uncleaned areas of the house. Hawley (1985) assumed that adults ingest an 

average of 0.56 mg housedust/day during typical living space activities and 110 mg 

housedust/day while working in attics. Attic work was assumed to occur 12 days/year. Hawley 

(1985) also assumed that soil comprises 80 percent of household dust. Based on these 

assumptions about soil intake and the frequency of indoor and outdoor activities, Hawley (1985) 
II 

estimated the annual average soil intake rate for adults to be 60.5 mg/day (Table 2-260). 

The soil intake value estimated by Hawley (1985) is consistent with adult soil intake rates 

suggested by other researchers. Calabrese et al. (1987) suggested that soil intake among adults 

ranges from 1 to 100 mg/day. According to Calabrese et al. (1987), these values "are 

conjectural and based on fractional estimates" of earlier Center for Disease Control (CDC) 

estimates. In a recently completed evaluation of the scientific literature concerning soil ingestion 

rates for children and adults (Krablin, 1989), Arco Coal Company suggested that 10 mg/day may 

be an appropriate value for adult soil ingestion. This value is based on "extrapolation from urine 

arsenic epidemiological studies and information on mouthing behavior and time activity patterns" 

(Krablin, 1989). 

Calabrese et al. - Preliminary Adult Soil Ingestion Estimates: Results of a Pilot Study

Calabrese et al. (1990) studied six adults to evaluate the extent to which they ingest soil. This 

adult study was originally part of the children soil ingestion study conducted by Calabrese and 

was used to validate part of the analytical methodology used in the children study. The 

participants were six healthy adults, three males and three females, 25-41 years old. E.ach 

volunteer ingested one empty gelatin capsule at breakfast and one at dinner Monday, Tuesday, 

and Wednesday during the first week of the study. During the second week, they ingested 50 

mg of steriliz.ed soil within a gelatin capsule at breakfast and at dinner (a total of 100 mg of 

sterilized soil per day) for 3 days. For the third week, the participants ingested 250 mg of 

sterilized soil in a gelatin capsule at breakfast and at dinner (a total of 500 mg of soil per day) 

during the three days. Duplicate meal samples (food and beverage) were collected from the six 

adults. The sample include4 all foods ingested from breakfast Monday, through the evening 
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Table 2-260. Estimates of Soil Ingestion for Adults 

Scenarios Medill Exposure Days/Year Fraction Soil Annual 
(mg/day) Activity Content Average Soil 

Intake 
(mg/day) 

AfM1 
Work in attic (year-ro'Ulld) Dust 110 12 0.8 3 

Living Space (year-ro'Ulld) Dust O.S6 365 0.8 o.s 
Outdoor Work (summer) Soil 480 43 1 ll 

TOTAL SOIL INTAKE 60.S 

SOun:e: Hawley, 1985. 
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meal Wednesday during each of the 3 weeks. In addition, all medications and vitamins ingested 

by the adults were collected. Total excretory output were collected from Monday noon through 

Friday midnight over 3 consecutive weeks. Table 2-261 provides the mean and median values 

of soil ingestion for each element by week. Data obtained from the first week, when empty 

gelatin capsules were ingested, may be used to derive an estimate of soil intake by adults. The 

mean intake rates for the eight tracers are: Al, 110 mg; Ba, -232 mg; Mn, 330 mg; Si, 30 mg; 

Ti, 71 mg; V, 1,288 mg; Y, 63 mg; and Zr, 134 mg. 

The advantage of this study is that it provides quantitative estimates of soil ingestion by 

adults. The study also corrected for tracer concentrations in foods and medicines. However, 

a limitation of this study is that a limited number of subjects were studied. In addition, the 

subjects were only studied for one week before soil capsules were ingested. 

2.8.S. Prevalence of Pica 

The scientific literature define pica as "the repeated eating of nonnutritive substances" 

(Feldman, 1986). For the purposes of this handbook, pica is defined as an deliberately high mil 
ingestion rate. Numerous articles have been published that report on the incidence of pica 

among various populations. However, most of these papers describe pica for substances other 

than soil including sand, clay, paint, plaster, hair, string, cloth, glass, matches, paper, feces, 

and various other items. These papers indicate that the pica occurs in approximately half of all 

children between the ages of 1 and 3 years (Sayetta, 1986). The incidence of deliberate 

ingestion behavior in children has been shown to differ for different subpopulations. The 

incidence rate appears to be higher for black children than for white children. Approximately 

30 percent of black children aged 1 to 6 years are reported to have deliberate ingestion behavior, 

compared with 10 to 18 percent of white children in the same age group (Danford, 1982). 

There does not appear to be any sex differences in the incidence rates for males or females 

(Kaplan and Sadock, 1985). Lourie et al. (1963) states that the incidence of pica is higher 

among children in lower socioeconomic groups (i.e., 50 to 60 percent) than in higher income 

families (i.e., about 30 percent). Deliberate soil ingestion behavior appears to be more common 

in rural areas (Vermeer and Frate, 1979). A higher rate of pica has also been reported for 

pregnant women and individuals with poor nutritional status (Danford, 1982). In general, 
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Table 2-261. Adult Daily Soil Ingestion Estimates by Week and Tracer Element After Subtracting Food and Capsule Ingestion, Based on Median 
Amherst Soil Concentrations: Means and Medians Over Subjects (mgf 

Week Al Ba Mn Si 

Means 

l 110 -2.32 330 30 

2 98 12,265 1,306 14 

3 28 201 790 -23 

Medians 

l 60 -71 388 31 

2 85 591 1,368 15 

3 66 386 831 -27 

• Data were converted to milligrams 

Source: Calabrese et al., 1990 
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deliberate ingestion behavior is more frequent and more severe in mentally retarded children 

than in children in the general population (Behrman and Vaughan 1983, Danford 1982, Forfar 

and Amell 1984, Illingworth 1983, Sayetta 1986). 

It should be noted that the pica statistics cited above apply to the incidence of general 

pica and not mil pica. Information on the incidence of soil pica is limited, but it appears that 

soil pica is less common. A study by Vermeer.and Frate (1979) showed that the incidence of 

gcophagia (i.e., earth-eating) was about 16 percent among children from a rural black 

community in Mississippi. However, geophagia was described as a cultural practice among the 

community surveyed and may not be representative of the general population. Average daily 

consumption of soil was estimated to be 50 g/day. Bruhn and Pangborn (1971) reported the 

incidence of pica for "dirt" to be 19 percent in children, 14 percent in pregnant women, and 3 

percent in nonpregnant women. However, "dirt" was not clearly defined. The Bruhn and 

Pangborn (1971) study was conducted among 91 non-black, low income families of migrant 

agricultural workers in California. Based on the data from the five key tracer studies (Binder 

et al., 1986; Clausing et al., 1987; Van Wijnen et al., 1990; Davis et al., 1990; and Calabrese 

et al., 1989) only one child out of the more than 600 children involved in all of these studies 

ingested an amount of soil significantly greater than the range for other children. Although these 

studies did not include all populations and were representative of short-term ingestions only, it 

can be assumed that the incidence rate of deliberate soil ingestion behavior in the general 

population is low. 

2.8.6. Deliberate Soll Ingestion Among Children 

Information on the amount of soil ingested by children with abnormal soil ingestion 

behavior is limited .. However, some evidence suggests that a rate on the order of S to 10 g/day 

may not be unreasonable. Calabrese et al. (1991) estimated that upper range soil ingestion 

values may range from approximately 5-7 grams/day. This estimate was based on observations 

of one pica child among the 64 children who participated in the study. In the study, a 3.5-year 

old female exhibited extremely high soil ingestion behavior during one of the two weeks of 

observation. Intake ranged from 74 mg/day to 2.2 g/day during the first week of observation 

and 10.1to13.6 g/day during the second week of observation (Table 2-262). These results are 
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Table 2-262. Daily Soil Ingestion Estimation in a Soil-Pica Child by Tracer mulby-Week: 
(mg/day) 

Week 1 Week 2 

Tracer Estimated Soil Ingestion Estimated Soil Ingestion 

Al 74 13,600 

Ba 458 12,088 

Mn 2,221 12,341 

Si 142 10,955 

Ti 1,543 11,870 

v 1,269 10,071 

y 147 13,325 

Zr 86 2,695 

Calabrese et al., 1991 
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based on mass-balance analyses for seven (i.e., aluminum, barium, manganese, silicon, titanium, 

vanadium, and ytrium) of the eight tracer elements used. Intake rates based on zirconium was 

significantly lower but Calabrese et al. (1991) indicated that this may have "resulted from a 

limitation in the analytical protocol." 

In conducting a risk assessment for TCDD, U.S. EPA (1984b) used 5 g/day to represent 

the soil intake rate for pica children. The Centers for Disease Control (CDC) also investigated 

the potential for exposure to TCDD through the soil ingestion route. CDC used a value of 10 

g/day to represent the amount of soil that a child with deliberate soil ingestion behavior might 

ingest (Kimbrough et al., 1984). These values are consistent with those observed by 

Calabrese et al. (1991). 

2.8.7. Recommendations 

The key studies described in this section were used to recommend values for soil intake 

among children. ·The key and relevant studies used different survey designs and study 

populations. These studies are summariud in Table 2-263. For example, in some of the studies 

food and nonfood sources of trace elements were considered, while other did not. In other 

studies, soil ingestion estimates were adjusted to account for the contribution of house dust to 

this estimate. Despite these differences, the mean and upper-percentile estimates reported for 

these studies are relatively consistent. 

It is important, however, to understand the various uncertainties associated with these 

values. First, individuals were not studied for sufficient periods of time to get a good estimate 

of the usual intake. Therefore, the values presented in this section may not necessarily be 

representative of long term exposures. Second, the experimental error in measuring soil 

ingestion values for individual children is another source of uncertainty. For example, 

incomplete sample collection of both input (i.e., food and nonfood sources) and output (i.e., 

urine and feces) is a limitation for some of the studies conducted. In addition, an individual's 

soil ingestion value may be artificially high or low depending on the extent to which a mismatch 

between input and output occurs due to individual variation in the gastrointestinal transit time. 

Third, the degree to which the tracer elements used in these studies are absorbed in the human 

body is uncertain. Accuracy of the soil ingestion estimates depends on how good this 
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Study 

Binder et al., 1986 

Calabrese et al., 1989 

t>.> 

§ Calabrese et al., 1991 

Clausing et al., 1987 

Study Type 

Tracer study using 
aluminum, silicon, and 
titanium 

Tracer - mass balance 
study using aluminum, 
barium, manganese, 
silicon, titanium, 
vanadium, ytrium, and 
zirconium 

Tracer - mass balance 

Tracer study using 
aluminum, acid insoluble 
residue, and titanium 

Table 2-263. Soil Intake Studies 

Number of 
Observations 

59 children 

64 Children 

1 pica child 

18 nursery 
school 
children; 6 
hospitalized 
children 

Age 

1-3 years 

1-4 years 

3.5 years 

2-4 years 

Population 
Studied 

Children living 
near lead smelter 
in Montana 

Children from 
greater Amherst 
area of 
Massachusetts; 
highly-educated 
parents 

1 pica child from 
greater Amherst 
area of 
Massachusetts 

Dutch children 

Comments 

Did not account for tracer 
in food and medicine; 
used assumed fecal 
weight of 15 g/day; short
term study conducted 
over 3 days 

Corrected for tracer in 
food and medicine; study 
conducted over two-week 
period; used adults to 
validate methods; one 
pica child in study group. 

Child was observed as 
part of the Calabrese et 
al., 1989 study. 

Did not account for tracer 
in food and medicines; 
used tracer-based intake 
rates for hospitalized 
children as background 
values; short-term study 
conducted over 5 days 

.~ 
0 

nt-30 

~~~ 
l"'.lo~ 
~ 
~ 



Table 2-263. Soil Intake Studies (continued) 

Number of Population 
Study Study Type Observations Age Studied Comments 

Davis et al., 1990 Tracer - mass balance 104 children 2-7 years Children from 3- Corrected for tracer in 
study using aluminum city area in food and medicine; short-
silicon and titanium Washington State term study conducted 

over seven-day period; 
collected information on 
demographic 
characteristics affecting 
soil intake. 

Day et al., 1977 Measured dirt on sticky Not specified Not specified Not specified Based on observations 
sweets and assumed and crude measurements 
number of sweets eaten 

t-l per day ~ 
00 Duggan and Williams, Measured soil on fingers Not specified Not specified Areas around Based on observations 

1977 and observed mouthing London and crude measurements. 
behavior 

Hawley et al., 1985 Assumed soil intake rates Not specified Young Not specified No data on soil intake 
based on nature and children, older collected; estimates based 
duration of activities children, on assumptions regarding 

adults data from previous 
studies. 

Lepow et al., 1974 Measured soil on hands 22 children 2-6 ye&-s Urban children Based on observations 
and observed mouthing from Connecticut over 3-6 hours of play 
behavior and crude measurement I t1 

techniques. I t ~ 
0 

0 1-3 0 
H._o~ 
~ c: l:tJ 

0 1-3 

~ 
0 
~ 
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Table 2-263. Soil Intake Studies (continued) 

Study 

Thompson and 
Burmaster, 1991 

Study Type 

Re-evaluation of Binder et 
al., 1986 data 

Van Wijnen et al., 1990 Tracer study using 
aluminum, acid insoluble 
residue, and titanium 

Numberof. 
Observations 

S9 children 

292 daycare 
children; 78 
campers; lS 
hospitalized 
children 

Age 

1-3 years 

1-S years 

Population 
Studied 

Children living 
near lead smelter 
in Montana 

Dutch children 

Comments 

Re-calculated soil intake 
rates from Binder et al., 
1986 data using actual 
fecal weights instead of 
assumed weights. 

Did not account for tracer 
in food and medicines; 
used tracer-based intake 
for hospitalized children 
as background values; 
evaluated population· 
(campers) with greater 
access to soil; evaluated 
differences in soil intake 
due to weather 
conditions. 

t1 

,~ 
0 

01-3 0 
H.O ::i:1 
1-3 c: !t> 
t:z:Jo~ 
~ 
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assumption is. Fourth, there is uncertainty with regard to the homogeneity of so samp 

the accuracy of parent's knowledge about their child's playing areas. Fifth, all the soil ingestion 

studies presented in this section with the exception of Calabrese et al. (1989) were conducted 

during the summer when soil contact is more likely. 
-

Although the recommendations presented below are derived from studies which were 

mostly conducted in the summer, exposure during the winter months when the ground is frozen 

or snow covered should not be considered as zero. Exposure during these months, although may 

be lower than the summer months, would not be zero since some portion of the house dust 

comes from outdoor soil. 

Soil Ingestion .Among Children - Estimates of the amount of soil ingested by children are 

summarized below. 

Mean (mg/day) Upper Percentile (mg/day) References 

Al Si AIR" Ti y Al Si Ti y 

181 184 584 518 Binder ct al. 1986 

230 129 Clauaing ct al. 1987 

3• 82 245.5 David ct al. 1990 

64.S" 1601' 268.4" 

153 154 218 85. 223 276 1,432 106 Calabrese ct al. 1989 

154'° 483" 17ot' w 47gb 6S3b 1,059b 159b 

162-213• Van Wijncn ct al. 1990 

Avcraze = 165 mg/day soil 545 mg/day soil 
191 mg/day soil and dust 581 mg/day soil and dust combined 
combined 

• AIR -= Acid Insoluble Residue 
I> Soil and dUBt combined 
0 Ranae reported 

The mean values ranged from 39 mg/day t0-245.5 mg/day with an average of 165 mg/day for 

soil ingestion and 191 mg/day for soil and dust ingestion. Results obtained using titanium as 

a tracer in the Binder and Clausing studies were not considered in the derivation of a 
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recommendation because these studies did not take into consideration other sources o 

element in the diet which for titanium seems to be significant. Therefore, these values may 

overestimate the soil intake. One r.an note that this group of mean values is consistent with the 

200 mg/day value that EPA programs have used as a conservative mean estimate. Taking into 

consideration that the highest values were seen with titanium, which may exhibit greater 

variability than the other tracers, and the fact that the Calabrese study included a pica child, 100 

mg/day appears to represent a central estimate of the mean for children under 6 years of age. 

However, since the children were studied for short periods of time and the prevalence of pica 

behavior is not known, excluding the pica child from the calculations may underestimate soil 

intake rates. It is plausible that many children may exhibit some pica behavior if studied for 

longer periods of time. Over the period of study, upper percentile values ranged from 106 

mg/day to 1,432 mg/day with an average of 545 mg/day for soil ingestion and 587 mg/day for 

soil and dust ingestion. However? since the period of study was short, these values are not 

estimates of usual intake. 

Data on soil ingestion rates for children who deliberately ingest soil are also limited. 

However, an ingestion rate of 10 - 14 g/day may not be an unreasonable assumption for use in 

acute exposure assessments, based on the available information. It should be noted, however, 

that this value is based on only one pica child observed in the Calabrese et al. (1989) study. 

Soil Ingestion .Among Adults - For adults, data on soil ingestion are limited. The available 

data are presented below: 

Mean (mg/day) Upper Percentile Rcfercncea 
(mg/day) 

Al Si Ti y 

110 30 71 63 Calabrcae 

O.S-S'78 480 Hawley 

• Range reported 

The average soil intake rate ranged from 0.5 mg/day to 110 mg/day. This set of values is 

consistent with the 50 mg/day value often used by the program offices to represent a mean soil 
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intake rate for adults. A value of 480 mg/day was estimated by Hawley for 

outdoor activities. However, this value should be used in conjunction with a short-term 

exposure frequency and duration since this value represents soil ingestion per event and not an 

annual average. 
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Total Fruits 

Total 
Vegetables 

Total Meats 

Total Dairy 

Total Fish 

Appendix 2-A. Foods Codca and Definil:iona Uled in Analysil of the 1987188 USDA NFCS Data 

Household Code/Definition 

M.Hll FOOD GROlJ>S 

SO- Fresh Fruits 
citrus 
other vitamin-c rich 
other fruits 

512- Carmercially Canned Fruits 
522- Carmercially Frozen Fruits 
533- Canned Fruit Juice 
534- Frozen Fruit Juice 
535- Aseptically Packed Fruit Juice 
536- Fresh Fruit Juice 
542- Dried Fruits 
(includes baby foods) 

48- Potatoes, sweetpotatoes 
49- Fresh Vegetables 

dark green 
deep yellow 
tomatoes 
light green 
other 

511- Carmercially Canned Vegetables 
521- Carmercially Frozen Vegetables 
531- Canned Vegetable Juice 
532- Frozen Vegetable Juice 
537- Fresh Vegetable Juice 
538- Aseptically Packed Vegetable Juice 
541- Dried Vegetables 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dimers; inclucles baby foods except 
mixtures/dinners) 

44- Meat 

451- Poultry 

beef 
pork 
veal 
lari> 
lll.ltton 
goat 
game 
lunch meat 
mixtures 

(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures) 

40- Milk Equivalent 
fresh fluid milk 
processed milk 
cream and cream substitutes 
frozen.desserts with milk 
cheese 
dairy-based dips 

(does not include soups, sauces, gravies, mixtures, 
and readv-to-eat dinners) 

452- Fish, Shellfish 
various species 
fresh, frozen, carmercial, dried 

(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners) 

2A-1 

6- Fruits 

Imiviclml Code 

citrus fruits and juices 
dried fruits 
other fruits 
fruits/juices & nectar 
fruit/juices baby food 

(includes baby foods) 

7- Vegetables (all forms) 
white potatoes & PR starchy 
dark green vegetables 
deep yellow vegetables 
tomatoes and tom. mixtures 
other vegetables 
veg. and mixtures/baby food 
veg. with meat mixtures 

(includes baby foods; mixtures, mostly vegetables) 

20- Meat, type not specified 
21· Beef 
22- Pork 
23- Lan*>, veal, game, carcass meat 
24- Poultry 
25· Organ meats, sausages, l1.r1chmeats, meat 

spreads 
(excludes meat, poultry, and fish with non-meat items; 
frozen plate meals; soups and gravies with meat, 
poultry and fish base; and gelatin-based drinks; 
includes baby foods) 

1- Milk and Milk Products 
milk and milk drinks 
cream and cream substitutes 
milk desserts, sauces, and gravies 
cheeses 

(includes regular fluid milk, hunan milk, imitation 
milk products, yogurt, milk-based meal replacements, 
and infant forrulas) 

26- Fish, Shell fish 
various species and forms 

(excludes meat, poultry, and fish with non-meat items; 
frozen plate meals; soups and gravies with meat, 
poultry and fish base; and gelatin-based drinks) 
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Food ProdJc:t 

\lhf te 
PotatOCll 

Poppers 

Onions 

Corn 

Appendix 2-A. flooda Codell and Definibonl UICld in Analysia of the 1987/88 USDA NFCS Data (continued) 

Household Code/Definition 

lll>IYIDUAL FCXDS 

4811- Mhite Potatoes, fresh 
4821- Mhite Potatoes, conmercially earned 
41131- White Potatoes, conmercially frozen 
4841- White Potatoes, dehydrated 
4851- Mhite Potatoes, chips, sticks, salad 
(does not include soups, sauces, gravies, mixtures,. 
and ready-to-eat dimers) 

4913- Green/Red Peppers, fresh 
5111201 Sweet Green Peppers, conmercially earned 
5111202 Hot Chfl.i Peppers, conmercially camed 
5211301 sweet Green Peppers, conmercially.frozen 
5211302 Green Chili Peppers, conmercially frozen 
5211303 Red Chflf Peppers, conmercially frozen 
5413112 sweat Graen Peppers, dry 
5413113 Red Chili Peppers, dry 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dimer•>. 

4953- Onions, Garlic, fresh 
onions 
chives 
garlic 
leeks 

5114908 Garlic Pulp, raw 
5114915 Onions, conmercially earned 
5213722 Onions, conmercially frozen 
5213723 Onions with Sauce, conmercially frozen 
5413103 Chives, dried 
5413105 Garlic Flakes, dried 
5413110 Onion Flakes, dried 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dilVlers) 

4956- Corn, fresh 
5114601 Yellow Corn, conmercially earned 
5114602 Mhite Corn, conmercially earned 
5114603 Yellow Creamed Corn, conmercially earned 
5114604 Mhite Creamed Corn, conmercially ca!Vled 
5114605 Com on Cob, conmercially canned 
5114607 Hominy, earned 
5115306 Low Sodiun Corn, conmercially earned 
5115307 Low Sodiun Cr. Corn, conrnercially earned 
5213501 Yellow Corn on Cob, cocrmercially frozen 
5213502 Yellow Corn off Cob, conrnercially frozen 
5213503 Yell. Corn with Sauce, conmercially frozen 
5213504 Corn with other Veg., comnercially frozen 
5213505 Mhite Corn on Cob, conmercially frozen 
5213506 Mhite Corn off Cob, conmercially frozen 
5213507 Mh. Corn with Sauce, conmercially frozen 
5413104 Corn, dried 
5413106 Hominy, dry 
5413603 Corn, instant baby food 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dimers; includes baby food) 
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2A-2 

lnliviclml Code 

71- White Potatoes and PR Starchy Veg. 
baked, boiled, chips, sticks, crellllled, 
scalloped, au gratin, fried, mashed, 
stuffed, puffs, salad, recipes, soups, 
Puerto Rican starchy vegetables 

(does not include vegetables soups; vegetable mixtures; : 
or vegetable with meat mixtures) 

7512100 Pepper, hot chili, raw 
7512200 Pepper, raw 
7512210 Pepper, sweet green, raw 
7512220 Pepper, sweet red, raw 
7522600 Pepper, green, cooked, NS as to fat added 
7522601 Pepper, green, cooked, fat not added 
7522602 Pepper, green, cooked, fat added 
7522604 Pepper, red, cooked, NS as to fat added 
7522605 Pepper, red, cooked, fat not added 
7522606 Pepper, red, cooked, fat added 
7522609 Pepper, hot, cooked, NS as to fat added 
7522610 Pepper, hot, cooked, fat not added 
7522611 Pepper, hot, cooked, fat added 
7551101 Peppers, hot, anuce 
7551102 Peppers, pickled 
(does not include vegetable soups; vegetable mixtures; 
or veaetable with meat mixtures> 

7510950 Chives, raw 
7511150 Garlic, raw 
7511250 Leek, raw 
7511701 Onions, young green, raw 
7511702 Onions, mature 
7521550 Chives, dried 
7521740 Garlic, cooked 
7522100 Onions, mature cooked, NS as to fat added 
7522101 Onions, 11111ture cooked, fat not added 
7522102 Onions, mature cooked, fat added 
7522103 Onions, pearl cooked 
7522104 Onions, young green cooked, NS as to fat 
7522105 Onions, young green cooked, fat not added 
7522106 Onions, young green cooked, fat added 
7522110 Onion, dehydrated 
7541501 Onions, creamed 
7541502 Onion rings 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures> 

7510960 Corn, raw • 
7521600 Corn, cooked, HS as to color/fat edded 
7521601 Corn, cooked, NS as to color/fat not added 
7521602 Corn, cooked, NS as to color/fat added 
7521605 Corn, cooked, NS as to color/cream style 
7521607 Corn, cooked, dried 
7521610 Corn, cooked, yellow/NS as to fat added 
7521611 Corn, cooked, yellow/fat not added 
7521612 corn, cooked, yellow/fat added 
7521615 Corn, yellow, cream style 
7521616 Corn, cooked, yell. & wh./NS as to fat 
7521617 Corn, cooked, yell. & wh./fat not added 
7521618 Corn, cooked, yell. & wh./fat added 
7521619 Corn, yellow, cream style, fat added 
7521620 Corn, cooked,·white/NS as to fat added 
7521621 Com, cooked, white/fat not added 
7521622 Corn, cooked, white/fat added 
7521625 Corn, white, cre8111 style 
7521630 Corn, yellow, earned, low sodiun, NS fat 
7521631 Corn, yell., calVled, low sod., fat not add 
7521632 Corn, yell., canned, low sod., fat added 
7521749 Hominy, cooked 
752175- Hominy, cooked 
7541101 Com scalloped or pudding 
7541102 Corn fritter 
7541103 Corn with cream sauce 
7550101 Corn relish 
76405- Corn, baby 
(does not· include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures; includes baby food) 



Appendix 2-A. Poodl .Codes and Definilionl Uwl in Analysil oftbe 1987181 USDA NPCS Data (eolllinned) 

Food Procllct 

Apples 

Tomatoes 

Snap Beans 

Hciusehold COdl!/l)effnf tfon 

5031- Apples, fresh 
5122101 Applesauce with sugar, conmercially canned 
5122102 Applesauce without su;ar, conm. canned 
5122103 Apple Pie Filling, conmercially earned 
5122104 Apples, Applesauce, baby/Jr., conm. canned 
5122106 Apple Pie Filling, Low Cal., conm. canned 
5223101 Apple Slices, conmercially frozen 
5332101 Apple Juice, cal'V'led 
5332102 Apple Juice, baby, Conm. canned 
5342201 Apple Juice, conm. frozen 
5342202 Apple Juice, home frozen 
5352101 Apple Juice, aseptically packed 
5362101 Apple Jlrlce, fresh 
5423101 Apples, dried 
<includes baby food; except mixtures) 

4931- Tomatoes, fresh 
5113- Tomatoes, conmercfall)• canned 
5115201 Tomatoes, low sodiun, conmercfally canned 
5115202 Tomato Sauce, low sodi1.111, conm. canned 
5115203 Tomato Paste, low sodiun, conm. canned 
5115204 Tomato Puree, low sodiun, conm. canned 
5311- Canned Tomato Juice and Tomato Mixtures 
5321- Frozen Tomato Juice 
5371- Fresh Tomato Juice 
5381102 Tomato Juice, aseptically packed 
5413115 Tomatoes; dry 
5614· Tomato Soup 
5624- Condensed Tomato Soup 
5654- Dry Tomato Soup 
(does not include mixtures, and readv-to-eat dil'V'lers) 

4943- Snap or Wax Beans, fresh 
5114401 Green or Snap Beans, conmercially cal'V'led 
5114402 Wax or Yellow Beans, conmercially cal'V'led 
5114403 Beans, baby/jr., conmercially cal'V'led 
5115302 Green Beans, low sodium, conm. canned 
5115303 Yell. or Vax Beans, low sod., conm. canned 
5213301 Snap.or Green Beans, conm. frozen 
5213302 Snap or Green w/sauce, conm. frozen 
5213303 Snap or Green Beans w/other veg., conm. fr. 
5213304 Sp. or Gr. Beans w/other veg./sc., conm. fr. 
5213305 Wax or Yell. Beans, cann. frozen 
(does not include soups, mixtures, and ready-to-eat 
dinners; includes baby foods) 

I .,~ l>RAFT 
~O NOT QUOTE OR 

. .._CITE 
. . '/.·: "!': : .. ~-·· 

2A-3 

lndf vf cbll COdl! 

6210110 Apples, dried, ....:ooked 
6210115 Apples, dried,· ....:ooked, low sodium 
6210120 Apples, dried, cooked, NS as to sweetener 
6210122 Apples, dried, cooked, i.nsweetened 
6210123 Apples, dried, cooked, with sugar 
6310100 Apples, raw 
6310111 Applesauce, NS as to sweetener 
6310112 Applesauce, t.nSweetened 
6310113 Applesauce with sugar 
6310114 Applesauce with low calorie sweetener 
6310121 Apples, cooked or canned with syrup 
6310131 Apple, baked NS as to sweetener 
6310132 Apple, baked, ..nsweetened 
6310133 Apple, baked with sugar 
6310141 Apple rings, fried 
6310142 Apple, pickled 
6310150 Apple, fried 
6340101 Apple, salad 
6340106 Apple, candied 
6410101 Apple cider 
6410401 Apple Jufce 
6410405 Apple Juice wfth vitamin c 
6710200 Applesauce baby fd., NS as to str. or Jr. 
6710201 Applesauce baby food, strained 
6710202 Applesauce baby food, Junior 
6720200 Apple juice, baby food 
Cfncludes baby food: excect mixtures> 

74- Tomatoes and Tomato Mixtures 
raw, cooked, juices, sauces, mixtures, 
soups, sandwiches 

7510180 Beans, string, green, raw 
7520498 Beans, string, cooked, NS color/fat added 
7520499 Beans, string, cooked, NS color/no fat 
7520500 Beans, string, cooked, NS color & ·fat 
7520501 Beans, string, cooked, green/NS fat 
7520502 Beans, string, cooked, green/no fat 
7520503 Beans, string, cooked, green/fat 
7520511 Beans, str., canned, low sod.,green/NS fat 
7520512 Beans, str., canned, low sod.,green/no fat 
7520513 Beans, str., canned, low sod.,green/fat 
7520600 Beans, string, cooked, yellow/NS fat 
7520601 Beans, string, cooked, yellow/no fat 
7520602 Beans, string, cooked, yellow/fat 
7540301 Beans, string, green, creamed 
7540302 Beans, string, green, w/nushroom sauce 
7540401 Beans, string, yellow, creamed 
7550011 Beans, string, green, pickled 
7640100 Beans, green, string, baby 
7640101 Beans, green,· string, baby, str. 
7640102 Beans, green, string, baby, junior 
7640103 Beans, green, string, baby, creamed 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures; includes baby foods) 



Appendix ~A. Foodl Codc9 and Definilioaa U-S in Analysis of Ibo 1917118 USDA NFCS Daaa (colllinucd) 

Food Procb:t 

Bed 

Pork 

Poultry 

Eggs 

Droccol i 

Carrots 

lfou&ehold Code/Definitiarr 

441- Beef 
(does not include s0ups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
Alixtures) 

442· Pork 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures) 

445· Variety Heat, Game 
(does not Include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures) 

451- Poultry 
(does not include soups, sauces, gravies, 11ixtures, 
and ready-to-eat dinners; Includes baby foods except 
111lxtures) 

46- Eggs (fresh equivalent) 
fresh 
processed eggs, substitutes 

(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
•fxtures) 

4912- Fresh Broccoli (and home canned/froz.) 
5111203 Broccoli, conm. canned 
52112- COllll. Frozen Broccoli 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dimers; Includes baby foods except 
•fxtures> 

4921- Fresh carrots (and heme ca1V1ed/froz. > 
51121- Cam1. canned Carrots 
5115101 Carrots, Low Sodiun, Conm. Canned 
52121· Conn. Frozen Carrots 
5312103 COCllll. Canned Carrot Juice 
5372102 Carrot Juice Fresh 
5413502 carrots, Dried Baby Food 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dimers; includes baby foods except 
mixtures) 

I 00 NO~~~TE OR 
4irf CITE 

-----~~~~~~~.......: 

2A-4 

21- Beef 

lndfvfcbll Code 

beef, nfs 
beef steak 
beef oxtails, neckbones, ribs 
roasts, stew meat, corned, brisket, 
sandwich steaks 
ground beef, patties, meatballs 
other beef items 
beef boby food 

(excludes meat, paultry, and fish with non-meat items; 
frozen plate meals; soups and gravies with meat, 
paultry and fish base; and gelatin-based drinks; 
includes baby food> 

22- Pork 
pork, nfs; ground dehydrated 
chops 
steaks, cutlets 
ham 
roasts 
canadion bacon 
bacon, salt pork 
other pork items 
pork boby food 

(excludes meat, paultry, and fish with non-meat items; 
frozen plate meals; soups and gravies with meat, 
paultry and fish base; and gelatin-based drinks; 
includes baby food) 

233- Game 
(excludes meat, paultry, and fish with non-meat items; 
frozen plate meals; soups and gravies with meat, 
DOUltrv and fish base; and gelatin-based drinks> 

24- Poultry 
chicken 
turkey 
duck 
other paultry 
paultry baby food 

(excludes meat, poultry, and fish with non-meat items; 
frozen plate meals; soups and gravies with meat, 
paultry and fish base; and gelatin-based drinks; 
includes baby food) 

3- Eggs 
eggs 
egg mixtures 
egg substitutes 
eggs baby food 
froz. meals with egg as main ingred. 

<includes baby foods> 

722- Broccoli (all forms) 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures> 

7310- Carrots (all forms) 
7311140 Carrots in Sauc~ 
7311200 Carrot Chips 
76201- Carrots, baby 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures; includes baby foods 
except mixtures) 



Appendix 2-A. Pooc11 Codea ud Definirioa1 UICld in Aaalysil of the 1987188 USDA NFCS Data (continued) 

Food Product 

P~kin 

Asparagus 

Lima Beans 

Cabbage 

Lettuce 

Okra 

Peas 

J DRAFT 

Household Code/Definf tfan 

4922- Fresh P~in, Winter Squash Cand home 
canned/froz.) 

51122- P""'*in/Squash, Baby or Juiior, Comm. Canned 
52122· Winter Squash, CClllll. Frozen 
5413504 Squash, Dried Baby Food 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners: includes baby foods except 
mixtures> 

4941- Fresh Asparagus (and home canned/froz.) 
5114101 Comm. Canne_d Asparagus 
5115301 Asparagus, Low Sodium, Ccnm. Canned . 
52131- Comn. Frozen Asparagus 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures) 

4942- Fresh Lima and Fava Beans (and home 
canned/froz.) 

5114204 Comn. Canned Mature Lim.1 Beans 
5114301 comn. Canned Green Lima Beans 
5115304 Comn. Canned Low Sodium Lima Beans 
52132- Conm. Frozen Lima Beans 
54111- Dried Lima Beans 
5411306 Dried Fava Beans 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures; does not include succotash) 

4944- Fresh Cabbage (and home canned/froz.) 
4958601 Sauerkraut, home canned or pkgd 
5114801 Sauerkraut, conm. canned 
5114904 Conm. Canned Cabbage 
5114905 Conm. Canned Cabbage (no sauce; incl. baby) 
5115501 Sauerkraut, low sodium., comm. canned 
5312102 Sauerkraut Juice, comm. canned 
(does not include soups,_sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures) 

4945- Fresh Lettuce, French Endive (and home 
canned/froz.) 

Cdoes not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures) 

4946· Fresh Okra (and home calV1ed/froz.) 
5114914 Comn. Canned Okra . 
5213720 Comn. Frozen Okra 
5213721 Conm. Frozen Okra with Oth. Veg. & Sauce 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures> 

4947· Fresh Peas (and home camecl/froz.) 
51147- Conm canned Peas (incl. baby) 
5115310 Low Sodium Green or English Peas (canned) 
5115314 Low Sod. Blackeye, Gr. or !nm. Peas (canned) 
5114205 &lackeyed Peas, conm. canned 
52134- conm. Frozen Peas 
5412- Dried Peas and Lentils 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures) 

I D.O NOT Q.UOTE 
, ~CITE 2A-5 

lndivimal Code 

732- P""*in Call forms) 
733· Winter squash (all forms) 
76205· Squash, baby 
(does not include vegetable soups; vegetables mixtures; 
or vegetable with meat mixtures; includes baby foods) 

7510080 Asparagus, raw 
75202· Asparagus, cooked 
7540101 Asparagus, creamed or with cheese 
(does not include vegetable soups; vegetables mixtures, 
or vegetable with meat mixtures) 

7510200 Lima Beans, raw 
752040· Lima Beans, cooked 
752041· Li1118 Beans, canned 
75402· Lima Beans with sauce 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures; does not include 
succotash) 

7510300 cabbage, raw 
7510400 Cabbage, Chinese, raw 
7510500 Cabbage, red, raw 
7514100 Cabbage salad or coleslaw 
7514130 Cabbage, Chinese, salad 
75210- Chinese Cabbage, cooked 
75211- Green cabbage, cooked 
75212- Red Cabbage, cooked 
752130· savoy Cabbage, cooked 
75230· Sauerkraut, cooked 
7540701 Cabbage, creamed 
755025· Cabbage, pickled or in relish 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures> 

75113· Lettuce, raw 
75143· Lettuce salad with other veg. 
7514410 Lettuce, wilted, with bacon dressing 
7522005 Lettuce, cooked 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures> 

7522000 Okra, cooked, NS as to fat 
7522001 Okra, cooked, fat not added 
7522002 Okra, cooked, fat added 
7522010 Lufta, cooked (Chinese Okra) 
7541450 Okra, fried 
7550700 Okra, pickled 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures) 

7512000 Peas, green, raw 
7512775 Snowpeas, raw · 
75223· Peas, cowpeas, field or blackeye, cooked 
75224- Peas, green, cooked 
75225· Peas, pigeon, cooked 
75231- Snowpeas, cooked 
7541650 Pea salad 
7541660 Pea salad with cheese 
75417- Peas, with sauce or creamed 
76409- Peas, baby 
76411- Peas, creamed, baby 

- (does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures; includes baby foods 
except mixtures) 



Appendix 2-A. Poodl Codell and DefinidoDI UMCI in .Ana1ysia of tho 1987188 USDA NPCS Data (continued) 

Food Procb:t Houaehold Code/Deffnftfon 

Cuc:tJ:bcrs 4952- Fresh Cuc~rs (and home carned/froz.) 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures) 

Deets 4954- Fresh Beets (and home carned/froz.) 
51145- Ccnm. Canned Beets (incl. baby) 
5115305 Low Sodiun Beets (canned) 
5213714 comn. Frozen Beets 
5312104 Beet Juice 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
Rlixtures) 

Strawberries 5022- Fresh Strawberries 
5122801 Comn. Canned Strawberries with sugar 
5122802 Comn. Canned Strawberries without sugar 
5122803 Canned Strawberry Pie Filling 
5222- COlllll. Frozen Strawberries 
(does not include ready-to-eat dinners; includes baby 
foods except mixtures> 

Other Berries 5033- Fresh Berries Other than Strawberries 
5122804 Comn. earned Blackberries with sugar 
5122805 Comn. Canned Blackberries without sugar 
5122806 Conm. earned Blueberries with sugar 
5122807 Comn. earned Blueberries without sugar 
5122808 earned Blueberry Pie Filling 
5122809 Cona. earned Gooseberries with sugar 
5122810 Coan. earned Gooseberries without sugar 
5122811 Conm. Canned Raspberries with sugar 
5122812 Conm. earned Raspberries without sugar 
5122813 COlllll. Canned Cranberry Sauce 
5122815 Comn. Canned Cranberry-Orange Relish 
52233- Comn. Frozen Berries (not strawberries) 
5332404 Blackberry Juice (home and COCll!'I. earned) 
5423114 Dried Berries (not strawberries) 
(does not Include ready-to-eat dinners; Includes baby 
foods except mixtures) 

Peaches 5036- Fresh· Peaches 

Pears 

51224· Conm. Carned Peaches (incl. baby) 
5223601 Comn. Frozen Peaches 
5332405 Home earned Peach Juice 
5423105 Dried Peaches (baby) 
5423106 Dried Peaches 
(does not Include ready-to-eat dinners; includes baby 
foods except Mixtures) 

5037- Frtsh Pears 
51225- Comn. canned Pears (Incl. baby) 
5332403 Conn. Carned Pear Juice, baby 
5362204 Fresh Pear Juice 
5423107 Dried Pears 
(does not Include ready-to-eat dimers; includes baby 
foods except mixtures) 

.,. DRAFT 
IJQ NOT QUOTE OR 
.... CITE 2A..{) 

Jndiviclal Code 

7511100 Cucunbers, raw 
75142- CucLl!tier salads 
752167- Cucunbers, cooked 
7550301 Cucumer pickles, dill 
7550302 Cucllllber pickles, relish 
7550303 Cucl.IN>er pickles, sour 
7550304 Cucunber pickles, sweet 
7550305 Cucunber pickles, fresh 
7550307 Cucl.IN>er, Kim Chee 
7550311 Cucumer pickles, dill, reduced salt 
7550314 Cucunber pickles, sweet, reduced salt 
(does not include vegetable soups; vegetable mixtures; 
or veaetable with meat mixtures) 

7510250 Beets, raw 
752080- Beets, cooked 
752081- Beets, earned 
7540501 Beets, harvard 
7550021 Beets, pickled 
76403- Beets, baby 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures; includes baby foods 
excl!Dt mixtures) 

6322- Strawberries 
6413250 Strawberry Juice 
(Includes baby food; except mixtures) 

6320- Other Berries 
6321- Other Berries 
6341101 Cranberry salad 
6410460 Blackberry Juice 
64105- Cranberry Juice 
(Includes baby food; except mixtures) 

62116- Dried Peaches 
63135- Peaches 
6412203 Peach Juice 
6420501 Peach Nectar 
67108- Peaches,baby 
6711450 Peaches, dry, baby 
<Includes baby food; except mixtures> 

62119- Dried Pears 
63137- Pears 
6341201 Pear salad 
6421501 Pear Nectt 
67109- Pears, baby 
6711455 Pears, dry, baby 
(includes baby food; except mixtures) 



Appendix 2-A. Pooda Coda and Ddi i«' ,.. UleCI in Analylil of Ibo 1987181 USDA NPCS Da1a (continued) 

Food Procb:t lkluMhold COde/Deffnf tf an lnlfvicbll .Code 

EXPOSED/Pt!OTECTED FRUITS/VEGETABLES. ROOT VEGETABLES 

Exposed 
Fruits 

5022- Strawberries, fresh 
5023101 Acerola, fresh 
5023401 currants, fresh 
5031- Apples/Applesauce, fresh 
5033- Berries other than Strawberries, fresh 
5034- Cherries, fresh 
5036· Peaches, fresh 
5037- Pears, fresh 
50381· Apricots, Nectarines, Loquats, fresh 
5038305 Dates, fresh · 
50384· Grapes, fresh 
50386· Pluns, fresh 
50387- Rhubarb, fresh 
5038805 Persinmons, fresh 
5038901 Sapote, fresh 
51221- Apples/Applesauce, conned 
51222- Apricots, canned 
51223- Cherries, canned 
51224- Peaches, canned 
51225- Pears, canned 
51228- Berries, canned 
5122903 Grapes with sugar, canned 
5122904 Grapes without sugar, canned 
5122905 Pluns with sugar, canned 
5122906 Pluns without sugar, canned 
5122907 Pll.lllS, canned, baby 
5122911 Prunes, canned, baby 
5122912 Prunes, with sugar, ca~ 
5122913 Prunes, without sugar, canned 
5122914 Raisin Pie Filling 
5222- Frozen Strawberries 
52231- Apples Slices, frozen 
52233- Berries, frozen 
52234- Cherries, frozen 
52236- Peaches, frozen 
52239- Rhubarb, frozen 
53321- Canned Apple Juice 
53322- Canned Grape Juice 
5332402 earned Prune Juice 
5332403 earned Pear Juice 
5332404 Canned Blackberry Juice 
5332405 earned Peach Juice 
53421- Frozen Grape Juice 
5342201 Frozen Apple Juice, c011111. fr. 
5342202 Frozen Apple Juice, home fr. 
5352101 Apple Juice, asep. packed 
5352201 Grape Juice, asep. packed 
5362101 Apple·Juice, fresh 
5362202 Apricot Juice, fresh 
5362203 Grape Juice, fresh 
5362204 Pear Juice, fresh 
5362205 Prune Juice, fresh 
5421- Dried Prunes 
5422- Raisins, currants, dried 
5423101 Dry Apples 
5423102 Dry Apricots 
5423103 Dates without pits 
5423104 Dates with pits 
5423105 Peaches, dry, baby 
5423106 Peaches, dry 
5423107 Pears, dry 
5423114 Berries, dry 
5423115 Cherries, dry 
C includes baby foods) 

I DRAFT 
eo NOT QUOTE OR 
... CITE 

-
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62101- Apple, dried 
62104· Apricot, dried 
62108· currants, dried 
62110· Date, dried 
62116· Peaches, dried 
62119· Pears, dried 
62121· PlUI, drf ed 
62122· Prune, drfed 
62125· Raisins 
63101· Apples/applesauce 
63102· wt-apple 
63103· Apricots 
63111· Cherries, maraschino 
63112- Acerola 
63113· Cherries, sour 
63115· Cherries, sweet 
63117- currants, raw 
63123- Grapes 
6312601 Juneberry 
63131· Nectarine 
63135· Peach 
63137- Pear 
63139- Persinmons 
63143· Phn 
63146- Quince 
63147- Rhubarb/Sapodillo 
632- Berri es 
64101· Apple Cider 
64104· Apple Juice 
64105- Cranberry Juice 
64116· Grape Juice 
64122· Peach Juice 
64132· Prune/Strawberry Juice 
6420101 Apricot Nectar 
64205· Peach Nectar 
64215· Pear Nectar 
67102- Applesauce, baby 
67108- Peaches, baby 
67109- Pears, baby 
6711450 Peaches, baby, dry 
6711455 Pears, baby, dry 
67202· Apple Juice, baby 
6720380 White Grape Juice, baby 
67212- Pear Juice, baby 
(includes baby foods/juices except mixtures; excludes 
fruit mixtures) 



Appmdix 2-A. Foods Codc8 and DdiniDom Uwl in Analysil of the 1917/88 USDA NPCS Data (conlinucd) 

Food Procb:t 

Protected 
Fruf ts 

lkltaehold Code/Deffnftfc:n 

501· Citrus Fruits, fresh 
5021· Cantaloupe, fres,11 
5023201 Mangoes, fresh 
5023301 Guava, fresh 
5023601 Kiwi, frosh 
5023701 Papayas, fresh 
5023801 Passion Fruit, fresh 
5032· Bananas, Plantains, fresh 
5035· Melons other than cantaloupe, fresh 
50382· Avocados, fresh 
5038301 Ffgs, fresh 
5038302 Figs, cooked 
5038303 Figs, ha'ne canned 
5038304 Figs, heme frozen 
50385· Pineapple, fresh 
5038801 Pcniegrenates, fresh 
5038902 Cheri1110ya, fresh 
5038903 Jackfruit, fresh 
5038904 Breadfruit, fresh 
5038905 Tamarind, fresh 
5038906 Carambola, fresh 
5038907 Longan, fresh 
5121· Cftrus, canned 
51226· Pineapple, canned 
5122901 Figs with sugar, canned 
5122902 Figs without sugar, canned 
5122909 Bananas, camed, baby 
5122910 Bananas and Pineapple, canned, baby 
5122915 litchis, canned 
5122916 Mangos with sugar, canned 
5122917 Mangos without sugar, canned 
5122918 Mangos, canned, baby 
5122920 Guava with sugar, canned 
5122921 Guava without sugar, canned 
5122923 Papaya with sugar, canned 
5122924 Papaya without sugar, canned 
52232· Bananas, frozen 
52235· Melon, frozen 
52237· Pineapple, frozen 
5331· Canned Citrus Juices 
53323· Canned Pineapple Juice 
5332408 Canned Papaya Juice 
5332410 Canned Mango Juice 
5332501 canned Papaya Concentrate 
5341· Froz9fl Citrus Jufce 
5342203 Frozen Pineapple Juice 
5351· Citrus and Citrus Blend Juices, asep. packed 
5352302 Pineapple Juice, asap. packed 
5361· Frosh Citrus and. Citrus Blend Juices 
5362206 Papaya Jufce, fresh 
5362207 Pineapple•Coconut Juice, fresh 
5362208 Mango Juice, fresh 
5362209 Pineapple Juice, fresh 
5423108 Pineapple, dry 
5423109 Papay1, dry 
5423110 Bananas, dry 
5423111 Mangos, dry 
5423117 Litchis, dry 
5423118 T1111rind, dry 
5423119 Pl1nt1in, dry 
(includes blby foods) • 

no JlO'.r QUOTE OR DRAFT I 
~CITE 

lndivfclal COde 

61· Citrus Fr., Juices (incl. cit. juice mixtures) 
62107· BlrllNls, dried 
62113· Figs, dried 
62114· Lychees/Papayas, dried 
62120· Pineapple, dried 
62126· T-rfnd, dried 
63105· Avocado, raw 
63107· Bananas 
63109· cantaloupe, Carairbola 
63110- CHSllba Melon 
63119· Figs 
63121· Genip 
63125· Guava/Jackfruit, raw 
6312650 Kiwi 
6312651 Lychee, raw 
6312660 Lychee, cooked 
63127· Honeydew 
63129· Mango 
63133· Papaya 
63134· Passion Fruit 
63141· Pineapple 
63145· Pcniegranate 
63148· Sweetsop, Soursop, Tamarind 
63149· Watermelon 
64120· Papaya Juice 
64121· Passion Fruit Juice 
64124· Pineapple Juice 
64133· Watermelon Juice 
6420150 Banana Nectar 
64202· Cantaloupe Nectar 
64203· Guava Nectar 
64204· Mango Nectar 
64210· Papaya Nectar 
64213· Passion Fruit Nectar 
64221· Soursop Nectar 
6710503 Bananas, baby 
6711500 Bananas, baby, dry 
6720500 Orange Juice, baby 
6721300 Pineapple Juice, baby 
(includes baby foods/Juices except mixtures; excludes 
fruit mixtures> 

2A-8 



Appendix 2-A. Foods Coda and Definiliom UllCICI in ADalysil of Ibo 1917188 USDA NPCS Data (continued) 

Food Procb:t 

Exposed Veg. 

lklulehold CodeJDeff nitian 

491- Fresh Dark Green Vegetables 
493- Fresh Tomatoes 
4941- Fresh Asparagus 
4943- Fresh Beans, Snap or Wax 
4944- Fresh Cabbage 
4945- Fresh Lettuce 
4946- Fresh Okra 
49481- Fresh Artichokes 
49483- Fresh Brussel Sprouts 
4951- Fresh Celery 
4952- Fresh Cucuii>ers 
4955- Fresh cauliflower 
4958103 Fresh Kohlrabi 
4958111 Fresh Jerusalem Artichokes 
4958112 Fresh Mushrooms 
4958113 Mushrooms, home earned 
4958114 Mushrooms, home frozen 
4958118 Fresh Eggplant · 
4958119 Eggplant, cooked. 
4958120 Eggplant, home frozen 
4958200 Fresh Surmer Squash 
4958201 Surmer Squash, cooked 
4958202 Surmer Squash, home earned 
4958203 Surmer Squash, home frozen 
4958402 Fresh Bean Sprouts 
4958403 Fresh Alfalfa Sprouts 
4958504 Bantioo Shoots 
4958506 Seaweed 
4958508 Tree Fern, fresh 
4958601 Sauerkraut 
5111- Dark Green Vegetables (all are exposed) 
5113- Tomatoes· 
5114101 Asparagus, comn. earned 
51144- Beans, green, snap, yellow, comn. canned 
5114704 Snow Peas, comn. canned 
5114801 Sauerkraut, comn. canned 
5114901 Artichokes, comn. earned 
5114902 Banboo Shoots, comn. earned 
5114903 Bean Sprouts, comn. canned 
5114904 Cabbage, comn. earned 
5114905 Cabbage, comn. camed, no sauce 
5114906 Cauliflower, comn. canned, no sauce 
5114907 Eggplant, comn. earned, no sauce 
5114913 Mushrooms, comn. earned 
5114914 Okra, comn. earned 
5114918 Seaweeds, comn. camed 
5114920 Surmer Squash, comn. canned 

DRAFT 
DO NOT QUOTE 
4a· CITE 2A-9 

lndivicbll Code 

721- Dark Green Leafy Veg. 
722- Dark Green Nonleafy Veg. 
74- Tomatoes ard Tomato Mixtures 
7510050 Alfalfa Sprouts 
7510075 Artichoke, Jerusalem, raw 
7510080 Asparagus, raw 
75101- Beans, sprouts ard green, raw 
7510275 Brussel Sprouts, raw 
7510280 Buckwheat Sprouts, raw 
7510300 cabbage, raw 
7510400 cabbage, Chinese, raw 
7510500 cabbage, Red, raw 
7510700 cauliflower, raw 
7510900 Celery, raw 
7510950 Chives, raw 
7511100 CucU!i>er, raw 
7511120 Eggplant, raw 
7511200 Kohlrab;, raw 
75113- Lettuce, raw 
7511500 Mushrooms, raw 
7511900 Parsley 
7512100 Pepper, hot chil; 
75122- Peppers, raw 
7512750 Seaweed, raw 
7512775 Snowpeas, raw 
75128- Surmer Squash, raw 
7513210 Celery Juice 
7514100 Cabbage or cole slaw 
7514130 Chinese cabbage Salad 
7514150 Celery w;th cheese 
75142- CucU!i>er salads 
75143- Lettuce salads 
7514410 Lettuce, wilted with bacon dressing 
7514600 Greek salad 
7514700 Spinach salad 
7520600 Algae, dried 
75201- Artichoke, cooked 
75202- Asparagus, cooked 
75203- Bad>oo shoots, cooked 
752049- Beans, string, cooked 
75205- Beans, green, cooked/earned 
75206- Beans, yellow, cooked/camed 
75207- Bean Sprouts, cooked 
752085- Breadfruit 
752090- Brussel Sprouts, cooked 
75210- Cabbage, Chinese, cooked 
75211- Cabbage, green, cooked 



Appmdix 2-A. Fooda Codes and De6nDoc• Uteel in Analysis of the 1987188 USDA NFCS Dala (continued) 

Food Procb:t 

Exposed Veg. 
(cont.) 

llousehold Code/Deffnftian 

5114923 Chinese or Celery Cabbage, conm. canned 
51152- Tomatoes, ca!Yled, low sod. 
5115301 Asparagus, ca!Yled, low sod. 
5115302 Beans, Green, ca!Yled, low sod. 
5115303 Beans, Yellow, canned, low sod. 
5115309 Mushrooms, canned, low sod. 
51154- Greens, canned, low sod. 
5115501 Sauerkraut, low sodi1.111 
5211- Dark Gr. Veg., conn. frozen Call exp.) 
52131- Asparagus, conm. froz. 
52133- Beans, snap, green, yellow, conm. froz. 
5213407 Peapods, conm froz. 
5213408 Peapods, with sauce, conm froz. 
5213409 P.e•pods, with other veg., conm froz. 
5213701 Brussel Sprouts, conm. froz. 
5213702 Bru11el Sprouts, ccnn. froz. with cheese 
5213703 Brusael Sprouts, c~. froz. with other veg. 
5213705 Cauliflower, corrm. froz. 
5213706 Cauliflower, corrm.·froz. with sauce 
5213707 Cauliflower, corrm. froz. with other veg. 
5213708 Caul., conm. froz. wfth other veg. & sauce 
5213709 Suimer Squash, ccnn. froz. 
5213710 Suimer Squash, conm. froz. with other veg. 
5213716 Eggplant, conm. froz. 
5213718 Muahrooms with sauce, conm. froz. 
5213719 Muahroom1, conm. froz. 
5213720 Okra, ccnn. froz. 
5213721 Okra, conm. froz., with sauce 
5311- Carvwtd Tomato Juice and Tomato Mixtures 
5312102 canned Sauerkraut Juice 
5321- Frozen Tomato Juice 
5371- Fresh Tomato Juice 
5381102 Aseptically Packed Tomato Juice 
5413101 Dry Algae 
5413102 Dry Celery 
5413103 Dry Chives 
5413109 Dry Mushrooms 
5413111 Dry Parsley 
5413112 Dry Green Peppers 
5413113 Dry Red Peppers 
5413114 Dry Seaweed 
5413115 Dry Tomatoes 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; Includes baby foods except 
mixtures) 
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DO NOT QUOTE OR 
-._oITE 

lndivicbll Code 

75212- Cabbage, red, cooked 
752130- Cabbage, savoy, cooked 
75214- Cauliflower 
75215- Celery, Chives, Christophine Cchayote) 
752167- CucUllber, cooked 
752170- Eg;plant, cooked 
752171- Fern shoots 
752172- Fern shoots 
752173- Flowers of sesbania, squash or lily 
7521801 Kohlrabi, cooked 
75219- Mushrooms, cooked 
75220- Okra/lettuce, cooked 
7522116 Palm Hearts, cooked 
7522121 Parsley, cook~ 
75226- Peppers, pimento, cooked 
75230- Sauerkraut, cooked/canned 
75231· Snowpeas, cooked 
75232· Seaweed 
75233· Surmer Squash 
7540050 Artichokes, stuffed 
7540101 Aspar1gus, cr5umed or with cheese 
75403· Beens, green with sauce 
75404· Beans, yellow wfth s1uce 
7540601 Brus1al Sprouts, creamed 
7540701 Clbblge, creamed 

· 75409· c1ul If lower, creamed 
75410· Calery/Chf las, creamed 
75412· Eggpl1nt, fried, with s1uce, etc. 
75413· Kohlrabi, creamed 
75414· Mushrooms, Okra, fried, stuffed, creamed 
754180· Squash, baked, fried, creamed, etc. 
7541822 Chrfstophine, creamed 
7550011 Beans, pickled 
7550051 Celery, pickled 
7550201 cauliflower, pickled 
755025· C1bba11e, pickled 
7550301 cucuN>er pickles, dill 
7550302 Cuct.nber pickles, relish 
7550303 CucUllber pickles, sour 
7550304 CucUllber pickles, sweet 
7550305 CucUllber pickles, fresh 
7550307 CucUllber, Kim Chee 
7550308 E;gplant, pickled 
7550311 Cucunber pickles, dill, reduced salt 
7550314 Cucunber pickles, sweet, reduced salt 
7550500 Mushrooms, pickled 
7550700 Okra, pickled 
75510· Olives 
7551101 Peppers, hot 
7551102 Peppers,pickled 
7551301 Seaweed, pickled 
7553500 Zucchini, pickled 
76102· Dark Green Veg., baby 
76401· Beans, baby (excl. most soups & mixtures) 
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Appendix 2-A. Foods Codes and Definisiom Used in Analylia of the 1987188 USDA NPCS Data (continued) 

Food Procb:t 

Protected 
Veg. 

llausehold Code/Definition 

4922· Fresh PUl'f>kin, ~inter Squash 
4942- Fresh Lima Beans 
4947- Fresh Peas 
49482- Fresh Soy Beans 
4956- Fresh Corn 
4958303 Succotash, home canned 
4958304 succotash, home frozen 
4958401 Fresh Cactus (prickly pear) 
4958503 Burdock 
4958505 Bitter Melon 
4958507 Horseradish Tree Pods 
51122· conm. canned PUl'f>kin and Squash (baby) 
51142- Beans, conm. canned 
51143- Beans, lima and soy, conn. canned 
51146· Corn, conm. canned 
5114701 Peas, green, conm. canned 
5114702 Peas, baby, comn. canned 
5114703 Peas, blackeye, conm. canned 
5114705 Pigeon Peas, comn~ earned 
5114919 Succotash, comn. canned 
5115304 Lima Beans, canned, low sod. 
5115306 Corn, canned, low sod. 
5115307 Creamed Corn, canned, low sod •. 
511531· Peas and Beans, canned, low sod. 
52122- Winter Squash, comn. froz. 
52132- Lima Beans, comn. froz. 
5213401 Peas, gr., comn. froz. 
5213402 Peas, gr., with sauce, conm. froz. 
5213403 Peas, gr., with other veg., conm. froz. 
5213404 Peas, gr., with other veg., comn. froz. 
5213405 Peas, blackeye, comn f roz. 
5213406 Peas, blackeye, with sauce, conm froz. 
52135- corn, conm. froz. 
5213712 Artichoke Hearts, comn. froz. 
5213713 Baked Beans, comn. froz. 
5213717 Kidney Beans, comn. froz. 
5213724 Succotash, conm. froz. 
5411- Dried Beans 
5412· Dried Peas and Lentils 
5413104 Dry Corn 
5413106 Dry Hominy 
5413504 Dry Squash, baby 
5413603 Dry Creamed Corn, baby 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures) 
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Individlml Code 

732· P ... in 
733- Winter Squash 
7510200 Lima Beans, raw 
7510550 Cactus, raw 
7510960 Com, raw 
7512000 Peas, raw 
7520070 Aloe vera juice 
752040· Lima Beans, cooked 
752041 - Li ma Beans, canned 
7520829 Bitter Melon 
752083· Bitter Melon, cooked 
7520950 Burdock 
752131- Cactus 
752160· Com, cooked 
752161· Com, yellow, cooked 
752162· Com, white, cooked 
752163· Corn, canned 
7521749 Hominy 
752175· Hominy 
75223· Peas, cowpeas, field or blackeye, cooked 
75224· Peas, green, cooked 
75225· Peas, pigeon, cooked 
75301· Succotash 
75402· Lima Beans with sauce 
75411· Corn, scalloped, fritter, with cream 
7541650 Pea salad 
7541660 Pea salad with cheese 
75417· Peas, with sauce or creamed 
7550101 Corn relish 
76205· Squash, yellow, baby 
76405· Corn, baby 
76409· Peas, baby 
76411· Peas, creamed, baby 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures) 



Appendix 2-A. Pooda Codes and Definitions Used in AmJylil of the 1987/88 USDA NFCS Data (continued) 

Food Pr~ 

Root 
V~etables 

lk!Ulehold Code/Definition 

48- Potatoes, Sweetpotatoes 
4921- Fresh Carrots 
4953- Fresh Onions, Garlic 
4954- Fresh Beets 
4957- Fresh Turnips 
4958101 Fresh Celeriac 
4958102 Fresh Horseradish 
4958104 Fresh Radishes, no greens 
4958105 Radishes, hane earned 
4958106 Radishes, hane frozen 
4958107 Fresh Radishes, with greens 
4958108 Fresh Salsify 
4958109 Fresh Rutabagas 
4958110 Rutabagas, hane frozen 
4958115 Fresh Parsnips 
4958116 Parsnips, home ca!Vled 
4958117 Parsnips, home frozen 
4958502 Fresh Lotus Root · 
4958509 Ginger Root 
4958510 Jlc1111111, including ymrbean 
51121- Carrots, conm. earned 
51145- Beets, conm. ca!Vled 
5114908 Garlic Pulp, conm. earned 
5114910 Horseradish, conm. prep. 
5114915 Onions, conm. canned 
5114916 Rutabagas, conm. earned 
5114917 Salsify, conm. earned 
5114921 Turnips, conm. earned 
5114922 Water Chestnuts, conm. earned 
51151- Carrots, earned, low sod. 
5115305 Beets, canned, low sod. 
5115502 Turnips, low sod. 
52121- Carrots, conm. froz. 
5213714 Beets, conm. froz. 
5213722 Onions, conm. froz. 
5213723 Onions, conm. froz., with sauce 
5213725 Turnips, conm. froz. 
5312103 Canned Carrot Juice 
5312104 earned Beet Juice 
5372102 Fresh Carrot Juice 
5413105 Dry Garlic 
5413110 Dry Onion 
5413502 Dry Carrots, baby 
5413503 Dry Sweet Potatoes, baby 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
11ixtures) 
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Jnfividml Code 

71- White Potatoes and Puerto Rican St. Veg. 
7310- carrots 
7311140 carrots in sauce 
7311200 Carrot chips 
734- Sweetpotatoes 
7510250 Beets, raw 
7511150 Garlic, raw 
7511180 Jfc ... (yanbean), raw 
7511250 Leeks, raw 
75117- Onions, raw 
7512500 Radish, raw 
7512700 Rutabaga, raw 
7512900 Turnip, raw 
752080- Beets, cooked 
752081- Beets, earned 
7521362 Cassava 
7521740 Garlic, cooked 
7521771 Horseradish 
7521850 Lotus root 
752210- Onions, cooked 
7522110 Onions, dehydrated 
752220- Parsnips, cooked 
75227- Radishes, cooked 
75228- Rutabaga, cooked 
75229- Salsify, cooked 
75234- Turnip, cooked 
75235- Water Chestnut 
7540501 Beets, harvard 
75415- Onions, creamed, fried 
7541601 Parsnips, creamed 
7541810 Turnips, creamed 
7550021 Beets, pickled 
7550309 Horseradish 
7551201 Radishes, pickled 
7553403 Turnip, pickled 
76201- Carrots, baby 
76209- Sweetpotatoes, baby 
76403- Beets, baby 
(does not include vegetable soups; vegetable mixtures; 
or vegetable with meat mixtures) 



~ 2-A. Pooch Codes and Definiaiom Ucod in Analylia of tho 1987/88 USDA NFCS Data (continued) 

Food Procb:t llclul4!ilold COde/De~initian lnHvicllll COde 

USDA SlllCATEGDRIES 

Dark Green 
Vegetables 

Deep Yellow 
Vegetables 

Other 
Vegetables 

491· Fresh Dark Green Vegetables 
5111· Comm. earned Dark Green Veg. 
51154· Low Sodiun Dark Green Veg. 
5211- Comm. Frozen D~rk Green Veg. 
5413111 Dry Parsley 
5413112 Dry Green Peppers 
5413113 Dry Red Peppers 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dil'V'lers; includes baby foods except 
mixtures/dinners; excludes vegetable juices and dried 
vegetables) 

492- Fresh Deep Yellow Vegetables 
5112- Comm. Canned Deep YellOM Veg. 
51151- Low Sodiun Carrots 
5212· Comm. Frozen Deep Yello~ Veg. 
5312103 Carrot Juice · 
54135- Dry Carrots, Squash, sw. Potatoes 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dinners; includes baby foods except 
mixtures/dinners; excludes vegetable juices and dried 
vegetables) 

494- Fresh Light Green Vegetables 
495- Fresh Other Vegetables 
5114- Comm. Canned Other Veg. 
51153- Low Sodiun Other Veg. 
51155- Low Sodiun Other Veg. 
5213- Comm. Frozen Other Veg. 
5312102 Sauerkraut Juice 
5312104 Beet Juice 
5411- Dreid Beans 
5412- Dried Peas, Lentils 
541310· Dried Other Veg. 
5413114 Dry Seaweed 
5413603 Dry Cr. Carn, baby 
(does not include soups, sauces, gravies, mixtures, 
and ready-to-eat dil'V'lers; includes baby foods except 
mixtures/dinners; excludes vegetable juices and dried 
vegetables) 

Citrus Fruits 501- Fresh Citrus Fruits 
5121- Comm. Cal'V'led Citrus Fruits 
5331- Canned Citrus and Citrus Blend Juice 
5341- Frozen Citrus and Citrus Blend Juice 
5351· Aseptically Packed Citrus and Citr. Blend 

Other Fruits 

Juice 
5361· Fresh Citrus and Citrus Blend Juice 
(includes baby foods; excludes dried fruits) 

502- Fresh Other Vitamin C·Rich Fruits 
503- Fresh Other Fruits 

·5122- Comm. Canned Fruits Other than Citrus 
5222· Frozen Strawberries 
5223- Frozen Other than Cftr. or Vitamin C·Rich Fr. 
5332- Canned Fruit Juice Other than Citrus 
5342- Frozen Juices Other than Citrus 
5352- Aseptically Packed Fruit Juice Other than 

Ci tr. 
5362· Fresh Fruit Juice Other than Citrus 
542- Dry Fruits 
(includes baby foods; excludes dried fruits) 
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72-

73-

75-

Dark Green Vegetables 
all forms 
leafy, nonleafy, dk. gr. veg. soups 

Deep Yellow Vegetables 
all forms 
carrots, ~kin, squash, 
sweetpotatoes, dp. yell. veg. soups 

Other Vegetables 
all forms 

61- Citrus Fruits and Juices 
6720500 Orange Juice, baby food 
6720600 Orange-Apricot Juice, baby food 
6720700 Orange-Pineapple Juice, baby food 
6721100 orange-Apple-Banana Juice, baby food 
<excludes dried fruits) 

62-
63-
64-
671-
67202-
67203-
67204-
67212-
67213-
673-
674-

Dried Fruits 
Other Fruits 
Fruit Juices and Nectars Excluding Citrus 
Fruits, baby 
Apple Juice, baby 
Baby Juices · 
Baby Juices 
Baby Juices 
Baby Juices 
Baby Fruits 
Baby Fruits 
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APPENDIX2B 

Sample Calculation of Mean Daily Fat Intake Based on CDC 
(1994) Data 
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Sample Calculation of Mean Daily Fat Intake Based on CDC (1994) Data 

0.34 % 2,095 Ir.cal % x = 82 g-fat 

... x = a.us g-fat 
kcal 

Xis the conversion factor from kcal/day tog-fat/day. An example of obtaining the grams of 

fat from the daily TFEI (1591 kcal/day) for children ages 3-5 and their percent TFEI from total 

dietary fat (33 % ) is as follows: 

1,591 : x 0.33 % 0.12 8;!:; = 63 g:: 

2B-l 
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APPENDIX 2C 

METHOD OF CALCULATION USED BY JA VITZ, 1980: WEIGHTED MEANS 
AND PERCENTILES 

The weighted mean of N respondents from the survey having weights W1, 

W2, ••••• Wn and monthly fish consumption C1, Ci, ... , Cn is computed as follows: 

N N 

Mean consumption = L wi ci' E wi 
i•l i•l 

The weight Wi is the number of fish consumers represented by the ith survey respondent. 

The sum of all the weights represents the average number of U.S. fish consumers during the 

survey year. 
\.. 

The 95th percentile of fish consumption was also computed on a weighted basis; no 

assumptions about the data distribution were made. Using the same parameters described 

above, the intake rates of individuals in a subset can be ordered so that C1 $ Ci $ . . . $ 

Cu. The 95th percentile of fish consumption for 'N respondents is defined as the consumption 

of the jth individual such that: 

j-1 N 

I: wi < (0.95) I: wi 
i•l i•l 

The sum of the weights of the individuals in the subset with. consumption less than the jth 

person is less than 95 percent of the total weight of the subset. 

j N 

E wi ~ (0.95) E wi 
i•l i•l 

2C-1 
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National Marine Fisheries Service Recreational Fishing Data 
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NATIONAL MARINE FISHERIES SER.VICE 

RECREATIONAL FISHING DATA 
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The National Marine Fisheries Service (NMFS) estimated recreational marine catch 

from intercept surveys of fishermen in the field and an independent telephone survey of 

, households. In 1985, the marine recreational finfish catch in the United States, excluding 

fish. caught in Alaska and Hawaii and Pacific Coast salmon, was an estimated 425 million 

fish weighing 717.3 million pounds (NMFS 1986a). The estimated number of marine 

recreational fishermen, which has been relatively stable over the last few years, is 17 

million. The size of the population that consumes the national recreational marine catch has 

not been measured. 

Recreational marine fish catch data from the Atlantic and Gulf Coasts for 1985 is 

presented by species and region in Table 2D-1 (NMFS 1986b ). Catch quantities include 

catch brought ashore in whole form and available for identification during the interview; fish 

not available for identification and those released alive, discarded dead, filleted, or used for 

bait are excluded. Weights (including inedible portions) and lengths of the identified fish 

were measured. Of the approximately 114 million kilograms of fish caught on the Atlantic 

and Gulf Coasts, the smallest portion of the total catch was made in the North Atlantic. 

Over one half of the recreational marine catch occurred within 3 miles of the shore or in 

inland waterways. The data in Table 2D-2 demonstrate the effect of season and local climate 

on the si.ze of recreational catch. Total catch weight for the Atlantic declines significantly 

from November throughout Febrwuy, but the Gulf Coast catch rate remains fairly stable 

throughout the year. Estimated total numbers of sport fishermen by state and subregion are 

given in Table 2D-3. These totals may include fishermen who participate but take no fish 

home for consumption. 

Similar data for the Pacific Coast are presented in Tables 2D-4 through 2D-6 (NMFS 

1986c). Table 2D-4 shows that over 80 percent of the 12. 7 million kg total Pacific Coast 

recreational catch (excluding Hawaii and Alaska) occurs along the California coast. As in he 
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Atlantic, the majority of the recreational marine catch is taken within 3 miles of the shore or 

from inland waterways. Table 2D-5 shows seasonal fluctuations in the recreational catch; 

May through October are the peak recreational fishing months for the Pacific Coast. The 

estimated total number of participants is given according to regions in T--• ·1~ 2D-6. 
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Table 20-1. 

Species Group 

01. Shark.a 
02. Shark.a, Dogfish 
03. Skates/Rays 
04. Bcls 
OS. Herrings 
06. Freshwater Catfishes 
07. Saltwater CatfishCI 
08. Toadfishca 
09. Atlantic Cod 
10. Atlantic Tomcod 
11. Pollock 
12. Silver Hake 
13. Scarobim 
14. Sculpins 
15. White Perch 
16. Striped Ba11 
17. Black Sea Bau 
18. Groupers 
19. Sea Basae1 
20. Bluefish 
21. Jack Crcvallc 
22. Blue RUMer 
23. Greater Amberjack 
24. Florida Pompano 
25. Jacka 
26. Dolphim 
27. Gray Snapper 
28. Red Snapper 
29. Lane Snapper 
30. Vermilion Snapper 
31. Ycllowtail Snapper 
32. Snappcn 
33. Pigfish 
34. White Grunt 
35. Grunta 
36. Scup 
37. Pincfish 
38. Shccpshcad 
39. Red Porgy 
40. PorgiCI 
41. Spotted Scatrout 
42. Wcakfiah 
43. Sand Sc:atrout 
44. Silver Peach 
45. Spot 
46. Kingfilhes 
47. Atlantic Croaker 
48. Black Drum 
49. RcdDrum 

J --·-··-----

Batinuited WeightofFilh Cau&ht(Catch TypeA)'by l ·~DRI_~'"~. __ j 
Marine Recreational Fiahcnncn by Spcca Group and Subregion l_ ~-1'- "_~I~~-~-··:._ 0:..' I 

North 
Atlantic 
(1,000 kg) 

_c 

22 
19 

* 
* 
2,128 
22 
94 

22 

169 
9 

* 
9,283 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
1,441 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Mid 
Atlantic 
(1,000 kg) 

2,165 
126 

73 
31 
138 

* 
18 
311 

21 
70 

82 
149 
1,084 

* 
10,733 

* 
* 
* 

* 
* 
* 
* 
* 
* 
5 

* 
1,537 

* 
* 

1,969 

* 
* 
1,248 
17 
521 

* 
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South 
Atlantic 

(1,000 kg) 

1,521 

* 

161 

* 
* 
* 
* 
* 
* 
14 

1,125 
947 
29 
7,108 
230 
S6 
668 
Bl 
67 
1,745 
347 
803 
31 
138 
36 
74 
100 
43 
95 

86 
413 
107 
89 
931 
157 

* 
19 
1,222 
485 
441 
295 
610 

Gulf 
(1,000 kg) 

1,618 

* 

* 
* 
* 
* 
* 
* 
843 
2,881 
17 
213 
247 
42 
925 

257 
262 
369 
1,865 
47 
S4 
197 
68 
19 
605 
149 
• 
46 
1,088 
126 
66 
3,222 
• 
1,392 
20 
4 
298 
821 
785 
2,217 

All Regions 
(1,000 kg) 

5,305 
148 
110 
95 
54 
412 
387 
20 
2,439 
22 
128 
23 
92 

104 
332 
3,061 
3,827 
47 
27,337 
478 
98 
1,593 
93 
325 
2,040 
716 
2,667 
78 
192 
232 
142 
124 
648 
245 
2,977 
132 
1,501 
233 
156 
4,178 
2,218 
1,392 
39 
2,473 
800 
1,788 
1,311 
2,828 



Tablc2D-1. Estimated Weight of Fiah Caught (Catch Type A''f by 
Marine Rccn:ational Fiahermen by Species Group and SubrcP,n (continued) 

DRAFT 
Specie. Group North Mid South Gulf All Re. ; DO NOT OUOTE gtODI . . 

Atlantic Atlantic Atlantic (1,000 kg) (l,OOO kg) CITE 
(1,000 kg) (1,000 kg) (1,000kg) 

50. Drums * 49 196 246 
51. Mullcta * 7 130 196 333 
52. Barracudu * * 230 240 470 
53. Tauto1 355 1,758 * 2,116 
54. Cunncr 11 * * lS 
55. LittlcTunny/ ATI..Bonito 208 506 321 1,062 
56. Atlantic Mackcrcl 479 988 * * 1,467 
51. King Mackerel * 4,571 684 S,258 
58. Spanilh Mackeicl * * 425 528 953 
59. Tunu/Mackcrcll 2,328 S,401 115 8,985 
60. Summer Flounder 202 3,966 597 * 4,765 
61. Gulf Flounder * * 240 245 
62. Southern Flounder * 210 734 948 
63. Wmtcr Flounder 2,380 5,837 * * 8,217 
64. Floundcn 21 so 77 
65. '!'riiic:rfilhca/F'tlcfilhca * 165 203 379 
66. Puff era 30 36 70 
67. Other Fuhca 108 282 1,180 1,130 2,701 

TOTALS 18,045 36,074 33,876 25,684 113,679 

• Catch Type A ii an catimatc of part of the total catch bucd on filh brought ashore in whole fonn, available for interviewer 
identification and enumeration, from which 1WJ1plcl of lcngthl and weights were obtained. 

11 >J uterilk (*) dcnotea none reported. 

0 A duh dcnotca no information available. 

Sot11'CC: NMFS, 1986b 
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Table 2D-2. 'Bltimat.ocl Weigl& of Fiah Caught (Catch Typo A'f by Marino ~ 
Filhennen by Wavo and Subregion 1anwuy 1985 - Docombor 1985 

Wavo Subregion Weight 

Ian/Fob South Atlantic 2,345 
Gulf .Jam 
TOTAL 6,700 

Mar/Apr North Atlantic 1,348 
Mid Atlantic 8,063 
South Atlantic 9,884 
Gulf -2.J.U 
TOTAL 21,609 

May/Jun North Atlantic 3,818 
Mid Atlantic 9,339 
South Atlantic 6,325 
Gulf ~ 
TOTAL 24,577 

Jul/Aug North Atlantic 4,928 
Mid Atlantic 6,221 
South Atlantic 4,002 
Gulf ~ 
TOTAL 20,5:>4 

Sep/Oct North Atlantic 7,516 
Mid Atlantic 10,259 
South Atlantic 8,731 
Gulf ..!..722 
TOTAL 31,227 

Nov/Doc North Atlantic 436 
Mid Atlantic 2,193 
South Atlantic 2,588 
Gulf ...Lm 
TOTAL 9,012 

. GRAND TOTAL 113,679 

r-. . D1'\1\1
1
"t ---··--

1 
DO .NOT Q.UOTE OR 

~.,.,. CITE --... 

1 
· Catch Typo A ia an atimato of put of tho total catch buod on filh brought uhorc in wholo fonn, available for interviewer 

idontification and onumofttion, from which mamplel of lenphl and woigl!U were obtainod. 

Source: NMFS, l986b 
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Tablo2D-3. 

r !DRAFT 
I DO NOT Ql30TE OR 

Eltimatcd Number of Participanb in Marine Rccreational Fi.lhiq by Stat.c and Subrc.,;,J ~.... I 1'E • 
1.nwy 1989 - December 1989 -L _____ 0 

-----l 

Non-
Couta1 Couta1 Out of Total 

~bropoo Stato Participam Puticipanta Stat.o 1 Participe.nll 1 

North At1antic Conncc:ticut 265 * 46 311 
Maino 99 31 76 206 
M&uachllctta 428 59 147 634 
Now Hampthiro 73 13 86 172 
Rhodo Ia1and __n * 105 198 

TOTALS 951 UM 

Mid-tlmic Delaware 126 * 144 270 
Muytand 417 24 261 701 
NcwJcncy 340 12 233 585 
New York 525 9 67 602 
Vuginia ~ ~ 151 623 

TOTALS 1,815 110 

South Atlantic Florida 952 8 748 1,708 
Georgia 46 16 16 78 
N. Carolina 2S4 269 458 980 
s. Carolina --11. .E. 150 269 

TarALS 1,324 340 

Gulf of Mexico Alabama 64 54 74 192 
Florida 923 * 1,321 2,244 
LouWana 309 46 46 400 
Miuiuippi 61 21 56 138 

TOfALS 1,357 120 

GRAND TOTALS 5,453 615 

NOTE: An asterik: (*) denotes no participation from this area. 
1. Not additive across states. One person can be counted as "OUT OF STATE" for more than 

one state. 

Source: NMFS, 1986b. "Marine Recreational Fishery Statistics Survey, Atlantic and Gulf Coasts, 
1987-1989, • National Marine .Fisheries Service 
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DR.t~li'T 
Tlblc2IM. Bltimalcd WciP& oL Full c..11t (c.ada Typo A)& by Mariu Jta:relliaaal P"~ by ( D 1.J I'"'';' ,._. ··· ~"'" C~"? -\ .......... ·- oi-~ .. · ••• p .... ..; 

Speciel Oroup llld SubrqJiao 1~ 198.S to Deecmllcr 198.S 
~-~._t.;. c ~~ J...i~ ---.. ~, ....... ------..... 

Soutlw:rn Nodllera All 
Califanda Califamla Onson Wuliiastm Jlesiam 

Speciel Oroup (1,000kl) (1,000q) (1,000q) (l,OOOkl) (l,OOOJrn) 

01. Splay DosfUh _b oC 7 !fl 
0'2. Shub, Olber 253 • • 401 
03. StmJ-.s • 
°'· Pld& Herrins • 7 O' 7 
05. Nadbma ADCbaYy • 
06. SUrfSmelt • 46 2 1 43 
CTI. Smdta,Olbcr • • 
08. Pmclfic Cod • • • 78 78 
09. Pmclfic Tomcocl • 
10. Wllleyo PoUoc:lc • • • 158 158 
11. Pmclfic HKo 49 • 58 
12. Silvenidol • • • 0 
13. JKbmdt 40 7 • • 47 
14. Slripod Bau 58 • 6?. 
15. KdpBau 354 • • • 354 
16. Spoctod Smd Bau 29 • • • 29 
17. Barrod Smd Bau 431 • • • 431 
18. Soa Bu-. Otha'° 
19. Yollowtail 179 • • -· 179 
20. While CJ'Olbr 78 142 • • 
21. Cllifomia Corbina • • • 
22. Quoc:afuh 14 • • • 14 
23. C!Olkcn,Olbcr !fl • • 58 
24. Opaleyo 21 • • • 21 
25. Halfmoon 10 • • • 10 
26. Shiacrl'm:h 1 1 
Tl. &riped Se.pm:h 20 Tl 55 
28. Blick Pm:h 12 • • 15 
29. Wllleyo~ 9 6 20 
30. Silver~ 10 9 20 
31. White SaipeRh • 10 
32. Pile Padl 21 15 60 
33. RcdWl~ • 29 34 53 116 
34. Barrod~ 75 24 • • 99 
35. Surfpm:bea, Olbcr 15 7 22 
36. Pmclfic Buncuda 132 • • • 132 
37. Califanda Sheepbead 132 • • • 132 
38. Pmclfic Bmilo 2fll • • 2611 
39. Chub Macterc1 684 'n • 721 
40. Tmaa 612 333 • • 945 
41. Brown Rockfiah 89 121 • 21 231 
42. Cqiper Roctfuh 140 134 78 355 
43. W"Jdaw Roctfuh 34 18 54 
44. Y e1lcJiwtail Rockfiah 151 238 45 441 
45. O.~ Rockfiah 203 159 • • 362 
46. Qvillbeck Roctfuh 61 711 
47. BIKk Rockfiah 34 430 . 354 219 1,037 
48. BJue Rockfiah 138 258 43 451 
49. Bcal:cio 298 64 366 
so. Cmuy Ractfilh 33 129 60 229 

• • 235 

(Cmlinuod CJD die follcJwiQJ 111110) 
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Bllimltod Wcllcbt cl Flab Cqbt (Cltda Type A'r by Mariae llocnlldaul F'*'- by 
lpecioe Group IDd Subqiaa 1-.iy 1985 '° DDcclllbcr 1985 (Ccmliauod) 

SoullaD Norlbem 
CaliCmlia CaliCmlia Oqan 

lpocbOroup (l,OOOk&) (l,OOOk&) (l,OOOk&) 

51. Orccaip(ICINI Jloctfilll 159 75 • 
.52. Olivo JlocktWa 108 21 • 
53. Oqilicr Jlockfilh 104 30 • 
5'. CUlorUa ScorpiaDfilh 63 • • 
55. Jlockfilllol, Olli« 601 280 47 
56. IW>knla • 
57. 1'.clp Omll1lac 21 18 
.51. IJascod 128 760 175 
59. Orccalias•. Oda« • 
60. ClbczlOll 29 39 
61. ~.Oda« 
62. a-s.s.bk 11 3!> 
63. caJifmUa Halibut '1Z1 • 
64. JtoctSdo • 
65. SWJy Plomd« 
66. FWfllbel, Olli« 
67. Odl«PWa 1li m l22 

TOTALS 6,248 4,064 1,069 

a Caleb Typo A M ID eltimalc of put of the IOtal calch bued m fiah brousht ubore in wllolc form, 
avallablc far imcnicwec idcllllificatia IDd aiuaienlim, from wbkh ...,a of kmstha ID4 weipla 
wen ClbCliacd. 

b A duh dcooCe.a ao information available. 

8curu: NMPS, 1916c 
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.......... 

Wuhiapm 
(1,000k&) 

• 
• 
• 
• 

162 

16 
• 
16 

17 

= 
1,364 

DRAFT 
.ROT QUOTE OR 

CITE 

AD 
Jlqlau 

(1,000k&) 

235 
136 
134 
63 

952 
34 
64 

1,225 
10 

106 
6 

65 
252 
24 

106 
...£l2 

12,745 



Table 2D-5. &tima.ted Weight of Fish Caught (Catch Type A)• by ·- . ·--· 
M . R eati" nal Fish b W and S b . j DR.AFT 

arme ecr o ermen y ave u reg101 DO NOT _QU.O'.I'E OR 

January 1985 to December 1985 ___ ·- ._c_.i_T_E_· ___ _. 

Wave Subregion 

Jan/Feb Southern California 
Northern California 
Oregon 
Washington 
TOTAL 

Mar/Apr Southern California 
Northern California 
Oregon 
Washington 
TOTAL 

May/Jun Southern California 
Northern California 
Oregon 
Washington 
TOTAL 

Jul/Aug Southern California 
Northern California 
Oregon 
Washington 
TOTAL 

Sep/Oct Southern California 
Northern California 
Oregon 
Washington 
TOTAL 

Nov/Dec Southern California 
Northern California 
Oregon 
Washington 

·TOTAL 

GRAND TOTAL 

• Catch Type A is an estimate of part of the total catch 
based on fish brought ashore in whole form, available for 
interviewer identification and enumeration, from which 
samples of lengths and weights were obtained. 

Source: NMFS, 1986c. 
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Weight 

827 
365 
27 
~ 
1,294 

495 
253 
43 

144 
935 

1,201 
489 
366 

_fill 
2,673 

1,757 
1,543 

42 
_ill 
3,768 

921 
1,006 

505 
_§!. 
2,499 

1,047 
408 
86 

----35: 
1,576 

12,745 
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Table 2D-6. Estimated Number of Participants in Marine RecreationaiFiSiiiiig····· · · -··· ···--· ·-' 
by Subregion for the Pacific Coast January 1985 to December 1985 

TcUl 
Coulal NOIHC>Ulal Out of Slate puticipuu 
puticjpaD puticipuu (•) in ltate (•) 

SubrcP>o (thouunda) (thouunda) (thouunda) (thouunda) 

Southcm California 994 50 344 1,389 
Standard Error 1,427 44 193 1,441 

Northcm California 624 101 62 787 
Standard Error 713 92 52 790 

Oroaon 188 22 35 245 
Standard Brror 234 18 35 237 

Wuhlnaton 252 34 46 333 
Standard Error _m .B ..il _JB 

GRAND TOTALS· 2,058 208 
Standard Emin 1,682 108 

(a) = Not additive across states. One person can be counted as "out of state" for more 
than one state. 

Source: NMFS, 1986c. 
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3. INHALATION ROUTE 

Humans may be expoSed to toxic cheinicals by the inhalation route from various 

sources. Airborne chemicals may be inhaled in gaseous form as vapors, or as particulates. 

This chapter discusses factors associated .~ith exposure via inhalation. 

3.1. ExrosuR.E :EQUATION roR· INHALATloN 

The general equation for calculating average daily dose (ADD) for inhalation 

exposure is: 

where: 

ADD 
c 
IR 
ED 
BW 
AT 

-
-
-
-
-
-

ADD = [[C x IR x ED] I [BW x AT]] 

average daily dose (mg/kg-day); 
contaminant concentration in air (µ.g/m3); 

inhalation rate (m3/day); 
exposure duration (days); 
body weight (kg); and 

(Eqn. 3~1) 

averaging time (days), for non-carcinogenic effects AT =ED, for 
carcinogenic effects AT = 70 years or 25,550 days. 

The average daily dose is the dose rate averaged over a pathway-specific period of 

exposure expressed as a daily dose on a per-unit-body-weight basis. The ADD is used for 

exi>osure to chemicals with non-carcinogenic non-chronic effects. For compounds with 

carcinogenic or chronic effects, the lifetime average daily dose (LADD) is used. The LADD 

is the dose rate averaged over a lifetime. The contaminant concentration refers to the 

concentration of the contaminant in inhaled air. Exposure duration refers to the time an 

individual is exposed at a particular location. The inhalation rate (expressed as cubic meters 

per hour) varies according to the exertion level and other factors. 

3.2. INHALATION RATE 

3.2.1. BackgrouJld 

The health risk associated with human exposure to airborne toxics is a function of 

concentration of air pollutants, duration of exposure, and inhalation rate (m3/hr). Because 

the estimation for exposure or inhaled dose for a given air pollutant is dependent on 
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inhalation rates, several published studies that provide information on inhalation rates are 

presented in this section. An extensive review of literature indicates that inhalation rate 

commonly termed as ventilation rate (VR) or breathing rate is usually measured as minute 

volume, i.e. volume (liters) of air exhaled per minute(VEl. The volume of air exhaled (VEl 

is the product of the number of respiratory cycles in a minute and the volume of air respired 

during each respiratory cycle (tidal volume, VT). Oxygen consumption, hence breathing 

rates are affected by numerous individual characteristics which include: age, gender, weight, 

health status, and levels of various activity patterns (running, walking, jogging etc.) (Layton, 

1993). Ventilation rates (VR) are either measured directly using a spirometer and a 

collection system or indirectly from heart rate (HR) measurements. HR measurements 

obtained from Heart watches are usually correlated with VR in simple and multiple 

regression analysis. 

In the Ozone Criteria Document prepared by the U.S. EPA's Environmental Criteria 

and Assessment Office, the BP A identified the collapsed range of activities and its 

corresponding VR as follows: light exercise (VE < 23 Umin or 1.4 m3/hr); 

moderate/medium exercise (VE= 24-43 Umin or l.4-2.6m3/hr); heavy exercise (VE= 2.6-

3.8 m3/hr); and very heavy exercise (VE> 64 L/min or 3.8 m3/hr), (CARB, 1993). Also, in 

the Ambient Water Quality Criteria documents (U.S. EPA, 1980) an average daily inhalation 

rate for a reference man was reported to be 20 m3 /day. This value is widely used for 

exposure assessment studies. 

The available studies on inhalation rates are summarized in the following sections. 

Inhalation rates are reported for outdoor workers/athletes, adults and children including 

infants performing various activities. The activity levels are categorized as resting, 

sedentary, light, moderate, and heavy. In most studies, the sample population kept diaries to 

record their physical activities, locations, and breathing rates. Ventilation rates were either 

measured, self-estimated or predicted from equations derived using VR-HR calibration 

relationships. These studies have been classified as key studies or other rele;ant studies 

based on the applicability of the data to exposure assessments~ The recommended inhalation 

rate values are based on the results from key studies. Section 3.2.4 presents inhalation rate 
''"I ' 

values recommended for use in exposure assessments for adults, children, and outdoor 
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workers/athletes. For each study, inhalation rates that were reported as minute volume in 

liters per minute have been converted to m3/hr. 

3.2.2. Key Inhalation Rate Studies 

Layton - Metabolically Co11sistent Breathing Rates for use in Dose Assessments -

Layton (1993), presented a new method for .estimating metabolically consistent inhalation 

rates for use in quantitative dose assessments of airborne radionuclides. Historically, the 

approach for estimating breathing rate of a specified time frame was to calculate a time

weighted-average of ventilation rates associa~ with physical activities of varying durations 

(Layton, 1993). However, in this study, breathing rates were calculated based on oxygen 

consumption associated with energy expenditures for short (hours) and long (weeks and 

months) periods of time. Layton (1993) used the following general equation in calculating 

energy-dependent inhalation rates: 

where: 

VE 
E 
H 

VQ 

Vn = ExHx VQ (Eqn. 3-2) 

ventilation rate (L/min or m3/hr); 
energy expenditure rate (KJ/min or MJ/hr); 
volume of oxygen (at standard temperature and pressure, dry air) 
(STPD) consumed in the production of 1 KJ of energy expended (UKJ 
or m3/MJ); and 
ventilatory equivalent (ratio of minute volume (L/min) to oxygen uptake 
(Umin)) unitless. 

Three alternative approaches were used in estimating daily chronic (long term) 

·inhalation rates for different age/gender cohorts of the U.S. population. In the first 

approach, inhalation rates were estimated by multiplying average daily food energy intakes 

for different age/gender cohorts, volume of oxygen (H), and ventilatory equivalent (VQ) as 

shown in the equation above. The average food energy intake data (Table 3-1) were obtained 

from the USDA 1977-78 Nationwide Food Consumption Survey (USDA-NFCS). In the 

USDA survey 14,035 households were randomly selected and food intake data were obtained 

from 30, 770 individuals. The food energy intakes were adjusted upwards by a constant 

factor of 1.2 for all individuals 9 years and older (Layton, 1993). This factor compensated 
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Table3-1. Compailona of Estimated Bual Metabolic Rafa (BMR) with Avcn1c Food-encqy Int.aka for 

lnd.Mduall Sampled in the 19n-78 NFCS (USDA 1984) 

Cobort/Ap BodyWdabt BMR• Bncqy Intake (BFD) Ra& 

(y) ta Ml d-lb kcal d10- MJcr1 kcal cr1 BFD/BMR 

C1clllrui 

Undu1 7.6 1.7"4 416 3.32 793 1.90 

1to2 13 3.08 7.3" 5.01 1209 1.65 

3 to s 18 3.69 881 6.14 1466 1.66 

6to 8 26 4.41 1053 7.43 1n4 1.68 

Malu 

9 to 11 36 5.42 1293 8.55 7.<>40 1.58 

12 to 1"4 so 6.45 1540 9.54 2276 1.48 

15 to 18 66 7.64 1823 10.8 2568 1.41 

19 to 22 '"' 7.56 180"4 10.0 2395 1.33 

23 to 34 79 7.87 1879 10.1 2418 1.29 

35 to so 82 1.59 1811 9.51 2270 1.25 

51to64 BO 7."49 1788 9.04 2158 1.21 

65 to 7"4 76 6.18 1476 8.02 1913 1.30 

15 + 71 5.94 1417 7.82 1866 1.32 

FUIUllu 

9 to 11 36 "4.91 1173 7.75 1849 1.58 

12 to 14 49 S.64 1347 7.72 1842 1.37 

15 to 18 56 6.03 1440 7.32 1748 1.21 

19 to 22 59 5.69 1359 6.71 1601 1.18 

23 to 34 62 5.88 1403 6.72 1603 ·1.14 

35 to so 66 5.78 1380 6.34 1514 1.10 

51 to 6" 67 5.82 1388 6.40 1528 1.10 

65 to 7"4 66 5.26 1256 5.99 1430 1.14 

15 + 62 S.11 1220 5.94 1417 1.16 

• Cak:ulatcd from the appropriat.c •IC and pdcr-bucd BMR equations pen in Appendix Table 3A-1. 
b MI cr1 - mcp joub/day 
c kcal cr1 - kilo calorica/day 
Source: Layton, 1993. 
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for reported food bias in USDA-NFCS (Layton, 1993). The weighted average oxygen 

uptake of 0.05 L 0 2/KJ used in this study was calculated from data reported in the 1977-78 

USDA:·NFCS and the second National Health and Nutrition Examination Survey 

(NHANBS Il). The venti.latory equivalent (VQ) of 27 used was calculated as the geometric 

mean of VQ data that were obtained from several studies (Layton, 1993). 

Table 3-2 presents the daily inhalation rate for each age/gender cohorts. The highest 

daily inhalation rates (10 m3/day) were reported for children between the ages of 6-8 years, 

for males between 15-18 years (17 m3/day), and females between 9-11 years (13 m3/day). 

Estimated average lifetime inhalation rates for males and females 14 m3 /day and 10 m3 /day, 

respectively (Table 3-2). Inhalation rates were also calculated for active and inactive periods 

for the various age/gender cohorts. 

The inhalation rate for inactive periods was estimated by multiplying the basal 

metabolic rate (BMR) times the oxygen uptake times the ventilatory equivalent (H) (VQ). 

BMR was defined as "the minimum amount of energy required to support basic cellular 

respiration while at rest and not actively digesting food" (Layton, 1993). The inhalation rate 

for active periods was calculated by multiplying the inactive inhalation rate by the ratio of 

the rate of energy expenditure during active hours to the estimated BMR. This ratio is 

presented as Fin Table 3-2 (Layton, 1993). These data for active and inactive inhalation 

rates are also presented in Table 3-2. For children, inactive and active inhalation rates 

ranged between 2-6 and 6-13 m3/day, respectively. For adult males (19-64 years old), the 

average inactive and active inhalation rates were 10 and 19 m3/day, respectively. Also, the 

average inactive and active inhalation rates for adult females (19-64 years old) were 8 and 12 

m3 /day, respectively. 

In the second approach, inhalation rates were calculated by multiplying the BMR of 

the population cohorts, A, which is the ratio of total daily energy expenditure to daily BMR, 

H, and VQ. The BMR data obtained from literature had been statistically analyzed and 

regression equations were developed to predict BMR from body weights of various 

age/gender cohorts (Layton, 1993). The statistical data used to develop the regression 

equations are presented in Appendix Table 3A-1. The data obtained from the second 

approach are presented in Table 3-3. Inhalation rates for children (6 months - 10 years) 
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Table 3-2. Daily Inhalation Rates Calculated from Food-Energy Intakes 

Daily& Inhalation Rates 
Inhalation Sleep MET'> .Value lnactivec Activec 

Rate 

Cohort/Age Ld (m3/day) (h) Ae F (m3/day) (m3/day) 

ChildnlJ 

<1 1 4.5 11 1.9 2.7 2.35 6.35 

1-2 2 6.8 11 1.6 2.2 4.16 9.15 

3-5 3 8.3 10 1.7 2.2 4.98 ·10.96 

6-8 3 10 10 1.7 2.2 S.9S 13.09 

Malu 

9-11 3 14 9 1.9 2.5 7.32 18.3 

12 -14 3 15 9 1.8 2.2 8.71 19.16 

15 - 18 4 17 8 1.7 2.1 10.31 21.65 

19-22 4 16 8 1.6 1.9 10.21 19.4 

23-34 11 16 8 1.5 1.8 10.62 19.12 

35-50 16 15 8 1.5 1.8 10.25 18.45 

51-64 14 15 8 1.4 1.7 10.11 17.19 

65-74 10 13 8 1.6 1.8 8.34 15.01 

75+ 1 ll 8 1.6 1.9 8.02. 15.24 

Lifetimef 14 
avera&e 

Fmralu 

9-11 3 13 9 1.9 2.S 6.63 16.58 

12-14 3 12 9 1.6 2.0 7.61 15.20 

15 - 18 4 12 8 1.5 1.7 8.14 13.84 

19-22 4 11 8 1.4 1.6 7.68 12.29 

23-34 11 11 8 1.4 1.6 7.94 12.7 

35-50 16 10 8 1.3 1.5 7.80 11.7 

51-64 14 10 8 1.3 1.5 7.86 11.8 

65-74 10 9.7 8 1.4 1.S 7.10 10.65 

75+ 1 u 8 1.4 1.6 6.90 11.04 

Lifetime 10 
average 
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Table 3-2. (Continued) 

• Daily inhalation rate wu calculated by multiplying the EFD values (see Table 3-1) by H x VQ for 
subjects under 9 years of age and by 1.2 x H x VQ for subjects 9 years of age and older (See text 
for CXJ>lanation). · 

b MET = Metabolic equivalent 

c Inhalation rate for inactive periods wu calculated u BMR x H x VQ and for active periods by 
multiplying inactive inhalation rate by F (Table 3-2); BMR values are from Table 3-1. 

d L is the number of years for each cohort. 

e For individuals 9 years of age and older, A wu calculated by multiplying the ratio for EFD/BM!R 
(Table 3-1) by the factor 1.2 (see text for explanation). 

f Lifetime average wu calculated by multiplying individual inhalation rate by corresponding L values 
summing the products across cohorts and dividing the result by 75, the total of the cohort age spans. 

NOTE: BMR = 
EFD = 
A = 
s = 

F = 

H = 

VQ = 

Bual metabolic rate (MJ/day) or (kg/hr) 

Food energy intake (MJ/day) or (KCal/sec) 

EFD/BMR (unitless) 

Number of hours spent sleeping each day (hrs) 

(24A - S)/(24 - S), ratio of the rate of energy expenditure during active 

hours to the estimated BMR (unitless) 

Oxygen uptake = O.OS Lai/IO or M3e>z1MI, calculate u the weighted 

average oxygen uptake factor from the 1977-78 NFCS and the second 

National Health and Nutrition Examination Survey (NHANESII) 

Ventilation equivalent = 27 = geometric mean of VQs obtained from 

several studies (unitless) 

Source: Adapted from Layton, 1993. 
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of Total Energy Expenditure to BaW Metabolic Rate (BMR) 

Body Inhalation 
Gender/Age Weighi& BMRb H Rate, VB 

(yrs) (kg) (MI/day) VQ Ac (m30i!MJ) (m3/day)d 

Mak 

0.5- <3 14 3.4 27 1.6 0.05 7.3 

3- <10 23 4.3 27 1.6 0.05 9.3 

10 - < 18 53 6.7 27 1.7 0.05 15 

18 - <30 76 7.7 27 1.59 0.05 17 ,, 

30- <60 80 7.S 27 1.59 0.05 16 

60+ 75 6.1 27 1.59 0.05 13 

Femak 

0.5 - <3 11 2.6 27 1.6 0.05 5.6 

3- <10 23 4.0 27 1.6 0.05 8.6 

10 - < 18 so 5.7 27 1.S 0.05 12 

18 - <30 62 5.9 27 1.38 0.05 11 

30- <60 68 5.8 27 1.38 0.05 11 

60+ 67 5.3 27 1.38 0.05 9.9 

• Bodyweight was based on the average weights for age/gender cohorts in the U.S. population obtained 
from Najjar and Rowland (1987). 

b The BMRs (basal metabolic rate) are calculated using the respective body weights and BMR equations 
(see Appendix Table 3A-1). 

0 The values of the BMR multiplier (EFD/BMR) for those 18 years and older were derived from the 
Basiotis et al. (1989) study: Male = 1.59, Female = 1.38. For males and females under 10 years 
old, the mean BMR multiplier used was 1.6. For males and females aged 10 to < 18 years, the 
mean values fur A given in Table 3-2 for 12-14 years and 15-18 years, age brackets for males and 
females were used: male = 1.7 and female = 1.5. 

d Inhalation rate = BMR x A x H x VQ; VQ = ventilation equivalent and H = oxygen uptake. 

Source: Layton, 1993. 
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ranged from 7.3-9.3 m3/day and ages 10-18 was 15 m3/day, while adult females-(18 yeats 

and older) ranged from 9.9-11 m3/day and adult males (18 years and older) ranged from 

13-17 m3/day. These rates are similar to the daily inhalation rates obtained using the first 

approach. Also, the inactive inhalation rates obtained from the first approach are lower than 

the inhalation rates obtained using the second approach. This may be attributed to the BMR 

multiplier employed in the second approach equation to calculate inhalation rates. 

In the third approach, inhalation rates were calculated by multiplying estimated energy 

expenditures associated with different levels of physical activity engaged in over the course 

of an average day by VQ and H for each age/gender cohort. The energy expenditure 

associated with each level of activity was estimated by multiplying BMRs of each activity 

level by the metabolic equivalent (MET) and by the time spent per day performing each 

activity for each age/gender population. The data used in this approach were obtained from 

a time-activity survey. The survey sampled 2126 individuals (1,120 women and 1,006 men) 

ages 20-74 that were selected randomly from California communities. Table 3-4 presents the 

inhalation rates (VE> in m3/day and m3/hr obtained for adult males and females aged 20-74 

years at five physical activity levels. The total daily inhalation rates ranged from 13-17 

m3/day for adult males and 11-15 m3/day for adult females. The rates for adult females were 

higher when compared with the other two approaches. In all three approaches, the range of 

inhalation rates for adults were 9.6-17 m3/day, 9.9-17 m3/day, and 13-17 m3/day, 

respectively. Inhalation rates were also calculated for short-term exposures for various 

age/gender cohorts and five energy-expenditure categories (rest, sedentary, light, moderate, 

and heavy). BMRs were multiplied by the product of MET, H, and VQ. The data obtained 

for short term exposures are presented in Table 3-5. 

A limitation of the third approach employed is that the survey provided information 

on physical activities which were based on recall. Another limitation in utilizing dietary 

surveys to estimate inhalation rates is that the diet of the population surveyed is only 

reflected for a particular period of time (1977-78). An advantage of this study is that the 

survey sample size was large and represents the general U.S. population. Another advantage 

of this study is that inhalation rates for different age cohorts were also presented. Also, the 

methodology used in estimating inhalation rates characterized the dependent relationship 
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Table 3~. Daily Inhalation Rites Baed on T'.rmo-Activity Survey 

Males Femalcl 
Age (yn) 

BMRb ~ vr BMRb ~ andActmy MET Body Weight' Durati<m0 yo Body Duration° E E 
(kg) (KJ/hr) (hr/day) (mJ/day) (m3/day (m3/hr) Weight' (KJ/hr) (hr/day) (mJ/day) 

) (kg) 

20-34 
Sleep 1 76 320 7.2 2.3 3.1 0.4 62 283 7.2 2.0 
Light 1.5 76 320 14.5 7.0 9.4 0.7 62 283 14.5 6.2 
Moderate 4 76 320 1.2 1.5 2.1 1.7 62 283 1.2 1.4 
Hard 6 76 320 0.64 1.2 1.7 2.6 62 283 0.64 1.1 
Very Hard 10 76 320 0.23 0.74 1.0 4.3 62 283 0.23 0.65 
Totab 24 17 17 24 11 

35-49 
Sleep 1 81 314 7.1 2.2 3.0 0.4 67 242 7.1 1.7 
Light 1.5 81 314 14.6 6.9 9.3 0.6 67 242 14.6 5.3 
Moderate 4 81 314 1.4 1.8 2.4 1.7 67 242 1.4 1.4 
Hard 6 81 314 0.59 1.1 1.5 2.5 67 242 0.59 0.9 
Very Hard 10 81 314 0.29 0.91 1.2 4.2 67 242 0.29 0.70 
Totals 24 13 17 24 9.9 

50-64 
Sleep 1 80 312 7.3 2.3 3.1 0.4 68 244 7.3 1.8 
Light 1.5 80 312 14.9 7.0 9.4 0.6 68 244 14.9 5.4 
Moderate 4 80 312 1.1 1.4 1.9 1.7 68 244 1.1 1.1 
Hard 6 80 312 0.50 0.94 1.3 2.S 68 244 o.s 0.7 
Very Hard 10 80 312 0.14 0.44 0.6 4.2 68 244 0.14 0.34 
Totak 24 12 16 24 9.4 

65-74 
Sleep 1 75 256 7.3 1.9 2.5 0.3 67 221 7.3 1.6 
Light 1.5 75 256 14.9 5.7 7.7 0.5 67 221 14.9 4.9 
Moderate 4 75 256 1.1 1.1 1.5 1.4 67 221 1.1 1.0 
Hard 6 75 256 0.5 0.8 1.0 2.1 67 221 o.s 0.7 
Very Hard 10 75 256 0.14 0.36 0.48 3.S 67 221 0.14 0.31 
Totals 24 9.8 13 24 8.S 

• Body weights were obtained from Najjar and Rowland (1987) 
b The basal metabolic ratca (BMRI) for the age/gender cohorts were calculated using the respective b<>dy weights and the BMR equations (Appendix Table 3A-1) 
0 Duration of activities were obtained from Sallis et al (1985) 
d Energy expenditure rate (B) wu calculated by multiplying BMR (KJ/hr) x (MJ/1000 Kl) x duration (hr/day) x MBT 
0 VE (i.-thalation rate) was calculated by multiply'.ng B (MI/day) by H(O.OS m302'MJ) by VQ (27) 
f VE (m3/hr) wu calculated by multiplying BMR (KJ/hr) x (MJ/1000 Kl) x MBT x H (O.OS m10z!MJ) x VQ (27) 

Source: Layton, 1993. 
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Table 3-5. Inhalation Rates for Short-Tenn Exposures 

Activity Type 

Rest Sedentary Light Moderate Heavy 

Gender/Age Weight BMR• MET (BMR Multiplier) 

(yrs) (kgC) (kJ/day) 1 1.2 2b 4c 1od 

Inhalation Rate (m3 /hr)f,g 

Male 
o.s - <3 14 3.40 0.19 0.23 0.38 0.78 1.92 
3- <10 23 4.30 0.24 0.29 0.49 0.96 2.40 
10 - < 18 53 6.70 0.38 0.45 0.78 1.50 3.78 
18 - <30 76 7.70 0.43 0.52 0.84 1.74 4.32 
30- <60 80 7.50 0.42 0.50 0.84 1.68 4.20 
60+ 15 6.10 0.34 0.41 0.66 1.38 3.42 

Female 
0.5 - <3 11 2.60 0.14 0.17 0.29 0.60 1.44 
3 - <10 23 4.00 0.23 0.27 0.45 0.90 2.28 
10- <18 50 5.10 0.32 0.38 0.66 1.26 3.18 
18 - <30 62 S.90 0.33 0.40 0.66 1.32 3.30 
30- <60 68 5.80 0.32 0.39 0.66 1.32 3.24 
60+ 67 S.30 0.30 0.36 0.59 1.20 3.00 

a The BMRs for the age/gender cohorts were calculated using the respective body weights and the BMR. 
equations (Appendix Table 3A-1). 

b Range of 1.5 - 2.5. 
c Range of 3 - 5. 
d Range of >5 - 20. 
e Body weights were based on average weights for age/gender cohorts of the U.S. population given in 

Najjar and Rowland (1987). 
f The inhalation rate was calculated by multiplying BMR (IO/day) x H (0.05 L/KJ) x MET x VQ (27) 

x (d/1,440 min) . 
g Original data were presented in L/min. Conversion to ~/hr was obtained as follows: 

Source: Layton, 1993. 

60 min 
hr 
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Linn et al. -Documentation of Activity Patterns in "High-Risk" Groups 'Exposed to 

Ozone in the Los Angeles Area - Linn et al. (1992) conducted a study that estimated the 

inhalation rates for "high-risk" subpopulation groups exposed to ozone (03) in their daily 

activities in the Los Angeles area. The population surveyed consisted of seven subject 

panels: Panel 1: 20 healthy outdoor workers (15 males, 5 females, ages 19-50); Panel 2: 17 

healthy elementary school students (5 males, 12 females, ages 10-12); Panel 3: 19 healthy 

high school students (7 males, 12 females, ages 13-17); Panel 4: 49 asthmatic adults 

(clinically mild, moderate, and severe, 15 males, 34 females, ages 18-50); Panel S: 24 

asthmatic adults from 2 neighborhoods of contrasting 0 3 air quality (10 males, 14 females, 

ages 19-46); Panel 6: 13 young asthmatics (7 males, 6 females, ages 11-16); Panel 7: 

construction workers (7 males, ages 26-34). 

Initially, a calibration test was conducted and was followed by a training session. 

Finally, a field study was conducted which involved subjects' collecting their own heart rate 

(HR) and diary data. The calibration exercise protocols varied for each panel subject: 

Panel 1 had laboratory treadmill exercise tests, indoor hall-way walking tests at different 

self-chosen speeds, and 2 outdoor tests each consisted of 1 hour cycles of rest, walking, and 

jogging; Panel 2 and 3 performed outdoor exercises that consisted each of 20 minute rest, 

slow walking, jogging, and fast walking; Panel 4 and S had treadmill and hallway tests; 

Panel 6 had laboratory tests on bicycles and treadmills; Panel 7 performed similar exercises 

as Panel 2 and 3, and also performed job-related tests including lifting and carrying a 9-kg 

pipe (Linn et al., 1992). During the calibration tests, ventilation rates (VR) and HR were 

measured simultaneously at each exercise level. A regression line was fed to the calibration 

data, HR and lognormal VR, and an equation was developed to predict VR fyom measured 

HR. 
In the field study, each subject (except construction workers) recorded in diaries their 

daily activities, change in locations (indoors, outdoors, or in a vehicle), self-estimated their 

breathing rates during each activity/location, time spent at each activity/location. Healthy 
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subjects recorded their HR once every 60 seconds and asthmatic subjects reeorded their diary 

information once every hour with a Heart watch. Construction workers dictated their diary 

information to a technician accompanying them on the job. Subjective breathing rates were 

defined as slow (walking at their normal pace); medium (faster than normal walking); and 

fast (running or similarly strenuous exercise). Table 3-6 presents the protocols for self

monitoring of diary information for each subject panel. 

Table 3-7 presents the mean VR, the 99th percentile VR, and the VR at each 

subjective activity level (slow, medium, fast). The mean and 99th percentile VRs were 

derived from the valid HR recordings excluding diary data. Each of the three activity levels 

were determined from diary data and HR recordings (Linn et al., 1992). The preliminary 

data for construction workers indicated that during a 10-hr work shift, their mean VR (1.5 

m3/hr) exceeded the VRs of other subject panels (Table 3-7). Linn et al. (1992) reported 

that the diary data showed that most individuals expect construction workers spent most of 

their time (in a typical day) indoors at slow activity level. During outdoor activities, VRs 

were lower for asthmatics than for healthy subjects. During slow activity level, asthmatic 

subjects had higher VRs than healthy subjects (Linn et al., 1992). Also Linn et al. (1992), 

reported that in every panel, the predicted VR correlated significantly with the subjective 

estimates of activity levels. 

According to Linn et al. (1992), "Calibration results may overestimate the predictive 

power of HR during actual field monitoring, because the wider variety of exercise in 

everyday activities may result in wider variation of the VR-HR relationship." Another 

limitation of this study is the small sample size of each subpopulation surveyed, therefore, 

this may not be representative the U.S. population. Also, in the course of this study, 

information on activity patterns were obtained, but the information was not presented. This 

information could be useful for exposure assessments. An advantage of these data set is that 

activities were recorded in a diary and not generated based on recall. Another advantage is 

that inhalation rates were presented for various subpopulations (i.e., healthy outdoor 

workers, asthmatics, healthy adults, and healthy children). 
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Table 3-6. Protocols for Self-Monitoring of Activities Grouped by Subject Panels 

Panel 

Panel 1 - Healthy Outdoor Workers - 15 female, 5 
male, age 19-50 

. Panel 2 - Healthy Elementary School Students - 5 
male, 12 female, age 10-12 

Panel 3 - Healthy High School Students - 7 male, 12 
female, age 13-17 

Panel 4 - Adult Asthmatics, clinically mild, moderate, 
and severe - 15 male, 34 female, age 18-50 

Panel 5 - Adult Asthmatics from 2 neighborhoods of 
oontrasting 03 air quality - 10 male, 14 female, age 
19-46 

Panel 6 - Young Asthmatics - 7 male, 6 female, age 
11-16 

Panel 7 - Construction Workers - 7 male, age 26-34 

Source: Linn et al., 1992 

Protocol 

3 days in 1 typical summer week (includes most active workday and 
most active day off); HR recordings and activity diary during waking 
hours. 

Saturday, Sunday and Monday (school day) in early autumn; HR 
recordings and activity diary during waking hours and during sleep. 

Same as panel 2, however, no HR recordings during sleep for most 
subjects. 

1 typical summer week, 1 typical winter week; hourly activity/health 
diary during waking hours; lung function tests 3 times daily; HR 
recordings during waking hours on at least 3 days (including most 
active work day and day off) . 

Similar to panel 4, personal N02 and acid exposure monitoring 
included. (Panels 4 and 5 were studied in different years, and had 10 
subjects in common). 

Similar to Panel 4, summer monitoring for 2 successive weeks, 
including 2 controlled exposure studies with few or no observable 
respiratory effects. 

HR recordings and diary information during 1 typical summer work 
day. 
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Table 3-7. Subject Panel Inhalation Rates (IR) by Mean IR, Upper Percentiles, and Self-Estimated Breathing Rates 

Inhalation Rates (m3/hr) 
Panel Mean 99th Slow Mediumc Fasf 

Percentile 

Healthy 
l - Adults 0.78 2.46 0.72 1.02 3.06 
2 - Elementary School Students 0.90 1.98 0.84 0.96 1.14 
3 - High School Students 0.84 2.22 0.78 1.14 1.62 
7 - Construction Workers4 l.SO 4.26 1.26 1.50 1.68 

Astbmatics 
4 -Adults 1.02 1.92 1.02 1.68 2.46 
S - Adultsh 1.20 2.40 1.20 2.04 4.02 
6 - Elementary and High School Students 1.20 2.40 1.20 1.20 1.50 

• Construction workers recorded only on l day, mostly during work, while others recorded on ~ l work or school day and ~ 
· l day off. 

b Excluding subjects also in Panel 4 
c Some subjects did not report medium and/or fast activity. Group means were calculated from individual means (i.e., give equal 

weight to each individual who recorded any time at the indicated activity level). 

Source: Linn et al., 1992. 
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Linn et al. - Activity patterns in Ozone Exposed Construction Workers - Linn et al. 

(1993) estimated the inhalation rates of 19 construction workers before and during a typical 

work shift. The workers were employed at a hospital construction site in suburban Los 

Angeles. The study was conducted between mid-July and early November, 1991. During 

this period, ozone (~) levels were typically high in Glendale, Los Angeles. Initially, each 

subject was calibrated with a 25-minutes exercise test that included slow walking, fast 

walking, jogging, lifting, and carrying. All calibration tests were conducted in the mornings. 

Ventilation rates (VR) and heart rates (HR) were measured simultaneously during the test. 

The data were analyzed using the least squares regression to derive an equation for predicting 

VR at a given HR. Following the calibration tests and before beginning work, each subject 

recorded their change in activity (i.e. sitting/standing, walking, lifting/carrying, and 

"working at trade" - defined as tasks specific to the individual's job classification). 

Location, and self-estimated breathing rates ("slow" similar to slow walking, "medium" 

similar to fast walking, and "fast" similar to running) were also reco~~ed in the diary. 

During work, an investigator recorded the diary information dictated by the subjects. HR 

was recorded minute by minute for each subject before work and during the entire work 

shift. Thus, VR ranges for each breathing rate and activity category were estimated from 

the HR recordings by employing the relationship between VR and HR obtained from the 

calibration tests. 

A total of 182 hours of HR recordings were obtained during the survey from the 19 

volunteers; 144 hours reflected actual working time according to diary records. The lowest 

actual working hours recorded was 6.6 hours and the highest recorded was 11.6 hours for a 

complete work shift (Linn et al., 1993). Summary statistics for HR and predicted VR 

distributions for each individual, the complete group of all individuals, and job or site 

defined groups are presented in Table 3-8. The data reflects all recordings before and during 

work, and at break times. For all subjects the mean HR was 93 beats/minute and the mean 

inhalation rate (IR) was 1.68 m3/hr as shown in Table 3-8. In Table 3-8 for most subjects, 

the 1st and 99th percentiles of HR were outside of the calibration range (calibration ranges 

are presented in Appendix Table 3A-2). Therefore, corresponding IR percentiles were 

extrapolated using the calibration data (Table 3-8). 
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Table 3-8. Diltributiom of Individual nnd Group Heartnte and lnhalationNcntilation Rate for ou4ioor_"!:'~-~~:- ______ __ : 

Heart Rate (HR) V cntilation Rate (VR) 
(beatalmin) (ml/hr) 

Subject No. Minut.ca Mean± SD 1" so" 99" Mean± SD 1" so" 99" 
Recorded 

1761 S83 88 ± 13 67 86 128 1.S ± 0.72 0.54 1.26 4.2 

1763 4S6 94 ± 13 73 93 129 1.32 ± 0.66 0.48 1.20 3.48 

1764 635 69 ± 10 so 6' 98 1.S6 ± 0.72 1.02 1.32 4.02 

1765 447 91±23 44 91 1S6 1.80 ± 0.96 0.72 1.62 5.52 

1766 776 83 ± 9 65 82 110 1.14 ± 0.48 0.30 1.08 2.SB 

1767 S59 78 ± 21 41 79 142 1.08 ± 0.48 0.72 0.96 3.24 

1768 156 74 ± 14 49 73 128 1.08 ± 0.48 0.30 1.08 2.88 

1769 638 100 ± 21 68 96 163 2.58 ± 1.38 0.66 2.28 7.08 

1770 64S 88 ± 17 SS 87 137 1.62 ± 0.66 0.96 1.44 4.26 

1771 647 110 ± 17 66 113 138 1.62 ± 0.78 0.30 1.86 2.58 

1772 617 109 ± 16 76 110 142 2.58 ± 0.96 1.08 2.S2 S.04 

1773 727 100 ± 17 73 99 141 1.44 ± 0.66 0.30 1.44 2.88 

1774 125 95 ± 19 69 91 161 1.S6 ± 0.54 1.08 1.38 3.96 

1775 652 99 ± 16 64 100 132 1.74 ± 1.02 0.30 1.74 5.94 

1776 654 96 ± 16 65 96 137 1.74 ± 0.66 0.48 1.68 3.6 

1778 682 101±16 71 100 145 2.16 ± 0.96 0.84 2.04 S.28 

1779 146 111 ± 13 87 110 154 2.58 ± 0.66 1.50 2.52 4.98 

1780 S68 88 ± 10 65 89 111 1.62 ± 0.36 1.20 1.50 2.82 

1781 659 BS± 12 S6 87 111 1.38 ± 0.42 0.36 1.44 2.22 

Group and Subgroup Meua& 

All Subjects 93 ± lS 63 92 13S 1.68 ± 0.72 0.66 1.62 3.90 

General Laborers (GCW) 86 ± lS SB 86 130 1.44 ± 0.66 0.48 1.32 3.66 

Iron Workers (Im) 96 ± 14 67 96 128 1.62 ± 0.66 0.60 1.S6 3.24 

Carpcntcn (Car) 9S ± 16 65 94 139 1.86 ± 0.78 0.78 1.74 4.14 

Office Site (Ofc) 82 ± lS S6 82 127 1.38 ± 0.66 0.60 1.20 3.72 

Hospital Site (Hosp) 98 ± 16 68 98 139 1.86 ± 0.78 0.72 1.80 3.96 

• Each group or subgroup mean wu calcu1ated from individual mcana above,. not from pooled dala. 

Source: Linn ct al., 1993. 
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The data presented in Table 3-9 represents distribution patterns oflR -~ 

total subjects, and job or site defined subgroups by self-estimated breathing rates (slow, 

medium, fast) or by type of job activity. All data include working and non-working hours. 

The mean inhalation rates for most individuals showed statistically significant increases with 

higher self-estimated breathing rates or with increasingly strenuous job activity (Linn et al., 

1993). Inhalation rates were higher in hospital site workers compared with office site 

workers (Table 3-9). However, hospital site workers reported a higher percentage of slow 

breathing time (31 percent) than the office site workers (20 percent), and a lower percentage 

of fast breathing time, 3 percent and 5 percent, respectively (Linn et al., 1993). Based on 

the subjects HR measurements and IR predictions, individuals whose work was objectively 
,,, 

heavier than average tended to describe their work as lighter than average. Linn et al. 

(1993) attributed this observation to either a better physical conditioning in hardworking 

individuals and/or a "macho effect" (reluctance to admit the degree of exercise stress they 

felt). 

A limitation associated with this study is the small sample size which may not be 

representative of construction worker subpopulation. Another limitation of this study is that 

calibration data were not obtained at extreme conditions (i.e., heat stress). Therefore, it was 

necessary to predict IR values outside the calibration range which may introduce an unknown 

uncertainty to the data set. Also, subjective self-estimated breathing rates may be another 

source of uncertainty in the inhalation rates estimated. An advantage of these data set is that 

activities were recorded in a diary and not generated based on recall. Another advantage is 

that this survey provides some values for a subpopulation of highly active individuals. 

Spier et al. - Activity Patterns in Elementary and High School Students Exposed To 

Oxidant Pollution - Spier et al. (1992) investigated activity patterns of 17 elementary school 

students (10-12 years old) from the Seventh Day Adventist school and 19 high school 

students (13-17 years old) in suburban Los Angeles from late September to October (oxidant 

pollution season). Calibration tests were conducted in supervised outdoor exercise sessions. 

The exercise sessions consisted of 5 minutes for each: rest, slow walking, jogging, and fast 

walking. Heart rate (HR) and ventilation rate (VR) were measured during the last 2 minutes 

of each exercise. Individual VR and HR relationships were determined by fitting a 
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Table 3-9. Individual Mean Inhalation Rate (m3/hr) by Self-Estimated ~~!If/lib ivity 
Ca fi Outd ker I ,, J._, _,!, OR tegory or oor Wor s CITE 

---p 
Self-Estimated 1ob Activity category <~lhr> 

Breathing Rate (rr} /hr) 

Subj. No. Site• Jobb Slow Med Fast Sit/Std Walk Carry Tradec 

1761 Ofc GCW 1.32 1.56 1.6s4 1.32 1.62 2.46 1.5~ 

1763 Ofc GCW 1.20 1.56 2.04d 1.20 1.44 1.68 1.74d 

1764 Ofc Car 1.44 1.62 1.68d 1.38 1.50 1.62 1.62C 

1765 Ofc GCW 1.32 1.86 1.68d 1.50 1.68 1.86 1.86 

1766 Ofc Car 0.96 1.20 1.68d 1.08 1.08 1.S 1.26d 

1767 Ofc Car 1.08 1.08 1.38 0.96 1.08 1.26 1.08 

1768 Ofc GCW 0.78 1.14 1.32-4 0.96 1.14 1.26 1.2<1 

1769 Hosp Car 2.10 3.06 3.3od 1.86 2.46 3.06 2.94d 

1770 Hosp Car 1.38 1.98 2.7od 1.26 1.74 1.92 1.92.4 

1771 Hosp Car 1.02 1.92 1.74d 1.56 1.92 2.34 1.86d 

1772 Hosp Car 2.34 2.82 3.54d 2.46 2.76 3.48 3.06d 

1773 Hosp Im 1.26 1.74 2.2s4 1.56 1.56 2.04 1.92.4 

1774 Hosp Car 1.32 1.68 _d 1.98 1.92 1.92 1.6s4 

1775 Hosp Im 1.32 . 2.10 2.22d 1.68 1.92 2.22 2.1<1 

1776 Hosp Car 1.38 1.98 1.74d 1.44 1.68 1.92 1.9s4 

1778 Hosp Car 1.86 2.52 2.52.4 2.10 2.64 3.42 2.52.4 

1779 Hosp Car 2.40 2.64 2.64 2.64 2.40 2.64 

1780 Hosp Im 1.50 1.80 1.86d 1.62 1.74 1.74 1.74 

1781 Hosp I.ab 1.38 1.56 1.74d 1.26 1.44 1.44 1.44c 

Group and Subgroup Means 

All Subjects 1.44 1.86 2.04 1.56 1.80 2.10 Jl..92 
-

GCW/Laborers 1.20 1.56 1.68 1.26 1.44 1.74 ll.56 

Iron Workers 1.38 1.86 2.10 1.62 1.74 1.98 1.92 

Carpenters 1.62 2.04 2.28 1.62 1.92 2.28 2.04 

Office Site 1.14 1.44 1.62 1.14 1.38 1.68 i.44 

Hospital Site 1.62 2.16 2.40 1.80 2.04 2.34 2.16 

a Ofc - Office; Hosp - hospital building 
b GCW - general construction worker; Car - carpenter; Im - ironworker; Lab - labororer 
c Trade - •working at Trade• (i.e., tasks specific to the individual's job classification) 
d .Rate or category differences are significant, p<0.001 
c Rates or category differences are significant, P < 0.05 
f Rate or category differences are significant, P<0.01 

Source: Linn et al .• 1993 3-19 
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regression line to HR values and lognonnal VR values. Each subject recorOea 'their daily 

activities change in location, and breathing rates in diaries for 3 consecutive days. Self

estimated breathing rates were recorded as slow (slow walking), medium (walking faster than 

normal), and fast (running). HR was recorded during the 3 days once per minute by wearing 

a Heart watch. VR values for each self-estimated breathing rate and activity type were 

estimated from the HR recordings by employing the VR and HR equation obtained from the 

calibration tests. 

The data presented in Table 3-10 represents HR distribution patterns and 

corresponding predicted VR for each age group during hours spent awake. At the same self

reported activity levels for both age groups, inhalation rates were higher for outdoor 

activities than indoor activities. The total hours spent indoors by high school students 

(21.2 hours) were higher than for elementary school students (19.6 hours). The converse 

was true for outdoor activities; 2. 7 hours for high school students, and 4.4 hours for 

elementary school students (Table 3-11). Based on the data presented in Tables 3-10 

and 3-11, the average inhalation specific-activity rate for elementary (10-12 years) and high 

school (13-17 years) students were calculated. For elementary school students the average 

daily inhalation rates are 15.8 m3/day for light activities, 4.62 m3/day for moderate activities, 

and 0.98 m3/day for heavy activities. Also, for high school students the daily inhalation rate 

during light, moderate, and heavy activities are estimated at 16.4 m3/day, 3.1 m3/day, and 

0.54 m3/day, respectively (Table 3-12). 

A limitation of this study is the small sample size. It may not be representative of all 

children in these age groups. Another limitation is that associated with the accuracy of the 

self-estimated breathing rates reported by younger age groups. This may affect the validity 

of the data set generated. An advantage of this study is that data was generated from diary 

recordings and not based on recall. This approach appears to give more accurate estimates. 

California Air Resources Board (CARB) - Measurement of Breathing Rate and Volwne 

in Routinely Peifonned Daily Activities - The California Air Resources Board, CARB 

(1993), conducted research to accomplish two main objectives: (1) identification of mean and 

ranges of inhalation rates for various age/gender cohorts; and (2) derivation of simple linear 

and multiple regression equations used to predict inhalation rates through other measured 
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~ DRAFT I Table g.10. Distribution of HR and Predicted IR, by location and Self- ~ ~nf9r OR 
Elementary (EL) and High School (HS) Students ----~~TE , ! 

Heart Rate· Beats/Min 

Location/ % of Recordedb Arithmetic Mean ± SD Perceatile Rankings 
Breathirig Rate Students& Time 

1st 50th 99.9th 

EL 49.6 95 ± 16 61 95 166 
In/slow 

HS 70.7 86 ± 17 55 85 173 

EL 23.6 98' ± 17 63 98 160 
In/medium 

HS 10.9 96 ± 18 61 93 174 

EL 2.4 105 ± 32 63 100 188 
In/fast 

HS 1.4 109 ± 22 71 105· 187 

EL 8.9 104 ± 23 60 102 182 
Out/slow 

HS 8.2 98 ± 18 61 96 193 

EL 11.2 115 ± 21 67 113 185 
Out/medium 

HS 7.4 106 ± 24 66 103 198 

EL 4.3 119 ± 20 81 118 188 
Out/fast 

HS 1.4 115 ± 31 69 109 200 

Inhalation Rates. m3 /hr 

EL 49.6 0.84 ± 0.36 0.18 0.78 2.34 
In/slow 

HS 70.7 0.78 ± 0.36 0.30 0.72 3.24 

EL 23.6 0.96 ± 0.36 0.24 0.84 2.58 
In/medium 

HS 10.9 0.96 ± 0.42 0.42 0.84 4.02 

EL 2.4 1.02 ± 0.60 0.24 0.84 3.42 
~fast 

HS 1.4 1.26 ± 0.66 0.54 1.08 6.84c 

EL 8.9 0.96 ± 0.54 0.36 0.78 4.32 
Out/slow 

HS 8.2 0.96 ± 0.48 0.42 0.90 5.28 

EL 11.2 1.08 ± 0.48 0.24 0.96 3.36 
Out/medium 

HS 7.4 1.26 ± 0.78 0.48 1.08 5.70 

EL 4.3 1.14 ± 0.60 0.48 0.96 3.60 
Out/fast 

HS 1.4 1.44 ± 1.08 0.48 1.02 5.94 

a EL students were between 10-12 yrs old; HS students were between 13-17 yrs old. 
b Recorded time averaged about 23/hr per elementary student and 33/hr per high school student, over 72-hr. periods. 
c Highest single value. 

Source: Spier et al, 1992. 
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Table 3-11. Average Hours Spent per Day in a Given Location and Activity Level by 
Elementary (EL) and High School (HS) Students 

Indoor 

Slow 

Medium 

Fast 

TOTAL 

Outdoor 

Slow 

Medium 

Fast 

TOTAL 

EL students were between 10-12 years old 
HS students were between 13-17 years old 

16.3 

2.9 

0.4 

19.6 

2.2 

1.7 

0.5 

4.4 

Time (hrs/day) 

Students 

19.5 

1.5 

0.2 

21.2 

1.2 

1.3 

0.2 

2.7 

Source: Spier et al., 1992. 

3-22 



Table 3-12. Distribution Patterns of Daily Inhalation Rates for Elementary (EL) and High School Students (HS) Grouped by Activity Level 

Location Activity Ty¢ Studentsb Average, IRc Percentile Rankings 
(m3/day) 

1st SOth 99th 

Indoor Light 13.7 2.93 12.71 38.14 

lS.2 S.85 14.04 63.18 

Moderate 2.8 0.70 2.44 7.48 

1.4 0.63 1.26 6.03 

Heavy 0.4 0.006 0.34 1.37 

0.25 0.11 0.22 1.37 

w Outdoor 
~ 

Light 

EL 

HS 

EL 

HS 

EL 

HS 

EL 

HS 

EL 

HS 

EL 

HS 

2.1 0.79 1.72 9.SO 
w 1.15 o.so 1.08 6.34 

Moderate 1.84 0.41 1.63 5.71 

1.64 0.62 1.40 7.41 

Heavy 0.57 0.24 0.48 1.80 

0.29 0.006 0.20 1.19 

• In this report, activity type presented in Table 3-7 was redefined as light activity for slow, moderate activity for medium and heavy activity for fast. 
b EL students were between 10-12 years old; HS students were between 13-17 years old. ·---·-
c Daily inhalation rate was calculated by multiplying the hours spent at each activity level (fable 3-8) by the corresponding inhlation rate (fable 3-7). t1 

! 0 

Source: Generated using data from Tables 3-8 and 3-9. I ~ _ 
1-3 '-' . s.o C! 
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variables: heart rate (HR), breathing frequency (fa), and oxygen consumptiori-(Voi.r.--The -

survey population consisted of 160 individuals (both genders) from California of various ages 

(6-77 years) and ethnicity (CARB, 1993). Further research was also conducted to validate 

empirically derived equations for children engaged in selected field and laboratory studies. 

The test subjects were 40 children from 6 to 12 years old. Twelve children (3-5 years) were 

subjects for pilot testing (CARB, 1993). 

Resting protocols conducted in the laboratory consisted of phases (25 minutes each) of 

lying, sitting, and standing. They were categorized as resting and sedentary activities. Two 

active protocols including moderate (walking) and heavy (jogging/running) phases were 

performed on a treadmill over a progressive continuum of intensities made up of 6 minute 

intervals, at 3 speeds ranging from slow to moderately fast. All protocols involved 

measuring VR, HR, fB, and V 02• Measurements were taken in the last 5 minutes of each 

phase of the resting protocol (25 minutes), and the last 3 minutes of the 6 minutes intervals, 

at each speed designated in the active protocols. 

In the field, all children completed spontaneous play protocols, while the older 

adolescent population (16-18 years) completed car driving and riding, car maintenance 

(males), and housework (females) protocols. All adults (19-60 years) and most or the senior 

(60-77 years) females completed housework, yardwork, and car driving and riding protocols. 

Adult and senior males only completed car driving and riding, yardwork, and mowing 

protocols. HR, VR, and fB were measured during each protocol and most protocols were 

conducted for 30 mins. All the active field protocols were conducted twice. 

During all activities in either the laboratory or field protocols, inhalation rate (IR) for 

the children's group revealed no significant gender differences and those for the adult groups 

demonstrated gender differences. Therefore, IR data presented in Appendix Tables 3A-3 and 

3A-4 were categorized as young children, children, adult female, and adult male by activity 

levels (resting, sedentary, light, moderate, and heavy). These categorized data for the 

laboratory protocols are shown in Table 3-13. Table 3-14 presents the mean inhalation rates 

by group and activity levels (light, sedentary, and moderate) in field protocols. A 

comparison of the data shown in Tables 3-13 and 3-14 suggest that during light and sedentary 

activities in laboratory and field protocols similar inhalation rates were obtained for adult 
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Table 3-13. Summary of Average Inhalation Rates (m3/hr) by Age Group lm1l'ActivityI.evels·for-= 
Laboratory Protocols 

Age Resting& Sedentaryb Ligh~ Moderated Heavr 

Young Childrenf 0.37 0.40 0.65 D~ DNPg 

Childrenh 0.45 0.47 0.95 1.74 2.23 

Adult Femalesi 0.43 0.48 1.33 2. 7q. 2.96i 

Adult Malesd 0.54 0.60 1.45 1.93 3.63 

a Resting defined as lying (see Appendix Table 3A-3 for original data). 
b Sedentary defined as sitting and standing (see Appendix Table 3A-3 for original data). 
c Light defined as walking at speed level 1.5 - 3.0 mph (see Appendix Table 3A-3 for original data). 
d Moderate defined as fast walking (3.3 - 4.0 mph) and slow running (3.S - 4.0 mph) (see Appendix Table 

3A-3 for original data). . 
0 Heavy defined as fast running (4.5 - 6.0 mph) (see Appendix Table 3A-3 for original data). 
f Young. children (both genders) 3 - 5.9 yrs old. 
g DNP. Group did not perform this protocol or N was too small for appropriate mean comparisons. All 

young children did not run. 
~ Children (both genders) 6 - 12.9 yrs old. 

Adult females defined as adolescent, young to middle aged, and older adult females. 
j Older adults not included in mean value since they did not perform running protocols at particular speeds. 
k Adult males defined as adolescent, young to middle aged, and older adult males. 

Source: · CARB, 1993. 
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Table 3-14. Summary of Average Inhalation Rates (m3 /hr) by Age Group and Activity Levels 
in Field Proti:>cols 

Activity Young Children• 
Level Childrenb 

Light! DNPo DNPo 

Sedentary' DNPo DNPo 

Moderate" 0.68 1.07 

Young children (both genders) = 3 - 5.9 yrs old . 
Children (both genders) = 6 - 12.9 yrs old. 

Adult 
Femalesc 

1. lOi 

0.51 

DNPo 

Adult females defined as adolescent, young to middle aged, and older adult females. 
Adult males defined as adolescent, young to middle aged, and older adult males. 

Adult 
Malesd 

1.4d 

0.62 

1.7Si 

DNP. Group did not perform this protocol or N was too small for appropriate mean comparisons. 
Light activity was defined as car maintenance (males), housework (females), and yard work (females) 
(see Appendix Table 3A-4 for original data). 
Sedentary activity was defined as car driving and riding (both genders) (see Appendix Table 3A-4 
for original data). 
Moderate activity was defined as moving (males); wood working (males); yard work (males); and 
play (children). (see Appendix Table 3A-4 for original data). 
Older adults not included in mean value since they did not perform this activity. 
Adolescents not included in mean value since they did 1:1ot perform this activity. 

Source: CARB, 1993. 
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females and adult males. Accurate predictions of IR across all population groups and activity---" 

types were obtained by including body surface area (BSA), HR, and f8 in multiple regression 

analysis (CARB, 1993). CARB (1993) calculated BSA from measured height and weight 

using the equation: BSA = height<0·725> x weight<0•425> x 71.84. 

A limitation associated with this study is that the population does not represent the 

general U.S. population. Also, the classification of activity types (i.e. laboratory and field 

protocols) into activity levels may bias the inhalation rates ob~ed for various age/gender 

cohorts. The estimated rates were based on short-term data and may not reflect long-term 

patterns. An advantage of this study is that it provides inhalation data for all age groups. 

3.2.3. Other Relevant Inhalation Rate Studies 

Shamoo et al. - Improved Quantitation of Air Pollution Dose Rates by Improved 

Estimation of Ventilation Rate- Shamoo et al. (1990) conducted this study to develop and 

validate new methods to accurately. estimate ventilation rates for typical individuals during 

their normal activities. Two practical approaches were tested for estimating ventilation rates 

indirectly: (1) volunteers were trained to estimate their own ventilation rate (VR) at various 

controlled levels of exercise; and (2) individual VR and heart rate (HR) relationships were 

determined in another set of volunteers during supervised exercise sessions (Shamoo et al. 

1990). In the first approach, the training session involved 9 volunteers (3 females and 6 

males) from 21-37 years old. Initially the subjects were trained on a treadmill with regularly 

increasing speeds. VR measurements were recorded during the last minute of the 3-minute 

interval at each speed. VR was reported to the subjects as low (1.4 m3/hr), medium (1.5-2.3 

m3/hr), heavy (2.4-3.8 m3/hr), and very heavy (3.8 m3/hr or higher) (Shamoo et al., 1990). 

Following the· initial test on a different day, treadmill training sessions were 

conducted where 7 different speeds were used, each for 3 minutes in arbitrary order. VR 

was measured and the subjects were provided feedback. A treadmill testing session was 

conducted in tµe same manner as the training session. F.ach subject then estimated their own 

ventilation level at each speed and the correct level was revealed to the volunteers. 

Subsequently, two 3-hour outdoor supervised exercise sessions were conducted in the 

summer on two consecutive days. F.ach hour consisted of 15 minutes each of rest, slow 
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walking, jogging, and fast walking. The subjects' ventilation level and VR-were-reooraea,--..J 
however, no feedback was given to the subjects. Electrocardiograms were recorded via 

direct connection or telemetry and HR was measured concurrently with ventilation 

measurement for all treadmill sessions. 

The second approach consisted of two protocol phases (indoor/outdoor exercise 

sessions and field testing). 20 outdoor adult workers between 19-50 years old were 

employed. Indoor and outdoor supervised exercises similar to the protocols in the first 

approach were conducted, however there were no feedbacks. Also, in this approach 

electrocardiograms were recorded and HR was measured concurrently with VR. During the 

field testing phase, subjects were trained to record their activities during three different 24-

hour periods within one week. These periods included their most active working and non

working days. HR was measured quasi-continuously during the 24-hour periods activities 

were recorded. The subjects recorded in a diary all changes in physical activity, location, 

exercise levels during waking hours. Self-estimated activities in supervised exercises and 

field studies were categorized as slow (resting, slow walking or equivalent), medium (fast 

walking or equivalent), and fast (jogging or equivalent). 

Inhalation rates were not reported in the data presented by Shamoo et al. (1990). 

Shamoo et al. (1990) reported that the first approach employed indicated that about 68 % of 

the sample population estimated their VR correctly. They also observed that inaccurate self

estimates occurred in the younger male population who were highly physically fit and were 

competitive aerobic trainers. ~s subset of sample population tended to underestimate their 

own physical activity levels at higher VR ranges. Shamoo et al. (1990) attributed this to a 

"macho effect." In the second approach, a regression analysis was conducted that related the 

logarithm of VR to HR. The logarithm of VR correlated better with HR than VR itself 

(Shamoo et al., 1990). Also, the effect of heat stress was observed on the HR data obtained 

during the second hour of the exercise sessions. 

A limitation associated with this study is that the population sampled does not give a 

representation of the general U.S. population. Also, ventilation rates were not presented. 

Training individuals to estimate their VR may contribute to uncertainty in the results because 

the estimates are subjective. Another limitation is that heat stress was not accounted for in 
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the equation used to predict VR from HR measurements. This may somewhat affect the 

accuracy of the estimated VR. An advantage of this study is that data sets wete generated 

from diary recordings of activities during the sampling period and _were not bUed on recall. 

The former approach appears to give more accurate responses. 

Shamoo et al. - Activity Patterns in a Panel of Outdoor Workers Exposed to Oxidant 

Pollution - Shamoo et al. (1991) investigated summer activity patterns in 20 adult volunteers 

(15 men and 5 women) outdoor workers in the Los Angeles area. They were exposed to 

oxidant pollution. The age of the subjects ranged from 19-50 years old. All volunteers 

worked outdoors at least 10 hours per week. The experimental approach involved two 

stages: (1) indirect objective estimation of ventilation rate (VR) from heart rate (HR) 

measurements; and (2) self estimation of inhalation/ventilation rates recorded by subjects in 

diaries during their normal activities (Shariloo et al., 1991). The approach consisted of 

calibrating the relationship between VR and HR for each test subject in controlled exercise; 

monitoring by subjects of their own normal activities with diaries and electronic HR 

recorders; and then relating VR with the activities described in the diaries (Shamoo et al., 

1991). 

Calibration tests were conducted for indoor and outdoor supervised exercises to 

determine individual relationships between VR and HR. Indoors, each subject was tested on 

a treadmill at rest and at increasing speeds. HR and VR were measured at the third minute 

at each 3-minute interval speed. In addition, subjects were tested while walking a 90-meter 

course in a corridor at 3 self-selected speeds (normal, slower than n~rmal, and faster than 

normal) for 3 mins. 

Two outdoor testing sessions (one hour each) were conducted for each subject, 7 clays 

apart. Subjects exercised on a 260-m asphalt course. The session involved 15 minutes each 

of: rest, slow walking, jogging, and fast walking during the first hour. The sequence was 

also repeated during the second hour. HR and VR measurements were recorded starting at 

the 8th minute of each 15-minute segment. Following the calibration tests, a field study was 

conducted in which subject's self-monitored their activities (by filling out activity diary 

booklets), self-estimated their breathing rates, and HR. Breathing rates were defined as 

sleep, slow (slow or normal walking), medium (fast walking), and fast (running) (Shamoo et 

3-29 



r-·-·-·--· 
1 DRP..FT 
j I'-. P"'i' r)l'~'"'''" \..:.::·, ; • J , ,{I,.., " '•,.) .... ' 

J - .,. ., .• 
I " ... I 

al., 1991). Changes in location, activity, or breathing rates during three24-lfrperl0cis-Witlifu 

a week were recorded. These periods included their most active working and non-working 

days. F.ach subject wore Heart watches which recorded their HR once per minute during the 

field study. Ventilation rates were estimated for the following categories: sleep, slow, 

medium, and fast. 

A regression line was fed to the calibration data, HR and lognormal VR, in order to 

develop an equation to predict VR from measured HR. The average measured VR were 

0.48, 0.9, 1.68, and 4.02 m3/hr for rest, slow walking or normal walking, fast walking and 

jogging, respectively (Shamoo et al., 1991). Collectively, the diary recordings showed that 

sleep occupied about 33 percent of the subject's time, slow activity 59 percent, medium 7 

percent, and fast 1 percent. The diary data covered an average of 69 hrs per subject 

(Shamoo et al., 1991). Table 3-15 presents the distribution pattern of predicted ventilation 

rates and equivalent ventilation rates (EVR) obtained at the four activity levels. EVR was 

defined as the VR per square meter of body surface area, and also as a percentage of the 

subjects average VR over the entire field monitoring period (Shamoo et al., 1991). The 

overall mean predicted VR were 0.42 m3/hr for sleep; 0.71 m3/hr for slow activity; 0.84 

m3/hr for medium activity; and 2.63 m3/hr for fast activity. The mean predicted VR and 

standard deviation, and the percentage of time spent in each combination of VR, activity type 

(essential and non-essential), and location (indoor and outdoor) are presented in Table 3-16. 

Essential activities include income-related work, household chores, child care, study and 

other school activities, personal care and destination-oriented travel. Non-essential activities 

include sports and active leisure, P,asSive leisure, some travel, and social or civic activities 

(Shamoo ct al., 1991). 

The author noted that the methodology employed in this study and the previous study 

by Shamoo et al. (1990) are similar. Consequently, the same advantages and disadvantages 

associated with the Shamoo et al. (1990) data set also apply to this data set. According to 

Shamoo et al. (1990), "These results confirm that subjective activity diary data can provide 

exposure modelers with useful rough estimates of VR for groups of generally healthy people. 

As a group, the subjects showed meaningful and highly statistically signitiCC!f1t increases in 

measured HR and predicted VR across the range of diary-recorded activity levels (sleep-
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Table 3-15. Distribution Pattern of Predicted VR and EVR (Equivalent Ventilation Rate) for Outdoor Workers 

VR(M3/hr)9 

Perceived Breathing Rate N" Arithmetic Geometric 
Mean± S.D. Mean± S.D. 

Sleep 18,597 0.42 ± 0.16 0.39 ± 0.08 

Slow 41,745 0.71 ± 0.4 0.65 ± 0.09 

Medium 3,898 0.84 ± 0.47 0.76 ± 0.09 

Fast 572 2.63 ± 2.16 1.87 ± 0.14 

Percentile Rankings, VR 

1 s 10 so 90 

Sleep 0.18 0.18 0.24 0.36 0.66 

Slow 0.30 0.36 0.36 0.66 1.08 

Medium 0.36 0.42 0.48 0.72 .1.32 

Fast 0.42 0.54 0.60 1.74 S.70 

Percentile Rankings, EVR 

1 s 10 so 90 

Sleep 0.12 0.12 0.12 0.24 0.36 

Slow 0.18 0.18 0.24 0.36 0.54 

Medium 0.18 0.24 0.30 0.42 0.72 

Fast 0.24 0.30 0.36 ,0.90 3.24 -
• Data presented by Shamoo were presented in liters/minute were converted to m3/hr . 

" Number of minutes with valid appearing he.art rate records and corresponding daily records of breathing rate. 
c EVR = VR per square meter of body surface area. 

Source: Shamoo et al., 1991 

EVR (~/hr/al- body surface) 

Arithmetic 
Mean± S.D. 

0.23 ± 0.08 

0.38 ± 0.20 

0.48 ± 0.24 

1.42 ± 1.20 

95 

0.72 

1.32 

1.68 

6.84 

95 

0.36 

0.66 

0.90 

3.72 

99 

0.90 

1.98 

2.64 

9.18 

99 

0.48 

1.08 

1.38 

4.86 

Geometric 
Mean± S.D. 

0.22 ± 0.08 

0.35 ± 0.09 

0.44 ± 0.09 

1.00 ± 0.14 

99.9 

1.20 

4.38 

3.84 

10.26 

99.9 

0.60 

2.40 

2.28 

S.52 . ....--.---.--...... 
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Table 3-16. Distribution Pattern of Inhalation Rate by Lotation and Activity Type for Outdoor Workers 

Location Activity Type& Perceived Breathing % of Time Inhalation rate (m3/hr) % of Avg.h 
Rates ± S.D. 

Indoor Essential Sleep 28.7 0.42 ± 0.12 69 ± 15 

Slow 29.5 0.72 ± 0.36 106 ± 43 

Medium 2.4 0.72 ± 0.30 129 ± 38 

Fast 0 0 0 

Indoor Non-essential Slow 20.4 0.66 ± 0.36 98 ± 36 

Medium 0.9 0.78 ± 0.30 120 ± 50 

w Fast 0.2 l.86 ± 0.96 278 ± 124 

~ Outdoor Essential Slow 11.3 0.78 ± 0.36 117 ± 42 

Medium l.8 0.84 ± 0.54 130 ± 56 

Fast 0 0 0 

Outdoor Non-essential Slow 3.2 0.90 ± 0.66 136 ± 90 

Medium 0.8 l.26 ± 0.00 213 ± 91 

Fast 0.7 2.82 ± 2.28 362 ± 275 

a Statistic was calculated by converting each VR for a given subject to a percentage of her/his overall average. 
b Essential activities include income-related, work, household chores, child care, study and other school activities, personal care, and destination-oriented travel; 

Non-essential activities include sports and active leisure, passive leisure, some travel, and social or civic activities. I t:1 · 

I o 
Source: Shamoo et al., (1991). t § 
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slow-medium-fast). At the same time, .the. results show high within-person anaoetween

person variability in VR at each diary-recorded level, indicating that VR estimates from diary 

reports may be substantially misle.ading in individual cases." 

Shamoo et al. - EffectiveTless of Training Subjects to Estimate Their Level of 

Ventilation - Shamoo et al. (1992) conducted a study where nine non-sedentary subjects in 

good ~ealth were trained on a treadmill to estimate their own ventilation rates at four activity 

levels: low, medium, heavy, and very heavy. The purpose of the study was to train the 

subjects self-estimation of ventilation in the field and assess the effectiveness of the training 

(Shamoo et al., 1992). The subjects included 3 females and 6 males between 21 to 37 years 

of age. The tests were conducteCI in four stages. First, an initial treadmill pretest was 

conducted indoors at various speeds until the four ventilation levels were experienced by each 

subject, VR was measured and feedback was given to the subjects. Second, two treadmill 

training sessions which involved seven 3-min segments of varying speeds based on initial test 

were conducted,. VR was measured and feedback was given to the subjects.,,., Another similar 

session was conducted, however, the subjects estimated their own ventilation level during the 

last 20 seconds of each segment and VR was measured during the last minute of each 

segment. Immediate feedback was given to the subject's estimate; and the third and fourth 

stages involved 2 outdoor sessions of 3 hours each. Each hour comprised 15 minutes each of 

rest, slow walking, jogging, and fast walking. The subjects estimated their own ventilation 

level at the middle of each segment. The subject's estimate was verified by a respirometer 

which measured VR in the middle of each 15-minute activity. No feedback was given to the 

subject. 

For purposes of this study, inhalation rates were analyzed from the raw data provided 

by Shamoo et al. (1992). These data are presented in Appendix Table 3A-5. Table 3-17 

presents the actual inhalation rates obtained at four ventilation levels and two 

microenvironments (i.e., indoors and outdoors). The mean inhalation rates for all subjeccts 

were 0.93, 1.92, 3.01, 4.80 for !ow, medium, heavy, and very heavy activities. 

The population sample sire used in this study was small and may somewhat affect the 

distribution of the data set obtained. Another limitation is that the population selected does 

not represent the general U.S. population. The training approach employed may not be cost 

>.' 



Table 3-17. Actual Inhalation Rates (VE) Measured at Four Ventilation Levels 

Mean VE' 
Subject Location (m3/hr) 

Low1> Mediumc Heavyd Very Heavy° 

0124 Indoor (fm post)r 1.46 1.97 3.52 4.94 
Outdoor' 1.18 2.78 3.22 5.17 
Totalh 1.22 2.55 3.42 5.14 

0720 Indoor (fm post) 1.48 1.94 3.47 
Outdoor 0.98 2.39 3.22 4.76 
Total 1.05 2.24 3.33 4.76 

1000 Indoor (fm post) 1.01 1.40 2.65 3.73 
Outdoor 0.53 1.71 2.92 4.38 

Ul Total 0.60 1.64 2.78 4.22 
~ 

1200 Indoor (fm post) 1.01 1.49 2.59 3.64 ~ 

Outdoor 0.65 1.63 2.29 4.96 
Total 0.71 1.57 2.38 4.77 

1239 Indoor (fm post) 1.10 1.88 3.08 
Outdoor 0.75 1.44 3.37 4.25 
Total 0.83 1.57 3.24 4.25 

1240 Indoor (fm post) 0.92 1.48 2.92 
Outdoor 0.58 1.42 2.47 4.13 
Total 0.68 1.45 2.74 4.13 

1241 Indoor (fm post) 1.25 1.78 2.79 3.92 
1-;··-, 

0 . 
I Outdoor 0.91 2.05 3.03 4.21 
l 0 ~t1 Total 0.93 1.89 2.95 4.16 

H !:Jj ; 

1242 Indoor (fm post) 1.28 2.23 3.37 4.37 1-3 '° ;e> tx:I c:: 1-zj 

Outdoor 1.08 1.89 2.96 6.40 0 1-3 
1-3 

Total 1.12 2.06 3.06 6.11 tx:I 
0 
~ 
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Table 3-17. Actual Ventilation Rates (VE) Meuured at Four Ventilation Levels (continued) 

• 

b 

c 

d 

e 

f 

' la 

Subject 

1243 

All subjects 

Location 

Indoor (Tm post) 
Outdoor 
Total 

Indoor (Tm post) 
Outdoor 
Total 

Low!' 

1.53 
1.01 
l.O'J 

l.23 
0.88 
0.93 

Mean VE• 
(m3/hr) 

Medium0 

2.27 
2.32 
2.29 

l.83 
l.96 
l.92 

Original data were presented in Umin. Conversion to irlbr was obtained as follows: 

min m3 L 60-% x-
,,,. lOOOL min 

Low = lA, lB (see Appendix Table 3A-S) 
Medium = 2A, 2B and 2C (see Appendix Table 3A-S) 
Heavy = 3A, 3B, 3CC and 3D (see Appendix Table 3A-S) 
Very heavy = 4A, 4B and 4C (see Appendix Table 3A-S) 
Indoor activities include Treadmill Post-tat, TM post (see Appendix Table 3A-S) 
Outdoor activities includes all rest, low walk, high walk and jog (see Appendix Table 3A-S) 
Total includes all indoor and outdOQr activities (see Appendix Table 3A-S) 

Source: Shamoo et al., 1992 

Heavyd 

3.80 
2.92 
3.17 

3.13 
2.93 
3.01 

Very Heavy° 

4.20 
S.87 
S.63 

4.13 
4.90 
4.80 

I 
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effective because it was labor intensive, therefore, this approach may not be viable in field 

studies especially for large sample sizes. 

U.S. EPA -Development of Statistical Distributions or Ranges of Standa.rd Factors 

Used in Exposure Assessments - Due to a paucity of information in literature regarding 

equations used to develop statistical distributions of minute ventilation/ventilation rate at all 

activity levels for male and female children and adults, the U.S. EPA (1985) compiled 

measured values of minute ventilation for various age/gender cohorts from early studies. In 

more recent investigations, minute ventilations have been measured more as background 

information than as research objective itself and the available studies have been for specific 

subpopulations such as obese, asthmatics or marathon runners. The data compiled by the 

U.S. EPA (1985) for each age/gender cohorts were obtained at various activity levels. These 

levels were categorized as light, moderate, or heavy according to the criteria developed by 

the Environmental Criteria and Assessment Office of EPA for the Ozone Criteria Document. 

These criteria were developed for a reference male adult with a body weight of 70 kg (U.S. 

EPA, 1985). The minute ventilation rates for adult males based on these activity level 

categories are detailed in Appendix Table 3A-5., Table 3-18 presents a summary of 

inhalation rates by age, gender, and activity level found in Appendix Table 3A-6 . A 

description of activities included in each activity level is also presented in Table 3-18. Based 

on data in Appendix Table 3A-7, at rest, the average adult inhalation rate is 0.5 m3/hr. The 

mean inhalation rate for children at rest, ages 6 and 10, is 0.4 m3/hr. 

The total amount of time spent indoors, outdoors, and in transportation vehicle at 

three activity levels for both males and females of all age groups are presented in 

Table 3-19. The total average hours spent indoors was 20.4, outdoors was 1.77, and in 

transportation vehicle was 1.77. Based on the data presented in Tables 3-18 and 3-19, a 

daily inhalation rate was calculated for adults and children by using a time-activity-ventilation 

approach. The calculated average daily inhalation rates are 16 m3/day for adults. The 

average daily inhalation rate for children (6 and 10 yrs) is 18.9 m3/day ([16.74 + 21.02]/2). 

These data are presented in Table 3-20. 

A limitation associated with this study is that many of the values used in the data 

compilation were from early studies. The accuracy and/or validity of the values used and 
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Table 3-18. Subject &timation of Ventilation Range '--· C 
1 

TE 

~Correct % Incorrect 

% Over % Under 

All Lnels' 

Total 67.8 25.3 74.7 

Indoor (I'M Post)' 82.5 36.4 63.6 

Outdoor (2 Sessions) 62.4 23.7 76.3 

Level 1-Low 

Total 83.4 100.0 0.0 

Indoor 70.6 100.0 0.0 

Out.door 75.0 100.0 0.0 

Level 2 - Medium 

Total 84.3 50.0 50.0 

Indoor 100.0 0.0 0.0 

Out.door 75.0 50.0 50.0 

Level 3 - Heavy 

Total 59.2 4.4 95.6 

Indoor 8S.7 38.3 67.7 

Out.door 54.4 0.0 100.0 

Level 4 - Very Heavy 

Total 26.9 0.0 100.0 

Indoor 33.3 0.0 100.0 

Out.door 26.1 0.0 100.0 

Over &: Under Main AnchoT' 

Total 88.3 13.3 86.7 

Indoor 96.9 0.0 100.0 

Out.door 85.6 13.8 86.2 

• TM Post = Treadmill Post-test 
b Main anchor point-ventilation level at which breathing typically changes from primarily nasal to oro

nasal breathing. 

Source: Shamoo et al., 1992 

3-37 



Table 3-19. 

Micro environment 

Indoors 

Outdoors 

In Transportation Vehicle 

'•'"\ \ ...• ·:.AFT I 
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Activity Pattern Data Aggregated for Three MlCroenvironments by 
Activity Level for all Age Groups 

Average Hours Per Day in 
Each Microenvironment at 

Activity Level Each Activity Level 

Resting 9.82 

Light 9.82 

Moderate 0.71 

Heavy 0.098 

TOTAL 20.4 

Resting 0.505 

Light 0.505 

Moderate 0.65 

Heavy 0.12 

TOTAL 1.77 

Resting 0.86 

Li pt 0.86 

Moderate o.os 
Heavy 0.0012 

TOTAL 1.77 

Source: Adapted from U.S. EPA, 1985. 
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Table 3-20. Summary of Daily Inhalation Rates Grouped by Age and Activity level in a Microenvironment 

Daily Inhalation Rate (m3/day)a 

Subject Resting Light Moderate Heavy 

Adult Male 7.83 8.95 3.53 1.05 

Adult Female 3.35 5.59 2.26 0.64 

Average Adult 5.60 6.71 2.96 0.85 

Child (age 6) 4.47 8.95 2.82 0.50 

Child (age 10) 4.47 11.19 4.51 0.85 

• In this report, inhalation rate was calculated by using th~ following equation: 

w w 
IC 

IR = ~~ 
~ = inhalation rate at ith activity {Table 3-15) 
lj = hours spent per day during ith activity (Table 3-16) 

b In this report, total daily inhalation rate was calculated by summing the specific activity daily inhalation rate. 

Source: U.S. EPA, 1985. 

Total Daily IRb 
(m3/day) 

21.4 

11.8 

16 

16.74 

21.02 

ti : 
0 l 

o~tjl 
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H.p. 
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data collection method were not presented in the U.S. EPA (1985) report. lhis .. 'TT11 ... 1a ..... y-----' 

introduce some degree of uncertainty in the results obtained. An advantage of this study is 

that the data are actual measurement data for a large number of subjects and data are 

presented for both adults and children. 

International Commission on Radiological Protection - Repon of the Task Group on 

Reference Man - The International Commission of Radiological Protection (ICRP) estimated 

daily inhalation rates for reference adult males, adult females, children (10 years old), infant 

(1 year old), and newborn babies by using a time-activity-ventilation approach. This 

approach for estimating inhalation rate over a specified period of time was based on 

calculating a time weighted average of inhalation rates associated with physical activities of 

varying durations. ICRP (1981) selected reference values (Appendix Table 3A-8) of minute 

volume/inhalation rates from a compiled data of various literature sources. ICRP (1981) 

assumed the daily activities of a reference man, woman, and child consisted of 8 hours of 

rest and 16 hours of light activities divided evenly between occupational and nonoccupational 

activities, while an infant's and a newborn's daily activities consisted of 10 and 1 hour 

resting and 14 and 23 hours light activities, respectively. Table 3-21 presents the daily 

inhalation rates obtained for all ages/gender. The estimated inhalation rates were 23 m3/day 

for adult males, 21 m3/day for adult females, 15 m3/day for children (age 10), 3.8 m3/day 

for infants (age 1), and 0.8 m3/day for newborns. 

A limitation associated with this study is that the validity and accuracy of the 

inhalation rates data used in the compilation were not specified. This may introduce some 

degree of uncertainty in the results obtained. Also, the approach used involved assuming 
' 

hours spent by various age/gender cohorts in specific activities. These assumptions may 

over/under-estimate the inhalation rates obtained. 

3.2.4. Recommendations 

The recommended inhalation rates for adults, children, and outdoor workers/athletes 

are based on the key studies described in the preceding sections. Different survey designs 

and populations were utilized by the studies described in this report. A summary of these 

designs, data generated, and their limitations/advantages are presented in Table 3-22. 
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Table 3-21. Daily Inhalation Rates Estimated From Daily Activities for a Reference Man 

Inhalation Rate (IR) 

Subject Resting Light Activity Daily Inhalation Rate (DIR)a 
(m3/hr) (m3/hr) (m3/day) 

Adult Man 0.45 1.2 22.8 

Adult Woman 0.36 1.14 21.1 

Child (10 yrs) 0.29 0.78 14.8 

Infant (1 yr) 0.09 0.25 3.76 

Newborn 0.03 0.09 0.78 

Assumptions made were based on 8 hours resting and 16 hours light activity for adults and children (10 yrs); 14 hours resting and 10 hours light 
'[. activity for infants (1 yr); 23 hours resting and 1 hour light activity for newborns. - a 

1 K 
DIR= - EIR/, 

T i•t 

~ = Corresponding inhalation rate at ith activity 

lj = Hours spent during the ith activity 

k = Number of activity periods 

T = Total time of the exposure period (i.e. a day) 

Source: ICRP, 1981 
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Study 

Layton 1992 

Linn et al., 1992 

w 
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Table 3-22. Summacy of Inhalation Rate Studies 

Population Surveyed 

Based on data from dietary 
8111'Veys and other sources 
including: the NFCS SUl'Vey 
approximately 30,000 individuals 
of various age/gender cohorts; 
the NHANES survey 
approximately 20,000 individuals; 
and a time-activity survey 
conducted by Sallis et al. (1985); 
about 2, 126 individuals (ages 20-
74) selected from California 
communities. 

Seven subject panels: Panel 1 -
healthy outdoor workers, lS 
male, lS female, ages 19-SO; 
Panel 2 - healthy elementary 
school students, S male, 12 
female, ages 10-12; Panel 3 -
healthy high school students, 7 
male, 12 female, ages 13-17; 
Panel 4 - adult asthmatics, lS 
male, 34 female, ages 18-20; 
Panel S - adult asthmatics not 
included in Panel 4, 10 male, 14 
male, ages 19-46; Panel 6 -
young asthmatics, 7 male, 6 
female, ages 11-16; Panel 7 -
construction workers, 7 male, 

Survey Time Period 

Lato spring and early 
autumn. Most subject 
panels were involved in 3 
days of HR and diary 
recording. Construction 
workers were involved in 1 
working day of HR and 
diary recording 

Data Generated 

Daily IR estimated from 3 
methods for adult males, 
females, children 
(including infants) at 
various activity levels. 
Also estimated IR for 
short-term exposures by 
age/gender cohorts at 
various activity level. 

Mean and upper estimates 
of IR for each subject 
panel. Also, IR at three 
self-estimated breathing 
rates (slow, medium, and 
fast) 

Limitations/ Advantages 

The values were estimated 
from several data sources 
and not measured. IRs 
were estimated based on 
energy expenditure at 
various activity levels; 
reported food biases in the 
dietary surveys employed; 
time activity survey was 
based on recall. 

Small sample size of 
subpopulation surveyed. 
Population may not 
represent U.S. population. 
Calibration data not 
obtained over full HR 
range (i.e., heat stress). 
Activities based on short
term diary data. Activity 
patterns data not 
presented. 

ages 26-34. / .~ -, 
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Study 

Linn et al.; 1993 

Spier et al., 1992 

w 
Ji,. 
w 

CARB 1993 

Shamoo et al., 1990 

Population Surveyed 

Outdoor workers; 19 construction 
workers in suburban Los Angeles 

26 students, ages 10-17, both 
genders. 

160 volunteers ages 6-77, both 
genders 

Table 3-22. (continued) 

Survey Time Period 

(Mid-July-early November, 
1991) Diary recordings 
before work, during work 
and break times 

(Late September - October) 
Involved 3 consecutive days 
of diary recording 

Three 25 min phases of 
resting protocol in the lab 6 
mins of active protocols in 
the lab. 30 min phases of 
field protocols repeated 
once. 

9 volunteers of both genders, Involved 3-min indoor 
ages 21-37, 20 out.door workers, session/two 3-hr outdoor 
19-SO years old. session at 4 activity levels 

Data Generated 

Distribution patterns of 
hourly IR by activity 
level. 

Distribution patterns of 
hourly IR by activity 
levels and location 

Mean values of IR for 
adult males and females 
and children by their 
activity levels. 

No IR data presented. 

Limitations/ Advantages 

Small sample population 
size. IR was predicted 
from HR calibration data. 
Estimated breathing ntes 
were subjective in nature. 
Activities were based on 
short-term diary data. 
Population does not 
represent U.S. population. 

IR predicted from HR 
calibration data; short
term activity data based on 
diary recordings; accuracy 
of self-estimated breathing 
rate by younger 
population; population 
does not represent U.S. 
population small sample 
population size. 

Population does not 
represent general U.S. 
population; HR was 
poorly correlated with IR. 
However, from multiple 
regression analysis Fn and 
BSA correlated better with 
VR; small sample size. 

Graphs presented in CT·-
original study were ~' !<:: 
difficult to read; no useful c 1-

0 1-3 -..} data were presented for H :.':! 
exposure assessments H g izj 
tudi tzJ 0 t-3 s es. ~ 
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Table 3-22. (continued) 

Study Population Swveyed Survey Time Period Data Generated Limitatioo.s/ Advantages 

Shamoo ct al., 1991 20 outdoor workers of both Diary recordings of three Distribution patterns of IR Sample population does 
gender, ages 19-50 24-hr. periods within a and EVR by activity levels not represent the general. 

week. and location. U.S. population; small 
sample !rim; short-term 
diary data. 

Sham.ooetal., 1992 9 non-sedentary subjects, both 3-min. intervals of indoor Actual measured Small sample size; 
genders, ages 21-37. exercises/two 3-hr outdoor ventilation rates presented. population does not 

exercise sessions at 4 represent general U.S. 
activity levels. population; training 

approach may not be cost-
effective; VR obtained for 
outdoor worlcers which are 
sensitive subpopulation. 

U.S. EPA, 1985 Based on data from several - Estimated IR for adult Validity and accuracy of 
g literature sources males, adult females and data set employed not 

children (ages 6 and 10) defined; IR was estimated 
by various activity levels. not measured. 

ICRP, 1974 Based on data from other - Reference daily IR for Validity and accuracy of 
references adult females, adult males, data set employed not 

children (10 yrs), and defined; IR was estimated 
infant (1 yr) not measured. 

Note: IR = inhalation rate; HR = heart rate; f8 = breathing frequency; BSA = body-surface area; EVR = equivalent ventilation rate. 
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Excluding the study by Layton (1993), the population surveyed in all of tnelrey sfud1es 

described in this report were limited to the Los Angeles area. This limited population does 

not represent the general U.S. population and may result in biases. However, based on other 

aspects of the study design, these studies were selected as the basis for recommended 

inhalation rates. The selection of inhalation rates to be used for exposure assessment studies 

depends on the age of the exposed i)opulation and the specific activity levels of this 

population during various exposure scenarios. The recommended values for adults, children 

(including infants), and outdoor worker/athlete for use in various exposure scenarios are 

discussed below. 

Adults - For purposes of this recommendation, adults include adolescent (13-18 yrs), 

young to middle age adults (19-64 yrs), and older adults (65+ yrs). The daily inhalation 

rates reported for adults are summarized as follows: 

Summary of Inhalation Rates for Long Term Exposure 

Arithmetic Mean 
(m3/day) 

13 (lst approach) 
13 (2nd approach) 
14 (3rd approach) 
20 (Calculated, See Table 3-11) 

Upper percentile 
(m3/day) 

85.5 

Reference 

Layton, 1993 
Layton, 1993 
Layton, 1993 
Spier et al., 1992 

The daily inhalation rate (20 m3/day) calculated from the data generated by Spier et al. 

(1992) is much higher when compared with the rates (13-14 m3/day) obtained by 

Layton (1993). This discrepancy can be attributed to the fact that the populati<?n surveyed by 

Spier et al. (1992) only represented individuals between 13-17 years old (adolescents), and 

heart rate (HR) and diary information were collected during hours spent awake (i.e., sleep 

was excluded in the activity level). Also, this age group of individuals tend to be more 

active than older adults. In contrast, the Layton (1993) study represented a wider 

age/ gender cohort (13 years and older) and sleep was included in the activity level. 

Therefore, 20 m3/day (Spier et al.~ 1992) may represent the daily inhalation rate during 

active hours only. Based on this observations, the suggested daily inhalation rates for adults 
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ranges from 13-14 m3/day (Layton, 1993). Therefore, for continuous exposureassesimeiit:S 

in which specific activity patterns are not known, 13.3 m3/day is the recommended average 

daily inhalation rate for adults. 

The upper percentile estimate (85.5 m3/day) obtained from Spier et al. (1992) appears 

very high and can be attributed to the same phenomena explained above. Therefore, 85.5 

m3/day may not be an appropriate as an upper percentile estimate. For continuous exposure 

assessment studies, 20 m3/day (EPA Ambient Water Quality Criteria Document) is the 

widely used average daily inhalation rate. This value is much higher than the (13.3 m3/day) 

recommended rate in the Layton (1993) study, but it is similar to the active daily rate (20 

m3/day) obtained from the Spier et al. (1992) study. Therefore, 20 m3/day is probably 

representive of an upper percentile estimate among adults. 

For exposure scenarios in which the distribution of activity patterns is known, the 

following results, calculated from the studies referenced can be applied: 

Summary of Inhalation Rates for Short-Term Exposure 

Arithmetic Mean (m3/hr) Reference 

Activity level 
Rest Sedentary Light Moderate Heavy 

0.5 0.5 1.4 2.4 3.3 CARB, 1993 (Lab protocols) 
0.6 1.2 1.8 CARB, 1993 (Field protocols) 

0.4 0.4 0.7 1.4 3.6 Layton, 1993 (Short-term exposure) 
0.4 0.6 1.5 3.0 Layton, 1993 (3rd approach) 

1.7 2.2 . 2.7 Spier et al., 1992 
0.8 1.1 1.6 Linn et al., 1992 

Based on these key studies, the following recommendations are made: for short term 

exposures in which distribution of activity patterns are specified, the recommended average 

rates are 0.4m3/hr during rest; 0.5 m3/hr for sedentary activities; 1.1 m3/hr for light 

activities; 1.7 m3/hr for moderate activities; and 2.8 m3/hr for heavy activities. 
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Children (including Infants) - For purposes of this recommendation, iGhildren are, , 

defined as males and females between the ages of 1-12 years old, while infants are 

individuals less than 1 year old. The inhalation rates for children are presented below 

according to different exposure scenarios. For continuous exposures the daily inhalation 

rates are summarized as follows: 

Summary of Long Term Exposure Data 

Arithmetic Mean 
(m3/day) 

4.5 (less than 1 yr) 1st approach 
9.65 (1-11 yrs) 1st approach 
7.7 (0.5-10 yrs) 2nd approach 
21.4 (10-12 yrs) calculated 
(Table 3-11) 

Upper Percentiles 
(m3/day) 

64.0 (99th) 

Reference 

Layton, 1993 
Layton, 1993 
Layton, 1993 
Spier et al., 1992 

Based on the key study results (i.e., Layton, 1993), the recommended daily inhalation 

rate for infants (children less than 1 yr), during continuous exposure assessments is 

4.5 m3/day. The mean daily inhalation rate obtained from the Spier et al. (1992) study is 

much higher than the values from the Layton (1993) study. This can be attributed to the 

survey methodologies used. In addition, dairy information and heart rate (HR) recordings 

were obtained when the children were awake (i.e., during active hours) in the Spier et al. 

(1992) study. In contrast, inhalation rates in the Layton (1993) study inhalation rates were 

calculated either based on basal metabolic rate (BMR) which includes resting or on food 

energy intake. Also both studies represent different age groups. Therefore, based on the 

Layton (1993) study, the recommended average daily inhalation rate for children between the 

ages of 1 and 12 years is 8.7 m3/day. The same observations discussed above can be 

attributed to the upper percentile estimate (64 m3/day) obtained from the Spier et al. (1992) 

study. 

For exposure assessments in which activity patterns are known, the data summariz.ed 

below can be used: 
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Summary of Short-Tenn Exposure Data 

Arithmetic mean (m3/hr) 

Activity lever 
Rest Sedentary Light Moderate Heavy Reference 

0.4 0.4 0.8 CARB, 1993 (lab. protocols) 
0.9 CARB, 1993 (field protocols) 

0.2 0.3 0.5 1.0 2.5 Layton, 1993 (Short-term data) 
1.8 2.0 2.2 Spier et al., 1992 (10-12 yrs) 
0.8 1.0 1.1 Linn et al., 1992 (10-12 yrs) 

For short term exposures, the recommended average hourly inhalation rates are based on 

these key studies. They are as follows: 0.3 m3/hr during rest; 0.4 m3/hr for sedentary 

activities; 1.0 m3/hr for light activities; 1.2 m3/hr for moderate activities; and 1.9m3/hr for 

heavy activities. The recommended short-term exposure data also includes infants (less than 

1 yr). 

Outdoor Worker/Athlete - Inhalation rate data for outdoor workers/athlete are limited. 

However, based on the key studies (Linn et al., 1992 and 1993), the recommended average 

hourly inhalation rate for outdoor workers is 1.3 m3/hr and the upper-percentile rate is 3.5 

m3/hr (see Tables 3-7 and 3-8). The recommended average inhalation rates for outdoor 

workers based on their activity levels categorized as slow (light activities), medium 

(moderate activities), and fast (heavy activities) are 1.1 m3/hr, 1.5 m3/hr, and 2.3 m3/hr, 

respectively. These values are based on the data from Linn et al. (1992 and 1993) (see 

Tables 3-7 and 3-9). 
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Table 3A-1. 

Gender/Age BMR 

(y) MI d"1 

Males 

Under3 1.51 

3 to < 10 4.14 

10 to < 18 S.86 

18 to < 30 6.87 

30 to < 60 6.75 

60 + 5.59 

Females 

Under3 1.54 

3 to < 10 3.85 

10 to < 18 S.04 

18 to < 30 5.33 

30 to < 60 5.62 

60 + 4.85 

r-.... 

I DO 

DRAFT 
NOT QUOTE OR 

CITE 
Statistics of the Age/Gender Cohorts Used to Develo'j)RcgrcssTon Equations for 
Predicting Basal Metabolic Rates (BMR) (from Schofield, 1985) 

'Body 
Weight 

±SD cva (kg) NII BMR Equationc 

0.918 0.61 6.6 162 0.249 bw - 0.127 0.95 

0.498 0.12 21 338 0.095 bw + 2.110 0.83 

1.171 0.20 42 734 0.074 bw + 2.754 0.93 

0.843 0.12 63 2879 0.063 bw + 2.896 0.65 

0.872 0.13 64 646 0.048 bw + 3.653 0.6 

0.928 0.17 62 so 0.049 bw + 2.459 0.71 

0.915 0.59 6.9 137 0.244 bw - 0.130 0.96 

0.493 0.13 21 413 0.085 bw + 2.033 0.81 

0.780 0.15 38 515 0.056 bw + 2.898 0.8 

0.721 0.14 53 829 0.062 bw + 2.036 0.73 

0.630 0.11 61 372 0.034 bw + 3.538 0.68 

0.605 0.12 56 38 0.038 bw + 2. 155 0.68 

a Coefficient of variation (SD/mean) 
b N = number of subjects 
c Body weight (bw) is in kg 
d coefficient of correlation 

Source: Layton, 1993. 
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Tablc3A-2. 

Calibration 

Ethnic 
Subj. I A&e Ht. (in.) Wt. (lb.) Groupa Jobb site• HR ~ 

Ranged 

1761 26 71 180 Wht GCW Ofc 69-108 .91 

1763 29 63 135 Aln GCW Ofo 80-112 .95 

1764 32 71 165 Blk: Car Ofo SrHl7 .95 

1765 30 73 145 Wbt GCW Ofc 66-126 .91 

1766 31 67 170 His Car Ofc 75-112 .89 

1767 34 74 220 Wht Car Ofc 59-114 .98 

1768 32 69 155 Blk: GCW Ofc 62-152 .95 

1769 32 77 230 Wbt Car Hosp 69-132 .99 

1770 26 70 180 Wht Car Hosp 63-106 .89 

1771 39 66 150 Wht Car Hosp 88-118 .91 

1772 32 71 260 Wht Car Hosp 83-130 .97 

1773 39 69 170 Wht Im Hosp 77-128 .95 

1774 23 68 150 Hil Car Hosp 68-139 .98 

1775 42 67 150 Wbt Im Hosp 76-118 .88 

1776 29 70 180 Hil Car Hosp 68-152 .99 

1778 35 76 220 Ind Car Hosp 70-129 .94 

1779 40 70 175 Wht Car Hosp 72-140 .99 

1780 37 15 242 His Im Hosp 68-120 .98 

1781 38 65 165 Hil Lab Hosp 66-121 .89 

Mean 33 70 181 70-123 .94 
S.D. 5 4 36 8-16 .04 

• Abbrcviatiom arc intcpn:ted u follows. Ethnic Group: Aln -= Asian-Pacific, Blk: • Black, His = Hispuic, Ind = 
American Indian, Wht - White 

b Job: Car • cupente.r, GCW • aencn1 construction worm, Im = ironworker, Lab = laborer 
• Site: Hosp • hospital buidlin&, Ofc • medical office complex. Calibration data 
• Hr ran1c • ran&e of heart ratcl in calibration Rudy 
• r - coefficient of dctcnnination (proportion of ventilation rate variability explainable by heart rate variability under 

calibration-study condm.om, lllin& quadratic prediction equation). 

Source: Linn ct al, 1993. 
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Tablc3A-3. Mean Minute Vcotilation (V8 , Umin) by Group and Activity for Laboratory :ProiOcoJi 

ktivity Young Childmt Children Adult Fcma1ca Adult Malca 

Lying 6.19 7.Sl 7.12 8.93 

Sining 6.48 7.28 7.72 9.30 

Standing 6.16 8.49 8.36 10.65 

Walking 1.S mph 10.25 DNP DNP DNP 

1.87S mph 10.S3 DNP DNP DNP 

2.0mph DNP 14.13 DNP DNP 

2.2Smph 11.68 DNP DNP DNP 

2.S mph DNP IS.SS 20.32 24.13 

3.0mph DNP 17.79 24.20 DNP 

3.3 mph DNP DNP DNP 27.90 

4.0mph DNP DNP DNP 36.53 

Running_ 3.Smph DNP 26.77 DNP DNP 

4.0 mph DNP 31.3S 46.03" DNP 

4.5 mph DNP 37.22 47.16" 57.30 

5.0mpb DNP DNP S0.78" S8.4S 

6.0mpb DNP DNP DNP 6S.66b 

• Young Children, male and fcma1c 3-S.9 yr olds; Children, male and fcma1c 6-12.9 yr olds; Adult Fcmak:a, adobccnt, 
young to middle-aged, and o~ adult fcmalca; Adult Maka, adoJaccnt, young to middJo.&gcd, and older adult males; 

b 
DNP, group did not perform this protocol or N wu too maall for appropriate mean comparisom 
Older adults not included in the lllCUl value since they did not perform running protocol at particular speeds. 

Source: CARB, 1993. 
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Table 3A-4. Mean Minute Vc:ntilation (V8 , IJmin) by Group and Activity for Field Protocols 

Activity Young CIUJdren& Chi1drm Adult Fcmalca Adult Malcl 

Play 11.31 17.89 DNP DNP 

Car Driving DNP DNP 8.95 10.79 

Car Riding DNP DNP 8.19 9.83 

Yardworlc DNP DNP 19.23° 26.o-r/31.8~ 

Houseworlc DNP DNP 17.38 DNP 

Car Maintenance DNP DNP DNP 23.21• 

Mo~ DNP DNP DNP 36.5.SC 

Woodworking DNP DNP DNP 24.42° 

Young Children, male and female 3-5.9 yr oldl; Children, male and female 6-12.9 yr oldl; Adult Females, adolcaccnt, 
young to middle-aged, and older adult fcmalcl; Adult Maka, adokaccnt, young to middlo-agcd, and older adult malca; 
DNP, group did not pcrlorm this protocol or N wu too unall for appropriate mean comparilona; 
Mean value for young to middJc.agcd adults only 
Mean value for older adults only 
Older adults not included in the mean value 1ince they clid not pcrlorm this activity; +, adolclccnts not included in mean 
value 1ince they did not perform this activity 

Source: CARB, 1993. 
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Table 3A-5. V~ation Data for Trainini Subjects (Raw Data) (contiiiiied) 
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..=. ::no:o1::sao.::ea: .11cm· -·-4.:::::S;oo 0:70 ;m---o~.o.o o.oo· -·· 14:s :.:.72.oo -.:so.oo. :t=;:: -7.20.0bSEPrBB:-TH.J>OST--A-!S • .OO 3 3A :56 •. 90 "SC-7-00-0.00---161--72 • .00-:SOrOO-
• """720·01'-SEP-8B--n'l"PDST--:s~;.·SO 2C 34;-20 2A 6;-00-0:-00--t2B 7..!.00 :So:-oo· "''= .::::z;zo.:.ol~_JIG--::::::::IH~~ 4 . • . .,.,.90 <M~~..2.Q."=:::J.6'2:..:.72;.QQ~o;:20. 
• --o_oL-sEP.-ee .TH..l'R -~.oo :s 61.00 :sc..---o.oo_o.oo--1:53.-Z2..00~o.oo . 

.. - .~ v2e 01 aEP ea 6 e tA 56. :5e ea .. t!!I. ee e. ee 166 "-· oe eo. eo 
• • · 120 01-sa>-sa -- 7 ·2 --- - -- - -- -- ·-·40.00 -- ---- -21r- - -- · o. oo -- o. oo · 128 n.oo :so. oo 

'--=12<> 01-sEP-BB 7 1 18 26.BO 18 0.00 0.00 122 72.00 :S0.00 
20 1S-SEP-BB 0 O 28 ::s7. 90 2B- O. 00 26 •. 00 139 7:5. 00 44. 00 

• . • • ..oo-D.00-l _;;, .oo _44.00 
l....,,,~~:zo-1:s-SEP-sa-L0WU:-1...;:s 8 :z:s.20 s o.oo-o.oo---H·~·c>o-44...oo-

720~S£P·'88~. 0 o;-oo 18----,'9:-IO 18 0:-00--0';'00 .,.., /:S.Oo-lR';l)0-
~=-1~~::=;.JOG .l.:S=:!ll:=:.?l;M .. ··= · •8-=:=::7.4:-20 •. dA:=lb:W.=33~-00 r72=7:5;00--:44~-oo: 

·-=~~~-1:S-liEP-88-REST .• 1.3 o. OrOO 8-l.:7.:SO 18 . O~rOO .•.. l~~..00-
1" -is-SEP-e&-Hllol.."1-;'2-=-=-~:00°··=·' ....., . '40~ 2C o:oo--z.s:oo---i:s:s /5.00 44:-00-
- =no:.tS-...&a":BB -"oo::i-;2:::::::1).=:o-;:oo ... · · ·94:20 49 :;:oo:::::;sa::oo=:::i.e:s:::ns;.oo=.u.·oo: 
"+-~"'-u-is,,gc:p-ea-LilltLK-1.2-0-o.oo 8 22.00 18 o.oo._..o.oo-109~..oo-
--72<r1~-'B8 ---;ioo1-;-1 o o:oo ...., 91-:-io 4A---=1~-:sa;-oo · · · 119 1:s. oo 44':'0o-

• :::::120:l:s-sa>:ee-:=RE&T.:::l. l::::J>:=J>-;oo 11_-=o.1-ci A----9;-oo_o;-oo::===:z.i;:::n1;-~:=:i.""4:w: 
720-1S-&EP-B8-HIWLK1..l 0 0.00 3A 48.30 3A 0 00-30.00-149~.0G--44.00-

--"720 ~SEP-88-HIWUC ::?;-t--0-0:00 3A. :S9;20 28 .·90--:z4;00---r:si--e:r.o~-
:-=n<>:.2'1:-SV':-88 -::l'E!rr ..2~2::=i:c::o-;w ur--:y. 20· 1A---o. 00:::::::0;.oo.::=::B'l' .::es~ oo=zr ~·oo. 

4-.:n.o...:z9-tlE"-ae -LOWLK.2.2-0-0 .• 00 B----24.:so 8 .oo-0.oo---97-es.oo-:z7..oo. 
-t--~o "29-SEP-es-REST·::;:s--o-o:oo A-i 1-;-40 A---o;-oo-o;oo-.r.i-e:r.oo--zr.-oo-
- ::.. '720 ~.::1Do\.1c2.:s:=o=:o=-oo B :..::::=::.24~70 ____ 1a __ o:oo:::::::o;oo -109_.::e:s:oo.:::27.-oo .. 

Cl·-f--720 29-SEP-B8--HIWLX-2.2-0--0.00 -45.90 3A-1.90-21.00--139--7:5.00-.44.00-
-720·29-111J>-&9 "HIWL.K-:?.:s--o-o;-oo 2C---41;:so 2C ;OO--:Z4;00--r4:S-S:r.oo-:z7;-oo· 

- - "720"2"1-BEP-88 UlWLK '2~1 · o:.:o;oo _____ o_·----1s:::::=::21.:so .:-_-===:..-::1a-..:..=.:o.oo=-:o.oo: •. :=-.9S.:::s:s.oo=z7 •. oo 
- - 720.:!'P-:SEP-BB _JOG ::.:S -0-0.00 4A-76.00 4A---0.00-36.00--17-1-B5.00--:?7.00 .. 
- -720 2'1,:-SEP-118--Joo·2.:: -0-0.00 31> 61:60 :sc---1:40-27.-oo--i6:s-ss:oo-:z7~· 

720 ~SEP-ea-~ REST 2.1 · - ·o· · o oo.· ----· -o ----· 1~- .... - s :so · · -- --11\; --o oo- o.oo...:.=:.:r.i s:s.oo.::.:27.oo 
no 29-SEP-98 . ..:..JOG 2.1 _---o-.o: oo =:::.-:=--0 .:- v .:~-==:s.: 10 ·:sr-_ - o: oo -:::SO. oO.---lSO =ss •. oo-:z7. oo. 

-- 1000 ::n-AU&-Ba - ·Tl'1 PRE ---i--i~?o·-·- ·-·· ··o 1:s.:::o 8 o~oo--o.-oo--1oe---r.?:-oo-:so:oo 
. 1000 31-AUG-BB .: . Tl'1 PRE .:.~:2 :2.""50 .. :-_::. __ .~_o · ---·:--:.:~·-19.90· _._- 2A_~=..o.oo.:::o.oo:::.--:.:.10s :.-n.oo::.:.:io.oo 

·- -1000 :.u-AUO-Ga ··-· .Tl'1 PRE ·- :s .::s.40 ___ ... o ·---·- -24.40 ..2A ---o.oo _.o.00 __ 122--T.?.oo~o.oo. 
"'1000 31-AUG-118 ··-·Tl'1 PRE ·4 4.20 --··· -o --- ·-·- - ·:37.70 ---·:sA-··--o.oo -o.oo·--i:s1---r.i:oo-:so.·oo· 

1000 :s1-AUO-ee Tl'1 PRE s s;oo o ---···· ·• :s9.oo --· :m -····-o.oo ·-·o.oo "180 ·72.00 ·:so.oo 
1000 31-AUG-llB ." •. TH PRE 6 :s.:so ..:_:_·:..:.:.. .•. O ·.=::...::.:..:.:.:-.=_". - 66.00 ·-· -- 4A .:::..::_:. ·0.00..::.0.00 ·.::....:.:.178 ~2.00~0.00 

-1000 :n-AU0-!19 TH PRE .7 ·6.oo ·-··· -····o ---·--· 6B.7o---4A ·-·-···o.oo··-o .. oo--1s2--n:oo-:so.-oo· 
1000 0'9-SEP-tlO TI1POST ·1 -1;90---·-· ··-i·------1s - --· i:s.40 ·-··---i9 ··-·· ···o.oo ···-o.oo - .-120 72.oo-·:so.oo 

...:-"1000 ~SEP-ea TH TR .: .. 1·-:--1:so·=-··· .1 :·:::.:-:::· _·:..·~..:.:_- 15.70 ·=--=~-:-1a······ ·· o.oo :.o.oo::_ .. 110:..:::T.?.oo::..So.oo". 
- -1000 0'9-~ Tl'1 TR 2 ·4.40 ···· ·:s --.- ··- · · ·41,40 ··-- - ·:sa - ··· o.oo ·:s6.oo--1:sa---r.i~oo-:so.--oo· 
· ::.i.qoo_~-u ··-· Tl'POST :-::2 .:_4~60 .. -=..--=::·:· :. ·:s·· ====:sB:.--=.: 'f:S.60 ... ::.---· · :311 _.::_:.:.._Q.oo::_o.oo .. .::~162 ... n.~_:_:so,_oo 

-1000-0'9-,SEP-t!B -·-Tl1POST - - :s . .!5.70----. __ 4. 4A. ·-· 62.10 ... - ·- --· 4A ·--. o.oo _o.oo -l86 .. ~2.00-SO.OO 
... -1000'"09-sa>-es ··-··TH TR ··:s ·:s.oo ·---- -·2· 2::.::0 2A-----o;oo--o.oo --i:?:?-n;oo-so;-oo-
..; :::::1000..:_~ -·-·™TR ·-·-.·-:\'40 ·--·····--:s --·-·· -··· ·· 41.70 ·-· · -:sa · · - o ·oo 24.00 · ~:sa n.oo ··:so.oo - -tooo-09~.:.::=n.osrr~:-'c>o--:=..:...:~..:..:..:2 ::-:-..:=--:-:28 -.-~::::-.::6.so.-:--:..~ 28. --.-_·:o: oo -:::-_o. 00-:::=138 .:n. o<>=so. c)o_ 

-1000'"09-AP-M 11'1-TR --:s ·-:s::so ·-- .....- 4 ---62. 40 -·---4A - - -o. oo ·36. oo --ie6--,.2:-oo-:so:-oo· -:--.- .. _ - -· . - .. -·-··------
- ..... . ··-··· 

-··-·-·- --------
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DRAFT 
DO NOT QUOTE OR 

CITE 

Table 3A-S. Ventnation Data for Training Subjects (Raw Data) (continued) 

-~=================~====~===========::.--=~=====::;:=:==============~===;=.:===:: 
BUB.l 'TEST DATE ACTIVITY 8PED Bl"EED CHOSEN YE PERYCll VPN ACTUAL YE ACTUAL..Yf'N DI~ ftl!eP' R HR TEl'P ;··~,Nf. ·~ 

: =:.:.1000· 09-SEP-8B--TI1POST -S:-4:60 :s --===~&- :::~42:7o-----9---o.oo--o_::Q_O-t70_,2..oo-l!O.OO-
: ~1000 _09-sa>-88 ·-.---.™TR. ___ o--4.40 :s ·-=- ----47.30 _ .. __ : .. ______ J> •. ~.oo ... - .. 1•0 ... .t2.oo _:10.00. 
' · 1000.09-SEP-SS .... TMPOST .6 :S.OO 2 . '2A •. :::zo.20 :=-----2A ·-----0.00.-0.00 .. -134 -72.00--:50.00 
: -- ·1000,.09-SEP-8S -· ·'01 TR ··--7· 3.40 ·2 ·--------· "-27.70 28---0o1>?--0i'00'-132--72i'OO~O.-OO-
' - 1000 ~9-SEP-88 --TI1POBT - ·7 . )..BO .. -- . l -:..::=::-is --18~40 _Jll. ... __ 5>.·.o~ .. --o!~--120,_,!;i;.Jl.9._:o.!P .... QO 
: ·:· -1ooo"i.4-6EP-ss :.::.::JoG ·1.2 ·_:::o:.:·:o.oo .... ..:..:. . o · -zc:.:.:.:::::68.~o. -- 4A--16.70-39.00---l89 -0.00.-2.00. 

- ··1000·14-SEP-SS ·--.JOS-h:S----0-0•00·----o 4A 66.20 4A i'00--42.-00--18:1-71-:-00-48:-00-
~ - 1·0001~=sEP-s8 -i:c~-1-:-2 --0-0:00 . o _ s 12.so i_" ____ o_._@ __ o~.OQ. __ J,19_71 •. 9..0........!l'I, 90. · 
d " 1o0o·14.::SEP-8S .. RESTT.2·-:::-::·c;· ·o.oi:> _______ 0. ---1A ... :.:.:-:-:6.-20 ----lA -----0.00 ... -o.oo --117 .. :u.00 .... 49.00 
~ ···1000-14-sao-ss--·LOWU< 1.1--0--<>.oo -----o· s---u.~o s o.oo-o..00----0-71-:-00--48:00.: 
" ·--1000 ·14-SEP-8B -REST 1~:s --··o-·o.oo· --- - ·o ... --18 -· --·B.:so 1A 1.70 o.oo 107 71.oo 48.oo 
" ~·1000···1~-as ··Hrwuc 1~·r·.-::::o-···o.oo - ·: · o :..:.:::..:.:.=2C ..... :.:=:so.20-·----z··----·o~-:=2··cr.-o0··--~1.t..=7-f ... OO·=:.ia.oo"' 
= - --1000-·14-sEP-e&--UOG hl·--O·-o.oo- 0 :SB --44.80. 9 0.;-00-27i'OO-t71--"lr.'00-'48.;00-

- ··1000-14-SEP-8S -HrwLK-1;2 ... -o·-o.oo - -~- -o· 2c----:Z7:eo 2B :z.2o 14.oo 1:19 71.oo 48.oo 
• ·10oo·-i4.:;sEP-sB ··~:-REST-i; r·-_-o-·-o.o<> ::.:. ·-·· . o ~ ·::::::-.=1A ..:.-=..4.:so ----iA~.=..::o.0o ·::::o;oo:.. · ---!9S-..::7i-.-oo·.::-48:o7r 
• -1000 14-sa>-SB·-LOWLK·l·:S·-·O·-o.oo -------~ ---28 --· 12.10----111. --12.-90--0.00 -119-71.00-48.;00-
= ·"-1000-1't.;;SEP~8B·"H1w1..1< 1.:s-_-0-0-:-00·------o · ·-2C ··2:1.Bo· 28 4.:zo 1:s.oo 1:s6 71.oo 48.uo 

.:i0oo":Zi=sEP...:S8--=JOG 2.1··-..::o ·o·.oo ---· o ..:~=-~ ...: . ...: ~.-:so :.::.=:.::..-:zc._:.==i4.:so~.0o . ...:.:..:i~8.oo....::..0.0o. 
- ·-1000·21-SEP-8S ·-ftEST-2.-2-0-0.00 0 · A -·----6.:SO .1A-O•·OO--O.-OO -S:S-119~0-

. =~~00-21~-:.BB ~Wl.J(-:_2._2_Q~-:Oo o ·---··· a _ ___!.i74o 18 __ c;>,.o.o _ o._QO .. ______ 96 __ 6a.99~,_oo 
-1000 21-SEP-SS ... JOG 2.3. ·.-.-,o · 0.00 . O -·--··.:SD --S2.40. :SC .---0.60-:Zl.00---179 -69.00--40.00 
1000-21-sEP-sB -L.OWW<-:Z.·3--o-o.oo o· s ---11.-80 s . 0:00-0000---i-2:'1--.!>11~ 

- --1000 .. 2F-sEP=8e JtIWtJ•::-·2~·:s =:::-o".::-o-:-<>o _fJ· . •. . 2c~ •• 60 ~ ----l~.J.~,oo . __ 148 68 •. oo ._'9.00. 
1000 21-sEP-SB HIWUC 2.-1 0 0.00 0 . --28 - --27 • .:SO. 28. --0.00:...10.00 --127 .. -'611.00 -....0.00 

-tooo-21-sao-es ---.JOG -2.-2 ·--<> -0.-00 4A ·--B4. 30 a-u...so-..2.-oo--tS1>----&~ 
-~.909::21=SEP_-SB :::-REST :.:z.-1' -=o-:-o·:oo -·.-.--.-.o --- 1A _____ ._3.60 ---- __ Jft ____ o.J!9_Q._QO ___ 82. 611._00 __ i().00 . 
. 1000.21-sEP-SS HIWUC-2.2 0 O.OO 0.------2C ··•-27.70 ----28 ---2.;sD-l:S.00 .. -147--411.00--40,00 

- ·1000-21-sao-ee-t..-iJWU<-2.-i-o-o.roo ·1s --11,90 . e· o:oo--;0..oo-----q:s--ss:oo-0.-00-
-1000 _-21=:sa--se -:::!!EST 2.;; __ -:q _2:00 0... .. lA---.. ~:60 ... _______ 1e.. ...... _ _9_._Q.O __ _Q_._09 _____ p:s .. 61i.oo, ... 40.00 

00.06-SEP-BB · -TMPRE -l 1.70 0 ·------- ..... 14.10 ------18-----0.00 -0.00---71-72.00 ~.00 
.... -1200 06-sEP-S8---'ll!PRE -~--2.:so- 0 . --16.60 8 ---0.00--0.00---r.5-'12~:00-
Q • 1200 06-SEP-88 ~TI1PRE __ -:s -~·40 - --o· .. . _ _;?2.-40 . ·---···2A~_.9$> __ o_.09 ___ 102 12.99 _:so~oo 

• 
• p 

" " " .. 
• 

1200 06-SEP-BS ... TI1PRE 4 4.20 0 -----~-10 :ZC-----0.00-0.00 -128--72.00-SO.OO 
-1200.-06-sa>-BS --TMPRE· --S·-:S.-00 0 --------s:.?.60 31> ---0,;00-0•00-t'62-'12:-oa-450000-

1200 ·o6-sEP-8S ----Tl'tPRE · t. "":1~:10 ·-·o a1:ao· 4A o:·oo o.oo 178 72.oo :10.00 
1200 06-SEP-sa • · ·nPRE 7 6.oo o .~:.T.S.10 .~:-::.. ... :.:·"AA_:_-:-.::::.::0:00· .. -:.o~oo ".::.=:.i99 -n.oo ~.oo· 

·l:ZOO 08-SEP-88 --'01 TR -1··-2.00 ·-·---·1 --·-·-· · ····16.70 · -·--18 ----0.00-0.00 --S:S-72.-00~.00-
1200 OS-SEP-BB-·· TPIPOBT 1 2.00 1 ----· 1S ·- 16.·:.o --·-is·- ·-·0:-00--0:-00 107 72.oo so.oo-
12000B-sEP-BB TMTR :z :s.oo :s S4.80 ··------31>- _-..o:oo:'.48.oo -1:S:S.7'2.oo.-=.oo 

. ·1200 08-&EP-SB -·Tl'IPoJST .. ·2 .. 3,40 ---· -·2 ··- -· .. 28 . 2:S.90 . 2A -- -1.00 ·-o.oo ·--t24--72•-00~();-1)()-
- 1200 OB-SEP-SS -- Tl'IPOBT :s :s.Bo 4 ·--·- :ic · ---ao:7o 4A ---.:.i,:0o--o-:-o0--17e--r.z.oo :S0.60 

1200 08-SEP-SB TM TR :S :S. 60 2 :SO. 00 .. ...._ ~- -~ .2C -- -·.o: 00 .::.:.0. 00 . --US . ..72. 00 .':SO. 00 
: 1200 08-SEP-SB .. --THPDST -4 4.40 ----·-··::S ··--.... ---.. :se .... --- --4:S.40 ·~----311--:-0.00 ·-o.oo --t63-72.00~0:00· 

·· ·-1200 os-sEP-Bs ... TM TR 4 4.8o · : - ··· ~o.'oo :sc ··~-;--0:0-():-00---r:i=,£00-iso-:-oo-
:. 1200 08-BEP-BB . TM TR :S S.SO 4 63.30 .. -~~ ... : .. ::~ -· .. -·.o.00~48.00 .. :_~:~174 .... 72.00 S0.00 

1200 OS-SEP-88 ··-·-·Tl'IPOBT -- :s ·3.40 2 ----··28 2:1.90 ·28 ---·o.oo --0.00--134--'72.-.:>a-'50 .. oo .. 
w 

:s 
1 

:SC 
2A 

3A-7 

w 

311 
18 

. . . . 
-4.00 o.oo 161 72.00 :so.oo 

2.0:0 o.oo 12:1 72.00 :10.00 
o.oo o.oo 131 72.00 :so.oo 



Table 3A-S. Ventilation Data for Training Subjects (Raw Data) 

-::-----··-,, .... 
' ' .. -··--· . 

f DRl\FT 
i DO NOT Q.UOTE OR I '~ CITE 
( contiDUed) 

1::00 l:S-SEl'-88 UJWt..K 1 • .:? • 0 0.00 - _ ---0 ?A. ---30...70 :ZC - 7-00--0 • .00__.106~..D0~...00. 
·1::00 1:s-sEP-ea --·Joo 1•:s -o o.oo ------o · 4A·--soo20 e-7:-oo-42:00---is7--r.s:-oo-'"'J4:-00-
1200 l:S-SEP-BS HlWU< 1.2 _o _o.oo •. ____ :o ·.=-:..::::::..:.:zc:·:__:ss;:so OSA-::-_:_::1;-00:=36;00 ==141~~·00.:.:_44.00 

.1200-l:S-SEP-BB LOWU:-1.1--0 :..o.oo. _o 2A_ --20.60 ?A o.oo--0..oo----1a7_:r.s • .00_.44..DO-
- -t200-1:S-SEP•BB -JOG 1:-.:? --0-0.-00 A 89o10-4C-:S0:-00-4:S•OO--S87--r.5~":00" 
·-· .1200 .. l:S-SEJ';!B .ftEBT.1.·i: -o _o.oo -=:: .. :::::::. __ o B~:.10 A .. =-=:;s.DO=.o~oo:.:.::::23.::::z=;oo-!M.""OO 

: .1200 ...i:s-su-ee ... Joo 1.1. -O .• o.oo ______ o :sD-7:5~0 a-1B.oo -A2 •. oo---1~~..oo--44..oa. 

I 
-1::00 1:s-SEP-BS •LOWlJ< 1;.-1--- ·o -o.oo --- -o 8 9.40 A -:-00--0:00 92 ;:s:oo IM.oo-

1200 l:S-RP-88 REST 1.2 0 .o.oo .. . ._o_ .. ---19_~:90 A---;z~-oo=:J>.00 :::::.87 .... ::7:1.00::34.oo 
... 1::?00 ::::?-saa-ee HIWLK ::?.1 _ .o o.oo ____ o ::?C.--3:5.AO '.'SA _, .00-32.00---1::?3-%4...oo_.:s1.oo-
- 1200 ::::?-SEP-BB -REST ::?.::? ·- 0 -0.00 -----0 A ;-co A OOO--O;OO---Si--74":'00. ·:s1;oo-

1200 22-sEP-es __ Joo ::.:s __ o _o.oo ___ . __ o_ ~ ns;:40 4B -B.:oo !':\;~-::is1...::z.4.]lO..::::::S1;00 

.-1200 ::::?-SEP-BB LCWLJC .:z.::... -"· _o.oo 0 8---J.6.BO B .oo--0..00__sr7_,7:5 • .oo_..M...00-
-1200·:::::?-SEP-SB -HIWU:·:?.·:S--O -o.oo 0 :SB---4:S;BO :SB 000~000----As--7~ 

1200 22-sa>-ea LDWLK · 2 :s ·-· - o · ·o oo -·-· - · · o B..::::::::Xz;:po JI o;-oo-=i>.-oo ":::::zt;JS0=3s:-oo~ 
1::00 ::z-SEP.:.00 Hl~.:?~-=o::o:oo ----o.. ::rA 38.so ""---·-0.00-=36.00---13:S-74~1..00-

- 1200 ·:::?-S'El'-89 LOWLK ::. 1--0 -0:00 B 12:-60 18 O. 00--0:-00 l:S . ;4;"oo :Si. oo-
1200 22-SEP-88 'JOG :: ., - ·o -o ·oo ---- o -----~ --,1~0 4C~2.oo..:::=:in..:2§;®=3l;-oo .. 
1::00 • .::?2-SEP-88 .=JOG :::i ::..:.0 .. ::-0:00 --____ o 4A~:ao----AB__..6.00-42.00---174--:7A • .OO.-:S1.oo. 
1200 :::?-SEP-BB -Re:ST ::?.1--0 -o;OO - A o20 A 0.00--0000~4-;oo--:n~· 

•• 1200.22-SEP-ee .'..REST 2.:s:_-_o_··~.00 .. :~_:_o ---=is .z.;zo L o;PO.:::::J>:oo..==n:::7A::o.Q=31:oo 
- 1239.2b-JUL.-SB .• TH PRE PT.--1-..1.70. ___ .0 .S'O 2B 0 • .00-0.00--146--XZ~O-OO-
-r:·l239 26-JUL.-ea --n1 PRE PT -2 -::. :so o ::so 3A o;oo-·ct:-00--i:5%-'72".~:-oo-

. 12::w 26-JtL-ea JM ..P.RE .PT:....::-.::;s-3 •. 40 ...... ----·9.. ~:.:i-o !9A·-o·;::oic::o.oo :.=:178..:22.oo~:oo. 
- •. 1:Z:S9 26-JUL.-SS ..Jl1 PRE.PT __ 4_4.20 _____ 0 o.:so 4C o.oo--0.00----193-72..oo-=io.oo. 
·- • 1239 ::6-JUl.-BB --n1 PRE PT -:s-:s.;oo-- 0 13$;"10 4C 0:00--0;"00---i98 12.00 :so.ocr 

1239 o7-sa>-ee .::-· •. nt TR ·-=1 ·.:;2;00-----i--.--- xa.-60· s =:o.o:=i>.-oo~.00.::::12."1>0.:::SO.·oo 

-- • 1239 07-SEP-BB ·-TH POST 1 . ..:z.oo a· 17.60 B o.oo--0.00---12S~~ • .oo 
- •1:?39 07-SEP-89 - · - TH TR · 2 ·:S.40 - .:: .-10- :SC 0900---0;-00--i"68 72.00 :so;-oo· 

1239 07-SEP-SB TH POST .•• 2 ~.oo .. ::..:·::==.:.:..;z ----2C.:::::::n~~H-===;211··---:s;Q9::.::::2 • .9.0 ·=-i~.~.•.91r-~•:..oo 
' .• 12:S9 07-SEP-SB . TH POST :s 6.:SO -·---- ·. 4 - . ___ :sc .. --:16.AO "5D ---=-1.00 -l56.00-1B0 • ...22.00-:SO.oo. 

1:::s9 o7-sEP-ae 
1:::S9 07-SEP·BS 
1239 07-SEP-BB 
1:::S9 07-SEP-99 
12:>9 12·SEP-9B 
123' 1:?-SEP-SB 
.123' 12-SEP-BB 
12:.9 12-SEl'-BB 
12:19 12-SEP-BB 

-1::?::9 1:?-SEP-89 
1:::s' ·1:::-sEP-S8 

.••• 12:S9 12-SEP-SB 
-1239 12-SEP·BB 
-1239 12-sao-e9 

- _1239...i2-s~-e9 
::9-1:?-sEP-ae 

-i:z:st "'t'·sEJ>-ee 

:s. 20 :s - · · · 49: 10· ._ ..... - - --!!C · o: 6o o. oo · 1:sa n: od :so: oo 
:S :sB 48. BO :SS O. 00 24. 00 l6:s 72. 00 :SO. 00 
:: 2C ::12.90 2C 0.00 o.oo 14'9 72 :SO 00 

.• 4 ---A1.10 4A o.oo__.o.oo__i7!5._j2.oo • .:so.oo 
··TH POST b ---- -S ----:SC .--49.00 38-1.00-30.00.--i66~..00-:SO.OO 

· TH TR '6 ·- - - --: ---- :s4;70 :sc o;oo--0;00--11.:s--r.z;oo--:so;-oo· 
_TH POST 7 1 ·: __ .:.-:-.2A·:.:.:::.:.:::.i9.20".=::=.:.-=i·a 4.-oo .. =.b:oo:-•:w..:.:n~~-::::SO~oo 

··-THTR 7 2 -··-·--~.40· 21J.; o.oo-4.00--142·-7.Z.OO-:SO.rOO 
REST 1.:s -o 0 ---·-2A ·---io:oo- A----i:s;-00-0:00 iu:S 12:-ocr-'::19:00 
~Joa 1.:s . o . --· ._:_ o .. ~ .:..::...:::sc • ....:=3'99~~0----~ ----o~C>O-::::?a-.""OO:::=l"'r.1.::72.00.::::::W;oo 

Hlwu: 1.:: ... o ----·-O -----:zc s..eo ;:sc.".-23.00.......a.oo---&:s:s~~.-00 
UJWLK 1.2 ·- o • o.oo -·----0----19 :zt.40 2A----s;oo--o;-oo~n 12.w 39:00 
· .RESTl. 1 -:o o. oo :=::_::· .. :-:-o·----~1A ====i·2:20· ::..ia ___ -:.z-:oo =0:00~:::)2;-00-=w:-oo 

HlWU: 1.: - -o .• o.oo -----o 3A---9999.oo o.oo__;u,.oo--149-;o;z~9..oo 
"REST 1.2 -0-0.00 ·----o B 11-;90 11 0:00--0;00~ 12.'bO 39;-oo· 
Lowu: ·1.:s :..--:::0-.-0.00 _·_:_::_:-.:.:=o • 2A-~ 23~70· 2A .~ .-..o;:oo .. ==i:z:s:::::n;oo:::w:-oo 
--JOG 1.2 -0 -0.00 ·-·-··· ·-0--~-7~00 4A-1B.OO...,.O:S.00--.1:s9-;';!.~.-00 
·-Joo 1.1 -o o.oo. · --~ ·-o-----:sc··--alr.:so 4A -ro~o-s1:-oo • .,, 12.w 39:;-oo· 
L.OWUC 1.1 .. ·:..o · __ o.oo .~: ... _ ·o:-.::-.~..::::10·.....::-.=::22.·60 "2A. -=• :oo-o;oo.:::=!17.:.:::r.z:oo..::::s9.-oo 

.HlWl..X-1.1 --0 •• 0.00·---·---0-- 28-:51.60 . %~0.00=42·00zj49~...Q{)~..00 
--:JOO -:::1 --o -o~·oo· . :SC---:"'778:-VO • . 8~4:-oo-sr.oO . ,, i:a.w .:SI. 00 

''------- !.; a zz _-a... . ---......... ··--=-... ·==·-·-- r-r:=' ....... __ ,, ... ~•·.:"ft .. ,;.·:·~---~·:• - ! 
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Table 3A-S. 
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Ventilation Data for Training Subjects (Raw Data) (continued) 

. 
,, .:...::.:.. ii3"9 i 9~'"sEP-Be -::. "JOG- 2;2·:--_:_-0 ·-:o:-Oo -. -.- ::.·~· __ .:_ ~ '3B --74. ;so A ____,...~. 00--72. oO---J.69-68. o0-S7 ... oo. 
" -·--12:s9 19-SEP-ee ·--JOG 2.:s-0 o.oo ----- ... ·o :sc---n.-zo 4A---1e~o-1u;oo---i71-i.a:-oo-l57:"00-
• .'.1239 19-SEP-ee REST .2.2 · .. o o.oo _ .. o -====1s .. ::.=:::11.00·_----Js::. o._QO---o_;oo .. =:::a7_::_6e.oo=..'!S7;00 
"'----12:S9 19-SEP-BB HIWLK 2.3 0 0.00 ·--- ··-0 2C 66.30- 4A----:-29.00--S4.JJO..-l37--0S.OO-S7 .. .00-
o -1239 19-SEP-88 LDWLI< 2.:s -0---0.00 ----·-·-o 2B --z.·10 2A-!5;-oo--o;oo----i-o7-i.e:-o~o-

.. 1239 19-sEP-ee .:REST·2.1 .::.:.:..o~:-_o.oo ---"-~- . o __ ----1A~.:.===11;-oo is_==::l;·o.o.:=J!.;_oo ·-:::7J=.'6s.oo~.:QO. 
• ·---1239 19-SEP-BS .UJWLK.2.2 .. --0-0.00 ----0 2A . .-23.SO ?A .oo-0.00--l00--68.00--S7...00-
~ -· """12:S9 19-SEP-SB -HIWL1<2.2-·-o --o.oo ----·-o C:--60;00- :sD-23:-00-00:-00 l:SI 6Er.O~:-oo-
D .:.1zs9 19-sEP-ee REST 2.:s :.:.o __ o.oo ___ o: ___ ~::zA :-=::Jt.4o.- s-..===12.;:po_-o;oo .e1..=tia.oo:::"!S7.oo 
: ----1239 19-SEP-SB HIWLK 2.1 -- 0 0.00 ------0 ·----:?C ---~B.00 3Z>---~21.00.....S4.00-1:s:5--68 .. 00....:57.00-
w -·1239 19-SEP-ee LDWLI< :?.1 -- o o.oo · o · s·---is.90· L--O;oo--o;-oo--e5-o&.oo 51.00-
g .. :.1240 01-AUG-BB _nt PRE PT ...... 1 1.70 .. : ..... o .. :.--=::.:=:::... -14.00. ____ .. __ 18 ... --- --0.00 .. ::.::0.00.:=:.ios .::n.oo.~o.oo 
• --1240 01-AUG-SS -TM .PRE PT --2 . 2.50 ----- 0 .10 28 0.00--0.00-120_..2.00--SO.OO-
" --i240 01-AUG-BB-'TM PRE PT ·-:s-·:s.40 ··-·----o 4S~'20 .... o;oo--o-;oo----i-70--r.?:-1'0--:SO:-OO" 
" · :=::.1240 01-AUa-ee .'.Ill PRE-~ .:..:...:4 __ ,.-zo ·--· .. -.·!L. s2;_10.- l>D.: ··-··-0;09,:=.9-0.0_0 _ _.:=ieo .... :.~;_o.o.:.:.so.oo 

, ... --1240 09-SEP-BB .--ll't POST ---1--2.00 ----1- 8 ... --14 •. 90 S---O.OO-O~OO----U6-n..OO---:so.oo 
i2ta .;9 sEf' ea Ti1 'fR 1 1.ae 1 10.ee 1& e:ee e.ee et 72.ee ee. ·" 
1240 o9-sEP-8B nt TR 2 4.4o ::; :s9.4o :ss ·o.oo 42.00 165 72.oo ·50.00 
1240 09-SEP-BS nt POST 2 :S. 20 2 2B 15. 70 18 6. 00 O. 00 1:S1 72. 00 SO. 00 
1240 09-SEP-BB nt TR 3 3.40 2 27.20 2C ·O 00 0 00 18 72 00 50.00 

··-1240 09-SEP-BS --1'1'1 POST. --3 .. -6.00 ------4- -----'.SC- ---46.00 3C .. -O.D0.--0.00---194--7.2.oo~o.oo 
'--1240 09-5EP-SB --nt-POST--4--4.40 ::;- 2C 48•10 3C-17.:00-0;;00--U!~--7'2:-00-SO;-OO 
! --1240 09-SEP-BB --nt ·TR ---4-4;eo 43;50 :SC o.o"'042.oo 1ie 72.00 so.oo 
I :::.i240 09-SEP-SS . -::nt· POST 5 ·:s.40 -- ::·::-.:...2 :-=::::.:-3-:-:=::-2s.90.. z:==:-=:s.oo=o;oo :::-141. -.72.oo.:::So.oo 

--1240 09-SEP-88 --nt ·TR ·- ~ 6.00 · 4 6,40 4A---0•00-42.00-t99~2.00~;00 
--1240 o9-SEP-ee --nt TR · t.-·4.60 ·---- ::; · 47."7o :SC o.cio---;j2~00--1-9'0"'12.oo so.oo· 

. ·-1240 09-SEP-SB ::.::nt POST .. :·.6 4.60 ·:..=.-:-:.:.:::; ·:.=..::::..::.:...x :-:-: __ :::st.90 ------m--~3~1)0---0.oo--i'.90"::72~0o~so·.oo 
11 -1240 09-&EP-SB --TM-TR·-7 -3.20 -'2. 24.20 2B o..oo-o.oo--139--7'2:~0;-00· 
"·--i240 "09-SEP-B8 ---n.-POST -7 ·2.-00 ----1-- 2B 20;~0 2A 2:-00----0:-00 142 72.00 so-:00 
~ _, 1240 ° l:S-&EP-SS. HIWU< l.2 ::·o o.oo . ·- - 0 -- ..... 28 . : .. 40.SO --=:-.:--:sB-:.---::;'i4·~ao-:::2t:oo .:-=:i93 ·-71~00 ~=-46. 00 
11 .. --1240 1:s-sEP-ee ·--REST 1.2- -··o o.oo --·---o -------2A-----10.40 18 ---o;,60---0.00--113-71•·00~;00 
~ ·-----1240 l:S-SEP-BB LOWU< ·1.3 ----0 ·o.oo ----- - --·o .. --·----2A ·- --20.70 2A o.oo--0.00--1-4i-71.00 46.00 
u .. ·• 1240 1:s-sEP-0e ... REST 1.:s ···::o-·o.oo .. - o : ___ : ___ 2A · :·.:::::-·.7.so··:·:--===-.:.i8:..::.::::=.;.ot;-.. -:::o:oo===t29 -.-71;00· .46.oo 
:--1240· 1:s-sEP-as UJWLK 1.2 --·o o.oo ------o- ----1s·---14.so 1s ----o.00-0.00---131--n.oo-4,oo 

--1240 13-SEP-ee --·-Joa 1:1 ·- o · o.oo·--·--o ·---:SA ---41.60---~ ----4-:60--:z:a.oo 1s4-;'1.oo 46.oo 
11 .1240 13-&EP-aa LC1wuc·1.1 ·-o o.oo ····-- o -··· · 1s · .'10.60-:-:=:_. __ 1a·-:.=.:._o~oo-=o~oo· : . .:::.-.90·:·71.00 .. 46.oo 
: ---1240 1:S-SEP-SB -·JOG 1.2 0 o.oo 0 -- - . ·2C .. 71.00 ----48 - .. -40.oo--:S9.00 "--210 ·-n.oo-46.00 
,. ·1240 1:S-SEP-BB HIWLK 1.::; o o.oo o - ----:?C · 26.eo ... ·---2C ·-o;oo-·24:60·--i7f-,.-1:00--46:-oo 
n 1240 13~-SS JOG 1.3 0 o.oo O 3D 67.70 -· ... ~.-4A -l:S •. 00 .. 39.00 .:.-.:·203 71.00 46.00 

, ~ --1240 1:s-sEP-es -Joa 1.1 --o· ·o.oo -o -----·4A .. --·67.eo ----4A --- o.oo -42.00 ·--207-71,00~.oo 
• ··---1240 13-SEP-SS ""REST 1.1 --- o·. o.oo . 0 -----1A ---- 5.70 1a..---o:-oo-o;-""o0--.,1 71.00 467c>o 
... -.::.:.1241 07-SEP-SB ·_··..:...:nt PRE :.::-:1."'1.70 . 0 --··· ... --·:_:. ·.17.70.""·.-.::.:=:.=-1e =::-..:.--::0;0:0:::::0·;0o·:.-::.=-6:5 .-:-n:o'o-"so.oo 

• " --1241 07-SEP-SB --Tt1-PRE --2-2.so 0... ----22. 70 ·---2A---o.oo --0;00--78--'72~;00· 
• -.-. 1241-07-SEP.:aS .. ----™ PRE :-::-.:s -::s.-40------0 --- 27;·;::0 2A o:-oo 0.00 100 72.00 50.00 
• --1241 .o7-sEP-BB .. ---·™ PRE .• 4 .4.20.:::-:::-... :.: : .• ::.:0 =:-- -_=----::~.so :=::=-~ .-.=~:o.cx>:-=0~0o-.-::=-112·.::::72.oo :::So.oo 

• u --1241 ·07-SEP-aS·--nt·PRE--s--s.oo 43.·40 i38---9•00-0•00---1'1·6--72~:-00-
--i'241"'07;;SEP.:as--TM'PRE""-6-5;so 0 42.-40 38 o.oo o.oo 128 72.00 :so.oo 

~ ..:=-124 f:. 07-sEP-eB -.. -:.-.::-1'1'1 .. PRE -=----7.-.::6. 00 -0 .. 49 .To .. - - 38 :::=-=<>". 0o-:=o.oo.:=:i42 ::::n:o0-::::ic). oo: 
... ~1241-<>7-SEP-SB --TM-PRE-9-7;-20 0•-60 31>-o.oo--o:-00-1'62.....,.2.00~':'00-

-1·241-i::s.:.sEP.::SS-REST-G:s-o-o.o·o 0 jj ib'716 lB o.oo o.oo 97 71.00 46.00 
• : •. _:i:z4C1:s-sEP-ils :L.'oWU<:T;T:=o.:-:o;oo· o 8 · · 9::40 8.~.oo---....o.o0--·ai...;.J-1.;.oo..:oA6.oo-
" ·-1241-1-3-SEP-98 -HIWU<-1;·1--0-0.00 311.....,,..,...-.9:-:zo .i5D=w:";10~~7:00. l4B-=rt='(>Odlr."()O-
: --124c1:s=sEP-=ee-cowi:.x-1;2·--o-o:-oo o 18 i9.4o lB . o.oo o.oo 109 n.oo 46.oo_ --·-·--··----.:.::.:.::=--:·- :--::- . I • I .w. 41 ..... .,s '* £1. x ;,, .. 
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Table 3A-5. Ventilation Data for Training Subjects (Raw Data) (continued) 

.. -----o 
1T£JI i§RH 

o o.oo o :m -· ·_;7::10· 39:00 us2·-71:0o~ ·41a:oo 
0 o.oo 0 :SB -'l'.10 36.00 1:52 71.00 46.0C> 

.oo 0 - .. 0 3'1.0 0 7 
" -- o -o.oo ______ o e 20...1.0 a .00.--0.00-----1.09.....7.1...00-Mi.oo 
•. 1241 13-llEl"-BB -Joo 1.1 -·-O -e.oo-----o --:sA·--61.60 -1e.b0...;so.oo--,;..&.r.s~1.oo~.oo 
--1:41""13-SEl"-BB"-HIWU:"l.3"---0-'-o;oo ·o .38~0 3iil.. o:-oo--:so;\)"0~ JS.~ 40.~· 

• ._:-1241 "13-11EP-ea ·.:==Tl'1rR··-=-..:i:=2;oo ___ ._-::r:-- '~ ... ,a _ __:._o.oo:::=o.-oo 7~:0o 
: - 1241 13-SEP-118 ·-·TM POST -1 -2.00 ------1 lB·--:Z0.90 B------0.00--0.00 -90~.oo-80.oo 
, • ·- 1::?41 13-sEP-Bll --THTR -2 ·:s.oo v q:zo 38 ·-~;oo -:z4;00----i30·-r.z.-oo--iso:-oc. 
• .:... 1241 13-SEP-&8 --TM POST ... 2 ·~3.c1io -~:. .. ·.2 .. ---::a .. ·.::=:=:so:n; 2e:.. o:oo:=o;oo-:.==ioo~::so:0o 
4 --1:41°13-SEP-1111---T1'1 POST ·--3 -7.00 -----. -4.. . :SD 6S.40 4o00·--0.00--1b0~..-00-80oOC· 

-=:-i:41-i3-RP-ea ___ ,,,m _::_:s:::s.60.=-::::~2. ;-051 21: •
0
0;-o •• ~:::::s~.;:-~~- !~(~.-0000 _g~-;-n.: __ 0.,~· 

-.l241.13-SEP-BO - ... -THTR ---4.-S.:iO _ -- _ .. 3.- i7:ii0 jA - \I""""---...~ ~ 
• -1::?41 13-SEP-&8 -TM POST - 4 :s.oo -·--- . 3. :m -----4:1.10 :SS o.oo--o.oo--140~rOO--:SO.·OC• 

- 1241 13-SEP-ea - Tl'ITR - s 7.oo -··-- ·-4 o;-ro :sa o:-oo--u.-:-oo--r60--n:-oa~·c· 
• ::--124113-sEP-ea-=::ntt>osT :.:._:s ._3.4o ··---·:.::-2 ::ic:.. :u.~· :m .n:150 o.oo-=ro::r::;,2:iio.::!o:-0c. 
--1241 •. 13-S&P-ee ---T1'1TR --"·· :s.oo .. __ ..... :s :11.00. :sc o.oo -:so.oo --t4o-n.oo--:so.oc 

• -1:41 13-5£1"-BB ·-111·POST --6 - -s.:;o ... 3c --47:so :ss 2:-00-0.-00--i>M 72.oo :so:-oc 
• ·-- • 1241 ·13-st:J>-BS -==::nrm-·:..:.7=:s 40 ·----··2 :so·.ao·· 211 .oo...:.=o.-oo.·--·u2.::::n;oo:~.oc 
: =1241 13-SEP-SS --:n; POST·::_ 7=2:20 :=-...:.::.:i. 2A n:so" "la.: .00--0.00 --102....n.oo--:so • .oc. 

---i241 -ZZ-5£1"-BB -REST :.1--0 -o;oo 0 A ;'20 A :oo-o;-oo~~4:'00--.U:-OC 
~1241 ~:z-SEP-ee LOWUC 2.1 ..:.::o .:o.oo -:=-...:.::-.:·.=::.o :=--===is. . · tiJ;so.:. a.---o~oo-o~oo ·.~.=7!t:oo::::;s1~ oc 

• --1241...22-SEP-BB •• HlWLK 2.1 -0 0.00 -----0-.----3B----37.40 2C---.:1.00-27.00--137-3-4..00~l.OC 
---1241-2:?-59'-0B -tilWU<·:.3 -o -o.oo O 3A :SB;SO 3A ;OO~:-OO---r4~4~C 
~=: 1241..;22-SEP-:BB =HIWLK2. 2 . ..=-:..o -:o. 00 ·.:=:.:--o . -- ·:--:m . :S0-;:9,0 28 ::::=::i:s:00..:::21 :oo _.=i:s1 ·.::u;:no:::::u. oc 
·--1241...::?.2-SEP-llB-.lOG 2.2--0 -0.00 ·----0 'SD. 63...40 4A-2.00---3'1.00--18-,:__;r4,.oe-.;s1.oc 
--i::?41 22-!i'EP-BB -LOWLK-:.::s-0-0.00 ---·o B---i7:90 B :-00-0.--00 97~4·;-00--:n:·oc 

.:: 1241 :z::z-S£P-ee ~REST ::?.3 --=o . ..:o.oo -----=== :o .. ..:.==:.:1B _· lO~-:so· 11·=-=n:so=o;oo·==97..:::7~:00.:::S1:oc 
---...1241.::?:::?-SEP-BB --JOG ::?.1 .. - •. 0 .. o.oo _____ .o. 'SD. --n.c1io 4A-12.00-33.00 --194--74...00-31.0C 
--1:-u ·:::-SEP-BS -REST 2.2 - -0--0.00 ·--- -0 B ·"---9:00 A :s.:-oo -o.·oo ---SS....,.4:00~1:-0C 

_ ·1241 22-SEP-sa LOWLK ::?.2 • o o oo ·-·-- -·. o --··· -· -1a ·--is :so···~--i1··:=::=D;oo--:o oo -·--·.s .::7.!·oo.::::;u oc 
·-1241 ::?:::?-sa>-ea •. JOG:?.:; ·· o ·o:oo·-=:.:...::-:o _:::-_=.·.::m =.-.:--72:00.. 4a. ... u:oo::::io:oo.".::...1e7.~.i:0o-:u:oc. 
---t::?42 :o-JUL-Sa ·TM PR£ PT --o o.oo -- -o· ·----i:s.-70 A----o:-oo--o:-oo---r14-'72:oo~o:-oc 

--:-;:42.:o-JUL-B8 "TH PRE PT · :.1 _-.1.70 o~-----·===:so;so.----2A o:-oo=o:oo .. ·-94_=n.oo...::.:o:oc 
• 1242 :o-JUL-99 TM PRE PT - .2 2.:so 0 --·---·· .• --47.20----:sA ----0.00 --0.00 ·--114-T.!.OO--:S0.0( 
• - 1:4: :o-JUl..-1111 . TM PRE PT . ::s ::s. 40 0 - -- - ·- ---?'l5. 40-· 4A -·--o. 00 -0;00--&'44-'72:-00-So.-or. 
·::·1242 2o-JUL'-B1t TM PRE PT .. 4 •. 4.20 o _ :-__ .. :.::· .. ::-·::.=1:s.;so·... ·.iic -:--·-0.00.:..:_::o.oo ... =.172 72.00 :.:so.o.-

• -1:4::? • .:?0-JUL-tl8 Tl'1 PR£ PT .. :S .:s.oo 0 . ··--· --143.20-·-·---·4C ·-···-0.00 -O.OO---l&S.-72.00-:SO.Ol 
--1::?42 o•-llEl"-88 ---TM POST -·1 ~.oo l ----11 --·1'1.60---·11···---0.:-00 -o.oo--s1-n:-oo-so:or 
' :-.1242 ·.~-SEl"-88 .-:::::.TM TR . l . .:..2.00.__::- - ··- .1 ..:.=.:::.==~.:==--i,,;so_· ___ :.JI -=--o.oo ... o.oo _.....:::63 .-.7.2-00 so. O<° 
·---1242 ~-B£P-118 - -·-TM TR --2 .:s. 00 -- -- -::S '5!!. 10-----38 ----0• 00 .48. 00 --U6 ~. 00 --:SO. O• 
--1242-~-IE'-tlS -TM POST-- -2-4.20· 2C-----:S4;-40 :zA•-A;OO -o;OO ·-io1--n:oo~o:-or 
.:.-=~242 °'-tm'-Bll ..:=·111 m __ 3.-:~.20 __ ::-:::::=2·===-......:... ____ 37;ao._· __ :::;m_.:.=-_o;-oo._-::.o.oo _··::._-.,6 .12.00 :.:so.o• 
----1242....1)1'-:1~"88 -TH POST -- . 3 _6. 90 .4 -----4A--72. so.. 4A-- --0. oo _o. 00 --14:S---T.?. oo • ..:so. O• 
--t:::?42~09-nP>-H ---Tl'f ·P~ST .=4 ~··oo · :- ---:m-----s4.-so :s1-o .. oo-o.;oo--i:z::--n:-oo-so.;or 
===i242~.:ne:t1a ___,_111 :Tl'~=.:s:oo 3 · ··· _:s:s;® ;n ====~• oo ,_;so. oo ·--122 _:72. oo so. or. 

,.,~__,..,....~42-Df.:..IV.:18-..J:?1..P.OS1'. - :5-A.40. .. 2P 3•.eo 2C--=.l·OO -0.00--103--ZZ...OO-:SO.O• 
, 242"09~ !"'""rft :5--6rPO 4 .80 44' o.-oo -36.00-S1':S-'n;-OO~O.-or. 
~T:*"l-:SL!O 2f .s iU fo ·#Zj'80 ;p:-~®,--o.oo· 123...:22.00 ·:so.or 

~~-.oo ;:x • sc.-.3 .s<• ••s : •. ,,..,.:sa • ..z o.oo-::%'7 •. o0..-1:ZO--Z:Z..0o~o.o·. -. - -;.- .... _.,, 
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Table 3A-S. Ventilation Data for Training Subjects (Raw Data) (continued) 

l • .: .. :_::.a11i.i~ATE._:--ACrIVITY-SPED-SPEED-Cl-IOS~ERYCD-11PN~-DIFFEREHCE..aESP-R--HR-Ta1P~-
11 - • • • • - - . .• - • . • ,, :: .-==== .. =--==-~::. _______ _ 

':: :==:~:~ ~==== .. iii~~ ~~~4g J--:~;g====:;j.;~=::;=;;10~~~: ,:~~:~::= 
" · ·: ·1242· 16-'=SEP-ss · ~-.: REST1 ~·1-===o=o; oo :::==-..=::o. -·-· ==:=tA' __ =i 1 ~o~-. ----.~ o;oo==o;oo -s4 -::-r.s. l>0--:4:s.-oo: 
~ - --1242 16-sEP-BS -REST--1.2 -0 .... o.OO 0 - 8---U.30 1A ~O-O.OO---B3-:n5.00-43..00-
" · "'124246-SEP-BS - LDWLK--1~:s·--o· ··o.oo ··----· · o ----·-:zA·--2:1.60. e---4;oo--o:oo-ro9--r.r;-oo-4:s;-oo· 
n ·: · .. 1242. 1'6:.,.s£P-BS ... l...DWl..K ·1;2·.-=:o ·:o;oo .. : .. 0 .:-=::-..::::18 ·:-:=::24.SO - B ::---l);oo O,;J>O --9s.:.:.:7'S:OO ~00 
ZI ---1242 16-SEP-BS -HIWUC-1.2 .... --C--O.OO 0 28 - ~.10 '3D--13..10-.-36..00---142-:n5.00--43.00-
" -1242 ·16-SEP-8S -UJWUC--i:-1-----0·-o.oo -o -· 11 ;9.:so B :oo-o:-oo--T.S~:--Oo--43:-oo-
" _1242 16-SEP-8S ·.:: .. 01oa 1~1' ·:::-.. ~o :_-o;·oo ::__:_-_:_-:.=o ·· :m.--:-100~:® 'lC . ±56~0 .. ..-P..O. 1'1..S_l5;-.9Q.::::!:r..oo~ 
.. ---1242..J.6.....SEP,.BB ...HlWl.K-1.3--0-D.OO 0 28 48.80 .36____,..z.10.00-.36...0~43-7.:5 00 ·'3.40_ 

----i242-16-SEP-BS ·-REST 1.3 .. ·-o·-0.00 O 8---10•40 A 5900-0~0~--r.5:-0~ 
.. :_ .. 1242 16-sEP-Bs· ... Joa l.2 ... :o .~o.oo · ·:·:~:·· .. o ·: ___ :so·.:.=109;00 4C----;s:z.w.-60;·oo -·-193· .. 7'S;oo·~43;-_90-

--l242....J.6-SEP-sa __ Joe 1.3. -O .. ...o.oo ··-----O 'l:C---100.00 4C---3S.o0-60.0o-=i.99 ....:.i:s.oo:=.43 • .00: 
11 

--i242 2.3--sEP-Ss ·-·Joe 2.:s-·-0 -o.oo -------o 31> ·-i:zo.oo 4C---S:Z.oo-.is .. oo --t7S-?S•oo-4s;W-
. · ----i242.~.~~s _J:fitLK _2;·1: --·o ..::o.oo _ _::-_-: ___ o --.28. --·-53.90_ ----~ ··-· ~1~!00"'"'"36i.29.. .. u.,....:.:_7;1 • ..QQ··,5,_00_ 

---12.42-23-sEP. ... BS-HIWU<-2.2 ... -.o .. _o.oo ______ o. 28 u..so 3A -7-50-36.oo--1~...0~5-00-

--1242·2.3--5EP-8B-LIJtLK-2.·3 -Q-o.oo ·- s·--:zs.oo s .oo·--o.oo &9--r.s~:s;oo-
. _:1242 23-sEP-SB~.:_2.~1 .. ~(!;00. ·-·-·· 0. ·---i,~:..=:::;t9 .. i:S0---:--2A"'---1li.i_29 0_;:99. __ J:s:::zii.._OO 4:S;~o.Q..: 

_1242.2.3-SEP-ss . ...R£ST _2.2. __ o_o.oo_ .. o 8 .. ---1s.ao. 1s .oo~o.oo .. .--BS...J:s.00:-,4.5 • .oo-
·---t242 2.3-sEP-SS --AEST2.3 ·-O-O,;OO- B--14.90 - B Oo00--0.00-'74-'75.00--..5:-00-

.:::._1242 _2.3"'.'.ljlEP-BS ___ JOG 2~2 .::::::o=.o.;:20·-----o·---·-~-=~00.00 .. !!;-~~ • .90 '48.:0Q. ·1~-~;.QQ..3.3.QP .. 
• ·--1242 .. 23-sEP-SS _REST .2.1 .. _o .... 0 • .00 A---16.ZO 8 -2.:S0--0.00-63--7S.OO----MS.OO-
: -~242-23-SEP-SS HlWLK 2.·:s --o ·-o.oo. 29---4:s;60 3A"-7.;oo-4S;oo-i-i9--r.rooo-45;-oo--

·.:: .. ~242 23~s-__ µJWUC_2.2-=:.·9··~-~~.oo·.:.:::.:~=.:-_:_9:·---.a ___ ~ .•. 80-·-~---~so:_9.;99:-- -~::::r.s:09_3s~·oo·. 
·--. ..1242 2.3-SEP-ss __JDIJ2.1--0 .o.oo _____ o 30-J20.oo ~___..~.oo-60.00--tT.S~.oo . ..-s.oo .. 

--1243 14-JUL.-ss ·TM·PRE PT--1--1,70 - ----o 6•30 11 o.·oo-o;oo----io3-n;-oo-:so-;-oo-
·1243 -~4-JUL~aa ... :nt . PRE .PT . ...:..::..2 __ ;z;:so . ..:...:.-~ .:.::=..o .:..::=::.= __ iS'l. BO· 4 o,. 09 ---o;·oo :=.13a ~L2.~J~9...:::_-:so;·oo _ 

---1243 .14-JUl.-SS ..Tl'I PRE .. PT .. -3--=s.40 ... ----0.. 63.50. 30 • .00-0 • .00----174-72.00-:50..00-
a ---1243 ·14-JUl.-BS TM PRE 'PT--4-4, 20 - -----o - 113. 40 ... 4C O:OO-O;-OO ---i97-n:-oo-so:-oo-

. __ ...:.J.243 J.4~-:-BB __ !!'Lf'!tE PJ'...:.:=.s..==:J;..9.o--= ···--·-·o · ·----- .. --192. 30 ·~---!.I;. ·l!9. o.:.qg .. - -;z.J 1.:~~~-.00:. 
.--1243 OS-AUG-BB---TM-TR --1 .. .....1.70 ~oo B 0...00...._o...o~o-:so.oo. 

,. --i243·os-AUG-BS -nt·PDST -i~..-oo- 28 22.70· 11 11.oo-o:-oo----i30-n;oo-150-;-oo-
. - .1243 JlS~BB ... ·.ni ·POST .. ..:.:2 _4. 20 ·-:::.~--:=.-2 : ---'2C::.=:: .. :ss. 90 :=-...:::-_:=28-.. =·--·-"3";00 _o.:oo.-- -::iss :::.n. 00 _:::50.00. 

" ·--.....1243 OS-AUG-BB . --TM TR --2. S.00 S0.90 3Jl .. ---0.00.-0...00-148~.00-:SO.OO-
• --·1243 OB-AUG-SS --TP1·PDST --:s--6.:SO... 4·-----:sc ---70.00 ·----4A· ____,;oo--o;oo--i92-n:oo-so;-oo-

.. · 1243 os-AUa-sB ·-··-™ TR ···:s 4;20 ·· · ... _.2 - - ----37.20 ---'211 ··--o;oo ··-o~oo .. -..,36·-72;00· ~o.oo 
--...::.:::i243~ 'os~s --:=:n.-:m:..=:.4--::-s.-40 ------3 .:.:::==_-:::.:.:-==~. 10 .----:m----: oo::ui~ oo..=::i82.=i.:z~OO:::So.oo:.. 

1243 OS-AUG-BS TM TR 5· 6.00 4 64.90 30 0.00 36.00 185 72.00 50.00 
12430S-AUG-88 TMPDST 5 4.00 2 2C 39.70 2C 0.00 0.00 15S 72.00 :S0.00 
1 43 OS-A 4 4 
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Table 3A-S. Ventilation Data for Training Subjects (Raw Data) (continued) 

tlR TEIP AH· 

. -
-- ·124:S 16-&EP-BB ··HIWLX 1.1 ·-0 -0.00 0 3A---Slrl0 511 2~10-27.;-00---t-66r-'r.S~rt 

J . ·124:s 16-SEP-BB -REST-1";°1 '-o -o;oo -----o 1A _____ 7:1zo iA o_.!?9, ___ o,_Q.0 __ 69. __ 'ffi.._06 43_._c 
1243 16-SEl"-SB HIWLK 1.:s 0 ·o.oo --.::.::··c,·:-·::::·==-28·:....--41.90- :zc: -4.00 --24.00 -1:57-..:78.00-43.( 

--·124:s 23-s£P-ea i.owu; 2.2 -o~o.oo o- 2A 27..SO B .70-0.00----t'41--'r.l;00-43:-C 
.. •124:S 2:::-SEl"-88 LOWLK :::.:; -··o -o.oo· 0 2B 38:40 28 ___ o,oo_ O.OO .• _.t4l5_7i5.i)O _ _,2., 

124:S Z-sEJ>-ea JDS 2.:s 0 o.oo ..: 0 ·--=---=--:sc :::::::-aa.ao· 11---2B.OO .39.00 --201 ...• 7:5.00--42.0 
--1243 23-SEP-Ba HIWU: 2.2 · ·O 0.00 0 28 ·--48.40 3A-10.;-00 -24.00--l"r.S-'73:1>0-42:0 

· -124::: 23-flE!l-ee Hrwu: 2.1 - o o.oo -----o- :zs---,.:s."'70 :JA..-=s:7J(_gs:o_o -~?.i .. f.S .•• #_42.c. 
124:s ::::s-SEP-ea LOWUC :::.1 o o.oo ·· .-: .. :.o ::.::·:.:::.:1A - :zr.-oo··. • ·--:-B.oo -o.oo -J.os .r.s.oo _..2.0 

• •· 124:s 2:s-s~-ee HIWU: 2.:s ---o o.oo ·--.--o 2C--49•BO n-7.-00-24.-00 --169-"18T00--42..o 
--124:s ::::s-sEP"7ae · ·Joa :::.2 ·o ·o.oo··-----o ______ :sA_ IC~o:oo ~--=~i!.oo~:-oo ... -~o3. 7!.?0_42.0 

1243 23-SEl"-98 REST ::.1 0 o.oo . ·-: - 0 --- -··-IA ---8.:50 -.:J~----0.00.-0.oo .. __ -7l5.=ns.oo.-'t2.0• 
--124:S 23-SEP-Bll • -JOG 2.1 - ·0 'o.oo -----o 28-loo.oo 4C---62o-OO--S0.00-197-'115l'00--42;0• 
·-··124:s 23-SEP-BB - REST:?.::: 0 o.oo -- --o.. 28-io:-oo iA :zr.~oo----yf~~-=-0· 

124:S 23-SEP-Bll REST ::. ::? 0 o. 00 0 .:::_.::ia ::=-=i:s. ao .. ===::::-..ia--===:ti. 007 =.o. 00 :::111~.ns. 00 . .:A2. 0 

- --··-· ·.=:=---------·---~-~-~-~-~-==================================:::;::=========================-
·--····-··---· ··- ... -

------ -- -· .. --·--· -·--· . -- . . - .... ----
·- -... -·-.,··- -------·- ... ..... . ---·-----.- ... 

' - . ·------· ·-------.. ----. ---·-- --·--------

~-----~--------------~------------------------~ 

Source: Shamoo et al., 1992. Effectiveness of Training Subjects to Estimate Their Level of Ventilation. 
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Estimated Minute Ventilation Asaociated with Acti,.vity Level for Average Male Adult" 

Level 
ofwolk 

Light 

Light 

Light 

. Moderate 

Moderate 

Moderate 

Heavy 
Heavy 
Very heavy 

Very heavy. 

Severe 

I.Jmin 

13 

19 

2S 

30 

3S 

40 

SS 
63 
72 

85 

100+ 

• Average adult 118'111med to weip 70 kg. 

Source: Adapted from U.S. EPA, 1985 

3A-12 

· Representative activities 

Level walking at 2 mph; washing clothes 

Level waJkina at 3 mph; bowling; scnibbing floors 

Dancina; pushing wheelbarrow with lS-kg load; 
simple construction; stacldna firewood 

Easy cycling; pushing wheelbarrow with 7S-kg load; 
usma slqehammer 

Climbina stairs; plaYina tennis; digging with spade 

Cycling at 13 mph; walking on snow;· digaing trenches 

Cl'088-country skiina; rock climbina; stair climbina 
with load; plaYina squash or handball; chopping 
with au 

Level nmnina at 10 mph; competitive cycling 

Competitive lone distance running; cross-country 
skiing 



Table 3A-7. Minute Ventilation Ranges by Age, Sex, and Activity Level 

-
Ventilation ranges 

{liten/minu~} 
Age 
(yr) Sex Restini: Li2ht Modm~ Heavv 

n Range Mean n Range Mean n Range Mean n Range Mean 

Infants MIF 316 0.25-2.09 0.84 
2 F 

M 
3 F 

M 
4 F - - - 2 32.0- 32.S 32.3 

M - - - 4 39.3 - 43.3 41.2 
s F - - - 3 31.0- 3S.O 32.8 

M - - - 3 30.9-42.6 37.S 
6 F - - - 2 3S.9- 38.9 37.4 

M 8 S.0- 7.0 6.S 16 S.0- 32.0 13.9 4 28.0- 43.0 33.3 3 3S.S - 43.S 40.3 
1 F - - - 3 48.2- Sl.4 49.6 

\I) M - - - 2 44.1- SS.8 so.o 
~ 8 F - - - 4 Sl.2- 67.6 S1.6 -\I) M - - - 3 S9.3 -62.2 60.1 

9 F - - - 27 SS.8- 63.4 S0.9 
M - - - 1 S9.S - 7S.2 6S.1 

10 F - - - 21 46.2- 71.1 60.4 
M 10 S.2 - 8.3 7.1 20 S.2 - 3S.O 17.2 9 41.0- 68.0 S3.4 6 63.9- 74.6 10.S 
F - - - 1 49.7- 80.9 63.S 
M - 20 - 20.3 20 - 33.1 9 47.6- 77.S 6S.S 

12 F S4 4.1 - 16.1 1S.4 - 4 19.6- 46.3 26.5 31 6S.S - 79.9 71.8 
M 56 7.2- 16.3 15.4 - 6 18.S - 46.3 34.1 9 58.1- 84.7 67.7 

13 F s 7.2 - lS.4 9.9 - s 18.S - 46.3 30.3 1 67.6-102.6 87.7 
M 16 3.1 - lS.4 8.9 30 3.1 - 24.9 16.4 29 14.4-48.4 32.8 38 27.8 -105.0 S1.9 

14 F 53 3.1 - 15.6 14.9 - 3 21.6- 37.1 28.1 5 80.7-100.7 88.9 
M 77 3.1- 27.8 14.2 - 24 24.7- S5.0 39.7 16 42.2- 121.0 86.9 ,--

t:! 
0 

(Continued~ !Z 
0 

0 1-3 1::1 
Hp~ 
l-3c::;"".I 
t:j 0 1-3 

1-3 
tx.1 

0 
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Table 3A-7. (Continued) 

Ventilation ranges 
tliters/rninute} 

Age 
(yr) Sex Rcstin& Light Moderate 

n Range Mean n Range -Mean n Range Mean 

1S F 1 - 6.2 - 1 - 26.8 
M 8 3.1 - 26.8 11.l - 7 27.8- 46.3 39.3 

16 F so - lS.2 - - -
M so - lS.6 - -

17 F - - -
M 12 S.8 - 9.0 7.3 - 12 40.0- 63.0 48.6 

18 F 
M - - -

~· Adults F S9S 4.2-11.66 S.1 786 4.2- 29.4 8.1 106 20.7- 34.2 26.S 
~ Adults M 454 2.3 - 18.8 12.2 102 2.3 - 27.6 13.8 102 14.4- 78.0 40.9 ..... 
~-

n ::! number of observations 

Note: Values in liters/minute can be converted to units of m1/hour by multiplying by the conversion factor, 60 minutes/hour 
1000 litcn/m3 

Source: Adapted from U.S. EPA, 1985. 

Hean: 
n Range 

6 68.4-97.1 
6 48.4-140.3 
8 73.6- 119.1 
3 79.6-132.2 
2 91.9 - 9S.3 
3 89.4-139.3 

9 99.7-143.0 
211 23.4-114.8 
267 34.6-183.4 

Mean 

87.1 
110.S 
93.9 
102.S 
93.6 
107.7 

120.9 
47.9 
80.0 

I t1 , .o 
I 
• !2: 

0 
ol--lt:::! 

~.o ~ 
l:=j c ':rj 
o~ 
~) 

l>-j 

0 
• < 



Table 3A.S. Reference Values Obtraincd From Literature Sourcca 

CoL 1 2 3 4 s 6 

Resting Light Activity Heavy Work Maximal Work During 
Line Subject W(kg) Exercise 

f VT V* f VT V* f VT V* f VT V* 

Adult 

1 Man 68.S 12 150 7.4 17 1670 29 21 2030 43 

2 1.7 m2 SA 12 500 6 

3· 30y; 170cmL 15 500 1.5 16 1250 20 

4 20-33 y 70.4 40 3050 111 

5 Woman 54 12 340 4.5 19 860 16 30 880 25 

6 30 y; 160 cm L 15 400 6 20 940 19 

w 7 20-25 y; 165.8 cm L 60.3 46 2100 90 
~ - 8 Pregnant (8th mo) 16 650 10 
Vl 

Adolescent 

9 male, 14-16 y 16 330 5.2 53 2520 113 

10 male, 14-15 y 59.4 

11 female, 14-16 y . 15 300 4.5 

12 female, 14-15 y; 164.9 cm L 56 52 1870 88 

Children 

13 10 y; 140 cm L 16 300 4.8 24 600 14 

14 males, 10-11 y 36.5 58 1330 71 

15 males, 10-11 y; 140.6 cm L 32.S 61 1050 6r~ 
.0 

~ 
0 

0 H tj 
(Conlfn~b ~ 

H C: lzj 
t:rJ 0 1-3 

H 
t:rJ 
0 
~ 
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Table 3A-8. (continued) 

Col. 1 2 3 4 5 6 

Resting Light Activity Heavy Work Maximal Work During 
Line Subject W(kg) Exercise 

f VT V* f VT v• f VT v• f VT V* 

16 females, 4-6 y 20.8 70 600 40 

17 females, 4-6 y; 111.6 cm L 18.4 66 520 34 

18 Infant, 1 y 30 48 1.4" 

19 Newborn 2.5 34 15 0.5 

20 10 h-13 wk 2.5-5.3 6811 51•·11 3.511 

21 9.6 h 3.6 25 21 o.s 
22 6.6 d 3.7 29 21 0.6 

Values in column 2 uc body weighta referable to the dimension quoted in column 1. f = frequency (brc:atlu/min); VT = tidal volume (ml); V* = minute volume (I/min); SA = surface area. 

b 
Calculated from V* = f x VT. 
Crying. , 

Source: ICRP, 1981. 
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Dermal exposure to environmental contaminants can occur during a variety of 

activities and may be associated with a number of different environmental media 

(U.S. EPA, 1992). These media include: 

• Water (e.g., bathing, washing, swimming); 

• Soil (e.g., outdoor recreation, gardening, construction); 

• Sediment (e.g., wading, fishing); 

• Liquids (e.g., use of commercial products); 

• Vapors (e.g., use of commercial products); and 

• Indoor dust (e.g., children playing on carpeted floors). 

The major factors that must be considered when estimating dermal exposure include 

the amount of or concentration of contaminant contacting the skin, the duration of exposure, 

the rate at which the material is absorbed, and the size of the exposed body surface area. 

This chapter focuses primarily on measurements of the body surface areas and various factors 

for estimating dermal exposure to contaminants in water and soil. U.S. EPA (1992), Dermal 

Exposure Assessment: Principles and Applications, provides detailed information concerning 

dermal exposure using a stepwise guide for the exposure assessment process. 

·4.1. EQUATION FOR DERMAL DOSE 

The average daily dose (ADD) is the dose rate averaged over a pathway-specific 

period of exposure expressed as a daily dose on a per-unit-body-weight basis. The ADD is 

used for exposure to chemicals with non-carcinogenic non-chronic effects. For compounds 

with carcinogenic or chronic effects, the lifetime average daily dose (LADD) is used. The 

LADD is the dose rate averaged over a lifetime. For contact with contaminated water, 

dermally absorbed average daily dose can be estimated by (U.S. EPA 1992): 

ADD = DAevenr x EV x ED x EF x SA 
BWxAT 

4-1 

(Eqn. 4-1) 



where: 

ADD 
DAcvcnt 
EV 
ED 
EF 
SA 
BW 
AT 

-
-
-
-
-
-
-
= 

average daily dose (mg/kg-day); 
absorbed dose per event (mg/cm2-event); 
event frequency (events/yr); 
exposure duration (years); 
event frequency (days/year); 
skin surface area available for contact (cm2); 

body weight (kg); and · 
averaging time (days) for noncarcinogenic effects, AT = ED and for 
carcinogenic effects, AT = 70 years or 25,550 days. 

For example, this method is used when calculating absorbed dose for a swimmer. The total 

body surface area (SA) is assumed to be exposed to contaminated water for a period of time 

(ED). The DAcvent is estimated taking in consideration the permeability coefficient from 

water, the chemical concentration in water and event duration. The approach for estimating 

DAcvcnt is different for inorganics and organics. The nonsteady-state approach for estimating 

the dermally absorbed dose from water is recommended as the preferred approach for 

application to organics which exhibit octanol-water partitioning (U.S. EPA, 1992). First, the 

method more accurately reflects normal human exposure conditions since the short contact 

times associated with bathing and swimming generally mean that steady state will not occur. 

Second, the method accounts for the dose that can occur after the actual exposure event due 

to absorption of contaminants stored in skin lipids. It is recommended that the traditional 

steady-state approach be applied to inorganics (U.S. EPA, 1992). Use of the nonsteady-state 

model for organics has implications for how to select~ values for these chemicals (U.S. 

EPA, 1992). The reader is referred to U.S. EPA (1992) for detailed information for 

estimating the absorbed dose per event (DAevcnJ· 

For contact with contaminated soil, a variation of Equation 4-1 is used. Dermally 

absorbed dose is calculated using the equation below: 

DAevmr x EF x ED x SA 
ADD = -------,,--=---

BW x AT 
(Eqn. 4-2) 

4-2 
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where: 

ADD -
DAevent -
SA -
BF -
ED -
BW -
AT -

average daily dose (mg/kg-day); 
absorbed dose per event (mg/cm2-event); 
skin surface area available for contact (cm2); 

exposure frequency (events/year); 
exposure duration (years); 
body weight (kg); and 

I
. D- T'f'\1'\ r,,.,.,.~"i' QLl I 

.t...J ~.·;:J .\. \.._ 1,.) .._j ,;..,._j "'" 

'..\~~.~;~( .OJ: T~ ___ ,.. .. 

averaging time (days), a non-carcinogenic effects, AT = ED, and for 
carcinogenic effects, AT = 70 years or 25,550 days. 

Estimation of the DAevent for contaminated soil exposure is based on the concentration 

of the contaminant in the soil, the adherence factor of soil to skin, and the absorption 

fraction. 

The apparent simplicity of the absorption fraction ( % absorbed) makes this approach 

appealing, but it is not practical to apply it to water contact scenarios, such as swimming, 

because of the difficulty in estimating the total material contacted (U.S. EPA, 1992). There 

is essentially an infinite thickness of material available, and the contaminant will be 

continuously replaced, thereby increasing the amount of available material by some large, but 

unknown, amount. Therefore, the permeability coefficient-based approach is advocated over 

the absorption fraction approach for determining the dermally absorbed dose of compounds in 

an aqueous media (U.S. EPA, 1992). In contrast, not all of the soil contaminant in a thick 

layer of dirt applied to the skin can be considered to be bioavailable, nor can it be considered 

to constitute a dose. However, if the amount of contaminant in the adhered soil can be 

established, the absorption fraction approach may be practical. Because of the lack of ~ 

data for compounds bound to soil, and reduced uncertainty in defining an applied dose, the 

absorption fraction-based approach is suggested for determining the dermally absorbed dose 

of soil contaminants. The reader is referred to U.S. EPA (1992) for a more detailed 

explanation of the equations, assumptions, and approaches, that have been are presented in 

this section. 
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Dermal exposure to contaminants is an important pathway'"' that warrants consideration 

in many exposure assessments. The size of the exposed surface area is a necessary 

component of any dermal exposure scenario. Upon determination that a contaminant can 

gain access to the body through topical (skin) exposure, the assessor may use estimations of 

total body surface area or, depending upon the exposure scenario, estimations of specific 

body part surface areas to calculate the contact rate for the contaminant. Information on soil 

adherence to human skin may also be needed, depending on the scenario. This section 

presents values for total body surface area and the surface area of component body parts that 

may be exposed to contaminated media, information on the application of surface area data, 

and dermal adherence data. The available studies are summarized m the following sections. 

Studies on surface area and adherence have been classified as either key studies or relevant 

studies based on their applicability to exposure assessment needs. Recommended values are 

based on the results of key studies, but relevant studies are also presented to provide the 

reader with added perspective on the current state-of-knowledge pertaining to dermal 

exposure factors. 

4.2.2. Measurement Techniques 

Direct measurement techniques that have been used to measure total body surface area 

include direct coating, triangulation, and surface integration (U.S. EPA, 1985). The coating 

methods consist of coating either the whole body or specific regions with a substance of 

known or measured area. Triangulation consists of marking the area of the body into 

geometric figures, then calculating the figure areas from their linear dimensions. Surface 

integration is performed by using a planimeter and adding the areas. 

Using the triangulation measurement technique, surface area of the body can be 

estimated using geometric approximations by assuming that parts of the body resemble 

geometric solids (Boyd, 1935). More recently, Popendorf and Leffinwell (1976), and 

Haycock et al. (1978) have developed geometric methods for estimating body surface area 
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(U.S. EPA, 1985). Both methods assume that body parts correspond to geometric solids, 

such as the sphere and cylinder. A linear method was proposed by DuBois and DuBois 

(1916) (U.S. EPA, 1985). It was based on the principle that the surface areas of the parts of 

the body are proportional, rather than equal, to the surface area of the solids they resemble. 

In addition to direct measurement techniques, several formulae, including that of 

Gehan and George (1970), have been proposed for estimating body surface area from· 

measurements of other major body dimensions (i.e., height and weight) (U.S. EPA, 1985). 

Generally, the formulae are based on the principles that body density and shape are roughly 

the same and that the relationship of surface area to any dimension may be represented by 

the curve of central tendency of their plotted values or by the algebraic expression for the 

curve (U.S. EPA, 1985). A discussion and comparison of formulae to determine total body 

surface area are presented in Appendix 4A. 

Determination of the surface areas of the component body parts has been performed 

by a number of authors as part of their determination of whole body surface areas. The 

surface areas of anatomical parts have been reported by gender, age, and ethnic group. 

Early studies have reported surface areas for such component parts as head, trunk, upper 

arms, forearms, hands, thighs, legs, and feet. Several investigators have estimated body 

surface area and reported their results in terms of surface areas of different parts of the body 

.as well as total surface area (U.S. EPA, 1985). The literature contains surface area of body 

parts as both direct measurements and as estimates using the linear and geometric methods. 

4.2.3. Key Surface Area Studies 

U.S. EPA (1985) - Development of Statistical Distributions or Ranges of Standard 

Factor Used in Exposure Assessments - U.S. EPA (1985) analyzed the direct surface area 

measurement data of Gehan and George (1970) using the Statistical Processing System (SPS) 

software package of Buhyoff et al. (1982). The data of Gehan and George (401 

observations) were selected from the data of Boyd (1935) where the data were complete for 

surface area, height, weight, and age. Although Boyd (1935) reported surface area estimates 

for 1,114 individuals, only 401 observations were used by Gehan and George (1970) in their 

analysis. These observations were those obtained by direct coating, triangulation or surface 
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SPS was used to geneJterequati~~~~;or -.J 
calculating surface area as a function of height and weight. These equations were then used 

to calculate surface area distributions of the U.S. population using the height and weight data 

obtained from the National Health and Nutrition Examination Survey (NHANBS) II and the 

computer program QNTLS of Rochon and Kalsbeek (1983) (U.S. EPA, 1985). A 

description of the computer program is provided in Appendix B of U.S. EPA (1985). 

The equation proposed by Gehan and George (1970) was determined in U.S. EPA 

(1985) as the best choice for estimating total body surface area. However, the paper by 

Gehan and George gave insufficient information to estimate the standard error about the 

regression. Therefore, the 401 direct measurements of children and adults (i.e., Boyd, 1935) 

were reanalyzed in U.S. EPA (1985) using the formula of Dubois and Dubois (1916) and 

SPS to obtain the standard error. 

Regression equations using the Dubois and Dubois (1916) formula were also 

developed for specific body parts by U.S. EPA (1985) using the surface area of various body 

parts provided by Boyd (1935) and Van Graan (1969), and SPS. Regression equations for 

adults were developed for the head, trunk (including the neck), upper extremities and lower 

extremities. Upper extremities comprise arms and hands; arms are further divided into upper 

arms and forearms. Lower extremities include legs and feet, with legs further divided into 

thighs and lower legs. Table 4-1 presents a summary of the equation parameters developed 

in U.S. EPA (1985) for calculating surface area of adult body parts. Equations to estimate 

the body part surface area of children were not developed because of insufficient data. 

Percentile estimates of total surface area and surface area of body parts developed by 

U.S. EPA (1985) using the regression equations and NHANES II height and weight data are 

presented in Table 4-2 and 4-3 for adult males and adult females, respectively. The 

calculated mean surface areas of body parts for men and women are presented in Table 4-4. 

The standard deviation, the minimum value, and the maximum value for each body part are 

included. The median total body surface fil."ea for men and women and the corresponding 

standard errors about the regressions are also given. It has been assumed that errors 

associated with height and weight are negligible (U.S. EPA, 1985). The data in Table 4-5 

present the percentage of total body surface by body part for men and women. 
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Table 4-1. Summary of Equation Parameters for Calculating Adult Body Surface Area 

~uation for surface arctf (m~ 
Body Part ao W-' H12 p R2 S.E. 

Head 
Female 0.0256 0.124 0.189 0.01 0.302 0.00678 
Male 0.0492 0.339 -0.0950 0.01 0.222 0.0202 

Trunk 
Female 0.188 0.647 -0.304 0.001 0.877 0.00567 
Male 0.0240 0.808 -0.0131 0.001 0.894 0.0118 

Upper Extremities 
Female 0.0288 0.341 0.175 0.001 0.526 0.00833 
Male 0.00329 0.466 0.524 0.001 0.821 0.0101 

Arms 
Female 0.00223 0.201 0.748 0.01 0.731 0.00996 
Male 0.00111 0.616 0.561 0.001 0.892 0.0177 

Upper Arms 
Male 8.70 0.741 -1.40 0.25 0.576 0.0387 

Forearms 
Male 0.326 0.858 -0.895 0.05 0.897 0.0207 

Hands 
Female 0.0131 0.412 0.0274 0.1 0.447 0.0172 
Male 0.0257 0.573 -0.218 0.001 0.575 0.0187 

Lower Extremitiesc 0.00286 0.458 0.696 0.001 0.802 0.00633 
Legs 0.00240 0.542 0.626 0.001 0.780 0.0130 
Thighs 0.00352 0.629 0.379 0.001 0.739 0.0149 
Lower legs 0.000276 0.416 0.973 0.001 0.727 0.0149 

Feet 0.000618 0.372 0.725 0.001 0.651 0.0147 

• SA = a,, W-1 W2 
W = Weight in kilograms; H = Height in centimeters; P = Level of significance; R2 = Coefficient of determination; 
SA = Surface Area; S.E. = Standard error; N = Number of observations 

b One observation for a female whose body weight exceeded the 95 percentile was not used. 

N 

57 
32 

57 
32 

57 
48 

13 
32 

6 

6 

12b 
32 

105 
45 
45 
45 

45 

c Although two separate regressions were marginally indicated by the F test, pooling was done for consistency with individual components 
of lower extremities. 

Source: U.S. EPA, 1985. 
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Table 4-2. Surface Arca of Adult Males in Square Meters 

Percentile 

Body part 5 10 15 25 so 75 85 90 95 S.E.a 

Total 1.66 1.72 1.76 1.82 1.94 2.07 2.14 2.20 2.28 0.00374 

• Head 0.119 0.121 0.123 0.124 0.130 0.135 0.138 0.140 0.143 0.0202 

Trunkb 0.591 0.622 0.643 0.674 0.739 0.807 0.851 0.883 o,935c 0.0118 

Upper extremities 0.321 0.332 0.340 0.350 0.372 0.395 0.408 0.418 0.43ZC 0.00101 

Arms 0.241 0.252 0.259 0.270 0.291 0,314C 0,328C 0.339c 0.354c 0.00387 

Forearms 0.106 0.111 0.115 0.121 0.131 0.144c o.1s1c 0.157c o.166c 0.0207 

~ Hands 0.085 0.088 0.090 0.093 0.099 0.105 0.109 0.112 0.117 0.0187 I 
00 

Lower extremities 0.653 0.676 0.692 0.715 0.761 0.810 0.838 0.858 0.88SC 0.00633 

Legs 0.539 0.561 0.576 0.597 0.640 0.686C o.114c 0.734c 0.76ZC 0.0130 

Thighs 0.318 0.331 0.341 0.354 0.382 0.411C 0.429c o,443c 0.463c 0.0149 

. ~wer legs 0.218 0.226 0.232 0.240 0.256 0.272 0.282 0.288 0.299 0.0149 

Feet 0.114 0.118 0.120 0.124 0.131 0.138 0.142 0.145 0.149 0.0147 

• Standard error for the 5-95 percentile of each body part . 
b Trunk includes neck. 
c · Percentile estimates exceed the maximum measured values upon which the equations are based. 

t' 1:1 
Source: U.S. EPA, 1985. I. o 
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Table 4-3. Surface Area of Adult Females in Square Meters 

Percentile 

Body part 5 10 15 25 so 15 85 90 95 S.E! 

. Total 1.45 1.49 1.53 1.58 1.69C 1.82 1.91 1.98 2.09 0.00374 

Head 0.106 0.107 0.108 0.109 0.111 0.113 0.114 0.115 0.117 0.00678 

Trunk" 0.490 0.507 0.518 0.538 0.579 0.636 0.677 0.704 0.752 0.00567 

Upper extremities 0.260 0.265 0.269 0.274 0.287 0.301 0.311 0.318 0.329 0.00833 

Arms 0.210 0.214 0.217 0.221 0.230 0.23SC o.243c 0.247C 0.253C 0.00996 .. 
Hands 0.0730 0.0746 0.0757 0.0777 0.0817 0.086SC o.0903c 0.092?C 0.0966C 0.0172 

Lower extremities 0.564 0.582 0.595 0.615 0.657 0.704 0.736 0.757 0.796 0.00633 

~ Legs 0.460 0.477 0.488 0.507 0.546 0.592 0.623 0.645 0.68'.JC 0.0130 
I 
\0 

Thighs 0.271 0.281 0.289 0.300 0.326 0.357 0.379 0.394 0.42lc 0.0149 

Lower legs 0.186 0.192 0.197 0.204 0.218 0.233 0.243 0.249 0.261 0.0149 

Feet 0.100 0.103 0.105 0.108 0.114 ·0.121 0.126 0.129 0.134 0.0147 

• Stan~ error for the 5-95 percentile of each body part • 
b Trunk includes neck. 
c · Percentile estimates exceed the maximum measured values upon which the equations are b~. 

sou:n.:e: U.S. EPA, 1985. 
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Table 4-4. Surface Area by Body Part for Adults (m2) 

Men 

Body part Mean (s.d.)" Min. - Max. N" Mean (s.d.) 

Head 0.118 (0.0160) 0.090 - 0.161 32 0.110 (0.00625) 

Trunk (incl. neck) 0.569 (0.104) 0.306 - 0.893 32 0.542 (0.0712) 

U ppet' CXtrcmitiCI 0.319 (0.0461) 0.169 - 0.429 48 0.276 (0.0241) 
Anru 0.228 (0.0374) 0.109 - 0.292 32 0.210 (0.0129) 

Uppecarms 0.143 (0.0143) 0.122 - 0.156 6 
Forearms 0.114 (0.0127) 0.0945 - 0.136 6 

Hands 0.084 (0.0127) 0.0596 - 0.113 32 0.0746 (0.00510) 

Lower cxtremitie1 0.636 (0.0994) 0.283 - 0.868 48 0.626 (0.0675) 
Legs 0.505 (0.0885) 0.221 - 0.656 32 0.488 (0.0515) 

Thi&hs 0.198 (0.1470) 0.128 - 0.403 32 0.258 (0.0333) 
Lower legs 0.207 (0.0379) 0.093 - 0.296 32 0.194 (0.0240) 

Feet 0.112 (O.Q177) 0.0611 - 0.156 32 0.0975 (0.00903) 

TOTAL 1.94 (0.00374)• 1.66 - 2.284 1.69 (0.00374)• 

• standard deviation. 
• number of observations. 
•median (standard error). 
4 pc:centilcs (5th - 95th). 

Source: Adapted from U.S. EPA, 1985. 
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Women 

Min. - Max. N 

0.0953 - 0.127 57 

0.437 - 0.867 57 

0.215 - 0.333 57 
0.193 - 0.235 13 

0.0639 - 0.0824 12 

0.492 - 0.809 57 
0.423 - 0.585 13 
0.258 - 0.360 13 
0.165 - 0.229 13 
0.0834 - 0.115 13 

1.45 - 2.09d 
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Table 4-5. Percentage of Total Body Surface Arca by Part for Adu'ltr-

Body part Mean (s.d.r 

Head 7.8 (1.0) 

Trunk 35.9 (2.1) 

Upper extremities 18.8 (1.1) 
Arms 14.1 (0.9) 

Upper arms 7.4 (0.5) 
Forearms 5.9 (0.3) 

Hands 5.2 (0.5) 

Lower extremities 37 .5 (1.9) 
Legs 31.2 (1.6) 

Thighs 18.4 (1.2) 
Lower legs 12.8 (1.0) 

Feet 7.0 (0.5) 

• 
b 

Standard deviation . 
Number of observations. 

Min. 

6.1 

30.5 

16.4 
12.5 
6.7 
5.4 
4.6 

33.3 
26.1 
15.2 
11.0 
6.0 

Source: Adapted from U.S. EPA, 1985. 

Men 

Max. 

10.6 

41.4 

21.0 
15.5 
8.1 
.6.3 
7.0 

41.2 
33.4 
20.2 
15.8 
7.9 

4-11 

Women 

w Mean (s.d.) Min. Max. N 

32 7.1 (0.6) 5.6 8.1 57 

32 34.8 (1.9) 32.8 41.7 57. 

48 17.9 (0.9) 15.6 19.9 57 
32 14.0 (0.6) 12.4 14.8 13 
6 
6 

32 5.1 (0.3) 4.4 5.4 12 

48 40.3 (1.6) 36.0 43.2 57 
32 32.4 (1.6) 29.8 35.3 13 
32 19.5 (1.1) 18.0 21.7 13 
32 12.8 (1.0) 11.4 14.9 13 
32 6.5 (0.3) 6.0 7.0 13 
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Percentile estimates for total surface area of children for males arid females are 

presented in Tables 4-6 and 4-7 were calculated using the total surface area regression 

equation, NHANES II height and weight data, and using QNTLS. Estimates are not 

included for children younger than 2 years old because NHANES height data are not 

available for this age group. For children, the error associated with height and weight 

cannot be assumed to be zero because of their relatively small sizes. Therefore, the standard 

errors of the percentile estimates cannot be estimated, since it cannot be assumed that the 

errors associated with the exogenous variables (height and weight) are independent of that 

associated with the model; there are insufficient data to determine the relationship between 

these errors. 

Available measurements of the surface area of children's body parts are summarized 

as a percentage of total surface area in Table 4-8. Because of the small sample size, the data 

cannot be assumed to represent th~ average percentage of surface area by body part for all 

children. Note that the percent of total body surface area contributed by the head decreases 

from childhood to adult status, whereas that contributed by the leg increases. 

An advantage of this study is that it provides statistical distributions based on a large 

number of observations for adults. It also provides data for total surface and body parts by 

gender for adults. In addition, data are also provided (with limitations described previously) 

for children. Any disadvantages of this study are those associated with the data sets used. A 

possible limitation is that more than half the 401 observations used in the analyses are for 

children. In addition, the data may not be representative of the general U.S. population. 

However, the results from the analyses by U.S. EPA (1985) have been generally accepted as 

the most recommended to use. 

Phillips et al. - Distributions of Total Ski.n Suiface Area to Body Weight Ratios -

Phillips et al. (1993) observed a strong correlation (0.986) between surface area and body 

weight and studied the effect of using these factors as independent variables in the LADD 

equation. Phillips et al. (1993) concluded that, because of the correlation between these two 

variables, the use of surface area to body weight (SA/BW) ratios in human exposure 

assessments is more appropriate than treating these factors as independent variables. Direct 

measurement (coating, triangulation, and surface integration) data from the scientific 
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Table 4-6. Total Body Surface Arca of Male Children in Square MCtcrsc--

Percentile 
Age 
(yr)b s 10 15 2S so 75 85 90 95 

2 < 3 0.527 0.544 0.552 0.569 0.603 0.629 0.643 0.661 0.682 
3 < 4 0.585 0.606 0.620 0.636 0.664 0.700 0.719 0.729 0.764 
4 < s 0.633 0.658 0.673 0.689 0.731 0.771 0,796 0.809 0.845 
s < 6 0.692 0.721 0.732 0.746 0.793 0.840 0.864 0.895 0.918 
6 < 7 0.757 0.788 0.809 0.821 0.866 0.915 0.957 1.01 1.06 
7 < 8 0.794 0.832 0.848 0.877 0.936 0.993 1.01 1.06 1.11 
8 < 9 0.836 0.897 0.914 0.932 1.00 1.06 1.12 1.17 1.24 
9 < 10 0.932 0.966 0.988 1.00 1.07 1.13 1.16 1.25 1.29 
10 < 11 1.01 1.04 1.06 1.10 1.18 1.28 1.35 1.40 1.48 
11 < 12 1.00 1.06 1.12 1.16 1.23 1.40 1.47 1.53 1.60 
12 < 13 1.11 1.13 1.20 1.25 1.34 1.47 1.52 1.62 1.76 
13 < 14 1.20 1.24 1.27 1.30 1.47 1.62 1.67 1.75 1.81 
14 < 15 1.33 1.39 1.45 1.51 1.61 1.73 1.78 1.84 1.91 
15 < 16 1.45 1.49 1.52 1.60 1.70 1.79 1.84 1.90 2.02 
16 < 17 1.55 1.59 1.61 1.66 1.76 1.87 1.98 2.03 2.16 
17 < 18 1.54 1.56 1.62 1.69 1.80 1.91 1.96 2.03 2.09 

3 < 6 0.616 0.636 0.649 0.673 0.728 0.785 0.817 0.842 0.876 
6 < 9 0.787 0.814 0.834 0.866 0.931 1.01 1.05 1.09 1.14 
9 < 12 0.972 1.00 1.02 1.07 1.16 1.28 1.36 1.42 1.52 

12 < 15 1.19 1.24 1.27 1.32 1.49 1.64 1.73 1.77 1.85 
15 < 18 1.50 1.55 1.59 1.65 1.75 1.86 1.94 2.01 2.11 

a Lack of height measurements for children <2 years in NHANES Il precluded calculation of surface areas for this age group. 
b Estimated values calculated using NHANES II data. 

Source: U.S. EPA, 1985. 
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Table 4-7. Total Body Surface Arca of Female Children in Square Meters• 

Percentile 

Age 
(yr)b s 10 15 25 so 75 85 90 95 

2<3 0.516 0.532 0.544 0.557 0.579 0.610 0.623 0.637 0.653 
3 < 4 0.555 0.570 0.589 0.607 0.649 0.688 0.707 0.721 0.737 
4 < s 0.627 0.639 0.649 0.666 0.706 0.758 0.777 0.794 0.820 
s < 6 0.675 0.700 0.714 0.735 0.779 0.830 0.870 0.902 0.952 
6<7 0.723 0.748 0.770 0.791 0.843 0.914 0.961 0.989 1.03 
7<8 0.792 0.808 0.819 0.854 0.917 0.977 1.02 1.06 1.13 
8<9 0.863 0.888 0.913 0.932 1.00 1.05 1.08 1.11 1.18 
9 < 10 0.897 0.948 0.969 1.01 1.06 1.14 1.22 1.31 1.41 

10 < 11 0.981 1.01 LOS 1.10 1.17 1.29 1.34 1.37 1.43 
11<12 1.06 1.09 1.12 1.16 1.30 1.40 1.50 1.56 1.62 
12 < 13 1.13 1.19 1.24 1.27 1.40 1.51 1.62 1.64 1.70 
3 < 14 1.21 1.28 1.32 1.38 1.48 1.59 1.67 1.75 1.86 

14 < 15 1.31 1.34 1.39 1.45 1.55 1.66 1.74 1.76 1.88 
15 < 16 1.38 1.49 1.43 1.47 1.57 1.67 1.72 1.76 1.83 
16 < 17 1.40 1.46 1.48 1.53 1.60 1.69 1.79 1.84 1.91 
17 < 18 1.42 1.49 1.51 1.56 1.63 1.73 1.80 1.84 1.94 

3 < 6 0.585 0.610 0.630 0.654 0.711 0.770 0.808 0.831 0.879 
6 < 9 0.754 0.790 0.804 0.845 0.919 1.00 1.04 1.07 1.13 
9 < 12 0.957 0.990 1.03 1.06 1.16 1.31 1.38 1.43 1.56 

12 < 15 1.21 1.27 1.30 1.37 1.48 1.61 1.68 1.74 1.82 
15 < 18 1.40 1.44 1.47 1.51 1.60 1.70 1.76 1.82 1.92 

• Lack of height measurements for children <2 years in NHANES II precluded calculation of surface areas for this age group. 
b Estimated values calculated using NHANES Il data. 

Source: U.S. EPA, 1985. 
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Age (yr) 

< I 

I < 2 

2<3 

3<4 

4<S 

S<6 

6<7 

N 
M:F 

2:0 

I :I 

1:0 

O:S 

1:3 

1:0 

Mean 

18.2 

16.S 

14.2 

13.6 

13.8 

13.1 

Head 

Min-Max 

18.2-18.3 

16.S-16.S 

13.3-14.0 

12.1-IS.3 

Mean 

3S.7 

35.S 

38.S 

31.9 

31.S 

3S.I 

Table 4-8. Percentage of Total Body Surface Area by Part for Children 

Trunk 

Min-Max 

34.8-36.6 

34.S-36.6 

29.9-32.8 

30.S-32.4 

Mean 

13.7 

13.0 

11.8 

14.4 

14.0 

13.l 

Percent of Total 

Anna 

Min-Max 

12.4-lS.l 

12.8-13.1 

14.2-14.7 

13.0-IS.S 

Mean 

S.3 

S.68 

S.30 

6.07 

S.70 

4.71 

Hands 

Min-Max 

S.21-S.39 

S.S7-S.78 

S.83-6.32 

S.lS-6.62 

Mean 

20.6 

23.1 

23.2 

26.8 

27.8 

27.1 

Legs 

Min-Max 

18.2-22.9 

22.1-24.0 

26.0-28.6 

26.0-29.3 

Mean 

6.S4 

6.27 

7.07 

7.21 

7.29 

6.90 

Feet 

Min-Max 

6.49-6.59 

S.84-6.70 

6.80-7.88 

6.91-8.10 

~ 7<8 
I 
~ 

I.It 8 < 9 

9 < 10 

10 < 11 

11<12 

12 < 13 

13 < 14 

14 <IS 

0:2 

1:0 

1:0 

12.0 

8.74 

9.97 

11.6-12.S 34.2 

34.7 

32.7 

33.4-34.9 12.3 

13.7 

12.1 

11.7-12.8 S.30 

S.39 

S.11 

S.lS-S.44 28.7 

30.S 

32.0 

28.S-28.8 7.S8 

7.03 

8.02 

7.38-7.77 

j--;- --i IS< 16 

16 < 17 
i ·, I 

1:0 7.96 32.7 13.1 S.68 33.6 6.93 : ~· \.. I 
17 < 18 1:0 7.S8 31.7 17.S S.13 30.8 7.28 i
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literature were used to calculate surface area to body weight (SA/BW) .ratios for three age 

groups (infants aged 0-2 years; children aged 2.1-17.9 years; and adults 18 years and older) 

of the population. These .ratios were calculated by dividing surface areas by corresponding 

body weights for the 401 individuals provided in Gehan and George (1970), and ultimately 

summarized in U.S. EPA (1985). Distributions of SA/BW .ratios were developed and 

summary statistics were calculated for the three age groups and the entire data set was then 

combined. Summary statistics for these populations are presented in Table 4-9. The shapes 

of these SA/BW distributions were determined using D' Agostino's test. The results indicate 

that the SA/BW data for infants are lognormally distributed and the SA/BW data for adults 

and all ages combined are normally distributed (Figure 4-1). SA/BW .ratios for children 

were neither normally nor lognormally distributed. According to Phillips et al. (1993), 

SA/BW ratios should be used to calculate LADDs by replacing the surface area factor in the 

numerator of the LADD equation with the SA/BW ratio and eliminating the body weight 

factor in the denominator of the LADD equation. 

The effect of sex and age on SA/BW distribution was also analyzed by classifying the 

401 observations by sex and age. Statistical analyses indicated no significant differences 

between SA/BW ratios for males and females. SA/BW ratios were found to decrease with 

increasing age. 

Advantag~ of this study is that it uses direct measurement data for the analyses and it 

provides distribution data for calculating LADD. Any limitations with this study are those 

associated with the data set that were used to generate this distribution. In addition, data are 

not provided for body parts in this study. 

4.2.4. Other Relevant Surface Area Studies 

Murray and Bunnaster (1992) - Estimated Distributions for Total Body Suiface Area 

of Men and Women in the United States - In this study distributions of total body surface area 

for men and women ages 18 to 74 years were estimated using Monte Carlo simulations based 

on height and weight distributions. Four different formulae for estimating surface area as a 

function of height and weight were employed. 
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Age (yrs.) Mean S.D. 

0-2 0.0641 0.0114 

2.1 - 17.9 0.0423 0.0076 

~ 18 0.0284 0.0028 

All ages 0.0489 0.0187 

~ 
I I Standard deviation. ..... 

-..J b Standard error of the mean. 

Source: Phillips et al., 1993. 

Table 4-9. Descriptive Statistics for SA/BW Ratios (m2/kg) 

Percentiles 

S.E. Range 5 10 25 50 
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Dubois and Dubois (1916), Boyd (1935), and U.S. EPA (1989) used founula based 

on height and weight. These are presented in Appendix 4A. Costeff (1966) developed a 

formula based on 220 observations that estimate surface area based on weight only. 

The formula for calculating total body surface area developed by Costeff (1966) is as 

follows: 

where: 

SA= 4W+7/W+90 

SA = Surface Area (m2); and 

W = Weight (kg). 

(Eqn. 4-3) 

These formulae for estimating surface area (as a function of height and weight) were 

compared and the effect of the correlation between height and weight on the surface area 

distribution was analyzed. 

Monte Carlo simulations were conducted to estimate surface area distributions. They 

were based on the bivariate distributions as estimated by Brainard and Burmaster (1992) for 

height and natural logarithm of weight and the formulae described above. A total of 5000 

random samples each for men and women were selected from the two correlated bivariate 

distributions. Surface area calculations were made, for each sample and for each surface 

area formula, resulting in surface area distributions. 

Murray and Burmaster (1992), found that the surface area frequency distributions 

were similar for the four models (Table 4-1()). Using the U.S. EPA (1985) formula, the 

median surface area values were calculated by Murray and Burmaster (1992) to be 1.96 m2 

for men and 1. 69 m2 for women. The median value for women is identical to that generated 

by U.S. EPA (1985) but the median value for men differs from the U.S. EPA (1985) value 

by approximately 1 percent. Surface area was found to have lognormal distribution for both 

men and women (Figure 4-2). It was also found that assuming correlation between height 

and weight influences the final distribution by less than 1 percent. 

Advantages of this study is that it provides frequency distributions for surface area of 

men and women based on a large data set. It also produced results similar to the results of 
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Table 4-10. Statistical Results for Total Body Surface Area Distn ut10ns 

Men 

U.S. EPA Boyd DuBois and Costeff 
DuBois 

Mean 1.97 1.95 1.94 1.89 

Median 1.96 1.94 1.94 1.89 

Mode 1.96 1.91 1.90 1.90 

Standard 0.19 0.18 0.17 0.16 
Deviation 

Skewness 0.27 0.26 0.23 0.04 

Kurtosis 3.08 3.06 3.02 2.92 

Women 

U.S. EPA Boyd DuBois and Costeff 
DuBois 

Mean 1.73 1.71 1.69 1.71 

Median 1.69 1.68 1.67 1.68 

Mode 1.68 1.62 1.60 1.66 

Standard 0.21 0.20 0.18 0.21 
Deviation 

Skewness 0.92 0.88 0.77 0.69 

Kurtosis 4.30 4.21 4.01 3.52 

Source: Murray and Burmaster, 1992 
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the U.S. EPA, 1985 analyses. Limitations associated with the study are that the results 

cannot be applied to children, and it does not provide data for body parts. 

4.2.S. Application of Body Surface Area Data 

For many exposure settings, it is likely that only certain areas of the body are at risk 

of exposure. To estimate the total surface area of the body dermally exposed to the 

contaminant, all body parts that come in contact with a contaminant must be detenirlned. 

The data in Table 4-4 may be used to estimate the total surface area of the particular body 

part(s) exposed. For example, to assess exposure to contaminants in a cleaning product for 

which only the hands are exposed, surface area values for hands on Table 4-4 may be used. 

For cleaning products for which both the hands and arms are exposed, mean surface areas 

for these parts may be summed to estimate the total surface area exposed for. that exposure 

scenario (Table 4-4). The mean surface area of these body parts for men and women is as 

follows: 

Arms (includes upper forearms) 
Hands 
Total area 

Surface Area (m2) 

Men Women 

0.228 
0.084 
0.312 

0.210 
0.075 
0.285 

Therefore, the total body part surface area that may be in contact with the contaminant 

contained in the cleaning product is 0.312 m2 for men and 0.285 m2 for women. 

According to U.S. EPA (1992), one inherent assumption of many exposure scenarios 

developed in the past is that clothing prevents dermal contact and subsequent absorption of 

contaminants. This assumption may in fact be faulty in cases where the contaminant is 

carried in a fine dust or liquid suspension, which may be able to penetrate clothing. Studies 

using personal patch monitors placed beneath clothing of pesticide workers show that a 

significant proportion of the dermal exposure may occur at anatomical sites covered by 

clothing (U.S. EPA, 1992). In addition, it has been demonstrated that a "pumping" effect 

can occur which causes material to move under clothing (U.S. EPA, 1992). Furthermore, 

studies have demonstrated that hands cannot be considered to be protected from exposure 
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even if waterproof gloves are worn. This may be because of contamination on the interior 

surface of the gloves, removal of gloves during machine adjustments, and handling of the 

outside of the gloves while putting them on or taking them off (U.S. EPA, 1992). 

Depending on their specific tasks, pesticide workers have been shown to experience 12 

percent to 43 percent of their total exposure through their hands, approximately 20 percent to 

23 percent through their heads and necks, and 36 percent to 64 percent through their torsos 

and arms, despite the use of protective gloves and clothing (U.S. EPA, 1992). These studies 

were conducted with fine mists and vapors. 

For swimming and bathing scenarios, past exposure assessments have assumed that 75 

percent to 100 percent of the skin surface is exposed (U.S. EPA, 1992). As shown in 

Table 4-4, total adult body surface areas can vary from about 17,000 cm2 to 23,000 cm2 • 

The mean is reported as about 20,000 cm2
• For default purposes, adult surface areas of 

20,000 cm2 (central estimate) to 23,000 cm2 (upper percentile) are recommended in U.S. 

EPA (1992). Tables 4-2 and 4-3 can also be used when the default values are not preferred. 

U.S. EPA (1992) recommends that default values for children should be derived from 

Table 4-6 or 4-7 using the 50th and 95th percentile values for the ages of concern to 

represent central and upper-percentile values. 

Clothing is expected to limit the extent of the exposed surface area in cases of soil 

contact. The 1989 Exposure Factors Handbook, U.S. EPA (1989) presented two adult 

clothing scenarios for outdoor activities: 

Central tendency mid range: 

Upper percentile: 

Individual wears long sleeve shirt, 
pants, and shoes. The exposed skin 
surface is limited to the head and 
hands (2,000 cm2

); 

Individual wears a short sleeve 
shirt, shorts, and shoes. The 
exposed skin surface is limited to 
the head, hands, forearms, and 
lower legs (5,300 cm2

). 

The clothing scenarios presented above, suggest that roughly 10 percent to 25 percent of the 

skin area may be exposed to soil. Since some studies have suggested that exposure can occur 

under clothing, the upper end of this range was selected in EPA, 1992 for deriving defaults. 
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Thus, taking 25 percent to the total body surface area results in defaults for adults of 5,000 

cm2 to 5 ,800 cm2• The range of defaults for children can be derived from multiplying the 

50th and 95th percentiles by 0.25 for the ages of interest. 

When addressing soil contact exposures, assessors may also want to refine estimates 

of surface area exposed on the basis of seasonal conditions. For example, in moderate 

climates, it may be reasonable to assume that 5 percent of the skin is exposed during the 

winter, 10 percent during the spring and fall, and 25 percent during the summer. 

4.3. DERMAL ADHERENCE OF SOIL 

4.3.1. Background 

Dermal adherence of soil to the surface of the skin is a parameter needed for 

calculating dermal dose when the exposure scenario involves dermal contact with 

contaminated soil. A number of studies have attempted to determine the magnitude of 

dermal soil adherence. These studies are described in detail in U.S. EPA (1992). 

· 4.3.2. Past Studies on Dermal Adherence of Soil 

Lepow et al. (1975) - Investigations into Sources of Lead in the Environment of Urban 

Children - This study was conducted to identify the behavioral and environmental factors 

contributing to elevated lead levels in ten preschool children. The study was performed over 

a period of 6-25 months (Lepow et al., 1975). Samples of dirt from the hands of the study 

subjects were collected during the course of play around the areas that they lived. The study 

used preweighed self-adhesive labels to sample a standard area on the palm of the hands of 

16 male and female children. The preweighed labels were pressed on a single area, and 

often pressed several times on the given area to obtain an adequate sample. In the 

laboratory, labels were equilibrated in a desiccant cabinet for 24 hours (comparable to the 

preweighed desiccation), then the total weight was again recorded. The mean weight of hand 

dirt for the 22 hand samples was 11 mg; on a 21.5 cm2 preweighed label, this amounts to 

0.51 mg/cm2 • Lepow et al. (1975) stated that this amount (11 mg) represented only a small 

fraction (percent not specified) of the total amount of surface dirt present on the hands, 
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because much of the dirt may be trapped in skin folds and creases; moreover;there may 

have been patchy distribution of the dirt on the hands. 

Roels et al. - Exposure to Lead by the Oral and the Pulmonary Routes of Children 

Living in the Vicinity of a Primary Lead Smelter - Roels et al. (1980) examined blood lead 

levels among children living in the vicinity of a large lead smelter in Brussels, Belgium 

during five different study periods. The overall age group ranged from 9-14 years. The 

total number of study subjects was 661 children. This study assessed lead levels removed 

from 661 children's hands by rinsing the hands in 500 mL dilute nitric acid. The amount of 

lead on the hands was divided by the concentration of lead in soil to estimate the amount of 

soil adhering to the hands. The mean soil amount adhering to the hands was 0.159 g. 

Sedman - The Development of Applied Action Levels for Soil Contact: A Scenario for 

the Exposure of Humans to Soil in a Residential Setting - Sedman (1989) used the estimate 

from Roels et al. (1980) and the average surface area of the hand of an 11 year old (i.e., 307 

cm2) to estimate the amount of soil adhering per unit area of skin (0.9 mg/cm2). The 

Sedman (1989) estimate assumed that approximately 60% (185 cm2) of the lead on the hands 

was recovered by the method employed by Roels et al. (1980). 
/ 

Sedman (1989) used the previously presented estimates fro~ Lepow et al. (1975), 

Roels et al. (1980), and Que Hee et al. (1985) to develop a maximum soil load that could 

occur on the skin given the types of procedures employed in each study. A rounded 

arithmetic mean of 0.5 mg/cm2 was calculated from the three studies. According to Sedman 

(1989), this was near the maximum load of soil that could occur on the skin depending on 

the type of method used to determine the measurement. Also, it is unlikely that most skin 

surfaces would be covered with this amount of soil (Sedman, 1989). 

Gallacher et al. 1985 - To be added later 

Que Hee et al. - Evolution of Efficient Methods to Sample Lead Sources, Such as 

House Dust and Hand Dust, in the Homes of Children - Que Hee et al. (1985) used 

household dust (collected with a vacuum cleaner) having particle sizes ranging from < 44 to 

833 µm diameters, fractionated into six size ranges, to estimate the amount of dust adhering 

to skin. For each range of particle size, the amount of dust that adhered to the palm of the 

hand of a small adult was determined by applying approximately 5 g of soil for each size 
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fraction, removing excess dust ~y shaking the hands, and then measuring thedifference m 

weight before and after dust application. On average, 31.2 mg of dust adhered to the small 

adult palm. The exposed surface area was approximately 20 cm2• Based on these 

assumptions, 1.5 mg of dust adhered to 1 cm2 of skin. 

Driver et al. - Soil Adherence to Human Skin - This study conducted soil adherence 

experiments which involved the use of various soil types collected from sites in Virginia. A 

total of five soil types were collected: Hyde, Chapanoke, Panorama, Jackland, and 

Montalto. Both top soils and subsoils were collected for each soil type. The soils were also 

characterized by cation exchange capacity, organic content, clay mineralogy, and particle size 

distribution. The soils were dry sieved to obtain particle sizes of :S 250 µm and :S 150 µm. 

For each soil type, the amount (mg) of soil adhering to adult male hands, using both sieved 

and unsieved soils, was determined gravimetrically (i.e., measuring the difference in soil 

sample weight before and after soil application to the hands). An attempt was made to 

measure only the minimal or "monolayer" of soil adhering to the hands. This was done by 

mixing a pre-weighed amount of soil over the entire surface area of the hands for a period of 

approximately 30 seconds, followed by removal of excess soil by gently rubbing the hands 

together after contact with the soil. Excess soil that was removed from the hands was 

collected and the, weight compared with the original soil sample weights. Driver et al. 

(1989) measured average adherences of 1.40 mg/cm2 for particle sizes less than 150 µm, 

0.95 mg/cm2 for particle sizes less than 250 µm and 0.58 mg/cm2 for unsieved soils. The 

analysis of variance statistics showed that the most important factor affecting adherence 

variability was particle size, with a variance (F) ratio far in excess of the 0.999 significance 

value (p < 0.001). The next most important factor is soil type and subtype wit}\ an F ratio 

also in excess of 0.999 significance level (p < 0.001). The interaction of soil type and 

particle size was also significant, but at a lower 0.99 significance level (p < 0.01). 

Driver et al. (1989) found statistically significant increases in adherence with 

decreasing particle size; whereas, Que Hee et al. (1985) found relatively small changes over 

particle size. Also, the amount of adherence found by Driver et al. (1989) was greater than 

that of Que Hee et al. (1985). Although it appears that soil particle size may affect 
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adherence, exact quantitative relationships cannot be derived at this time because of 

insufficient data. It is suggested that this is an area for further study (Driver et al. 1989). 

Yang et al. "" In vitro and In vivo Percutaneous Absorption of Benzo[a]pyrene from 

Petroleum Crude - Fonijied Soil in the Rat - Yang et al. (1989) evaluated the percutaneous 

absorption of benzo[a]pyrene (BAP) in petroleum crude oil sorbed on soil using a modified 

in Yi1m technique. This method was used in preliminary experiments to determine the 

minimum amount of soil adhering to ·the skin of rats· (Yang et al., 1989). Based on these 

preliminary results from soil evaluation, percutaneous absorption experiments with the crude

sorbed soil were conducted. with soil particles of < 150 µm only (Yang et al. (1989). This 

particle size was intended to represent the composition of the soil adhering to the skin surface 

(Yang et al., 1989). Approximately 9 mg/cm2 of soil was found to be the minimum amount 

required for a "monolayer" coverage of the skin surface in both in YitrQ and in :riYQ 

experiments. This value is larger than the < 1 mg/cm2 of soil (dust) reported for human skin 

in the studies of Lepow et al. 1975; Roels et al. 1980; and Que Hee et al., 1985 (Yang et 

al., 1989). Yang et al. 1985 suggested that the differences between the rat and human soil 

adhesion findings may be the result of differences in rat and human skin texture, the types of 

soils used, soil moisture content or possibly the methods of measuring soil adhesion. 

4.3.3 New Soil Adherence Research 

Kissel et al. - Denn.al Soil Exposure: Investigation of Soil Contact and Skin Coverage 

- Kissel et al. (1995) conducted soil adherence experiments using five soil types: Canyon 

}>ark (sandy loam, "CP"), Day Creek (silt loam, "72"), Blewett Pass King Creek (loamy 

sand, "85"), Darrington (sand, "211 "), and Nooksack Middle Fork (sandy loam, "228"). 

The soils were analyzed by hydrometer to determine composition, and to characterize them 
. . . 

by organic content. The soils were dry sieved to obtain particle size ranges of < 150, 150-

250, and > 250 µm. For each soil type, the amount (mg) of soil adhering to adult male 

hands, using both sieved and unsieved soils, was determined by measuring the difference in 

soil sample weight before and after hands were pressed in the soil. Loadings were estimated 

by dividing the recovered soil mass by total hand area, although loading occurred primarily 

on only one side of the hand. Adherence was found to be directly correlated with moisture 
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content, inversely correlated with particle size and independent of clay content, and organic 

carbon content. 

Kissel et al. (1995) used a fluorescent marking technique and video imaging to assess 

the percentage of skin coverage in several soil contact trials in a greenhouse setting, and an 

irrigation pipe laying trial (Table 4-11). The investigators concluded that adjusted loadings, 

averaged over fluorescing area only, may be two to three orders of magnitude larger than 

average loadings if average loadings are small. 

Further experiments by Kissel et al. (1995) estimated soil adherence associated with 

various indoor and outdoor activities: greenhouse gardening, tae kwon do students, soccer, 

rugby, reed gathering, irrigation installation, truck farming, and playing in mud. Subjects' 

body surfaces (forearms, hands, lower legs in all cases, faces and/or feet pairs in some 

cases) were washed before and after target activities. Paired surfaces were pooled into 

single samples. Mass recovered was converted to loading using allometric models of surface 

area. These aata are presented in Table 4-12. 

4.3.4 Advantages and Limitations of the Soil Adherence Studies 

The soil adherence value from the Yang et al. (1989) study which used rat skin was 

not included for consideration because of the uncertainties associated with using this value 

for human dermal exposure scenarios. Among the remaining studies, the Lepow (1975) and 

the Roels (1980) studies have the advantage that they were conducted under actual field 

conditions and the disadvantage that they involved collection methods with unknown 

efficiencies. The use of collection methods that were less than 100% efficient suggest that 

the estimates may be low. However, only hand samples were collected which suggests that 

the estimates may be high for other parts of the body that probably have less soil contact. 

Finally, only children were surveyed, and they may not be representative of adults. The Que 

Hee et al. (1989) and Driver et al. (1989) studies used the gravimetric methods which do not 

involve a collection method with unknown efficiency and should, therefore, provide accurate 

estimates of adherence potential. However, these studies were conducted under laboratory 

conditions and examined adherence to hands only after intimate contact with soil. Such 

contact may not be representative of normal behavior. Parts of the body that have less 
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Table 4-11. Skin Coverage with Soil by Body Part and Activity 

Percent Skin Coverage by Body Part 
Exposure Trial 

Hands ND Lower N• Forearms 
legs 

Children playing in wet soil 80 24 20 18 10 

Adults transplanting plants in 70 28 10 24 0 
wet soil 

Pipe laying trials 36-52(M)b 3 6-12 (M) 3 -
dry soil, 15-30 min. duration 54-62 CN)b 3 15-33 CR> 3 -
Pipe laying trials 75-82 (M) 4 12-25 (M) 4 -
wet soil, 15-30 min. duration 56-86 CR> 3 4-14 (W) 3 -

~ 

~ 
'° • N = number of subjects 

b M = men; W = women 

Source: Kissel et al. 1995. 
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Table 4-12. Mean Soil Adherence by Activity and Body Region 

Body Part (mg/cm2) 

Activity 
Hands Arms Legs Face 

TaeKwonDo 0.0062 0.0019 0.0020 -
Greenhouse Workers 0.043 0.0064 0.0015 0.0051 

Soccer Players 0.035 - 0.11 0.0011 - 0.0043 0.0081 - 0.031 0.012 - 0.016 

Grounds keepers 0.030 - 0.15 0.0021 - 0.023 0.0008 - 0.0012 0.0021 - 0.01 

Irrigation Installers 0.19 0.18 0.0054 0.0063 
~ 
I 

Rugby Players 0.4 0.27 0.36 0.059 w 
0 

Farmers 0.41 - 0.47 0.059 - 0.13 0.0059 - 0.037 0.018 - 0.041 

Reed Gatherers 0.66 0.036 0.16 -
Kids-in-mud 35 -58 11 9.5 - 36 -

a N = number of subjects 

Source: Kissel et al., 1995 
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intimate contact wjth the soil will likely have lower values. The new studies by Kissel have 

the advantages of measutjng soil adherence on all exposed skin areas, for both children and 

adults and under actual field conditions. 

4.4. RECOMMENDATIONS 

This chapter has reviewed the available data on parameters needed to characterize 

dermal contact scenarios involving water and soil. Table 4-13 summarizes the surface area 

studies presented in this chapter. For most dermal exposure scenarios concerning adults, it is 

recommended that the body surface areas presented in Table 4-4 be used after determining 

which body parts will be exposed. Table 4-4 was selected because using these data will be a 
' ··. 

straightforward determination for most scenarios. However, for others, additional 

considerations may need to be addressed. For example, (1) the type of clothing worn could 

have a significant effect on the surface area exposed, and (2) climatic conditions will also 

affect the type of clothing worn and, thus, the skin. surface area exposed. Frequency and 

event and exposure duration for water activities and soil contact are presented in the Activity 

Patterns section of Chapter 5 of this report. For each parameter, a range of default values 

were derived corresponding to average and upper percentile values. Each of these 

considerations are also discussed in more detail in U.S. EPA (1992). Data in Tables 4-2 and 

4-3 can be used when distributions are preferred. A range of default values for surface area 

children may be taken from Tables 4-6 and 4-7 using the 50th and 95th percentile values for 

age(s) of concern. A range of recommended default values for adult skin surface area were 

provided in U.S. EPA (1992) and are as follows: 

Bathing and Swimming 

Outdoor Activities 

Water Contact 

Central 

20,000 cm2 

Soil Contact 

Central 

5,000 cm2 

4-31 

Upper 

23,000 cm2 · 

Upper 

. 5,800 cm2 



Table 4-13. Surface Arca Studies 

Surface Arca 

Study Type of Surf&ee Arca Recommended 
No. of Individuals Measurement Fonnulae Used 

U.S. EPA ~1985) Based on Gchan & SA=0.0239•w<'-'17•H.°·417 

George (1970) 

Phillips ct al. (1993) Bued on data from NA calculated surface area to 
USEPA (1985): 401 body weight ratios 
individuals 

Murray & Bunnaster Based on data from Calculated based on Various 
(1992) USEPA: 401 regression equation using 

DuBois & Dubois: 9 the data of USEPA, 1985 
Boyd: 231 
Costaff: 220 

-1:>-
I Boyd (1935) 231 Direct measurements SA=O.Ol78*w<'·S<IO$H0·41131 w 

N using data for coating, 
surface integration, and 
triangulation methods 
only 

Gehan & George (1970) 401 Based on Boyd, 1935 SA=0.0235*W°·51"56$H.°·42246 

Dubois & Dubois (1916) 9 Linear SA =O .0178*W°·42S•JI°·72S 

• Based on height weight data presented in report. 

Population 
Surveyed 

Children 
Adults 

Children 
Adults 

Children 
Adults 

Children 
Adults 

Children 
Adults 

Children 
Adults 

Comments 

Provides. statistical distribution data for 
total SA and SA of body parts 

Developed distributions of SA/BW and 
calculated summary and statistics for 3 
age groups and the combined data set 

Analysis of and comparision of four 
models developed by Dubois & Dubois 
(1916), Boyd (1935), U.S. EPA (1985), 
and Costeff (1966). Presents frequency 
distribtions 

Reviewed all methods and data used to 
measure or estimate SA 

Used 401 observations from Boyd's data 
where direct measurement for SA, 
height, and weight were compiled. 
Used least squares method to develop 
constants for equation. > SO percent of 
data were for children < S years old. 

Direct measurement 
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Table 4-14 summarizes the available soil adherence studies. The adlierence value 

represents the amount of soil on the skin at the time of measurement. Assuming that the 

~ount measured on the skin represents its accumulation between washings and that people 

wash at least once per day, then these adherence values could be interpreted as daily contact 

rates (U.S. EPA, 1992). However, since the residence time of soils on skin has not been 

studied and the adherence studies are independent of time, this is not recommended. Instead, 

it. is recommended that these adherence values are interpreted on an event basis (U.S. 

EPA, 1992). 

The data in Table 4-14 were reviewed for the purposes of recommending a default 

value. ln summary, all of the early studies have the disadvantage that they measured 

adherence values to hands only. The new studies by Kissel measured adherence on all 

exposed body parts under actual field conditions. Therefore, these studies now offer the best 

data base for deriving estimates of soil adhemece. Based on Kissel et al. 1995, the following 

generalizations about soil adherence can be drawn: 

• Soil properties can influence adherence. Adherence increases with moisture 
content, decreases with particle size, and is relatively unaffected by clay or 
organic carbon content. 

• Adherence levels vary considerably across different parts of the body. 
Logically, the highest levels were found on common contact points such as 
hands, knees and elbows. Generally the least adherence was detected on the 
face. 

• Adherence levels vary with activity. In general, the highest levels of soil 
adherence were seen for outdoor workers such as farmers and irrigation 
installers, followed by outdoor recreation, and then gardening activities. Very 
high adherence levels were seen for individuals contacting wet soils such as 
might occur during wading or other shore area recreational activities. 

These generalizations suggest that changes are needed to the recommendations in U.S. 

EPA, 1992 regarding soil adherence. The earlier recommendations suggested applying an 

average of 0.2 to 1.0 mg/cm2 to the entire exposed skin surface area without consideration of 

the type of activity. The new studies suggest a more site-specific approach is needed which 

4-33. 



Table 4-14. Soil Adherence Values 

Reference Sire Fraction 
(µm) 

Lcpow et al., 1975 

Roels et al., 1980 

Que Hee et al., 1985a 

Driver et al., 1989b < 150 
< 250 

unsieved 

Yang et al., 19g9c < 150 

Kissel et al., 1995d 

a Assume exposed area = 20 cm2• 
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Soil Adherence Subject 
(mg/cm2) Type 

(lillliJa" 

* 
0.5 children 

0.9 - 1.5 children 

1.5 adult 

1.40 adult 
0.95 adult 
0.58 adult 

9 rats 

See Table 4-12 adult 
children 

b Five different soil types and 2-3 soil horizons (top soils and subsoils). 
c Rat skin "monolayer" (i.e., minimal amount of soil covering the skin). 
d Adherence values are presented by body part (see Table 4-12). 

Source: U.S. EPA, 1992. 
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·considers the type of activity and uses different estimates for different regipns of the body. 

Further research is needed to reach final conclusions about how such recommendations 

should be made. Meanwhile, assessors can use the data presented in Table 4-12 to select 

adherence values for activities which best match those of the population being assessed. 
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APPENDIX 4A 

FORMULAE FOR TOTAL BODY SURFACE AREA 

Most formulae for estimating surface area (SA), relate height to weight to surface area. 

The following formula was proposed by Gehan and George (1970): 

where: 

SA= KW213 

SA = surface area in square meters; 
W = weight in kg; and 
K = constant. 

(Eqn. 4A-l) 

While the above equation has been criticized because human bodies have different specific 

gravities and because the surface area per unit volume differs for individuals with different 

body builds, it gives a reasonably good estimate of surface area. 

A formula published in 1916 that still finds wide acceptance and use is that of DuBois 

and DuBois. Their model can be written: 

where: 

SA -
H -
w -

surface area in square meters; 
height in centimeters; and 
weight in kg. 

(Eqn. 4A-2) 

The values of ao (0.007182), a1 (0. 725), and a2 (0.425) were estimated from a sample of 

only nine individuals for whom surface area was directly measured. Boyd (1935) stated that 
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the Dubois formula was considered a reasonably adequate substitute for measuring surface 

area. Nomograms for determining s~rface area from height and mass presented in Volume I 

of the Geigy Scientific Tables (1981) are based on the DuBois and DuBois formula. In 

addition, a computerized literature search conducted for this report identified several articles 

written in the last 10 years in which the DuBois and DuBois formula was used to estimate 

body surface area. 

Boyd (1935) developed new constants for the DuBois and DuBois model based on 231 

direct measurements of body surface area found in the literature. These data were limited to 

measurements of surface area by coating methods (122 cases), surface integration (93 cases), 

and triangulation (16 cases). The subjects were Caucasians of normal body build for whom 

data on weight, height, and age (except for exact age of adults) were complete. Resulting 

values for the constants in the DuBois and DuBois model were ao = 0.01787, a1 = 0.500, 

and ai = 0.4838. Boyd also developed a formula based exclusively on weight, which was 

inferior to the DuBois and DuBois formula based on height and weight. 

Gehan and George (1970) proposed another set of constants for the DuBois and DuBois 

model. The constants were based on a total of 401 direct measurements of surface area, 

height, and weight of all postnatal subjects listed in Boyd (1935). The methods used to 

measure these subjects were coating (163 cases), surface integration (222 cases), and 

triangulation (16 cases). 

Gehan and George (1970) used a least-squares method to identify the values of the 

constants. The values of the constants chosen are those that minimize the sum of the squared 

percentage errors of the predicted values of surface area. This approach was used because 

the importance of an error of 0.1 square meter depends on the surface area of the individual. 

Gehan and George (1970) used the 401 observations summarized in Boyd (1935) in the least

squares method. The following estimates of the constants were obtained: 3o = 0.02350, 

a1 = 0.42246, and a2 = 0.51456. Hence, their equation for predicting surface area (SA) is: 
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SA = 0.02350 H°.42246 W°.51456 

or in logarithmic form: 
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(Eqn. 4A-3) 

In SA= -3.75080 + 0.42246 ln H + 0.51456 ln W (Eqn. 4A-4) 

where: 

SA 
H 
w 

surface area in square meters; 
height in centimeters; and 
weight in kg. 

This prediction explains more than 99 percent of the variations in surface area among the 401 

individuals measured (Gehan and George, 1970). 

The equation proposed by Gehan and George (1970) was determined by the U.S. EPA 

(1985) as the best choice for estimating total body surface area. However, the paper by 

Gehan and George gave insufficient information to estimate the standard error about the 

regression. Therefore, the 401 direct measurements of children and adults (i.e., Boyd, 1935) 

were reanalyzed in U.S. EPA (1985) using the formula of Dubois and Dubois (1916) and the 

Statistical Processing System (SPS) software package to obtain the standard error. 

The Dubois and Dubois (1916) formula uses weight and height as independent 

variables to predict total body surface area (SA), and can be written as: 

SA = ~- ff.at w.a2 e· 
I -U I I I (Eqn. 4A-5) 

or in logarithmic form: 

. 
In (SA)i = In 3o + a. In Hi + a2 In Wi + In ei (Eqn. 4A-6) 
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where: 

SAi -
Hi 
Wi -

surface area of the i-th individual (m2); 
height of the i-th individual (cm); 
weight of the i-th individual (kg); 

parameters to be estimated; and 
a random error term with mean zero and constant 
variance. 

Using the least squares procedure for the 401 observations, the following parameter 

estimates and their standard errors were obtained: 

ao = -3.73 (0.18), a1 = 0.417 (0.054), a2 = 0.517 (0.022). 

The model is then: 

SA = 0.0239 H°.417 W°.s11 (Eqn. 4A-7) 

or in logarithmic form: 

In SA = -3.73 + 0.417 ln H + 0.517 ln W (Eqn. 4A-8) 
,, 

with a standard error about the regression of 0.00374. This model explains more than 

99 percent of the total variation in surface area among the observations, and is identical to 

two significant figures with the model developed by Gehan and George (1970). 

When natural logarithms of the measured surface areas are plotted against natural 

logarithms of the surface predicted by the equation, the observed surface areas are 

symmetrically distributed around a line of perfect fit, with only a few large percentage 

deviations. Only five subjects differed from the measured value by 25 percent or more. 

Because each of the five subjects weighed less than 13 pounds, the amount of difference was 
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small. Eighteen estimates differed from measurements by 15 to 24 percent Of these, 12 

weighed less than 15 pounds each, 1 was overweight (5 feet 7 inches, 172 pounds), 1 was 

very thin (4 feet 11 inches, 78 pounds), and 4 were of average build. Since the same 

obser\ter measured surface area for these 4 subjects, the possibility of some bias in measured 

values cannot be discounted (Gehan and George 1970). 

Gehan and George (1970) also considered separate constants for different age groups: 

less than 5 years old, 5 years old to less than 20 years old, and greater than 20 years old. 

The different values for the constants are presented below: 

Table 4A-1. Estimated Parameter Values for Different Age Intervals 

Age Number 3o a1 a2 
group of persons 

All ages 401 0.02350 0.42246 0.51456 

< 5 years. old 229 0.02667 0.38217 0.53937 

~ 5 - <20 years old 42 0.03050 0.35129 0.54375 

> 20 years old 130 0.01545 0.54468 0.46336 

The surface areas estimated using the parameter values for all ages were compared to 

surface areas estimated by the values for each age group for subjects at the 3rd, 50th, and 

97th percentiles of weight and height. Nearly all differences in surface area estimates were 

less than 0.01 square meter, and the largest difference was 0.03 m2 for an 18-year-old at the 

97th percentile. The authors concluded that there is no advantage in using separate values -of 

ao, al, and a2 by age interval. 

Haycock et al. (1978) without knowledge of the work by Gehan and George (1970), 

developed values for the parameters ao, a'1' and a2 for the DuBois and DuBois model. Their 
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interest in making the DuBois and DuBois model more accurate resulted from their work m 

pediatrics and ~he fact that DuBois and DuBois (1916) included only one child in their study 

group, a severely undernourished girl who weighed only 13.8 pounds at age 21 months. 

Haycock et al. (1978) used their own geometric method for estimating surface area from 34 

body measurements for 81 subjects. Their study included newborn infants (10 cases), infants 

(12 cases), children (40 cases), and adult members of the medical and secretarial staffs of 

2 hospitals (19 cases). The subjects all had grossly normal body structure, but the sample 

included subjects of widely varying physique ranging from thin to obese. Black, Hispanic, 

and white children were included in their sample. The values of the model parameters were 

solved for the relationship between surface area and height and weight by multiple regression 

analysis. The least squares best fit for this equation yielded the following values for the 

three coefficients: ao = 0.024265, a1 = 0.3964, and a2 = 0.5378. The result was the 

following equation for estimating surface area: 

SA = 0.024265 H°·3964 W°·5378 (Eqn. 4A-9) 

expressed logarithmically as: 

In SA --: In 0.024265 + 0.3964 In H + 0.5378 In W (Eqn. 4A-10) 

The coefficients for this equation agree remarkably with those obtained by Gehan and George 

(1970) for 401 measurements. 

George et al. (1979) agree that a model more complex than the model of DuBois and 

DuBois for estimating surface area is unnecessary. Based on samples of direct measurements 

by Boyd (1935) and Gehan and George (1970), and samples of geometric estimates by 

Haycock et al. (1978), these authors have obtained parameters for the DuBois and DuBois 

model that are different than those originally postulated in 1916. The DuBOis and DuBois 

model can be written logarithmically as: 
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(Eqn. 4A-11) 

The values for ao, a1, and a2 obtained by the various authors discussed in this section are 

presented to follow: 

Table 4A-2. Summary of Surface Area Parameter Values for the DuBois and DuBois Model 

Author Number 
(year) of persons 

DuBois and DuBois (1916) 9 0.007184 0.725 0.425 

Boyd (1935) 231 0.01787 0.500 0.4838 

Gehan and George (1970) 401 0.02350 0.42246 0.51456 

Haycoek et al. (1978) 81 0.024265 0.3964 0.5378 

The agreement between the model parameters estimated by Gehan and George (1970) 

and Haycock et al. (1978) is remarkable in view of the fact that Haycock et al. were unaware 

of the previous work. Haycock et al. used an entirely different set of subjects, and used 

geometric estimates of surface area rather than direct measurements. It has been determined 

that the Gehan and George model is the formula of choice for estimating total surface area of 

the body since it is based on the largest number of direct measurements. 

Nomograms 

Sendroy and Cecchini (1954) proposed a graphical method whereby surface area could 

be read from a diagram relating height and weight to surface area. However, they do not 

give an explicit model for calculating surface area. The graph was developed empirically 

based on 252 cases, 127 of which were from the 401 direct measurements reported by Boyd 
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(1935). In the other 125 cases the surface area was estimated using the linear method of 

DuBois and DuBois (1916). Because the Sendroy and Cecchini method is graphical, it is 

inherently less precise and less accurate than the formulae of other authors discussed above. 
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. In previou1 chapters, intake rate, inhalation rate, and info~ation for dermal uptake 

(body surface area) have been addressed. Other factors are needed to _perform the exposure 

calculation using equation for average daily potential dose are life expectancy, body weight 

and activity patterns data. These factors are addressed in this chapter. 

5.1. LIFETIME 
Statistical data on life expectancy are published annually by the U.S. Department of 

Commerce in the publication: "Statistical Abstract of the United States." The latest year for 

which statistics are available is 1992. Preliminary data for 1992 show that the life 

expectancy for an average person born in the United States in 1992 is 75.7 years (U.S. 

Bureau of the Census, 1994). The average life expectancy for males is 72.3 years, and 79 

years for females. Life expectancies for various subpopulations born in the years 1970 to 

1992 are presented in Table 5-1. Table 5-1 also indicates that life expectancy for white 
I 

males (73.2 years) is longer than for Black males (65.5 years). Additionally, it indicates that 

life expectancy for White females (79. 7 years) is longer than for Black females (75.6). 

Although current data suggest that 75 years would be an appropriate value to reflect the 

average life expectancy of new members of the population, 70 years has been widely 

accepted for conducting exposure assessments, and is the recommended value. However, it 

should be noted that if gender is a factor considered in the assessment, the average life 

expectancy value for females is higher than for males. Also, if race is a consideration in 

assessing exposure to male individuals, note that the life expectancy is about 8 years longer 

for Whites than for Blacks. 

5.2. BODY WEIGHT STUD:ms 

The purpose of this section is to describe published studies on body weight for the 

U.S. population. The studies have been grouped as either key or relevant studies. The 

classifications of these studies have been based on their applicability of the data to exposure 

.· assessments. 
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YEAR 
Total 

1970 ••••••...•....••...•..••• 

1975 ........................ . 

1980 ••••••••••••.•••••••••••• 

1981 ........................ . 

1982 ....................... .. 

1983 ....................... .. 

1984 ....................... .. 

1985 ••.•..•.••••••••.•••••••• 

1986 ........................ . 

1987 ....................... .. 

Table .S.1. Expoctailion of Life at Birth, 1970 to 1992, and Projoc:tions, 1995 to 20111 

TOTAL 

Male Female Total 

WHITE 

Male Female 

BLACK AND OTHER 

Total Male Female 

Ul 1988 ....................... .. 

70.8 

72.6 

73.7 

74.1 

74.S 

74.6 

74.7 

74.7 

74.7 

74.9 

74.9 

75.1 

7S.4. 

1S.S 

1S.1 

67.1 

68.8 

70.0 

70.4 

70.8 

71.0 

71.l 

71.l 

71.2 

71.4 

71.4 

71.7 

71.8 

71.0 

72.3 

74.7 

76.6 

77.4 

77.8 

78.l 

78.l 

78.2 

78.2 

78.2 

78.3 

78.3 

78.S 

78.8 

78.9 

79.0 

71.7 

73.4 

74.4 

74.8 

75.1 

75.2 

75.3 

7S.3 

75.4 

1S.6 

7S.6 

15.9 

76.1 

76.3 

16.S 

68.0 

69.5 

70.7 

71.1 

71.S 

71.6 

71.8 

71.8 

71.9 

72.1 

72.2 

72.S 

72.7 

72.9 

73.2 

75.6 

77.3 

78.l 

78.4 

78.7 

78.7 

78.7 

78.7 

78.8 

78.9 

78.9 

79.2 

79.4 

79.6 

79.7 

6S.3 

68.0 

69.5 

70.3 

70.9 

10.9 

71.1 

71.0 

70.9 

71.0 

70.8 

70.9 

71.2 

71.S 

71.8 

61.3 

63.7 

6S.3 

66.2 

66.8 

67.0 

67.2 

67.0 

66.8 

66.9 

66.7 

66.7 

67.0 

67.3 

67.8 

69.4 

72.4 

73.6 

74.4 

74.9 

74.7 

74.9 

74.8 

74.9 

7S.O 

74.8 

74.9 

7S.2 

15.S 

7S.6 

~ 
1989 ........................ . 

1990 ....................... .. 

1991 ........................ . 

1992prel .................. .. 

Projcclionab 1995 

2000 

200S 

2010 

76.3 

76.7 

77.3 

77.9 

72.8 

73.2 

73.8 

74.S 

Excludes deaths of nonrcaidcnts of the United States 

79.7 

80.2 

80.7 

81.3 

77.0 

77.6 

78.2 

78.8 

73.7 

74.3 

74.9 

1S.6 

80.3 

80.9 

81.4 

81.0 

72.S 

72.9 

73.6 

74.3 

68.2 

68.3 

69.1 

69.9 

76.8 

77.S 

78.1 

78.7 

a 
b Bucci on middle mortality uaumptions; for dc:taila, ace U.S. Bureau of the Census, Current Population Reports, Series P-2S, No. 1018. 

Source: Bureau of the Census, 1994. 
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69.l 
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68.8 

69.1 

69.3 

69.8 

70.3 

70.2 

70.7 

71.3 

BLACK 

Male 

60.0 

62.4 

63.8 

64.S 

6S.l 

6S.2 

6S.3 

6S.O 

64.8 

64.7 

64.4 

64.3 

64.S 

64.6 

6S.S 

6S.8 

6S.3 

6S.9 

66.S 

Female 

683 

71.3 

72.S 

73.2 

73.6 

73.S 

73.6 

73.4 

73.4 

73.4 

73.2 

73.3 

73.6 

73.8 

73.9 

74.8 

7S.l 

1S.S 

76.0 
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5.2.1. Key Body Weight Studies 
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NCHS - Anthropometric Reference Data and Prevalence of Overweight, United Sto.tes, 

1976-80 - Statistics on anthropometric measurements, including body weight, for the U.S. 

population were collected by the National Center for Health Statistics (NCHS) through the 

second National Health and Nutrition Examination Survey (NHANES II). NHANES Il was 

conducted on a nationwide probability sample of approximately 28,000 persons, aged 6 

months to 74 years, from the civilian, non-institutionalized population of the United States. 

Of the 28,000 persons, 20,322 were interviewed and examined, resulting in a response rate 

of 73.1 percent. The survey began in February 1976 and was completed in February 1980. 

The sample was selected so that certain subgroups thought to be at high risk of malnutrition 

(persons with low incomes, preschool children and the elderly) were oversampled. The 

estimates were weighted to reflect national population estimates. The weighting was 

accomplished by inflating examination results for each subject by the reciprocal of selection 

probabilities adjusted to account for those who were not examined and post stratifying by 

race, age, and sex (NCHS, 1987). 

NHANES n collected anthropometric information on 20,322 individuals. Standard 

body measurements, including height and weight, were made at various times of the day and 
J 

in different seasons of the year. This technique was used because one's weight may vary 

between winter and summer and may fluctuate with recency of food and water intake and 

other daily activities (NCHS, 1987). Mean body weights of adults, by age, and their 

standard deviations are presented in Table 5-2 for men, women, and both sexes combined. 

Mean body weights and standard deviations for children, ages 6 months to 19 years, are 

presented in Table 5-3 for boys, girls, and boys and girls combined. Percentile distributions 

of the body weights of adults by age and race for males are presented in Table 5-4, and for 

females in Table 5-5. Data for children by age are presented in Table 5-6 for males, and for 

females in Table 5-7. 

Results shown in Tables 3 and 4 indicate that the mean weight for adult males is 78.1 

kg and for adult females, 65.4 kg. It also shows that the mean weight for White males (78.5 

kg) is ~ter than for Black males (77.9 kg). Additionally, mean weights are greater for 

Black females (71.2 kg) than for White females (64.8 kg). From Table 5-3, the mean body 
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Table 5-2. Body Weights of Adults• (kilograms) 

! .I~.:; :~ .. ~.. . : .. :: ~~~;-; O!: 

I .~ .. -·. . '! • '·' 
····-" . • .l. •. J 

---- ... ·-····-· ..... ·-·-- _. ........... ,,_# .. 

Men Women Men and women 

Mean Std. Mean Std. Mean 
Age Dev. Dev. 

18 < 25 73.8 12.7 60.6 11.9 67.2 

25 < 35 78.7 13.7 64.2 15.0 71.5 

35 < 45 80.9 13.4 67.1 15.2 74.0 

45 <SS 80.9 13.6 68.0 15.3 74.5 

SS < 65 78.8 12.8 67.9 14.7 73.4 

65 < 15 74.8 12.8 66.6 13.8 70.7 

18 < 75 78.1 13.S 65.4 14.6 71.8 

• Includes clothing weight, estimated as ranging from 0.09 to 0.28 kilogram . 

Source: Adapted from National Center for Health Statistics (NCHS), 1987. 
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TabJe 5-3. Body Weipta of children• (kilograma) 

Boy1 Girll 

Mean Std. Mean Std. 
Age Dev. Dev. 

6-11 month• 9.4 1.3 8.8 1.2 

1 year 11.8 1.9 10.8 1.4 

2ycan 13.6 1.7 13.0 1.5 

3 ycan 15.7 2.0 14.9 2.1 

4ycan 17.8 2.5 17.0 2.4 

5 years 19.8 3.0 19.6 3.3 

6 years 23.0 4.0 22.1 4.0 

7 years 25.1 3.9 24.7 5.0 

8 years 28.2 6.2 27.9 5.1 

9 years 31.1 6.3 31.9 8.4 

10 years 36.4 7.7 36.1 8.0 

11 years 40.3 10.1 41.8 10.9 

12 years 44.2 10.1 46.4 10.1 

13 yean 49.9 12.3 50.9 11.8 

14 yean 57.1 11.0 54.8 11.1 

15 ycan 61.0 11.0 55.1 9.8 

16 yean 67.1 12.4 SI.I 10.1 

17 yean 66.7 11.S 59.6 11.4 

18 yean 71.1 12.7 59.0 11.1 

19 yean 71.7 11.6 60.2 11.0 

• Includes clothin& weight, estimated as ran1in1from0.09 to 0.28 kilogram . 

Source: Adapted from National Center for Health Statistics (NCHS), 1987. 
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Boy1 and girll 

Mean 

9.1 

11.3 

13.3 

15.3 

17.4 

19.7 

22.6 

24.9 

28.1 

31.5 

36.3 

41.1 

45.3 

50.4 

56.0 

58.1 

62.6 

63.2 

65.1 

66.0 



TableS-4. Weight in Kilograms for Males 18-74 Years of Age-Number Examined, Mean, Standard 
Deviation, and Selected Percentiles, by Race and Age: United States, 1976-1980' 

Percentile 
Number of 
Examined Standard 

Race and Age Pcnons Mean Deviation 5th 10th 15th 25th SOth 15th 8Sth 90th 9Sth 

-
All racca11 

18-74 years •••••••••••••••. 5,916 78.1 13.5 58.6 62.3 64.9 68.7 76.9 85.6 91.3 95.7 102.7 

18-24 years ••••••••••••••.• 988 73.8 12.7 56.8 60.4 61.9 64.8 72.0 80.3 85.1 90.4 99.5 
25-34 Yc:an • • • • • • • • • • • • • • • • 1,067 78.7 13.7 59.S 62.9 65.4 69.3 77.S 85.6 91.1 95.1 102.7 
3544yean •••••••••••.•••• 745 80.9 13.4 59.7 65.1 67.7 72.1 79.9 88.l 94.8 98.8 104.3 
45-54 yean •••••••.•••.•••• 690 80.9 13.6 50.8 65.2 67.2 71.7 79.0 89.4 94.5 99.5 105.3 
55-64 ycan ••••••••.....••• 1,227 78.8 12.8 59.9 63.8 66.4 70.2 77.7 85.6 90.S 94.7 102.3 
65-74 yean ••.••••••.•••••• 1,199 74.8 12.8 54.4 58.S 61.2 66.1 74.2 82.7 87.9 91.2 96.6 

White 

18-74 years ...•..•.••.••••• S,148 78.S 13.1 59.3 62.8 65.5 69.4 77.3 85.6 91.4 95.5 102.3 

18-24 yean •••••••......... 846 74.2 12.8 56.8 60.S 62.0 65.0 72.4 80.6 85.S 91.0 100.0 
Vt 

2S-34yean .••.•••••...••.• 901 79.0 13.1 59.9 63.7 65.9 69.8 78.0 85.6 91.3 95.3 102.7 °' 35-44 years ...•.•..•...•••. 653 81.4 12.8 62.3 66.6 68.8 72.9 80.1 88.2 94.6 98.7 104.1 
45-5~ ycan •..•••......•..• 617 81.0 13.4 62.0 66.1 67.3 71.9 79.0 89.4 94.2 99.0 104.5 
55-64 years ...•...•........ 1,086 78.9 12.4 60.S 64.5 66.6 70.6 78.2 85.6 90.4 94.5 101.7 
65-74 yean ...•....•...•.•. 1,045 75.4 12.4 55.S S9.5 62.5 67.0 74.7 83.0 87.9 91.2 96.0 

Black 

18-74 years .•.••........... 649 77.9 15.2 58.0 61.1 63.6 67.2 75.3 85.4 92.9 98.3 105.4 

18-24 years .....•.......... 121 72.2 12.0 58.3 60.9 62.3 64.9 70.8 77.1 81.8 83.7 93.6 
25-34 years ........•....... 139 78.2 16.3 58.7 63.4 64.9 68.4 75.3 84.4 90.6 92.2 106.3 
35-44 years • • . . . . . . • . . . • • . • 70 82.5 15.4 ~ 61.7 65.2 69.7 83.1 94.8 100.4 104.2 . .· - -
45-S4 years . • . . . • . . . . . . . . . . 62 82.4 14.5 • 64.7 67.0 73.2 81.8 93.0 100.0 102.5 •• 
55-64 years .••••...•...•... 129 78.6 14.7 56.8 61.4 64.3 68.0 77.0 86.5 93.8 98.6 104.7: _, 

65.74ycan .•.......•...... 128 73.3 15.3 52.5 56.7 58.0 61.0 71.2 81.1 90.8 97.3 105.1' 

• Jncludea clothing weight, estimated as ranging from 0.09 to 0.28 kilogram. 
b Includes all other races not shown as separate categories. 
0 Data r.ot available. 

Souree: National Center for Health Statistics, 1987. 
----· 



Table 5-5. Weight in Kilograms for Females 18-74 Years of Age-Number Examined, Mean, Standard 
Deviation, and Selected Percentiles, by Race and Age: United States, 1976-198()1 

Percentile 
------- ---

Number of 
Examined Standard 

Race and Age -Persons Mean DcViation Sth 10th lSth 25th SOth 15th 8Sth 90th 95th 

--
All raccsb 

18-74 years ..•.•......•.... 6,588 6S.4 14.6 47.7 S0.3 S2.2 SS.4 62.4 72.1 79.2 84.4 93.1 

18-24 years ..........•..••• 1,066 60.6 11.9 46.6 49.1 S0.6 53.2 S8.0 6S.O 70.4 7S.3 82.9 
25-34 years . • • • • . . . . . . . . . • • 1,170 64.2 15.0 47.4 49.6 Sl.4 S4.3 60.9 69.6 78.4 84.1 93.5 
35-44 years . . . . • • . . . . . . • . . . 844 67.1 15.2 49.2 S2.0 53.3 S6.9 63.4 73.9 81.7 87.S 98.9 
4S-S4 years .......•..••••.. 763 68.0 15.3 48.S Sl.3 S3.3 S7.3 6S.S 7S.7 82.1 87.6 96.0 
55-64 years • . . • . . . . . . . . . . • . 1,329 67.9 14.7 48.6 51.3 S4.1 51.3 65.2 75.3 82.3 87.S 95.1 
6S-74 years ..•.••.......... 1,416 66.6 13.8 47.1 50.8 S3.2 51.4 64.8 73.8 79.8 84.4 91.3 

White 

18-74 years .......•••••...• S,686 64.8 14.1 47.7 S0.3 S2.2 SS.2 62.1 71.1 77.9 83.3 91.5 

18-24 years ......•.••••.... 892 60.4 11.6 47.3 49.S 50.8 S3.3 S1.9 64.8 69.7 74.3 82.4 
Vt 25-34 years . . • . . . . . . . . . . • . . 1,000 63.6 14.S 47.3 49.5 Sl.3 54.0 60.6 68.9 76.3 81.S 89.7 
..!J 35-44 years . . . • . . . • • . . . . . . . 726 66.1 14.S 49.3 Sl.8 52.9 S6.3 62.4 71.9 79.7 8S.8 94.9 

45-S.4 years . . . . . . • . • • • • • . . . 647 67.3 14.4 48.6 Sl.3 53.4 51.0 6S.O 74.8 81.1 BS.6 94.5 
SS-64 years . . • • . . . . . . . . . . . . 1,176 67.2 14.4 48.S S0.1 S3.7 57.1 64.7 74.S 81.8 86.2 92.8 
6S-74 years . . . . . . . . . . . • . . . . 1,24S 66.2 13.7 47.2 S0.1 S2.9 S1.2 64.3 72.9 79.2 84.3 91.2 

Black 

·1g..74 ycars .•...•.......... 782 71.2 17.3 48.8 Sl.6 SS.I S9.l 67.8 80.6 87.4 94.9 105.1 

18-24 ycars .....•.•........ 147 63.1 13.9 46.2 49.0 S0.6 S3.8 60.4 70.0 7S.8 79.1 89.3 
25-34 ycars . . . . . . . . . . . . . . . . 145 69.3 16.7 48.3 S0.8 53.1 S7.8 65.3 80.2 87.1 91.S 102.7 

._ 35-44 years . . . . . . . . . . . . . . . . 103 75.3 18.4 S0.7 55.2 51.2 63.0 70.2 85.2 9S.3 103.S 113.1 
45-54 years . . . . . • • . . . . • . . . . 100 77.7 18.8 55.1 60.3 60.8 64.S 74.3 . 83.6 94.S 98.2 117.S 
55-64 ycars . . . . . . • . . . . . . . . . 135 75.8 16.4 54.2 S5.2 S7.6 6S.4 74.6 83.4 91.9 95.S 108.5 
65.74 ycars ......••........ 152 72.4 13.6 52.9 56.4 60.3 64.0 70.0 82.2 84.4 86.5 98·.----

f- g 
• Includes clothing weight, estimated as ranging from 0.09 to 0.28 kilogram. 2= 
b Includes all other races not shown as separate categories. 

0 
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Source: National Center for Health Statistics, 1987. ~cO;: 
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Table 5-6. Weight in Kik>grams for Males 6 Months-19 Years of Age-Number Examined, Mean, Standard 
Deviatio~ md Selected Percentiles, by Sex and Age: United States, 1976-198<J& 

Percentile 
Number of 
Examined Standard 

Sex and Age Pa'IOOI Mcu Deviatioa 5th 10th 15th 25th SOth 15th SS th 90th 

-
Male 

6-11 Months ••••••.•.•••••• 179 9.4 1.3 7.5 7.6 8.2 8.6 9.4 10.1 10.7 10.9 
1 yean ••••••••••••••••••• 370 11.8 1.9 9.6 10.0 10.3 10.8 11.7 12.6 13.1 13.6 
2 yean ••••••••••••••••••• 375 13.6 1.7 11.1 11.6 11.8 12.6 13.S 14.S 15.2 15.8 
3 yean ••••••••••••••••••• 418 15.7 2.0 12.9 13.S 13.9 14.4 15.4 16.8 17.4 17.9 
4 yean ••••••••••••••••••• "404 17.8 2.5 14.1 15.0 15.3 16.0 17.6 19.0 19.9 20.9 
S yean ••••••••••••••••••• 397 19.8 3.0 16.0 16.8 17.1 17.7 19.4 21.3 22.9 '13.1 
6 yean ••••••••••••••••••• 133 '13.0 4.0 18.6 19.2 19.8 20.3 22.0 24.1 26.4 28.3 
7 yean ••••••••••••••••••• 148 2S.1 3.9 19.7 20.8 21.2 22.2 24.8 26.9 28.2 29.6 
8 yean ••••••••••••••••••• 147 28.2 6.2 20.4 22.7 23.6 24.6 21.S 29.9 33.0 35.5 
9 yean ••••••••••••••••••• 145 31.1 6.3 24.0 25.6 26.0 27.1 30.2 33.0 35.4 38.6 
10 yean •••••••••••••••••• 157 36.4 7.7 27.2 28.2 29.6 31.4 34.8 39.2 43.5 46.3 
11 years ••••••••..•••••••• 155 40.3 10.1 26.8 28.8 31.8 33.5 37.3 46.4 S2.0 S7.0 
12yean ...••••••••.•••••• 145 44.2 10.1 30.7 32.5 3S.4 37.8 42.S 48.8 52.6 S8.9 
13 yean •.•••...•.•..••••• 173 49.9 12.3 3S.4 37.0 38.3 40.1 48.4 56.3 59.8 64.2 
14 years ...••••••...•.•••. 186 57.1 11.0 41.0 44.S 46.4 49.8 S6.4 63.3 fi6.1 68.9 
15 yean •......••.•••••••• 184 61.0 11.0 46.2 49.1 50.6 54.2 S0.1 64.9 68.7 72.8 
16 yean •.••••••..•...•••• 178 67.l 12.4 Sl.4 S4.3 56.1 58.7 64.4 73.6 78.1 82.2 
17 yean •.....••.••..••••• 173 66.7 11.5 50.7 S3.4 S4.8 578.7 6S.8 72.0 76.8 82.3 
18 years ••.......•..•••.•• 164 71.1 12.7 54.l S6.6 60.3 61.9 70.4 76.6 80.0 83.5 
19 yean ••.••.•••••.•••••• 148 71.7 11.6 55.9 57.9 60.5 63.8 69.5 77.9 84.3 86.8 

• Includes clothing weight, estimated as ranging from O.OCJ to 0.28 kilogram. 

Source: National Center for Health Statistics, 1987. 
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Table 5-7. Weight in Kilograms for Females 6 Months-19 Years of Age-Number Examined, Mean, Standard 
Deviation, and Selected Percentiles, by Sex and Age: United States, 1976-198<Jl 

Percentile 
Number of 
Examined Standard 

Sex and Age Penons Mean Deviation Sth 10th 1Sth 25th SOth 7Sth BS th 90th 

-
Female 

6-11 Months • • . • • • • • • • • • • • • 177 8.8 1.2 6.6 7.3 7.S 1.9 8.9 9.4 10.1 10.4 
1 yean ••.•••••••.••.••••• 336 10.8 1.4 8.8 9.1 9.4 9.9 10.7 11.7 12.4 12.7 
2yean ••••••.••••••.•.••• 336 13.0 1.S 10.8 11.2 11.6 12.0 12.7 13.8 14.S 14.9 
3 yean ..•••.•••.••••••.•. 366 14.9 2.1 11.7 12.3 12.9 13.4 14.7 16.1 17.0 17.4 
4yean •••••.••••••.•••••• 396 17.0 2.4 13.7 14.3 14.S lS.2 16.7 18.4 19.3 20.2 
S years .•••••••••••••••.•• 364 19.6 3.3 tS.3 16.1 16.7 17.2 19.0 21.2 22.8 24.7 
6 yean •••••••••••.••••••• 13S 22.1 4.0 17.0 17.8 18.6 19.3 21.3 23.8 26.6 28.9 
7 yean •••••••••••••.••.•. 1S7 24.7 s.o 19.2 19.S 19.8 21.4 23.8 27.1 28.7 30.3 
8 yean •••..•••••..••••••. 123 27.9 S.7 21.4 22.3 23.3 24.4 27.5 30.2 31.3 33.2 
9 yean ••••...••••••..•••• 149 31.9 8.4 22.9 25.0 25.8 27.0 'l9.7 33.6 39.3 43.3 
10 yesn .................. 136 36.1 8.0 25.7 27.5 29.0 31.0 34.5 39.5 44.2 45.8 
11 ycan •...••••.•..•••••. 140 41.8 10.9 29.8 30.3 31.3 33.9 40.3 4S.8 51.0 56.6 
12 ycan ••••••••••.•••.••• 147 46.4 / 10.1 32.3 3S.O 36.7 39.1 4S.4 52.6 S8.0 60.S 
13 ycan ••••••.•••••••...• 162 S0.9 11.B 3S.4 39.0 40.3 44.1 49.0 SS.2 60.9 66.4 
14 ycan •••••••••••••••••• 178 S4.8 11.1 40.3 42.8 43.7 47.4 S3.1 60.3 65.7 67.6 
ts ycan •..••••••..••.••.• 14S SS.1 9.8 44.0 4S.1 46.5 48.2 53.3 S9.6 62.2 65.5 
16 ycan ••..•••••.....•.•• 170 S8.1 10.1 44.1 47.3 48.9 St.3 SS.6 62.S 68.9 73.3 
17 yean •.•...•••••...•••• 134 S9.6 11.4 44.S 48.9 so.s S2.2 S8.4 63.4 68.4 71.6 
18 yean ••.•...•••....••.• 170 S9.0 11.1 4S.3 49.S S0.8 S2.8 S6.4 63.0 66.0 70.1 
19 yean •••....•......••.• 1S8 60.2 11.0 48.S 49.7 Sl.7 S3.9 S7.1 64.4 70.7 74.8 

• Includes clothing weight, estimated u ranging from 0.09 to 0.28 kilogram. 

Source: National Center for Hcahh Statistics, 1987. 
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weights for girls and boys are approximately the same from ages 6 months to 14 years. 

Starting at years 15-19, the difference in mean body weight ranges from 6-11 kg. 

5.2.2. Other Relevant Body Weight Studies 

Burmaster et al. (SUbmitted 2119194 to Risk Analysis for Publication) - Lognormal 

Distributions of Body Weight as a Function of A.ge for Female and Male Children in the 

United States - Burmaster et al. (1994), performed data analysis to fit normal and lognormal 

distributions to the body weights of female and inale children at age 6,! months to 20 years 

(Burmaster et al., 1994). 

Data used in this analysis were from the second survey of the National Center for 

Health Statistics (NHANES II) of 4,079 females and 4,379 males 6 months to 20 years of 

age in the U.S. (Burmaster et al., 1994). The data of NCHS had been statistically adjusted 

for non-response and probability of selection and stratified by age, sex, and race to reflect 

the whole U.S. population prior to reporting (Burmaster et al., 1994). Burmaster et al. 

(1994) conducted exploratory and quantitative data analyses, and fit normal and lognormal 

distributions to percentiles of body weight for children. Cumulative distribution functions 

(CDFs) were plotted for female and male body weights on both linear and logarithmic scales. 

Two models were used to assess the probability density functions (PDFs) of children's 

body weight. Linear and quadratic regression lines were fitted to the data. A number of 

goodness-of-fit measures between the two models were conducted. Burmaster et al. (1994) 

found that lognormal distributions give strong fits to the body weights of children, ages 6 

months to 20 years. Statistics for the lognormal probability plots are presented in Tables 5-8 

and 5-9. These data can be used for further analyses, i.e., Monte Carlo. 

Brainard and Burmaster - Bivariate Distributions for Height and Weight of Men and 

Women in the United States - Brainard and Burmaster (1992) examined data on the height 

and weight of adults published by the U.S. Public Health Service and fit bivariate 

distributions to the tabulated values for men and women, separately. 

Height and weight of 5,916 men and 6,588 women in the age range of 18-74 years 

were taken from the NHANES II Study and statistically adjusted to represent the U.S. 

population aged 18-74 years with regard to age structure, sex, and race. Estimation 
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•Table 5-8. Statistics for Probability Plot Regression Analyses; Female's Body 
Weights 6 Months to 20 Years of Age 

Lognormal Probability Plots 

Linear Curve 

Age P.2· "2· 

6 months to 1 2.16 0.145 
1to2 2.38 0.128 
2 to 3 2.56 0.112 
3 to 4 2.69 0.137 
4 to s 2.83 0.133 
s to 6 2.98 0.163 
6 to 7 3.10 0.174 
7 to 8 3.19 0.174 
8 to 9 3.31 0.156 

9 to 10 3.46 0.214 
10 to 11 3.57 0.199 
11to12 3.71 0.226 
12 to 13 3.82 0.213 
13 to 14 3.92 0.216 
14 to 15 3.99 0.187 
15 to 16 4.00 0.156 
16 to 17 4.06 0.167 
17 to 18 4.08 0.165 
18 to 19 4.07 0.147 
19 to 20 4.10 0.149 

"'2' u2 - correspond to the mean and standard deviation, respectively, of the lognormal 
distribution. 

Source: Burmaster et al., 1994. 
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Table 5-9. Statistics for Probability Plot Regression Analyses; Male's Body Weights 
6 Months to 20 Years of Age 

Lognormal Probability Plots 

Linear Curve 

Age µ2• <T2· 

6 months to 1 2.23 0.132 
1to2 2.46 0.119 
2 to 3 2.60 0.120 
3 to 4 2.75 0.114 
4 to s 2.87 0.133 
s to 6 2.99 0.138 
6 to 7 3.13 0.145 
7 to 8 3.21 0.151 
8 to 9 3.33 0.181 

9 to 10 3.43 0.165 
10 to 11 3.59 0.195 
11to12 3.69 0.252 
12 to 13 3.78 0.224 
13 to 14 3.88 0.215 
14 to 15 4.02 0.181 
IS to 16 4.09 0.159 
16 to 17 4.20 0.168 
17 to 18 4.19 0.167 
18 to 19 4.25 0.159 
19 to 20 4.26 0.154 

~' u2 - correspond to the mean and standard deviation, respectively, of the lognormal 
distribution. 

Source: Burmaster et al., 1994. 
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techniques were used ~ fit normall distributions tp the cumulative marginal-clata and · 

goodness-of-fit tests were used to test the hypothesis that height and lognormal weight follow 

a normal distribution for each· sex. It was found that the marginal distributions, of height 

and lognormal weight for both men and women, are Gaussian in form. This conclusion was 

reached by visual observation and the high R2 values obtained using linear regression. The 

R" values for men's height and lognormal weight are reported to be 0.999. The R2 values 

for women's height and lognormal weight are 0.999 and 0.985, respectively. 

Brainard and Burmaster fit bivariate distributions to estimated numbers of men and 

women aged 18-74 years in cells representing 1 inch intervals in height and 10 pound 

intervals in weight. Adjusted height and lognormal weight data for men were fit to a single 

bivariate normal distribution with an estimated mean height of 69.2 inches and an estimated. 

mean weight of 173.2 pounds. For women, height and lognormal weight data were fit to a 

pair of superimposed bivariate normal distributions (Brainard and Burmaster, 1992). The 

average height and weight for women were estimated from the combined bivariate analyses. 

Mean height for women was estimated to be 63. 8 inches and mean weight was estimated to 

be 145.0 pounds. For women, a calculation using a single bivarite normal distribution gave 

poor results (Lloyd and Burmaster, 1994). According to Brainard and Burmaster, the 

distributions are suitable for use in Monte Carlo simulation. 

S.2.3. Recommendations 

The mean body weight for all adults (male and female, all age groups) combined is 

71.8 kg as shown in Table 5-2. The mean values for teach age group in Table 5-2 were 

derived b~ adding the body weights for men and women and dividing by 2. The 71.8 kg 

value can be rounded to 70 kg and is the recommended as the body weight to be used for 

adults if distribution data are not needed. If age and sex distribution of the exposed 

population is known, the mean body weight values in Table 5-2 can be used. If percentile 

data are needed or if race is a factor, Tables 5-4 and 5-5 can be used tO select the 

appropria~ data for percentiles 01· mean values. For children, appropriate mean values for 

weights may be selected from Table 5-3. If percentile values are needed, these data are 

presented in Table 5-6 for male children and in Table 6 for female children. Using the body 
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weight data in Table 5-3, and the corresponding population percentages llfTalile 5-6, the -· 

average body weight for the entire population of individuals age 6 months to 19 years was 

calculated to be 36 kg. This value may be used as a default body weight value for the entire 

population of children under 19 years if specific age groups are not used. 

5.3. ACTIVITY PATfERNS 

In exposure assessments, a person's average daily dose can be determined from a 

combination of variables including the pollutant concentration, exposure duration, and 

frequency of exposure. These variables can be dependent on human activity patterns and 

time spent at each activity/location. A person's total exposure can be predicted using 

indirect approaches such as computerized models. This indirect approach of predicting 

exposure also requires activity patterns (time use) data. 

The purpose of this section is to describe published time use studies that provide 

information on time-activity patterns of the national population and various sub-populations in 

the U.S. The studies involve survey designs where time diaries were used to collect 

information on the time spent at various activities and locations for children, adolescents, and 

adults, and for certain demographic and socioeconomic data. Available studies on time

activity data are summarized in the following sections, and they are grouped as key studies 

or other relevant studies. The classifications of these studies are based on the applicability of 

their data to exposure assessments. It should be noted that other site-limited studies, based 

on small sample sites, are available, but are not presented in this section. The studies 

presented in this section are ones believed to be the most appropriate for the purpose of the 

Handbook. 

5.3.1. Key Activity Pattern Studies 

Robinson - Changes in .Americans' Use of1ime: 1965-1975 - Robinson (1977) 

compared time use data obtained from two national surveys that were conducted in 1965-

1966 and in 1975. :Each survey used the time-diary method to collect data. The 1965-66 

survey excluded the people in the following categories: (a) non-SMSA's (Census Bureau 

areas with no city more than 50,000 population); (b) households where no adult members 
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were in the labor force for at least 10 hours per week; (c) age 65 and over;-and (d)-farm~- ··-·-

related occupations (Robinson, 1977). The 1,244 respondents in the 1965-66 study included 

either employed men and women or housewives (Robinson, 1977). The survey was 

conducted between November-December 1965 and March-April 1966. Respondents recorded 

their daily activities in time diaries by using the "tomorrow" approach. In this approach, 

diaries were kept on the day following the interviewer's initial contact. The interviewer then 

made a second call to the respondent to determine if the information in diaries were correct 

and to obtain additional data. Only one person per household was interviewed. The survey 

was designed to obtain information on time spent with family members, time spent at various 

locations during activities, and time spent performing primary and secondary activities. 

A similar study was conducted in 1975. Unlike the 1965-1966 survey, the 1975 

survey included rural areas, farmers, the unemployed, students, and retirees. The 1975 

survey was conducted October through December. Time diary data were collected using the 

"yesterday" approach. In this approach, interviewers made only one contact with 

respondents (greater than 1500) and the diaries were filled out based on a 24-hour recall 

(Robinson, 1977). Time diary data were ·also collected from the respondents spouses. 

In both surveys, the various activities were coded into 96 categories, and then were 

combined into five major categories. Free-time activities were grouped into 5 sub-categories 

(Appendix Table 5A-l). In order to compare data obtained from both surveys, Robinson 

(1977) excluded the same population groups in the 1975 survey that were excluded in the 

1965-66 survey (i.e., farmers, rural residents). 

Results obtained from the surveys were presented by gender, age, marital and 

employment status, race, and education. Robinson (1977) reported the data collected in 

hours/weeks, however, the method for converting daily activities to hours/weeks were not 

presented. Table 5-10 shows the differences in time use by gender, employment, and marital 

status for five major activity categories and five subcategories for 1965 and 1975. Time 

spent on work related activities (i.e. work for pay and family care) was lower in 1975 than 

in 1965 for employed men and women. Table 5-10 also shows that there was an overall 

increase in free time activities for all the six groups. The difference in time use in 1965 and 

1975 are presented by age, education, and race in Tables 5-11, 5-12, and 5-13, respectively. 
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Table 5-10. Differences in TUDe Ug (hours/week)S Grouped by Sex, Employment Status, and Marital Stahl$ for the Surveys 
Conduaed in 1965 md 1975 

Total 
Employed Men Employed Women Housewives Sample 

Urban Data Married Single Married Single Married Single 

.12§S (N=448) (N=73) (N=190) (N=152) (N=341) (N=14) (N=1218) 

Sleep 53.1 50.6 53.8 52.6 53.9 58.8 53.3 

Work for Pay 51.3 51.4 38.4 39.8 o.s 1.6 33.0 

Family Care 9.0 7.7 28.8 20.6 so.o 45.7 25.4 

Personal Care 20.9 22.2 20.3 21.7 22.6 23.0 21.5 

Free Time 33.7 36.1 26.7 33.3 41.0 38.9 34.8 

Organizations 2.6 3.6 1.4 3.7 3.4 3.4 2.8 
tit Media 17.1 13.9 10.7 11.1 15.3 19.1 14.7 I ...... °' . Social Life 7.2 10.4 7.9 9.6 12.6 10.2 9.4 

Recreation l.4 l.3 0.6 0.5 0.6 l.1 0.9 

Other Leisure 5.4 6.9 6.1 8.4 9.1 5.1 7.0 

Total Time 168.0 168.0 168.0 168.0 168.0 168.0 168.0 
(Free) (33.7) (36.1) (26.7) (33.3) (41.0) (38.9) (34.8) 

__ ..... _____ ! 

1-. I 

I 
.<, l 

Im (N=24S) (N=87) (N=117) (N=108) (N=141) (N=28) (N=726) ~ :~ ~- l 

Sleep 53.4 54.1 55.1 54.3 56.8 58.6 S4.i ·_ : ~ i·i I i :i . 'j ' 

Work for Pay 47.4 40.0 30.1 38.8 1.1 0.0 32.5. : •. · -- ~; I 
Family Care 9.0 24.9 16.6 44.3 42.8 

I • . ,) j 

9.7 20.5: : : ! . ' i 
Personal Care 21.4 20.0 26.2 21.9 21.4 19.2 21.8; ~~ I - .. I ·----· 
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Table S-10. Differences in Time Use (hours/week)' Grouped by Sex, Employment Status, and Marital Status for the Surveys 
Conducted in 1965 and 1975 (continued) 

Total 
.. Employed Men Employed Women Housewives Sample 

Free Time 36.1 44.9 31.7 36.4 44.4 47.4 38.5 

Organizations 3.7 4.8 1.1 4.4 4.8 3.0 3.8 

Media 18.9 18.5 15.6 14.5 20.4 27.2 18.2 

Social Life 6.4 8.9 6.6 8.9 10.1 9.1 7.8 

Recreation 1.3 4.1 0.8 0.5 0.7 . 0.4 1.3 

Other Leisure S.8 8.6 6.S 8.1 8.4 7.7 7.4 

Total Time 168.0 168.0 168.0 168.0 168.0 168.0 168.0 
(Free) (36.1) (44.9) (31.7) (36.4) (44.4) (47.4) (38.S) 

Data weighted to ensure equal days of the week. 

Source: Robinson, 1977. 
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Tab~ S-11. Tune Use (hounlwcci:)' Differencea by Age ~r the Surveys Cooductcd ia 196S aDd 197S 

Activity 

Slccp 

Work for Pay 

Family Care 

Personal Care 

PRC Time 

OrganiWions 

Media 

Social Life 

Recreation 

Other 
Leisure 

Total(FRC) 
Time 

18-25 

1965 1975 

(N=200) (N=149) 

54.2 55.4 

32.6 

21.2 

20.9 

39.1 

4.8 

13.8 

11.3 

0.9 

8.3 

168.0 
(39.1) 

27.0 

15.3 

20.3 

50.0 

8.4 

18.5 

10.7 

2.6 

9.8 

168.0 
(50.0) 

• ·Data weighted to emure equal days of the week. 

Source: Robinson, 1977. 

2S-3S 

196S 1975 

(N=321) (N=234) 

52.5 53.9 

29.2 

30.4 

20.3 

35.6 

3.0 

14.6 

10.3 

1.2 

6.5 

168.0 
(35.6) 

33.4 

21.6 

20.8 

38.4 

4.2 

17.2 

8.7 

1.3 

7.0 

168.0 
(38.4) 

Mean Dura&n (hrs/wk) 

AgeGroup 

36-45 

1965 1975 

(N=306) (N==lSO) 

53.1 54.7 

33.1 

25.4 

2.2.5 

33.8 

3.0 

14.S 

8.4 

0.8 

7.1 

168.0 
(33.8) 

34.4 

20.4 

21.1 

37.3 

3.3 

18.3 

7.8 

1.0 

6.9 

168.0 
(37.3) 

46-55 

1965 1975 

(N=252) (N=141) 

53.9 55.4 

33.4 

24.9 

22.4 

33.4 

2.0 

15.3 

8.6 

0.6 

6.9 

168.0 
(33.4) 

-31.0 

23.2 

23.1 

35.2 

3.1 

18.8 

S.4 

1.3 

6.6 

168.0 
(35.2) 

56-65 

1965 1975 

(N=156) (N=111) 

53.6 56.0 

35.9 

20.4 

20.9 

37.1 

2.9 

17.4 

8.1 

1.1 

7.6 

168.0 
(37.1) 

20.4 

23.2 

26.6 

41.8 

3.2 

22.6 

6.2 

1.3 

8.5 

168.0 
(41.8) 

I I~ I 
·. 0 ti 
oH :;d 
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Table S-12. Time Use (houn/wcek)8 Differences by Education for the Surveys Conducted in 196S and 197S 

Mean duration (hours/week) 

Age Group 

0-8 9-11 12 13-lS 16+ 

196S 197S 196S 197S 196S 197S 196S 197S 196S 1975 
Activity 

(N=l71) (N=7S) (N=220) (N=l14) (N=4S2) (N=319) (N=l9S) (N=l37) (N=l91) (N=l44) 

Sleep 54.9 S1.0 52.3 S3.7 S3.0 ss.s S3.6 S3.6 53.6 S4.8 

Worlc for Pay 31.6 30.0 33.l 32.0 30.9 26.9 34.4 21.S 34.5 38.0 

Family Care 24.7 18.7 25.4 21.7 28.9 23.S 21.7 18.9 ·21.2 16.8 

Pcnonal Care 20.8 22.9 20.9 22.0 21.l 22.l 21.7 10.S 22.7 22.3 

Free Tune 35.9 39.4 36.l 38.6 34.l 40.0 36.S 47.S 3S.9 36.l 

Ul Organi7.ations 1.8 3.0 l.S 2.2 2.5 3.7 S.8 9.1 4.7 4.1 I ..... 
\C) 

Media 19.3 18.0 16.S 20.7 14.2 19.0 13.3 19.7 12.5 16.2 

Social Lifo 7.7 8.4 9.8 7.9 9.S 8.S 9.0 7.7 10.2 8.1 

Recreation 0.9 1.3 1.4 0.7 0.7 1.3 1.1 2.0 0.9 1.3 

Other Leisure 6.3 8.7 7.0 7.1 7.2 7.S 7.4 9.0 7.7 6.4 

Total (Free) Time 168.0 168.0 168.0 168.0 168.0 168.0 168.0 168.0 168.0 168.0 
(36.0) (39.4) (36.2) (38.6) (34.1) (40.0) (36.6) (47.S) (36.0) (36.l) -

• Data weighted to ensure equal days of the week. 1-;-·-1 
0 ! 

Source: Robinson, 1977. i !2: ! 
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Time Use (hollrslweek)• Differences by Race for the Surveys Conduc · 1965 and 1915 

Mean duration (hours/week) 

White Black 

Activity 1965 1975 1965 1975 
(N - 1030) (N - 680) (N - 103) (N - 77) 

Sleep 53.4 54.5 50.9 54.8 

Work for Pay 31.9 30.0 36.6 30.0 

Family Care 26.0 21.1 23.6 17.6 

Pcmonal Care 21.8 22.1 20.0 21.0 

Free Time 34.9 40.3 36.9 44.6 

Orpni.mions 2.8 4.4 3.0 4.9 

Mcdja 14.8 18.7 15.7 19.6 

Social Life 9.3 8.2. 9.1 9.8 

Recreation 1.1 1.5 0.6 0.4 

Othec Leisure 6.9 1.5 8.4 9.9 

Total (Free) 168.0 168.0 168.0 168.0 
(34.9) (40.3) (36.8) (44.6) 

• Data weighted to ensure equal days of the week • 

Source: Robinson, 1977. 
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These tables include data for students and certain employed respondents that were excluded 

in Table 5-10 (Robinson, 1977). In 1975, the eldest group (ages 56-65) showed a decline in 

paid work, and an increase in family care, personal care and sleep (Table 5-11). Education 

level comparisons across the ten-year interval indicated that the less educated had a decrease 

in paid work, an increase in sleep and personal care; the most educated had an increase in 

work time and a decrease in other leisure (Table 5-12). For racial comparisons, Blacks spent 

less time at paid work than Whites across the ten-year interval (Table 5-13). Table 5-13 also 

shows that Blacks spent more time than Whites-for free time activities in 1975. 

A limitation of this study is that statistical analysis of the data set were not provided. 

Additional limitations are that the time use data are old and the data may not reflect current 

changes in time use. The 1965 and 1975 data set excluded certain population groups and, 

therefore, may not be entirely representative of the U.S. population. An advantage of this 

study is that time use data were presented by age, gender, race, education level, and 

employment and marital status. Another advantage is that earlier investigations on the study 

method (24-hr recall) employed in the 1965 study revealed no systematic biases in reported 

activities (Robinson, 1977). Robinson (1977) also noted that the time-diary method provides 

a "zero-sum" measure (i.e., since there are only 24 daily hours or 168 weeicly hours, if time 

on one activity increases then time on another activity must decrease). Another limitation 

that is these are short-term studies and may not necessarily represent long-term activity 

patterns. 

Juster et al. - 1975-1981 nme Use Longitudinal Panel Study - The Time Allocation 

data series in the U.S. began with the first survey in 1965-66 as part of a multinational 

project. Time use was measured by a single 24-hour diary (Juster et al., 1983). A second 

national time use survey was conducted in 1975-1976 and another in 1981 (Juster et al. 

1983). Juster et al. (1983) provided study descriptions of the second and third surveys. The 

surveys included a probability sample of adult population (18 years and older) and children 
I 

between the ages of 3 and 17 in the United States. In both surveys, time use was measured 

from 24-hour recall diaries administered to respondents and their spouses. The 1975-1976 

survey involved four waves of interview: wave 1, October-November 1975; wave 2, 

February 1976; wave 3, May-June 1976; wave 4, September 1976. The first wave was a 
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personal interview and the other three waves were telephone interviews. The 1975-1976 

survey sample consisted of 2,300 individuals, and of that sample, 1519 respondents. Four 

recall diaries (one from each wave of interviews) were obtained from 947 respondents with 

data on time use measures for two weekdays, one Saturday, and one Sunday. The survey 

was designed to gather information for: employment status; earnings and other income; 

"consumption benefits for activities of respondents and their spouses;" health, friendships and 

associations of the respondents; stock technology available to the household, house repair, 

and maintenance activities of the family; division of labor in household work and related 

attitudes; physical characteristics of the respondents housing structure, networth and hous~g 

values; job characteristics; characteristics of mass media usage on a typical day (Juster 

et al., 1983). 

The 1981 survey was a follow-up of respondents and spouses who had completed at 

least three waves of interview in the 1975-1976 survey. For the 1981 survey, 920 

individuals were eligible. The survey design was similar to the 1975-1976 survey, however 

in this survey, the adult population was 25 years and older and consisted of 620 respondents. 

Four waves of interviews were conducted between February - March 1981 (wave 1), May -

June 1981 (wave 2), September 1981 (wave 3), and November - December (wave 4). The 

1981 survey included the respondents' children between the ages of 3 and 17. The survey 

design for children provided information on time use measures from two time diary reports: 

one school day and one non-school day. In addition, information for academic achievement 

measures, school and family life measures, and ratings from the children's teachers were 

gathered during the survey. 

Juster et al. (1983) did not report the time use data obtained for the 1975-1976 survey 

or the 1981 survey. These data are stored in four tape files and can be obtained from the 

Inter-university Consortium for Political and Social Research (ICPSR) in Michigan. The 

response rate for the first wave of interview (1975-76 survey) based on the original sample 

~ population was 66 percent, and the subsequent waves ranged from 42 percent (wave 4) to 50 

percent (wave 2). In the 1981 survey, the response i:ate based on eligible respondents was 

67 percent for the first interview, and ranged from 54 percent (wave 4) to 60 percent (wave 

2) in the subsequent interviews (Juster et al., 1985). The 1975-1976 survey included 87 
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activities. In the 1981 survey, these 87 activities were broken down into'-smaller--

components, resulting in 223 activities (Juster et al., 1985). The activity codes and 

descriptors used for the adult time diaries in both surveys are presented in Appendix 

Table 5A-1. 

A limitation of this study is that time use data which would be useful in exposure 

assessments were not presented. Another limitation is that time use data collected were 

based on a 24-hour diary recall. This may somewhat bias the data set obtained from this 

survey. An advantage associated with this survey is that it provides a data base of 

information on various human activities. This information can be used to assess various 

exposur~ pathways and scenarios associated with these activities. Also, some of the data 

from these surveys were used in the studies conducted by Timmer et al. (1985) and Hill 

(1985). In addition, the activity descriptor codes developed in these studies were used by 

Timmer et al (1985), Hill (1985), and Robinson and Thomas (1991). The studies are also 

presented in this section. Another advantage of this survey is that the data are based on a 

national survey and conducted over a one year period, resulting in a seasonally balanced 

survey and one representative of the U.S. population. 

Timmer et al. - How Children Use Time - Timmer et al. (1985) conducted a study 

using the data obtained on children's time use from a 1981-1982 Panel follow-up of 1975-

1976 households. Respondents (922) in this study were those that completed at least three 

out of four waves of interview in the 1975 - 1976 survey. The survey was conducted 

February through December 1981, and households were contacted four times during a 3 

month interval of the survey period. The first contact was a personal interview, followed by 

subsequent telephone interviews for most of the respondents. However, families with 

children were contacted personally and questionnaires were administered to three children per 

household. 

The children surveyed were between the ages of 3 through 17 years old and were 

interviewed twice. The questionnaires administered to children had two components: a time 

diary and a standardiz.ed interview. The time diary involved children reporting their 

activities beginning at 12.00 a.m. the previous night; the duration and location of each 

activity; the presence of another individual; and whether they were performing other 
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activities at the same time. The standardiz.ed interview administered to ifie.chilareiiwas~· 

gather information about their psychological, intellectual (using reading comprehension tests), 

and emotional well-being; their hopes and goals; their family environment; and their attitudes 

and beliefs. 

For preschool children, parents proVided information about their previous day 

activities. Children in first through third grades completed the time diary with their parents 

and, in addition, completed reading tests. Children in the fourth grade and above provided 

their own diary information and participated in the interview. Parents were asked to assess 

their children's socioemotional and intellectual development. A survey form was sent to a 

teacher of each school-age child to evaluate each child's socioemotional and intellectual 

development. 

The mean time spent performing major activities on weekdays and weekends by age 

and sex, and type of day is presented in Table 5-14. On weekdays, children spend about 30 
percent of their time sleeping, 20 percent in school, and 10 percent eating, washing, 

dressing, and performing other personal activities (Timmer et al., 1985). The data in 

Table 5-14 indicates that girls spend more time than boys performing household work and 

personal care activities, and less time playing sports. Also, children spend most of their free 

time watching television. Table 5-15 presents the mean time children spend during weekdays 

and weekends performing major activities by five different age groups. Also, the significant 

effects of each variable (i.e., age, sex) are shown in Table 5-15. Older children spend more 

time performing household and market work, studying and watching. television, and less time 

eating, sleeping, and playing. Timmer et al. (1985) estimated that on the average, boys 

spend 19.4 hours a week watching television and girls spend 17.8 hours per week performing 

the same activity. 

A limitation associated with this study is that the data reflect only the time of the year 

when children attend school; time use during school vacation was not accounted for. 

Therefore, the data does not provide an overall annual estimate of children's time use. 

Another limitation is that a distribution pattern of children's time use was not provided. In 

addition, the survey was conducted in 1981 and because activity patterns in children may 

have changed significantly from that period when compared with recent times. Therefore, 
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Table :>-14. Mean Tune :)pent (Mmutes) .t'ertonmng M&Jor Acttvtlles uroupe<i 1>y Age, :sex an<l Type ot uay 

Activity Age (3-11) Age (12-17) 

Duration of Time (mins/day) Duration of Time (mins/day) 

Weekdays Weekends Weekdays Weekends 

Boys Girls Boys Girls Boys Girls Boys Girls 
(n=118) (n=lll) (n=118) (n=lll) (n=77) (n=83) (n=77) (n=83) 

Market Work 16 0 7 4 23 21 58 25 

Household Work 17 21 32 43 16 40 46 89 

Personal Care 43 44 42 so 48 11 35 76 

Eating 81 78 78 84 73 65 58 75 

Sleeping 584 590 625 619 504 478 sso 612 

School 252 259 - - 314 342 

Studying 14 19 4 9 29 37 25 25 

Church 7 4 53 61 3 7 40 36 
Ul 
~ VIBiting 16 9 23 37 17 25 46 53 Ul 

Sports 25 12 33 23 52 37 65 26 

Outdoors 10 7 30 23 10 10 36 19 

Hobbies 3 1 3 4 7 4 4 7 

Art Activities 4 4 4 4 12 6 11 9 

Playing 137 115 177 166 37 13 35 24 

TV 117 128 181 122 143 108 187 140 
;--··-·---, 

Reading 9 7 12 10 10 13 12 19 I t"' I 
( 

( 

Household Conversations 10 11 14 9 21 30 24 30 ... t 
-; ~ ~ 

Other Passive Leisure 9 14 16 17 21 14 43 33 i ::~ l?. ;·.-; I 
t .. ··· .•. 
I . •.,) 

NA• 22 25 20 29 14 17 10 4 ..... r·!. 

Percent of Time Accounted for by 94% 92% 93% 89% 93% 92% 88% 89% 
Activities Above ' ~ ' I != ____ 

• NA= Unknown 
Source: Timmer et al., 1985. 



Tabl~ S-15. Mean Time Spent in Major Activities Grouped by Type of Day for Five Different Age Groups 

Tune Duration (mins) 

Weekday Weekend 
Sig Effects" 

Age 3-S 6-8 9-11 12-14 lS-17 I 3-5 6-8 9-11 12-14 15-17 

Activities 

Market Work - 14 8 14 28 - 4 10 29 48 

Personal Care 41 49 40 56 60 47 45 44 60 51 A,S,AxS (F > M) 

Household Work 14 15 18 27 34 17 27 51 72 60 A,S, AxS (F > M) 

Eating 82 81 73 69 67 81 80 78. 68 65 A 

Sleeping 630 59S 548 473 499 634 641 S96 604 562 A 

School 137 292 315 344 314 

Studying 2 8 29 33 33 1 2 12 15 30 A 

Church 4 9 9 9 3 SS S6 S3 32 37 A 
Vt 
t!.> Visiting 14 15 10 21 20 10 8 13 22 56 A (Weekend only) 
0\ 

Sports 5 24 21 40 46 3 30 42 Sl 37 A,S (M>F) 

I 
1:1 

Outdoor actiVities 4 9 8 7 11 8 23 39 25 26 
0 

Hobbies 0 2 2 4 6 1 5 3 8 3 ln~O 
Art Activities s 4 3 3 12 4 4 4 7 10 

Hp~ 
1-3 c: lzj 
tr:I 0 1-3 

Other Passive 9 1 2 6 4 6 10 7 10 18 A 1-3 
tr:I 

Leisure 0 
:A:! 

Playing 218 111 6S 31 14 267 180 92 3S 21 A,S (M>F) 

TV 111 99 146 142 108 122 136 185 169 157 A,S, AxS (M > F) 

Reading 5 5 9 10 12 4 9 10 10 18 A 

Being read to 2 2 0 0 0 3 2 0 0 0 A 

NA 30 14 23 25 7 52 7 14 4 9 A 

• Effects are significant for weekdays and woebads, unless otherwiao specified A -= ago effect, P<O.OS, for both weekdays and weekend activities; S = sex effect P<O.OS, 
F>M, M>F-= females spend more time than males, or vice versa; and AxS = age by sex interaction, P<O.OS. 

Source: Timmer et al •• 1985. 
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application of these data for current exposure situations may bias exposilre-assessmenu-·-----

results. An advantage of this survey is that diary recordings of activity patterns were kept 

and the data obtained were not completely based on recall. Another advantage is that parents 

assisted· younger children with keeping their diaries and during interviews; this helped to 

minimiz.e any bias that may have been created by having younger children record their data. 

Hill - Patterns of Time Use - Hill (1985) investigated the total amount of time 

American adults spend in one year performing various activities and the variation in time use 

across three different dimensions: demographic characteristics, geographical location, and 

seasonal characteristics. In this study, time estimates were based on data collected from time 

diaries in four waves (1 per season) of a survey conducted in the 1975-1976 Time Allocation 

Study. The survey was conducted from fall 1975 through fall 1976. The sampling periods 

included two weekdays, one saturday, and one sunday. The 1975-1976 Time Allocation 

Study provided information on the amount of time spent performing primary activities. The 

information gathered were responses to the survey question ("what were you doing?"). The 

survey also provided information on secondary activities (i.e., respondents performing more 

than one activity at the same time). Hill (1985) analyzed time estimates for 10 broad 

categories of activities based on data collected from 87 activities. These estimates included 

seasonal variation in time use patterns and comparisons of time use patterns for different 

days of the week. The 10 major categories and ranges of activity codes are listed in 

Appendix Table 5A-2. Hill (1985) collected data on time use for the major activity patterns 

in four different age groups (18-24, 25-44, 45-64, and 65 and older). However, the time use 

data were summarized in graphs rather than in tables. 

Analysis of the 1975-76 survey data revealed very small regional differences in time 

use among the broad activity patterns (Hill, 1985). The weighted mean hours per week spent 

performing the 10 major activity categories presented by region are shown in Table 5-16. In 

all regions, adults spent more time on personal care (included night sleep). Adults in the 

North Central region of the country spent more time on market work activities than adults m 
other regions of the country. Adwts in the S~uth spent more time on leisure activities 

(passive and active combined) than adults elsewhere (Table 5-16). Table 5-17 presents the 

time spent per day, by the day of the week for the 10 major categories. Time spent on the 
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Total 
N'>=975 

West North Northeast South ,, 

Central Mean S.D.0 

Activity N=200 N=304 N=185 N=286 

Market Work 23.44 29.02 27.34 24.21 26.15 23.8,3 

House/yard work 14.64 14.17 14.29 15.44 14.66 12.09 

Child care 2.50 2.82 2.32 2.66 2.62 5.14 

Services/shop 5.22 5.64 4.92 4.72 5.15 5.40 

Personal care 79.23 76.62 78.11 79.38 78.24 12.70 

Education 2.94 1.43 0.95 1.45 1.65 6.34 

Organizations 3.42 2.97 2.45 2.68 2.88 5.40 

Social 8.26 8.42 8.98 8.22 8.43 8.17 
entertainment 

Active leisure 5.94 5.28 4.77 5.86 5.49 7.81 

Passive leisure 22.47 21.71 23.94 23.47 22.80 13.35 

Total Time 168.00 168.00 168.00 168.00. 168.00 0.09 

• Weighted for day of week, panel loss (not defined in report), and correspondence to Census . Data 
may not add to totals shown due to rounding. 

b N = surveyed population 

0 S.D. = standard deviation 

Source: Hill, 1985. 
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Table 5-17. Total Mean Time Spent (mins/day) in Ten Major Activity Categories Grouped by Type of Day 

a 

Activity Category 

Marlret Work 

House/Y ardwork 

Child Care' 

Services/Shopping 

Personal Care 

Education 

Organizations 

Social Entertainment 

Active Leisure 

Passive Leisure 

Total Time 

N = Number of respondents 

Weekday 
[Na,,;,, 831) 

288.0 (257.7) 

126.3 (119.3) 

26.6 (50.9) 

48.7 (58.7) 

639.2 (114.8) 

16.4 (64.4) 

21.1 (49.7) 

54.9 (69.2) 

37.9 (71.11) 

181.1 (121.9) 

1,440 

( ) = Numbers in parentheses are standard deviations 

Source: Hill, 1985. 

Time Duration (mins/day) 

Saturday Sunday 
[Nil= 831] [Na= 831] 

97.9 (211.9) 58.0 (164.8) 

160.5 (157.2) 124.S (133.3) 

19.4 (Sl.5) 24.8 (61.9) 

64.4 (92.5) . 21.6 (49.9) 

706.8 (169.8) 734.3 (156.S) 

5.4 (38.1) 7.3 (48.0) 

18.4 (75.2) 58.S (104.S) 

1,114.1 (156.0) 110.0 (151.2) 

61.4 (126.S) 64.S (120.6) 

191.8 (161.6) 236.S (167.1) 

1,440 1,440 

/
-·····--· 

t:1 ! 
0 ! 

~ 
0 

a 1--3 t:: 
H ~I 
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87 activities (components of the 10 major categories) are presented in Appendix Table SA-3. 

Adult time use was dominated in descending order by personal care (including sleep), market 

work, passive leisure, and house work. Collectively, these activities represent about 80 

percent of available time (Hill, 1985). 

According to Hill (1985), sleep was the single most dominant activity averaging about 

56.3 hours per week. Television watching (passive leisure) averaged about 21.8 hours per 

week, and housework activities averaged about 14. 7 hours per week. Weekdays were 

predominantly market-work oriented. Weekends (Saturday and Sunday) were predominantly 

devoted to household tasks ("sleeping in," socializing, and active leisure) (Hill, 1985). 

Table 5-18 presents the mean time spent performing these 10 groups of activities during each 

wave of interview (fall, winter, spring, and summer). Adjustments were made to the data to 

assure equal distributions of weekdays, Saturdays, and Sundays (Hill, 1985). The data 

indicates that the time adults spent performing market work, child care, shopping, 

organi7.ational activities, and active leisure were fairly constant throughout the year (Hill, 

1985). The mean hours spent per week in performing the 10 major activity patterns are 

presented by gender in Table 5-19 (time use patterns for all 87 activities are presented in 

Appendix Table 5A-4). The data in Table 5-19 indicates that time use patterns from the 

mid-1970's survey show gender differences. Men spent more time on activities related to 

labor market work and education, and women spent more time on household work activities. 

A limitation associated with this study is that the time data were obtained from an old 

survey conducted in the mid-1970s. Because of dynamic changes in the present society, 

applying these data to current exposure assessments may result in some biases. Another 

limitation is that time use data were not presented for children. An advantage of this study 

is that time diaries were kept and data were not based on recall. The former approach may 

result in a more accurate data set. Another advantage of this study is that the survey is 

seasonally balanced since it was conducted throughout the year and the data are from a lar~e 

survey sample. 

Carey - Occupational Tenure in 1987: Many Workers Have Remained in Their Fields 

- Carey (1988) presented median occupational and employer tenure for different age groups 

(16-24, 25-34, 35-44, 45-54, 55-64, and 65 and older), gender, earnings, ethnicity, and 
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Table 5-18. Mean Time Spent (mins/day) in 10 Major Activity Categories During Four Waves of Interviews' 

Activity Category 

Market work 

House/yard work 

Child care 

Services/shop 

Personal care 

Education 

Organizations 

Social entertainment 

ACtive leisure 

Pusive leisure 

Total Time 

Fall 
Wave 1 

(Nov. 1, 1975/' 
N=861 

222.94 

133.i6 

25.50 

48.98 

652.95 

22.79 

25.30 

63.87 

42.71 

210.75 

1440.00 

Winter 
Wave2 

(Feb. 28, 1976)b 

226.53 

135.58 

22.44 

44.09 

678.14 

12.57 

22.55 

67.11 

47.46 

183.48 

1440.00 

Spring 
Wave3 

(June 1, 1976)b 
N=861 

210.44 

143.10 

25.51 

44.61 

688.27 

2.87 

23.21 

83.90 

46.19 

171.85 

1440.00 

• Weighted for day of week, panel loss (not defined in report), and correspondence to Census. 
b Dates by which 50% of the interviews for each wave were taken. 

Source: Hill, 1985. 

Summer 
Wave4 Range of 

(Sept. 21, 1976)b Standard 
N=861 Deviations 

230.92 272-287 

119.95 129-156 

21.07 49-58 

47.75 76-79 

674.85 143-181 

10.76 32-93 

29.91 68-87 

72.24 102-127 

42.30 96-105 

190.19 144-162 

1440.00 

--. 1-3. 
I 

i ~ 
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Table 5-19. Mean Time Spent (hours/week) in 10 Major 
Activity Categories grouped by Gender'-

Activity Category Time duration (hours/week) 

Men Women 
n = 410 n = 561 

Market work 35.8 (23.6)b 17.9 (20.7) 
House/yard 8.5 (9.0) 20.0 (11.9) 
Child care 1.2 (2.5) 3.9 (6.4) 
Services/shop 3.9 (4.5) 6.3 (5.9) 
Personal care 77.3 (13.0) 79.0 (12.4) 
Education 2.3 (7.7) 1.1 (4.8) 
Organi7.ations 2.5 (5.5) 3.2 (5.3) 
Social entertainment 7.9 (8.3) 8.9 (8.0) 
Active leisure 5.9 (8.2) 5.2 (7.4) 
Passive leisure 22.8 (14.1) 22.7 (12.7) 

Total time 168.1 168.1 

a 

b 

Detailed components of activities (87) are presented in Table 5A-4. 

( ) = Numbers in parentheses are standard deviations. 

Source: Hill, 1985. 
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Men and Women 
n = 971 

26.2 (23.8) 
14.7 (12.1) 
2.6 (5.2) 
5.2 (5.4) 

78.2 (12.7) 
1.7 (6.4) 
2.9 (5.4) 
8.4 (8.2) 
5.5 (7.8) 

22.8 (13.3) 

168.1 
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educational attainment. Occupational tenure was defined as "the cumulativemimber of years 

a person worked in his or her current occupation, regardless of number of employers, 

interruptions in employment, or time spent in other occupations" (Carey, 1988). The 

information presented was obtained from supplemental data to the January 1987 Current 

Population Study, a U.S. Bureau of the Census publication. Carey (1988) did not present 

information on the survey design. 

The median occupational tenure by age and gender, ethnicity, and employment status . . . . . . 

are presented in Tables 5-20, 5-21, and 5-22, respectively. The median occupational tenure 

of the working population (109.1 million people) 16 years of age and older in January of 

1987, was 6.6 years (Table 5-20). Table 5-20 also shows that median occupational tenure 

increased from 1.9 years for workers ages 16-24 to 21.9 for workers 70 years and older. 

The median occupational tenure for men 16 years and older was higher (7.9 years) than for 

women of the same age group (5.4 years). Table 5-21 indicates that whites had more 

occupational tenure (6.7 years) than blacks (5.8 years), and Hispanics (4.5 years). Full-time 

workers had more occupational tenure than part-time workers 7.2 years and 3.l years, 

respectively (Table 5-22). 

Table 5-23 presents the median occupational tenure among major occupational groups. 

The median tenure ranged from 4.1 years for service workers to 10~4 years for people 

employed in farming, forestry, and fishing. In addition, median occupational tenure among 

detailed occupations ranged from 24.8 years for barbers to 1.5 years for food counter and 

fountain workers (Appendix Table 5A-5). 

The strength of an individual's attachment to a specific occupation usually is 

dependent on the individual's investment in education (Carey, 1988). Carey (1988) reported 

the median occupational tenure for the surveyed working population by age and educational 

level. Workers with 5 or more college years had the highest median occupational tenure of 

10.1 years. Workers that were 65 years and older with 5 or more college years had the 

highest occupational tenure level of 33.8 years. The median occupational tenure was 10.6 

years for self-employed workers and 6.2 years for wage and salary workers (Carey, 1988). 

A limitation associated with this study is that the survey design employed in the data 

collection was not presented. Therefore, the validity and accuracy of the data set cannot be 

5-33 



Table 5-20. 

Age Group 

16-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70 and older 

Total, 16 years and 
older 

Source: Carey, 1988. 
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Occupational Tenure of Employed Individuals by Age--amt-Semx~----1 

Median Tenure (years) 

All Workers Men Women 

1.9 2.0 1.9 

4.4 4.6 4.1 

6.9 7.6 6.0 

9.0 10.4 7.0 

10.7 13.8 8.0 

13.3 17.S 10.0 

15.2 20.0 10.8 

17.7 21.9 12.4 

19.4 23.9 14.S 

20.1 26.9 15.6 

21.9 30.S 18.8 

6.6 7.9 5.4 
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Table 5-21. Occupational Tenure for Employed Individuals Grouped bysex anaRaee- . . ' 

Race 

White 

Black 

Hispanics 

Source: Carey, 1988. 

All Individuals 

6.7 

S.8 

4.S 

Median Tenure (Years) 

Men 

S-35 

8.3 

5.8 

S.1 

Women 

S.4 

S.8 

3.7 
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Table 5-22. Occupational Tenure for Employed Individuals Grouped by Sex and Employment Status 

Employment Status 

Full-Time 

Part-Time 

Source: Carey, 1988. 

All Individuals 

7.2 

3.1 

5-36 

Median Tenure 
(Years) 

Men 

8.4 

2.4 

Women 

5.9 

3.6 
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Table S-23. Occupational Tmure of Employed Individuals Grouped by Major Occupational ~~·-~~~-

Median Tenure (years} 

Age Group 

Occupational Group Total• 16-24 25-34 3544 45-54 55-64 65+ 

Executive, Administrative and 8.4 2.4 5.6 10.1 15.1 17.9 26.3 
Managerial 

Professional Specialty 9.6 2.0 5.7 12.0 18.2 25.6 36.2 

Technicians and Related. Support 6.9 2.2 5.7 10.9 17.7 20.8 22.2 

Sales Occupations 5.1 1.7 4.7 7.7 10.5 15.S 21.6 

Administrative Support, including 5.4 2.1 s.o 7.6 10.9 14.6 15.4 
Clerical 

Service Occupations 4.1 1.7 4.4 6.9 9.0 10.6 10.4 

Precision Production, Craft and 9.3 2.6 7.1 13.S 19.9 25.7 30.1 
R . epau 

Operators, Fabricators and Laborers 5.S 1.7 4.6 9.1 13.7 18.1 14.7 

Farming, Forestry and Fishing 10.4 2.9 7.9 13.S 20.7 30.S 39.8 

• Includes all workers 16 years and older 

Source: Carey, 1988. 
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determined. Another limitation is that only median values were reported in tliestudy. Ari 

advantage of this study is that occupational tenure (years exposed to a specific occupation) 

was obtained for various age groups by gender, ethnicity, employment status, and educational 

level. Another advantage of this study is that the data were based on a survey population 

which appears to represent the general U.S. population. 

Carey - Occupational Tenure, limployer Tenure, and Occupational Mobility - Carey 

(1990) conducted another study similar in scope to the study of Carey (1988). The January 

1987 Current Population Study (CPS) was used. This study provided data on occupational 

mobility and employer tenure in addition to occupational tenure. Occupational tenure was 

referred in Carey (1988) as the "the cumulative number of years a person worked in his or 

her current occupation, regardless of number of employees, interruptions in employment, or 

time spent in other locations." Employer tenure was defined as "the length of time a worker 

has been with the same employer," while occupational mobility was defined as "more or less 

a mirror image of occupational tenure; it measures the number of workers who change from 

one occupation to another" (Carey, 1990). Occupational mobility was measured by asking 

individuals who were employed both in January 1986 and January 1987 if they were doing 

the same kind of work in each of these months (Carey, 1990). Carey (1990) further 

analyzed the occupational mobility data and obtained information on entry and exit rates for 

occupations. These rates were defined as "the percentage of persons employed in an 

occupation who had voluntarily entered it from another occupation; conversely, an exit rate 

is the percentage of persons employed in an occupation who had voluntarily left for a new 

occupation" (Carey, 1990). 

Table 5-24 shows the voluntary occupational mobility rates in January 1987 for 

workers 16 years and older. For all workers, the overall voluntary occupational mobility 

rate was 5.3 percent. These data also show that younger workers left occupations at a higher 

rate than older workers. Carey (1990) reported that 10 million of the 100.1 million 

individuals employed in January 1986 and in January 1987 had changed occupations during 

that period, resulting in an overall mobility rate of 9.9 percent. Executive, administrative, 

and managerial occupations had the highest entry rate of 5.3 percent, followed by 

administrative support including clerical at 4.9 percent. Sales had the highest exit rate of 5.3 
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Table 5-24. Voluntary Occupational Mobility Rates for Workers Age 16 aiia··Older 

Age Group 

16-24 

25-34 

35-44 

45-54 

55-64 

64 and older 

Total, age 16 and older 

Source: Carey, 1990. 
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Occupational Mobility Rate 

12.7 

6.6 

4.0 

1.9 

1.0 

0.3 

5.3 
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percent and service had the second highest exit rate of 4.8 percent (Carey;-r990J. Ill January 

1987, the median employer tenure for all workers was 4.2 years. The median employee 

tenure was 12.4 years for those workers that were 65 years of age and older (Carey, 1990). 

Because the study was conducted by Carey (1990) was in a similar manner to that of 

the previous study (Carey, 1988), the same advantages and disadvantages associated with 

Carey (1988) also apply to this data set. 

Robinson and 11wmas - Time Spent in Activities, Locations, and Microenvironments: 

A California-National Comparison - Robinson and Thomas (1991) reviewed and compared 

data from the 1987-88 California Air Resources Board (CARB) time activity study and from 

a similar 1985 national study, American's Use of Time. Data from the national study were 

recorded similarly to the CARB code categories, in order to make data comparisons 

(Robinson and Thomas, 1991). 
"' The CARB study involved residents who lived in the state of California. One adult 

18 years or older was randomly sampled in each household and was asked to complete a 

diary with entries for the previous day's activities and the location of each activity. Time 

use patterns for other adults 12 years and older in the households contacted were also 

included in the diaries. Telephone interviews based on the random-digit-dialing procedure 

were conducted for approximately 1,762 respondents in the CARB survey. These interviews 

were distributed across all days of the week and across different months of the year (between 

October 1987-August 1988). 

In the 1985 national study, single day diaries were collected from over 5,000 

respondents across the United States, 12 years of age and older. The study was conducted 

January through December, 1985. Three modes of ti.me diary collection were employed for 

this survey: mailback, telephone interview, and personal interview. Data obtained from the 

personal interviews were not used in this study (Robinson and Thomas, 1991). The sample 

population for the mail-back and telephone interview was selected based on a random-digit

dialing (RDD) method. The RDD was designed to represent all telephone households in the 

contiguous United States (Robinson and Thomas, 1991). In addition to estimates of time 

spent at various activities and locations, the survey design provided information on the 

employment status, age, education, race, and gender for each member of the respondents 
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household. The mail-back procedure was based on a "tomorrow" approacil°"an(f the telephone 

interview was based on recall. 

Data comparisons by Robinson and Thomas (1991) were based on 10 major activity 

categories (100 sub-category codes) and 3 major locations (44 sub-location codes) employed 

in both the CARB and the 1985 national study. In order to make data comparisons, 

Robinson and Thomas (1991) excluded responses from individuals of ages 65 years and older 

and 18 years or less in both surveys. In addition, only mail-back responses were analyzed 

for the 1985 national study. The data were then weighted to project both the California and 

national population in terms of days of the week, region, numbers of respondents per 

household, and 3 monthly seasons of the year (Robinson and Thomas, 1991). 

Table 5-25 shows the mean time spent in the 10 major activities by gender and for all 

respondents between the ages of 18-64 years (time use data for the individual activities are 

presented in Appendix Table 5A-6). In both studies respondents spent most of their time 

(642 mins/day) on personal needs and care (i.e., sleep). Californians spent more time on 

paid work, education and training, obtaining goods and services, and communication and less 

time on household work, child care, organizational activities, entertainment/social activities, 

and recreation than the national pe>pulation. The male and female population followed almost 

the same trend as the general population. Table 5-26 shows the mean time spent at 3 major 

locations for the CARB and national study grouped by total sample and gender, ages 18-64 

(time use data for the 44 detailed microenvironments are presented in Appendix Table 5A-7). 

Respondents spent most time at home, 892 mins/day for the CARB and 954 mins/day for the 

national study. Californians spent more of their time away from home and traveling 

compared to the national population. 

In addition, Robinson and Thomas (1991) defined a set of 16 microenvironments 

based on the activity and location codes employed in both studies. The analysis included 

data for adolescents (12-17 years) and adults (65 years and older) in both the CARB study 

and the mail-back portion of the 1985 national study (Robinson and Thomas, 1991). The 

mean duration of time for total sample population, 12 years and older, across three types of 

locations are presented in Table 5-27 for both studies. Respondents spent most of their time 

indoors, 1255 and 1279 mins/day for the CARB and national study, respectively. 
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Table 5-25. Mean Time Spent in 10 Major Activity Cateogries Grouped by Total Sample and Gender for the CARB and National Studies (Age 18-64) 

Time Duration (mins/day) 

Activity Category& Activity CARB National CARB 
Codesb (1987-88) (1985) (1987-88) 

Total Sample Men Women 

n = 1,359 n = 1,980 n = 639 n = 720 

Paid Work 00-09 273 252 346 200 

Household Work 10-19 102 118 68 137 

Child Care 20-29 23 2S 12 36 

Obtaining Goods and Services 30-39 61 SS 48 73 

Personal Needs and Care 40-49 642 642 630 655 

't. Education and Training 50-59 22 19 25 20 
tJ 

Organizati~nal Activities 60-69 12 17 11 13 

Entertainment/Social Activities 70-79 (j() 62 S1 SS 

Recreation 80-89 43 so S3 31 

Communication 90-99 202 196 192 214 
I 

a,b = Time use for components of activity categories and codes are shown in Appendix Table SA-6. 

n = total diary days. 

Source Adapted from U.S. EPA, 1991. 

Men 

n = 921 

323 

79 

11 

44 

636 

21 

12 

64 

69 

197 

National 
(1985) 

Women 

. n = 1,059 

190 

155 

43 

62 

645 

16 

20 

62 

43 

194 
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Table S-26. Total Mean Time Spent at 3 Major Locations Grouped by Total Sample and Gender for the CARB and National Study 
(Ages 18-64) 

Location• Codeb CARB National CARB National 
(1987-88) (1985) (1987-88) (198S) 

Total Sample Men Women Men Women 

n* = 1359 n* = 1980 n* = 39 n* = 720 n* = 921 n* = 10S9 

At Home WCOl-13 892 954 822 963 886 10'22 

Away From Home WC21-40 430 384 487 371 445 324 

Travel WCSl-61 116 94 130 102 101 . 87 

Not Ascertained WC99 2 8 1 4 8 7 

Total Time 1440 1440 1440 1440 1440 1440 

*n Total Diary Days. 
a,b = Time use data for the 44 components of location and location codes are pr~nted in Appendix Table SA-7. 

Source: Robinson and Thomas, 1991. 
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Table 5-27. Mean Time Spent at Three Locations for both CARB and National Studies (Ages 
12 and Older) 

Mean duration (mins/day) 

Location Category CARB National 
(n* = 1762) S.E.• (n* = 2762}b S.E.• 

Indoor 12ssc 28 127gc 21 

Outdoor 86d 5 74d 4 

In-Vehicle ~ 4 ~ 2 

Total Time Spent 1440 1440 

• S.E. = Standard Error of Mean 
b Weighted Number - National sample population was weighted to obtain a ratio of 46.5 males and 53.5 

females, in equal proportion for each day of the week, and for each quarter of the year. 
0 Difference between the mean values for the CARD.and National studies is not statistically significant. 
d Difference between the mean values for the CARB and National stu:dies is statistically significant at 

the 0.05 level. 

Source: Robinson and Thomas, 1991. 
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Table 5-28 presents the mean duration of time and standard mean ~-~ ~ ~:~ "" , 

microenvironments grouped by total sample population and gender, respectively. Also 

included is the mean time spent for respondents (Doers) who reported participating in each 

activity. Table 5-28 shows that in both studies men spend more time in autoplaces, garages, 

motor and other vehicles, physical outdoor activities, outdoor sites and work locations. In 

contrast, women spend more time cooking, engaging in other kitchen activities, performing 

other chores and shopping. The same trend holds on a per participant basis as well. 

Table 5-29 shows the mean time spent in various microenvironments grouped by type 

of the day in both studies. Generally, respondents spent most of their time during the 

weekends in restaurants/ bars (CARB study), motor vehicles, outdoor activities, social

cultural settings, leisure/ communication activities, and sleeping. Microenvironmental 

differences by age are presented in Table 5-30. Respondents in the age group 18-24 and 25-

44 spent most of their time in restaurants/bars and traveling. The oldest age group 65 years 

and older spent most of their time in the kitchen (cooking and other kitchen related activities) 

and communication activities. 

Limitations associated with this study are that the CARB survey was based on recall 

and the survey was performed in California only. This may somewhat bias the CARB data 

,set obtained. Another limitation is that the 1985 national study and the CARB studies were 

conducted independently. Therefore, survey designs (i.e., locational coding system) were 

different which may have resulted in varying estimates obtained from both studies, including 

the data that was recorded by Robinson and Thomas (1991). Other limitations are that time 

distribution patterns (statistical analysis) were not provided in both studies and the data are 

short term data. An advantage of this study is that the 1985 national study represent the 

general U.S. population. Also, it provides time estimates by activities, locations, 

microenvironments grouped by age, gender, and type of day. Another advantage is within 

the data comparisons, overall, both data sets showed similar patterns of activity (Robinson 

and Thomas, 1991). 

California Air Resources Board (CA.RB) - Study of Children ,s Activity Patterns - The 

California children's activity pattern survey design provided time estimates of children (11 

years old or less) in various activities and locations (microenvironments) on a typical day 
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TablcS-28. Mean Tune Spent (mini/Day) in Varioua Microeovironmcnta Grouped by Total Population and 
Gendel' (12 years and ova) in the National CARB Data 1i---

f 8 
National Data !d!: 

Mean Duration (standard crrort ot:1 a 1-3 

N = 1284b "Docr"C N = 1478" "Doer" N = 276'i' "Doer" ~ .. o~ 
Microcnvironmait Men Men Women Women Total Total t;:i:j c:: lzj 

01-:'l 

Autoplacc. s (1) 90 1 (0) 35 3 (0) 66 1-3 
txJ 

Rcttaunntlbar 22 (2) 73 20 (2) 79 21 (1) 77 0 
~ 

In-vehicle 92 (3) 99 82 (3) 94 87 (2) 97 

In-V chicle/other 1 (1) 166 1 (0) 69 1 (0) 91 

Physk.al/outdoon 24 (3) 139 11 (2) 101 17 (2) 135 

Phyatcalfmdoon 11 (1) 84 6 (1) 57 8 (1) 74 

Worldatudy-rcaidcncc 17 (2) 153 15 (2) 150 16 (1) 142 

Worldatudy-other 221 (10) 429 142 (7) 384 179 (6) 390 

Cookini: 14 (1) 35 52 (2) 67 34 (1) 57 

Other activitia/kitcben 54 (3) 69 90 (4) 102 73 (2) 88 

Cho rec/child 88 (3) 89 153 (S) 154 123 93) 124 

Shop/errand 23 (2) 56 38 (2) 74 31 (1) 67 

Other/outdoors 70 (6) 131 43 (4) 97 56 (4) 120 

Soc/cultural 71 (4) 118 75 (4) 110 73 (3) 118 

Lciaurc-<:atfmdoora 235 (8) 241 215 (7) 224 224 (S) 232 

Slccpf'mdoon 491 (14) 492 496 (11) 497 494 (9) 495 

CARB Data 
Mean Duration {standard crrorl: 

N = 867" "Docr"c N = 89.s" "Docr" N = 176'i' "Doer" 
Microenvironment Men Men Women Women Total Total 

Autoplac.ea 31 (8) 142 9 (2) so 20 (4) 108 

Rcau.urantlbar 45 (4) 106 28 (3) 86 36 (3) 102 

In-vehicle 105 (7) 119 85 (4) 100 95 (4) 111 

In-V chick:Jothc::- 4 (1) 79 3 (2) 106 3 (1) 94 

Physk.al/outdoors 25 (3) 131 8 (1) 86 17 (2) 107 

Phyaicalrmdoors 8 (1) 63 s (1) 70 7 (1) 68 

Work/1tudy-rc1idcncc 14 (3) 126 11 (2) 120 13 (2) 131 

Work/study-other 213 (14) 398 156 (11) 383 184 (9) 450 

Cooking 12 (1) 43 42 (2) 65 27 (1) SS 

Other activitialkitchcn 38 (3) 65 60 (4) 82 49 (2) 74 

Chorea/child 66 (4) 75 134 (6) 140 100 (4) 109 

Shop/errand 21 (3) 61 41 (3) 78 31 (2) 70 

Other/outdoors 95 (9) 153 44 (4) 82 69 (S) 117 

Soc/cultural 47 (4) 112 59 (S) 114 53 (3) 112 

Lciluro-at/"mdoora 223 (10) 240 251 (10) 263 237 (7) 250 

Slecpf'mdoon 492 {172 499 504 {1~ 506 498 {122 501 

I Standard error of the mean 
It 
~tod ~mbcr • nd who rtcd • • • • each . . • /locatio . • . ts • a: mean time rcapo cnta rcpo partiespating m ac:tiVity n spent m nucroenVJronmcn . 

Source: Robinaon and 'Thomu, 1991. 
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Weekday 

Microenvironment 

1 Autopllces 

2 Restaurant/Bar 

Table S-29. Mean Time Spent (mins/day) in Various Microenvironments by Type of Day 
(Sample Population Ages 12 and Older) 

Mean Duration (standard error'f Mean Duration for •0oer• 
(mins/day) (mins/day) 

CARB NAT 
(n=12S9)• (n=1973)• CARD NAT 

21 (S) 3 (1) 108 73 

29 (3) 20 (2) 83 73 

3 In-Vehicle/Internal Combustion 90 (S) 8S (2) 104 9S 

4 InDVehicle/Other 3 (1) 1 (0) 71 116 

s Physical/Outdoors 14 (2) 15 (2) 106 118 

6 Physical/Indoors 7 (1) 8 (1) 64 68 

7 W~Study-Residence 14 (2) 16 (2) 116 147 

8 Wort/Study-Other 228 (11) 22S (8) 401 415 

9,Cooking 27 (2) 35 (2) SS 51 

10 Other Activities/Kitchen Sl (~) 73 (3) 76 87 

11 Chores/Child 99 (S) 124 (4) 108 125 

12 Shop/Emnd 30 (2) 30 (2) 67 63 

13 Other/Outdoors 67 (6) . 51 (4) 117 107 

14 Social/Cultural 42 (3) 62 (3) 99 101 

15 Leisure-Bat/Indoors 230 (9) 211 (6) 244 218 

16 Sleep/Indoors 490 (14) 481 (10) 495 483 
,-;--\ 
t- 0 

!c!: 
0 

0 1-3 ~ 
HD:::» 
1-3 c:: l:rj 
I:<:! 0 1-3. 

1-3 
t;<J 

0 
!XI 



T&blo 5-29. (Continued) 

Weekend -
Micromvi.romnem Mee Dwation (ltmdard error)8 Mcm Duration for •nocr• 

(mins/day) (mins/day) 

CARD NAT 
(n-503)* (n=789)* CARB NAT 

1 Autoplaces 19 (4) 3 (1) 82 62 

2 Restaurant/Bar SS (6) 23 (2) 127· 84 

3 ln-Vdtlcle/lntemal Combustion 108 (8) 91 (6) 125 100 

4 In-Vdtlcle/Other 5 (3) 0 (0) 130 30 

5 Physical/Outdoors 23 (3) 23 (4) 134 132 

6 Physical/Indoors 7 (1) 9 (2) 72 80 

7 Wort/Study-Residea:c 10 (2) 15 (3) 155 165 
Ut 
Ji.. 8 Wort/Study-Other 74 (11) 64 (6) 328 361 00 

9 Cooking 27 (2) 34 (2) 60 SS 

10 Other Activities/Kitchm 44(3) 73 (4) 71 90 

11 Chores/Child 103 (7) 120 (S) 114 121 

12 Shop/Brrand 35 (4) 3S (3) 81 75 

13 Other/Outdoors 74(7) 67 (7) 126 132 

14 Social/Cultural 19 (7) 99 (6) 140 141 

15 Leisure-Eatllndoon 2S6 (12) 257 (11) 273 268 

16 Sleeplindoors 520 (20) 525 (17) 521 525 Fg 
• Standard Error of Mean l +· I s • Weighted Number a 1--3 t:1 

H ~ 

Source: RobiilSOn and Thomas, 1991. 
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Table 5-30. Mean Time Spent (mins/day) in Various Microenvironments by Age Groups 

National Data 
Microenvironment Mean Duration (Standard Error)b 

Age 12-17 Age 18-24 Age 24-44 Age 45-64 Age65+ 
N=340" •0oer•c N=34()& •0oer•c N=34()& •0oer•c N=34()& •0oer•c N=34()& •0oer•c 

Autoplaces 2 (1) 73 7 (2) 137 2 (1) 43 4 (1) 73 4 (2) 57 

Restaurant/bar 9 (2) 60 28 (3) 70 25 (3) 86 19 (2) 67 20 (S) 74 

In-vehicle/intemal 79 (7) 88 103 (8) 109 94 (4) 101 82 (5) 91 62 (S) 80 
combustion 

In-vehicle/other 0 (0) 12 1 (1) 160 1 (0) 80 1 (1) 198 1 (1) 277 

Physical/outdoors 32 (8) 130 17 (4) 110 19 (4) 164 7 (1) 79 15 (4) 81 

Physical/indoon 15 (3) 87 8 (2) 76 7 (1) 71 7 (2) 77 7 (1) 51 

Work/study-residence 22 (4) 82 19 (6) 185 16 (2) 181 9 (2) 169 5 (3) 297 

Work/study-other 159 (14) 354 2CY1 (20) 391 220 (11) 422 180 (13) 429 35 (6) 341 
Ut 

~ Cooking 11 (3) 40 18 (2) 39 38 (2) 51 43 (3) 64 so (S) 65 

Other iCtivities/kitchen 53 (4) 64 42 (3) SS 70 (4) 86 90 (6) 101 108 (9) 119 

Chores/child 91 (7) 92 124 (9) 125 133 (6) 134 121 (6) 122 119 (7) 121 

Shop/errands 26 (4) 68 31 (4) 6S 33 (2) 66 33 (3) 67 35 (S) 69 

Other/outdoors 70 (13) 129 34 (4) 84 48 (6) 105 60 (7) 118 82 (13) 140 

Social/cultural 87 (10) 120 100 (12) 141 56 (3) 94 73 (6) 116 85 (8) 122 

Leisure-eat/indoors 237 (16) 242 181 (11) 189 200 (8) 208 238 (11) 244 303 (20) 312 

Sleep/indoors 548 (31) 551 511 (26) S12 479 (14) 480 472 (15) 472 S07 (26) 500 ~;--1 
! ~: 0 . . .,. ~... I 
\ btj; 1--' a ~ ::.:0 ' 

1-: . ...._.. I 
....... [) ,. I 

t:-:: :-:: trj 
J 0 t-3 
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Table 5-30. Mean TllDC Spent (mins/day) in Various M~ by Age Groups (c:ootimed) 

CARD Data 
Microenvironment Mean Duration (Sta:adard Error)" 

Age 12-17 Age 18-24 Age 24-44 Age 45~ Age 65+ 
N = 183• •0oer•0 N =250- •0oer•0 N =74!)S •0oer•0 N =-=4069 •0oer•0 N-158• •0oer•0 

Autoplaces 16 (8) 124 16 (4) 71 25 (9) 114 20 (5) 94 9 (2) 53 

Re&aurmt/bu 16 (4) 44 40 (8) 98 44 (5) 116 31 (4) 82 25 (1) 99 

In-vehicle/intemal 78 (11) 89 111 (13) 122 98 (5) 111 100 (11) 117 63 (8) 89 
combustion 

In-vehicle/other 1 (0) 19 3 (1) 60 S (2) 143 2 (1) S6 2 (1) S3 

Physical/outdoors 32 (7) 110 13 (3) 88 17 (3) 128 14 (3) 123 lS (4) 104 

Physical/indoors 20 (4) 6S s (2) 11 6 (1) 61 s (1) n 3 (1) 48 

Work/study-residence 25 (5) 76 30 (11) 161 7 (2) 137 10 (3) 139 S (3) 195 

1.11 Work/study-other 196 (30) 339 201 (24) 344 21S (14) 410 173 (20) 429 30 (11) 336 
I 

~ Cooking 3 (1) 19 14 (2) 40 32 (2) . S9 31 (3) 68 41 (7) 69 

C>qier activities/kitchen 31 (4) Sl 31 (5) SS 43 (3) 6S 62 (6) 91 97 (14) 119 

Chores/child 72 (11) 77 79 (8) 8S 110 (6) 119 99 (8) 109 123 (15) 141 
I 

Shop/errands 14 (3) so 35 (7) 71 33 (4) 71 32 (3) 77 3S (5) 76 

Other/outdoors 58 (8) 78 80 (15) 130 68 (8) 127 76 (12) 134 SS (1) 101 

Social/cultural 63 (14) 109 65 (10) 110 so (5) 122 so (5) 107 49 (7) 114 

Leisure-eat/indoors 260 (27) 270 211 (19) 234 202 (9) 21S 248 (15) 261 386 (34) 394 

Sleep/indoors SS7 (44) S60 506 (30) SlO 487 (17) 491 485 (23) 491 S02 (31) 502 r-g -, 
• I 

• Weighted number.1' ~ b 0 Standard error. 0 1-3 t:1 

c The mean time respondents who reported participating in each activity/location spent in microenvironments. ~ p ~ 1 
...., C:: t:rj I 
L-~ Q 1-3 ' 

So~-ce: Robinson &U.d Thomas, 1991. I tJ 
0 
?:rj 
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(CARB, 1991). The sample population consisted of 1,200 respondents ~~ ' 

under 11 years of age and adult informants residing in the child's household) was selected 

using Waksberg random-digit-dialing methods. The population was also stratified to provide 

representative estimates for major regions of the state. The survey questionnaire included a 

time diary which provided information of the children's activity and location patterns based 

on a 24-hour recall period. In addition, the survey questionnaire included questions about 

potential exposure to sources of air pollution (i.e., presence of smokers) on the diary day and 

the. socio-demographic characteristics (i.e., age, gender, marital status of adult) of children 

and adult respondents. One child was randomly selected from an English-speaking 

household. If the selected child was 8 years old or less, the adult in the same household who 

spent the most time with the child responded. However, if the selected child was between 9-

11 years old, that child responded. The questionnaires and the ti.me diaries were 

administered via a computer-assisted telephone interviewing (CATI) technology (CARB 

1991). The telephone interviews were conducted April 1989 to February 1990 over four 

seasons: Spring (April-June, 1989), Summer (July-September, 1989), Fall (October

December, 1989), and Winter (January-February, 1990). 

The data obtained from the survey interviews resulted in ten major activity categories, 

113 detailed activity codes, 6 major categories of locations, and 63 detailed location codes. 

The average time respondents spent during the 10 activity categories for all children are 

presented in Table 5-31. Also included in this table are the detailed activity, including its 

code, with the highest mean duration of time; the percentage of respondents who reported 

participating in any activity(% doing); and the mean, median, and maximum time duration 

for "doers." The dominant activity category, personal care (night sleep being the highest 

contributor), had the highest time expenditure of 794 mins/day (13.2 hours/day). All 

respondents reported sleeping at night, resulting in a mean daily time per participant of 794 

mins/day. Activity category (don't know) resulted in about 2 mins/day and only 4 percent of 

the respondents reported missing activity time. 

Table 5-32 presents the mean time spent in the 10 activity categories by age and 

gender. Differences in activity patterns for boys and girls tended to be small. Table 5-33 

presents the mean time spent in the 10 activity categories grouped by seasons and California 
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VI 

Activity Categoey 

Wort-related• 

HOWJebold 

Childcare 

Goods/Services 

Personal Care 

Education 

Mem 
Duration 

(Mins) 

10 

53 

< 1 

21 

794 

110 

Table 5-31. Mean T°UDO Children Spent in 10 Major 
Activity Categoriea for all Respondenta 

Mean Median 
Duration Duration 

% Doing for Doera11 forDoors11 

(mins) (min.a) 

2S 39 30 

86 61 40 

< 1 83 30 

26 81 60 

100 794 770 

35 316 335 

~ Orpniational 4 4 111 105 

P.n~Social 

Recreation 

Communication/Passive 
I..eisuro 

Don't know/Not coded 

All Activities° 

15 

239 

192 

2 

1441 

17 87 60 

92 260 .240 

93 205 180 

4 41 15 

•Includes eating at echool or daycare, an activity not grouped under the •education activities• (codes 50-59, 549). 
b •0oers• indicate the respondents who reported participating in each activity category. 
0 Colunm total may sum to 1440 due to rounding error 

Source: CARB, 1991. 

Maximum 
Duration 

for Doeral> 
(mins) 

40S 

602 

290 

450 

1440 

790 

435 

490 

835 

898 

600 

Detailed Activity with 
Highest Avg. Minutes 
(code) 

Eating at woik/achool/daycare 
(06) 

Travel to household (199) 

Other child care (27) 

Errands (38) 

Night sleep ( 45) 

School classes (SO) 

Attend meetings (60) 

Visiting with others (75) 

Games (87) 

TV use (91) 
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Activity 
Category 

Table S-32. Mean Time Children Spent in 10 Major Activity Categories 
Grouped by Age and Gender 

Mean Duiation (mins) 

Boys Girls 

0-2 yrs 3-S yrs 6-8 yrs 9-11 yrs 
All 

Ages 0-2 yrs 3-5 yrs 6-8 yrs 9-11 yrs 

Wodt-related 

Household 

Childcare 

Goods/Services 

Personal Care 

Education 

Organizational 

Entertainment/Social 

Recreation 

Communication/Passive Leisure 

Don't know/Not coded 

All Activities8 

Sample Sizes 
Unweighted N's 

4 9 14 12 

33 45 SS 65 

0 

20 

914 

60 

1 

3 

217 

187 

l 

1440 

172 

0 

22 

799 

67 

3 

lS 

311 

166 

4 

1441 

151 

0 

19 

736 

171 

7 

s 
236 

19S 

1 

1439 

145 

l 

14 

690 

138 

6 

34 

229 

250 

l 

1440 

156 

• The column totals may differ from 1440 due to rounding error. 

Source: CARB, 1991. 

10 

48 

<1 

19 

792 

106 

4 

13 

250 

197 

2 

1442 

624 

s 
SS 

0 

22 

906 

41 

6 

s 
223 

171 

3 

1440 

141 

12 

44 

0 

25 

816 

95 

1 

16 

255 

173 

l 

1438 

1S1 

11 10 

Sl 76 

0 4 

23 22 

766 701 

150 176 

4 6 

9 36 

238 194 

189 213 

<l 3 

144i 1441 

124 160 

All 
Ages 

10 

S7 

l 

23 

797 

us 
4 

17 

228 

186 

2 

1440 

S76 

,-----,~ 
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Table 5-33. Mean Time Children Spent in 10 Major Activity Ca.tegories 
Grouped by Seuons and Regiom 

Activity Categofy Mean Duration (mins) 

Seuon Region 

Wmter Sprina Summer Fall All Rest of All 
(Im-Mar) (Apr-June) (July-Sept) (Oct-Dec) ~ So. Coast Bay Area State Regions 

Work-related 10 10 6 13 10 10 10 8 10 

HOU8thold 47 S8 S3 S2 S3 4S 62 SS S3 

Childcare <1 1 <1 <1 <1 <1 <I I <I 

Goods/Services 19 17 26 23 21 20 21 23 21 

Pmonal Care 799 774 81S 789 794 799 78S 794 794 

Education 124 137 49 131 110 109 llS 109 110 

OrganiDtional 

' 
3 s s 3 4 2 6 6 4 

VI 
~ .Entertainment/Social 14 12 12 22 IS 17 10 16 IS 
~ 

Recreation 221 243 282 211 239 230 241 249 239 

Communication/Passive 203 180 189 19S 192 206 190 175 192 
Lei1111re 

Don't know/Not coded <1 2 3 <1 2 1 1 3 2 

All Activities- 1442 1439 1441 1441 1441 1440 1442 1439 1441 

Sample Sizes 318 204 407 271 1200 224 263 713 1200 
(Unweighted) 

I 
t:J 

• The column totals may not be equal to 1440 due to rounding error. 0 

!2: 
0 

c 1-:l t:1 :::.1 
Soun:e: CARB, 1991. I H,o ~;-

t-3 c: ~.t:J ' 
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There were seasonal differences for 5 activity categories: personati:are,---------' 

educational activities, social/entertainment, recreation, and communication/passive leisure. 

Time expenditure differences in regions were minimal for childcare, work-related activities, 

shopping, personal care, education, social life, and recreation. 

Table 5-34 presents the distribution of time across six location categories. The 

participation rates(%) of respondents, the mean, median, and maximum time for "doers." 

The detailed location with the highest average time expenditure are also shown. The largest 

amount of time spent was at home (1,078 min/day); 99 percent of respondents spent time at 

home (1086 mins/participant/day). Tables 5-35 and 5-36 show the average time spent in the 

six locations grouped by age and gender, and season and region, respectively. There are age 

differences in time expenditure in educational settings for boys and girls (Table 5-35). There 

are no differences in time expenditure at the six locations by regions, and time spent in 

school decreased in the summer months compared to other seasons (Table 5-36). Table 5-37 

shows the average potential exposure time children (grouped by age and gender) spent in 

proximity to tobacco smoke, gasoline fumes, and gas oven fumes. The sampled children 

spent more time closer to tobacco smoke (77 mins/day) than gasoline fumes (2 mins/day) and 

gas oven fumes (11 mins/day). 

A limitation of this study is that the sampling population was restricted to only 

English-speaking households; therefore, the data obtained does not represent a diverse 

population group present in California. Another limitation is that time use data obtained 

from this survey was based on 24-hr recall, which may somewhat create a bias on the 

dataset. Other limitations are: the survey was conducted in California and is not 

representative of the national population, and the significance of the observed differences iin 

the data obtained (i.e., gender, age, seasons, and regions) were not tested statistically. A11 

advantage of this study is that time expenditure in various activities and locations were 

presented for children grouped by age, gender, and seasons. Also, potential exposures of 

respondents to pollutants were explored in the survey. Another advantage is the CATI 

program employed in obtaining time diaries. This program allows automatic coding of 

activities and locations onto a computer tape, and allows activities forgotten by respondents 

to be inserted into its appropriate position during interviewing (CARB, 1991). 
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Table 5-34. Mea Time Childmi Spent in Six Major Location Catogorics for All Reepondmta 

Mean Mea Median Maximum 
Location Catogoly Duration Duration Duration Duration Detailed Location with Hiibcst 

(mini) % Doing (mins) (mini) (mim) Avg.Time 

Home 1,078 99 1,086 1,110 1,440 Home - bedroom 

SchooUChildcue 109 33 330 325 1,260 School or daycare flcllity 

Friend's/Other's House 80 32 251 144 1,440 Friend's/other's house - bedroom 

Stores, Restaurants, Shopping Places 24 35 69 so 475 Shopping mall 

Iri.-transit 69 83 83 60 1,111 Traveling in car 

Other Locations 79 57 139, 105 1,440 Park, playground 

Don't Know/Not Coded <1 1 37 30 90 

"" ~· 
All Locations 1,440 

Source: CARD, 1991. 
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Table S-35. Mean Time Children Spent in Six Location Categories Grouped by Age and Gender 

Mean Duration (mins.) 

Boys Girls 

Location Category 
. All All 

0-2 yrs 3-5 yrs 6-8 yrs 9-11 yrs Boys 0-2 yrs 3-5 yrs 6-8 yrs 9-11 yrs Ages 

Home 1.151 1.134 1.044 1.020 1.094 1.151 1.099 1.021 968 1.061 

SchooUChildcare 86 88 144 120 108 59 102 133 149 111 

Friend's/Other's House 67 73 77 109 80 S6 47 125 102 80 

Stores. Restaurants. Shopping Places 21 25 22 15 21 23 35 27 26 28 

In-transit 54 62 61 62 S9 76 88 S3 93 79 

VI Other Locations 54 58 92 114 77 73 68 81 102 81 
·V. 
"""' 0on•t Know/Not Coded <1 <1 <1 <l <1 <1 <1 <1 <1 <l 

All Locations9 1.439 1.440 1.439 1.440 1.439 1.438 1.440 1.440 1.440 1.440 

Sample Sias (Unweighted) 172 lSl 145 156 624 141 151 124 160 S16 

• The column totals may not sum to 1 .440 due to rounding error. 
,---·-·--1 
! •-1 

Sourec: CARB. 1991. ; ~~; 
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Table S-36. Meu Time Childrea Spent in Six Location Categories Grouped by Season and Region 

Mean Duration (mins.) 

Season Region 

Location Category Wmter Spring Summer Fall All So. Coat Bay Rest of All 
(Jan-Mar) (Apr-June) · (July-sept) (Oct-Dec) Seasons Area State Regions 

Home 1,091 1,042 1,097 1,081 1,078 1,078 1,078 1,078 1,078 

School/Childcare 119 141 52 124 109 113 103 108 109 

Friend's/Other's House 69 75 108 69 80 73 86 86 80 

Stores, Restaurants, Shopping Places 22 21 30 24 24 26 23 23 24 

ln-tnmsit 75 75 60 65 69 71 73 63 69 
. 

Ul Other Locations v. 63 85 93 76 79 79 76 81 79 
00 Don't Know/Not Coded <1 <l <l <l <l <l <l <1 <l 

All Locations9 1,439 1,439 1,440 1,439 1,439 1,439 1,440 1,440 1,439 

Sample Si7.es (Unweighted N's) 318 204 407 271 1,200 224 263 713 1,200 

•The colunm. totals may not sum to 1,440 due to rounding error. 1----··--. 
ti • 

Source: CARB, 1991. 1· 
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Table S-37. Mean Time Children Spent in Proximity to Three Potential Exposures Grouped by All Respondents, Age, and Gender 

Mean Duration (mins.) 

Boys Girls 

Potential Exposures All All All 
Children 0-2 3-S yrs · 6-8 yrs 9-11 yrs Boys 0-2 yrs 3-S yrs 6-8 yrs 9-11 yn Girls 

yrs 

Toblooo Smote 77 115 75 66 66 82 77 68 71 74 73 

Gasoline Fumes 2 2 1 1 4 2 1 1 3 1 1 

Gas Oven Fumes 11 10 ts 12 11 12 12 10 10 7 10 

Sample Sizes 
VI (Unweighted N's) 1,166• 168 148 144 150 610 140 147 122 147 SS6 

°' IO 

• Respondents with missing data were excluded. 

Source: CARB, 1991. 
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Tarshis - The Average American Book- Tarshis (1981) compiled aoook-idoressmg· -

the habits, tastes, lifestyles and attitudes of the American people. In that book, Tarshis 

reported data for personal grooming. The data presented are gathered from small surveys, 

the Newspaper Advertising Bureau and magazines. Tarshis reported frequency and 

percentage data by gender and age for performing grooming activities such as showers and 

baths as the following: 

• 90 percent take some sort of a bath in an average 24-hour period; 

• 5 percent average more than 1 shower or bath a day; 

• 75% of men shower, 25% take baths; 

• 50% of women take showers, 50% take baths; 

• 65% of teenage girls 16-19 shower daily; 

• 55 % of teenage girls take at l~t one bath a week; 
,,, 

"' '" 

• 50% of women use an additive in their bath every time they bath; 

• Younger and richer people are more likely to shower than bath; and 

• Showering is more popular than baths in large cities . 

Limitations of this study is that the data are compiled from small surveys, 

newspapers, and magazines and the data are old. These data may not reflect the current 

trends of general population. An advantage is that is present frequency data that are useful 

in exposure assessment especially concerning volatili7.ation of chemicals from water. 

U.S. EPA - Dermal Exposure Assessment: Principles and Applications - U.S. EPA 

(1992a) addressed the variables exposure time, frequency, and duration that are needed to 

calculate dermal exposure as related to activity. The reader is referred to the document for a 

detailed discussion of these variables in relation to soil and Wilter related activities. The 

suggested defaults values that can be used for dermal exposure are presented in Table 5-38. 

Limitations of this study is that the default values are based on small datasets and a limite<ll 

5-60 



~ -

Table 5-38. Range of Recommended Defaults for Dermal Exposure Factors 

Water Contact 
Bathitm Swimmin2 

Central Upper Central 

Event time and 
frequency-

Exposure 
duration 

10 min/event 
1 event/day 
350 days/yr 

9 years 

15 min/event 
1 event/day 
350 days/yr 

30 years 

0.5 hr/event 
1 event/day 
5 days/yr 

9 years 

• · Bathing event time is presented to be representative of baths as well as showers. 

Source:· U.S. EPA 1992a. 

Upper 

1.0 hr/event 
1 event/day 
150 days/yr 

30 years 

Soil Contact 

Central Upper 

40 events/yr 

9 years 

350events/yr 

30 years 

-------·-· 
Cl I 
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number of studies. An advantage is that it presents default values for·rrequelic}' and'" d'urafion 

when this specific data are not available. 

James and Knuiman - In 1987, James and Knuiman provided a distribution of the 

amount of time spent showering. This distribution was based on diary records of 2,500 

households. Using these data, a cumulative frequency distribution was derived and is 

presented in Table 5-39. Based on these results, the mean shower length is approximately 8 

minutes, the median shower length is approximately 7 minutes and the 90th percentile is 

approximately 12 minutes. 

A limitation of the study is that the data are from households in Australia and may not 

be representative of U.S. households. An advantage is that it is present cumulative 

distribution data. 

5.3.2. Other Relevant Activity Pattern Studies 

Sexton and 'Ryan - .Assessment of Human Exposure to .Air. Pollution: Methods, 

Measurements and Models - Sexton and Ryan (1987) addressed the state of the art air 

pollution exposure assessment and identified gaps for future research. Exposure assessments 

are dependent on pollutant concentration, exposure duration, and frequency of exposures 

(Sexton and Ryan, 1987). There are two basic approaches employed in assessing air 

pollution exposure: (1) air monitoring which involves direct (personal monitors) and indirect 

measurements; and (2) biological measurements in which biological markers are used to 

assess exposure (Sexton and Ryan, 1987). In the direct air monitoring approach, personal 

monitors are worn or carried during an individual's daily activities. Generally, participants 

maintain records of activities during the test periods. However, this approach is expensive 

and inconvenient depending on the sU:e and weight of the monitor. In the indirect approach 

air pollution exposure is integrated by combining pollutant concentrations at fixed locations 

(i.e., outdoors, indoors) with time diaries, i.e. time spent in various specific micro

environments (Sexton and Ryan, 1987). Examples of biological measurements include 

immunoassay, bioassay specific for mutagenicity, and sister chromatid exchange rate. 

Sexton and Ryan (1987) reported that there is a paucity of information on time 

budgets and activity patterns as they relate to exposure. They suggested the need for 
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Table 5-39. Cumulative Frequency Distribution of Average 
Shower Duration for 2,500 Households 

Shower duratio11 
(minutes) 

1 
2 
3 
4 
s 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Cumulative frequency 
(percentage) 

0.2 
0.8 
3.2 
9.8 

22.6 
38.2 
52.6 
63.8 
73.4 
81.0 
86.2 
90.2 
92.4 
94.2 
95.6 
96.8 
97.6 
98.6 
99.4 

100.0 

Source: James and Knuiman, 1987. 
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investigators to conduct more studies relating time-activity patterns to exposures·and studies 

relating factors such as age, gender, socioeconomic status, and occupation to time-activity 

patterns. Sexton and Ryan summarized two earlier studies in which time-activity patterns 

were measured over a 24-hour period. These data are presented in Table 5-40. The 

respondents spent most of their time indoors, 21.95 hours (65 percent of total time) and 

22.41 hours (70 percent of total time) for studies 1 and 2, respectively. 

A limitation associated with this study is that the accuracy and the validity of the data 

presented were not discussed. In addition, the data presented are old, from studies in 1972 

and 1974. There may have been significant changes in time expenditure in various 

microenvironments over two decades ago compared with recent times. Therefore, applying 

this data set to current exposures may bias the results obtained. 

Sell - The Use of Children's Activity Patterns in the Development of a Strategy for 

Soil Sample in West Central Phoenix - In a report prepared for the Arizona Department of 

Environmental Quality, Sell (1989) investigated the activity patterns of preschool and school 

age children in Phoenix. The survey was conducted in two parts: (1) most of the school age 

children were interviewed personally from May through June, 1989 in three schools; and 

(2) survey questionnaires were mailed to parents of preschool children. 

In the first survey, 15 percent of the total school population (2,008) was sampled with 

111 children in grades K-6 participating (response rate of 37 percent). The surveyed 

population was 53.2 percent male and 46.8 percent female. Of this population, 41 percent 

were Hispanics, 49.5 percent Anglos, 7.2 percent Blacks, and 1. 7 percent Asians. The 

children interviewed were between the ages of 5-13 years old. Within each school, the 

children in grades K-6 were stratified into two groups, primary (grades K-3) and intermediate 

(grades 4-6), and the children were selected randomly from each group. However, younger 

children in grades K-2 were either interviewed in school or at home in the presence of a 

parent or an adult care-provider. In the course of the interview, children were asked to 

identify locations of activity areas, social areas (i.e., places they went with friends), favorite 

areas, and locations of forts or clubhouses. Aerial photographs were used to mark these 

areas. 
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Table 5-40. Summary of Mean Time-Activity Patterns Over a 24-Hour-:PeriO<l ___ _ 

Time Duration (Hours) 

Location Study 1 • Study 2b 

Indoors 

Home 

Work 

Other 

Outdoors 

Home 

Work 

Other 

In Transit 

Subtotal 

Subtotal 

All Modes 

Total 

• Study 1 - Chapin (1974) 
b . Study 2 - Szalai (1972) 

16.03 

4.61 

1.31 

21.95 

0.27 

0.27 

0.54 

1.16 

23.65° 

0 Shortfall from 24-hr. not explained by author 

Source: Sexton and Ryan 1987 
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16.75 

4.03 

1.63 

22.41 

0.23 

0.12 

.0.35 

1.25 

24.01 
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The second survey involved only preschool children. Parents completea 

questionnaires which provided information on the amount of time their children spent 

outdoors, outdoor play locations, favorite places, digging areas, use of park or playgrounds, 

and swimming or wading locations. This survey was conducted between June-July, 1989. 

One thousand (1,000) parents were sampled, but only 211 questionnaires were usable out of 

886 questionnaires received. Therefore, the response rate for the preschool's survey was 

about 24 percent (based on the 886 valid sample units). The sample population consisted of 

children 1 month and up to preschool age. Of this population, 53 percent were Anglos, 18 

percent Hispanics, 2 percent Blacks, and 3 percent Asians. 

The survey design emphasiz:ed the kind of activities children engaged in, but not the 

amount of time children spent performing each activity. Therefore, Sell (1989) presented the 

data obtained from the survey in terms of percent of respondents who engaged in specific 

activities or locations. A summary of percent responses of the preschool and school-age 

children's activities at various locations in the Maryvale study areas are presented in 

Table 5-41. Also included in this table is a ranking of children's play locations based on 

other existing research works. Based on the survey data, Sell (1989) reported that the 

median time preschool children spent outdoors on weekdays was 1-2 hours, and on weekends 

the median time spent outdoors was 2-5 hours. Most of these children played outside in their 

own yards, and some played in other people's yards or parks and playgrounds (Sell, 1989). 

A limitation associated with this study is that the survey design did not report the time 

spent in various activities or locations. Another limitation of this study is that the response 

rates obtained from the surveys were low and may result in biased data. In addition, the 

survey was conducted in Arizona, therefore, the surveyed population does not represent the 

children's population on a national basis. An advantage of this study is that various activities 

children engage in and locations of these activities were examined. It provides for time spent 

outdoors. This information is also useful in determining exposure pathways to toxic 

pollutants for children. 
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Table 5-41. Percent Responses of Children's "Play" (activities) Locations in Maryvale, Arizona• 

Location 

Residential Yards 

School Playgrounds 

Parks and Recreation Areas 

Commercial 

Industrial 

Institutional 

Streets 

All~ys 

Parking Lots 

Vacant Lots/Canals/Fields 

Preschool 
n = 211 

143b 

0 

42 

2 

0 

1 

3 

1 

0 

1 

% Responses 

Primary Grades (K-3) Intermediate Grades (4-6) 
n = 45 n = 66 

124b 132b 

53 52 

53 33 

24 27 

0 2 

2 0 

24 41 

2 9 

9 9 

1 8 

• Survey was conducted in Maryvale (West Central Phoenix), Arizona 
b Percentages greater than 100, because many children played in more than one location 
c Ranking of children's activity locations were obtained from other literature sources. 

Source: Sell, 1989. 

I Ranking of Children's "Play• 
Locationsc 

Residential (Own and Others) 

Parks and Recreation Areas 

Street/Path/ Alley 

NaturalNacant Areas 

School 

Institutional 

Commercial 

Parking Lots 

Child Built Places 

Water 

Industrial 

1-;-·-
! 0 

2: 
0 

0 1-3 \::: 
1-1 ~ 
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5.4. POPULATION MOBILITY 

5.4.1. Back&round 
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An assessment of population mobility can assist in determining the length of time a 

household is exposed in a particular location. For example, the duration of eXJK?sure to 

site-specific contamination, such as a polluted stream from which a family fishes or 

contaminated soil on which children play or vegetables are grown, will be directly related to 

the period of time residents live near the contaminated site. 

Information regarding population mobility is compiled and published by the U.S. 

Bureau of the Census (BOC). Banks, Insurance Companies, Credit Card Companies, Real 

estate and housing associations use residence history information. However, this information 

is mostly confidential. Information gathered by the BOC provides information about 

population mobility. However, it is difficult to determine the average residence time of a 
1111 

homeowner or apartment dweller from this information. Census data provide representations 

of a cross-section of the population at specific points in time, but the surveys are not 

designed to follow individual families through time. The most current Bureau of the Census 

information about annual geographical mobility and mobility by State is summarized in 

Appendix SB. Figure 5-1 graphically displays the proportion of movers who made each type 

of move. 

Available information was provided by the Oxford Development Corporation, The 

National Association of Realtors, and the Bureau of the Census. According to Oxford 

Development Corporation, a property management firm, the typical residence time for an 

apartment dweller for their corporation has been estimated to range from 18 to 30 months (S. 

Cameron Hendricks, Sales Department, Oxford Development Corporation, Gaithersburg, 

MD, personal communication with P. Wood (Versar) August 10, 1992). 

5.4.2. Population Mobility Studies 

, The National Association of Realtors (NARJ (1993) The Home Buying and Selling 

Process - The survey was conducted by mailing a questionnaire to 15,000 home buyers 

throughout the U.S. who purchased homes during the second half of 1993. The survey was 
' 11, 

conducted in December 1993 and 1,763 usable responses were received, a response rate of 
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Different County 
Same State 

18.5% 

Local Movers, Within 
Same County 

61.95% 

Different State 
16.8% 
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Abroad 
2.9% 

Figure S-1. Distribution of individuals moving by type of move: 1991-92 

Source: U.S. Bureau of the Census, 1993 
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12 percent. Of the respondents, forty-one percent were first time buyers. ome uy r 

names and addresses were obtained from Dataman Information Services. Dataman compiles 

information on residential real estate transactions from more than 600 counties throughout the 

United States using the Courthouse deed records. Most of the 250 Metropolitan Statistical 

Areas are also covered in Dataman's data compilation. 

The survey results indicate that the average tenure of home buyers is 7 .1 years based 

on an overall residence history of the respondents. These results are presented in 

Table 5-42. The home buyers were questioned on the length of time they own~ their 

previous home. A typical repeat buyer was found to have lived in their previous home 

between four and'seven years. The results of the survey are presented in Table 5-43. The 

median length of residence in respondents' previous homes was found to be 6 years. 

The number of miles the respondents moved to their new homes were typically short 

distances. Seventeen (17) percent of the respondents purchased homes over 100 miles from 

their previous homes. However, 49 percent purchased homes less than 10 miles away. 

These data are presented in Table 5-44. 

Israeli and Nelson (1992) - Distribution and Expected Time of Residence for U.S. 

Households - In risk assessments, the average current residence time (time since moving into 

current residence) has often been used as a substitute for the average total residence time 

(time between moving into and out of a residence) (Israeli and Nelson, 1992). Israeli and 

Nelson (1992) have estimated distribution and expected time of residence for U.S. · 

households. Distributions and averages for both current and total residence times were 

calculated for several housing categories using the 1985 and 1987 Bureau of the Census 

housing survey data. The total residence time distribution was estimated from current 

residence time data by modeling the moving process (Israeli and Nelson, 1992). Israeli and 

Nelson estimated the average total residence time for a household to be approximately 4.6 

years or 1/6 of the expected life span (see Table 5-45). The maximal total residence time 

that a given fraction of households will live in the same residence is presented 

in Table 5-46. For example, only S percent of the individuals in the "All Households" 

category will live in the same residence for 23 years and 95 percent will move in less than 

23 years. 
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Table 5-42. Summary of Residence Time of Recent Home Buyers-------

Number of years lived 
in previous house 

1 year or less 
2-3 
4-7 
8-9 

10 years or more 

Source: NAR, 1993. 
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Percent of Respondents 

2 
16 
41 
31 
32 
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Tenure in Previous Home (Percentage DistributioliJ------..J 

Percent 

1987 1989 1991 1993 

One year or less s 8 4 2 

2-3 Years 25 15 21 16 

4-7 Years 36 22 37 40 

8-9 Years 10 11 9 10 

10 or More Years 24 34 29 32 

Total 100 100 100 100 

Median 6 6 6 6 

Source: NAR, 1993 
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Table 5-44. Number of Miles Moved (Percentage DistributiobJ---· 

First-Time Repeat New Home Existing 
All Buyers Buyer Buyer Buyer Home Buyer 

Miles Percent 

Less than 5 miles 29 33 27 23 31 

5 to 9 miles 20 25 16 18 20 

10 to 19 miles 18 20 17 20 17 

20 to 34 miles 9 11 8 12 9 

35 to 50 miles 2 2 2 2 3 

51 to 100 miles 5 2 6 6 4 

Over 100 miles 17 6 24 19 16 

Total 100 100 100 100 100 

Median 9 8 11 11 8 

Mean 200 110 270 230 190 

Source: NAR, 1993 
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Table 5-45. Values aad Their Standard Errors for Average Tol&l Reside.nee T°?EDO, T, for Each Group in Survey& 

Average total Average cuncm Households 
residence S.D. residtnce (pcrCent) 

time ST time 
Households T (years) (years) Tea (years) 1985 

All households 4.55 ± 0.60 8.68 10.56 ± 0.10 100.0 
Renters 2.35 ± 0.14 4.02 4.62 ± 0.08 36.5 
Ownem 11.36 ± 3.87 13.72 13.96 ± 0.12 63.5 
Farms 17.31 ± 13.81 18.69 18.75 ± 0.38 2.1 
Urban 4.19 ± 0.53 8.17 10.07 ± 0.10 74.9 
Rural 7.80 ± 1.17 11.28 12.06 ± 0.23 25.1 
Northeast region 7.37 ± 0.88 11.48 12.64 ± 0.12 21.2 
Midwest region S.11 ± 0.68 9.37 11.15 ± 0.10 25.0 
South region 3.96 ± 0.47 8.03 10.12 ± 0.08 34.0 
West region 3.49 ± 0.57 6.84 8.44 ± 0.11 19.8 

VI 
.!.I 
.p. 

• Values of the average current residence time, Tea, arc given for comparison. 

Source: lmeli and Nelson, 1992. 

1987 
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Table 5-46. Total Residence Time, t (years), Corresponding to Selected Vahies of R(tf by Housing Category 

R(t) = 0.05 0.1 0.25 0.5 

All households 23.1 12.9 3.7 1.4 
Renters 8.0 5.2 2.6 1.2 
Owners 41.4 32.0 17.1 5.2 
Farms 58.4 48.3 'lf>. 7 10.0 
Urban 21.7 10.9 3.4 1.4 
Rural 32.3 21.7 9.1 3.3 
Northeast region 34.4 22.3 7.S 2.8 
Midwesi egion 25.7 15.0 4.3 1.6 
South region 20.7 10.8 3.0 1.2 
West region 17.1 8.9 2.9 1.2 

. 'Vt • R(t) = fraction of households living in the same residence for t years or more • 
.!J 
Vt Source: Israeli md Nelson, 1992. 
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The authors note that the data presented are for the expected time a household will 

stay in the same residence. The data do not predict the expected residence time for each 

member of the household, which is generally expected to be smaller (Israeli and 

Nelson, 1992). These values are more realistic estimates for the individual total residence 

time, than the average time a household has been living at its current residence. The 

expected total residence time for a household is consistently less than the average current 

residence time. This is caused by greater weighting of short residence time when calculating 

the average total residence time than when calculating the average current residence time 

(Israeli and Nelson, 1992). When averaging total residence over a time interval, frequent 

movers may appear several times, but when averaging current residence times, each 

household appears only once (Israeli and Nelson, 1992). According to Israeli and Nelson, 

the residence time distribution developed by the model is skewed and the median values are 

considerably less than the means (T), which are less than the average current residence 

times. 

U.S. Bureau of the Census (1993) -American Housing Survey for the United States in 

1991 - This survey is a national sample of 55,000 interviews in which collected data were 

presented by owners, renters, black householder, and hispanic householder. The data 

reflects the number of years a unit has been occupied and represent all occupied housing 

units that the residents rented or owneQ. .at the time of the survey. 

The results of the survey pertaining to residence time of owner/renter occupied units 

in the U.S. is presented in Table 5-47. Using the data in Table 5-47, the percentages of 

householders living in houses for specified time ranges were determined and are presented in 

Table 5-48. Based on the Bureau of the Census data in Table 5-47, the 50th percentile and 

the 90th percentile values were calculated for the number of years lived in the householder's 

current house. These values were calculated by apportioning the total sample size (93,147 

households) to the indicated percentile associated with the applicable range of years lived in 

current home. Assuming an even distribution within the appropriate range, the 50th and 90th 

percentile values for years living in current home were determined to be 9 .1 and 32. 7 years, 

respectively. These were then rounded to 9 and 33 years. Based on the above data, the 
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Table 5-47. Residence Time of Owner/Renter Occupied Uni~---

Year householder 
moved into unit 

1990-1994 
1985-1989 
1980-1984 
1975-1979 
1970-1974 
1960-1969 
1950-1959 
1940-1949 
1939 or earlier 

Source: U.S. Bureau of the Census, 1993. 

Total 

5-77 

Total occupied 
units 

(numbers in thousands) 

24,534· 
27,054· 
10,613 
9,369 
6,233 
7,933 
4,754 
1,772 
___m 

93,147 
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Table 5-48. Percent of Householders Living in Houses for Specified Ranges of Time 

Years lived in 
current home 

0-4 
5-9 
10-14 
15-19 
20-24 
25-34 
35-44 
45-54 
>SS 

Source: Adapted from U.S. Bureau of the Census, 1993. 
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Percent of 
total households 

26.34 
29.04 
11.39 
10.06 
6.69 
8.52 
5.1 
1.9 
0.95 
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range of 9 to 33 years is assumed to best represent a central tendency estimate -C>TTength of 

residence and upper percentile estimate of residence time, respectively. 

A limitation associated with the above analysis is the assumption that there is an even 

distribution within the different ranges. As a result, the 50th and 90th percentile values may 

be biased. 

Johnson and Capel (1992) - A Monte Carlo Approach to Simulating Residential 

Occupancy Periods and it's Application to the General U.S. Population - Johnson and Capel 

developed a methodology to estimate the distribution of the residential occupancy period 

(ROP) in the national population. ROP denotes the time (years) between a person moving 

into a residence and the time the person moves out or dies. The methodology uses a Monte 

Carlo approach to simulate a distribution of ROP for 500,000 persons using data on 

population, mobility, and mortality. 

The methodology consists of six steps. The first step defines the population of 

interest and categorizes them by location, gender, age, sex and race. Next the demographics 

groups are selected and the fraction of the specified population that falls into each group is 

developed using Bureau of the Census (BOC) data. A mobility table is developed based on 

BOC data. This table provides the probability that a person with specified demographics did 

not move during the previous year. The fifth step uses data on vital statistics published by 

the National Center for Health Statistics and develops a mortality table which provides the 

probability that individuals with specific demographic characteristics would die during the 

upcoming year. As a final step, a computer based algorithm is used to apply a Monte Carlo 

approach to a series of persons selected at random from the population being analyzed. 

Table 5-49 presents the results for residential occupancy periods for the total 

population and by gender. The estimated mean ROP for the total population is 11.7 years. 

The distribution is skewed (Johnson and Capel, 1992): the 25th, 50th, and 15th percentiles 

are 4, 9, and 16 years, respectively. The 90th, 95th, and 99th percentiles are 26, 33, and 47 

years, respectively. The mean ROP for males is 11.1 years and 12.3 years for females, and 

the median value is 8 years for males and 9 years for females. 

Descriptive statistics for subgroups defined by current ages were also calculated. 

These data, presented by gender, are shown in Table 5-50. The mean ROP increases from 
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Table 5-49. 

Statistic Value of statistic 

Bothamdcrs Males only Pomales only 

Number of simulated persons 500,000 244,274 255,726 

Reeidmtial occupancy period, years 
Mean 11.7 11.1 12.3 
Sth parcmtile 2 2 2 
10th percmtilo 2 2 2 
25th pcrccntilo 3 4 s 
SOth parcmtilo 9 8 9 
15th percentile 16 15 17 
90th percentile 26 24 28 
9Sth percmtilo 33 31 35 
98th percentile 41 39 43 
99th peiccatilo 47 44 49 
99.Sth percentile 51 48 53 
99.Sth percentile 55 53 58 
99.9th percmtile 59 56 61 
Second laJ'iest value 75 73 75 
Larsest value 87 73 87 

Source: Johnaon and Capel, 1992. 
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Table S-SO. Descriptive Statistics for Both Genders by Current AgeL_ ____ .. ·····-----~--J 

Resideatial occupancy period, years 

Current Percentile 

age, years Mean 25 I so I 1S I 90 I 9S I 99 

3 6.S 3 s 8 13 17 22 
6 8.0 4 7 10 lS 18 22 
9 8.9 s 8 12 16 18 22 
12 9.3 s 9 13 16 18 23 
lS 9.1 s 8 12 16 18 23 
18 8.2 4 7 11 16 19 23 
21 6.0 2 4 8 13 17 23 
24 S.2 2 4 6 11 lS 25 
27 6.0 3 s 8 12 16 27 
30 7.3 3 6 9 14 19 32 
33 8.7 4 7 11 17 23 39 
36 10.4 s 8 13 21 28 47 
39 12.0 s 9 lS 24 31 48 
42 13.S 6 11 18 27 3S 49 
4S lS.3 7 13 20 31 38 S2 
48 16.6 8 14 22 32 39 S2 
Sl 17.4 9 lS 24 33 39 so 
S4 18.3 9 16 25 34 40 so 
S7 19.1 10 17 26 3S 41 Sl 
60 19.7 11 18 27 3S 40 Sl 
63 20.2 11 19 27 36 41 Sl 
66 20.7 12 20 28 36 41 so 
69 21.2 12 20 29 37 42 so 
72 21.6 13 20 29 37 43 S3 
7S 21.S 13 20 29 38 43 S3 
78 21.4 12 19 29 38 44 S3 
81 21.2 11 20 29 39 4S SS 
84 20.3 11 19 28 37 44 S6 
87 20.6 10 18 29 39 46 S1 
90 18.9 8 lS 27 40 47 S6 

All ages 11.7 4 9 16 26 33 47 

Source: Johnson and Capel, 1992. 
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age 3 to age 12 and there is a noticeable decrease at age 24. However, there is a steady 

increase from age 24 through age 81. 

The.re are a few biases within this methodology which have been noted by authors. 

The probability of not moving is estimated as a function only of gender and age. The Monte 

Carlo process assumes that this probability is independent of (1) the calendar year to which it 

is applied, and (2) to the past history of the person being simulated. These assumptions, 

according to Johnson and Capel are not entirely correct. They believe that extreme values 

arc a function of sample si7.e and will, for the most part, increase as the number of simulated 

persons increases. 

Lehman - H~owners Relocating at Faster Pace - Lehman (1994) presents data 

gathered by the Chicago Title and Trust Family Insurers. The data indicates that in 1993, 

the average U.S. homeowners moved every 12 years. In 1992, homeowners moved every 

13.4 years and in 1991, every 14.3 years. Data from the U.S. Bureau of the Census indicate 

that 7 percent of the owner population moved in 1991. Based on this information, Lehman 

has concluded that it would take 12 years for 100 percent of owners to move. According to 

Lehman, Bill Harriett of the U.S. Bureau of the Census has been quoted to state that 14 

years is a closer estimate for 100 percent of home owners to move. Other data presented in 

the article state that homeowners in Virginia moved ever 11.1 years and in Maryland every 

11.7 years. An advantage of this study is that it provides percentile data for the residential 

occupancy period. 

5-82 



S.S REFERENCES FOR CHAPrER S 

r DRAFT 

I
I DO NOT QUOTE OR 

CITE 
------....: 

Andelman, J.B.; Meyers, S.M.; Wilder, L.C. (1986) Volatiliz.ation of organic chemicals 
from indoor uses of water. In: Lester, J.N.; Perry, R.; Sterritt, R.M.; eds. Chemicals 
in the environment. London: Selper Ltd. 

Brainard, J.; Burmaster, D. (1992) Bivarite distributions for height and weight of men and 
women in the United States. Risk Anal. (12)2:267-275. 

Burmaster, D.E.; Lloyd, K.J.; Crouch, E.A.C. (1994) Lognormal distributions of body 
weight as a function of age for female and male children in the United States. 
submitted to Risk Anal. pp. 1-11. 

California Air Resources Board (CARB). (1991) California Environmental Protection 
Agency, Air Resources Board Research Division. 

Carey, M. (1988) Occupational tenure in 1987: Many workers have remained in their 
fields. Monthly Labor Review. October 1988. 3-12. 

Carey, M. (1990) Occupational tenure, employer tenure, and occupational mobility. 
Occupational Outlook Quarterly. Summer 1990: 55-60. 

Chapin, S. (1974) Human activity patterns in the city: things people do in time and in 
space. New York: Wiley Interscience. 

Hill, M.S. (1985) Patterns of time use. In: Juster, F.T.; Stafford, F.P., eds. Time, 
goods, and well-being. Ann Arbor, MI: University of Michigan, Survey Research · 
Center, Institute for Social Research, pp. 133-166. 

Israeli, M; Nelson, C.B. (1992) Distribution and expected time of residence for U.S. 
households. Risk Anal. 12(1):65-72. 

James, l.R.; Knuiman, M. W. (1987) An application of Bayes methodology to the analysis 
of diary records from a water use study. J. Am. Sta. Assoc. 
82(399):705-711. 

Johnson, T. and Capel, J. (lm) A monte carlo approach to simulating residential 
occupancy periods and its application to the general U.S. population. Research 
Triangle Park, NC: U.S. Environmental Protection Agency, Office of Air Quality and 
Standards. 

5-83 



! . DM;~·~~ .. ·---/ 

I
I DO NOT ~UD'.i'E OR I 

CITE 
Juster, F.T.; Hill, M.S.; Stafford, F.P.; Parsons, I.E. (1983) Study description-.-------' 

1975-1981 time use longitudinal panel study. Ann Arbor, MI: The University of 
Michigan, Survey Research Center, Institute for Social Research. 

Juster, F.T. (1985) A note on recent changes in time use. In: Juster, F.T.; Stafford, F.P.; 
eds. Time, goods, and well-being. Ann Arbor, MI: University of Michigan, Survey 
Research Center, Institute for Social Research. pp. 313-330. 

Juster, F.T.; Stafford, F.P.; eds. (1985) Time, goods, and well-being. Ann Arbor, MI: 
University of Michigan, Survey Research Center, Institute for Social Research. 

Kalton, G. (1985) Sample design issues in time diary studies. In: Juster, F.T.; 
Stafford,F.P., eds. Time, goods, and well-being. Ann Arbor, MI: University of 
Michigan, Survey Research Center, Institute for Social Research. pp. 93-108. 

Keavon, J. (1989) The home buying and selling process. National Association of 
Realtors. 

Lehman, H.J. (1994) Homeowners relocating at faster pacce. Virginia Homes Newspaper, 
Saturday, June 15, P. El. 

National Association of Realtors (NAR). (1993) The homebuying and selling process: 1993. 
The Real Estate Business Series. Washington, DC: NAR. 

National Center for Health Statistics. (1987) Anthropometric reference data and prevalence 
of overweight, United States, 1976-80. Data from the National Health Survey, Series 
11, No. 238. Hyattsville, MD: U.S. Department of Health and Human Services, 
Public Health Service, National Center for Health Statistics. DHHS Publication No. 
(PBS) 87-1688. 

Robinson, J.P. (1977) Changes in Americans' use of time: 1965-1975. A progress report. 
Cleveland, OH: Cleveland State University, Communication Research Center. 

Robinson, J.P; Thomas, J. (1991) Time spent in activities, locations, and microenvironments: a 
California-National Comparison Project report. Las Vegas, NV: U.S. Environmental 
Protection Agency, Environmental Monitoring Systems Laboratory. 

" 
Sell, J. (1989) The use of children's activity patterns in the development of a strategy for soil 

sampling in West Central Phoenix. The Ariz.ona Department of Environmental Quality, 
Phoenix, Ariz.ona. 

S-84 



r- --- --··---
' DRAFT , 
I DO "~OT C:I'-''':-;;• r ;:;. 1 I J.~ c I ~~j.~ -. , '-'-. i 

Sexton, K; Ryan, P.B. (1987) Assessment of human exposure to air polliitiol'f:·-metlioos,---
measurements, and models. In: Watson, A.; Bates, R.R.; Kennedy, D., eds. Air · 
pollution, the automobile and public he.a.1th: research opportunities for quantifying risk. 
Washington, DC: National Academy of Sciences Press. 

Spencer, G. (1989) Projections of the populations of the United States by age, sex, and 
race: 1988 to 2080. Washington, DC: U.S. Department of Commerce, Bureau of the 
Census. Series, P-25, No. 1018. 

Szalai, A.; ed. (1972) The use of time: daily activities of urban and suburban populations 
in twelve countries. Paris: Mouton, The Hague. 

Tarshis, B. (1981) The "Average American" book. New York, NY: New American 
Library, p. 191. 

Timmer, S.G.; Eccles, J.; O'Brien, K. (1985) How children use time. In: Juster, F.T.; 
Stafford, F.P.; eds. Time, goods, and well-being. Ann Arbor, MI: University of 
Michigan, Survey Research Center, Institute for Social Research, pp. 353-380. 

University of Michigan. (1976) Ann Arbor, MI: Institute for Social Research. Unpublished 
data. 

U.S. Bureau of the Census. (1984) Statistical abstract of the United States: 1985. 105th 
ed. Washington, DC: U.S. Government Printing Office. 

U.S. Bureau of the Census. (1989a) Current Population Reports, Population Characteristics; 
Series P-20, No. 430 Geographical Mobility: March 1986 to March 1987. Washington, 
DC: U.S. Government Printing Office. 

U.S. Bureau of the Census. (1989b) American Housing Survey for the United States in 
1987. Survey for the United States in 1987. Washington, DC: U.S. Government Printing 
Office .. 

U.S. Bureau of the Census. (1990) Statistical abstract of the United States: 1990. llOth 
ed. Washington, DC: U.S. Government Printing Office. 

U.S. Bureau of the Census. (1993) Geographical mobility: March 1991 to March 1992. 
Current population reports P .20-473. 

U.S. Bureau of the Census. (1994) Statistical abstracts of the United States, 1994. 114th 
edition. The National Data Book. 

5-85 



DRAF·~-··· -··-J· 
l
j DO NOT QUOTE OR 

CITE 
U.S. EPA. (1985) Development of statistical distributions or ranges of standard facwrs used m 

exposure assessments. Washington, DC: Office of Health and Environmental Assessment. 
EPA No. 600/8-85-010. Available from: NTIS, Springfield, VA. PB85-242667. 

Washington Surburban Sanitary Commission. (1990) Water conservation, saving time, money ' 
and a critical resource. Laurel, MD: WSCS. 

5-86 



APPENDIX 5-A 

DR1\li'T : I 
.. ·····-· ·---

no No1' o.u0TE oR / 
CITE 

Activity Patterns Codes and Occupational Tenure Data 





----···-------. 
DR/;FT 

(
1 DO NOT 0.U:'.:TE OR 

CITE 
Table SA-1. Activity Codes and Descriptors Used For Adult Time D~ 

WORK AND OTHER INCOME-PRODUCING ACTIVITIES 

Paid Wort 

01 Normal work: activities at the main job including wOik brought home, travel that is part of the job, and 
overtime; •woddng, • •at work• 
Work at home; work activities for pay done in the home when home is the main workplace (include travel 
as above) 

02 Job search; looking for work, including visits to employment agencies, phone calls to prospective 
employers, answering want ads 
Unemployment benefits; applying for or collecting unemployment compensation 
Welfare, food stamps; applying for or collecting welfare, food stamps 

OS Second job; paid work activities that are not part of the main job (use this code only when R• clearly 
indicates a second job or •other• job); paid work for those not having main job; garage sales, rental 
property 

06 Lunch at the workplace; lunch eaten at work, cafeteria, lunchroom when •where• == wOik (lunch at a 
restaurant, code 44; lunch at home, code 43) 
Eating, smoking, drinking coffee as a secondary activity while woddng (at workplace) 

07 Before and/or after work at the workplace; activities at the workplace before starting or after stopping 
work; include •conversations,• other work. Do not code secondary activities with this primary activity 
Other work-related 

08 Coffee breaks and other breaks at the workplace; unscheduled breaks and other nonwork during work 
hours at the workplace; •took a breaJi.•; •had coffee• (u a primary activity). Do not code secondary 
activities with this primary activity 

09 Travel; to and from the workplace when R's travel to amd from work were both interrupted by stops; 
waiting for related travel 
Travel to and from the workplace, including time spent awaitin~ transportation 

HOUSEHOLD ACTIVITIES 

10 Meal preparation: cooking, fixing lunches 
Serving food, aetting table, putting groceries away. unloading car after grocery shopping 

11 Doing dishes, rinsing dishes, loading dishwasher 
Meal cleanup, clearing table, unloading dishwasher 

SA-1 
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Activity Codes and Descriptors Used For Adult Time Diaries-CCcmtihUed) 

HOUSEHOLD ACTIVITIES (continued) 

~(continued) 

12 Mi.!lcell•DMus, •worked around house.• NA if indoor or outdoor - Routine indoor cleaning and chores, 
picking up, dusting, making beds, washing windows, vacuuming, •cleaning,• •fall/spring cleaning,• 
•housework• 

14 Laundry and clothes care -wash 
Laundry and clothes care - iron, fold, mending, putting away clothes C-Sewing• code 84) 

16 Repairs indoors; fixing, repairing appliances 
Repairs indoom; fixing, repairing furniture 
Repairs indoors; fixing, repairing furnace, plumbing, painting a room 

17 Care of houseplants 

19 Other indoor, NA whether cleanin& or repair; •did things in house• 

Outdoor 

13 Routine outdoor cleaning and chores; yard work, raking leaves~ mowing grass, garbage ~val, onow 
ahoveJinB~ putting on storm windows, cleaning garage, cutting wood 

16 Repair, maintenance, exteri~r; fuung repairs outdoors, pahiting the house, fixing the roof, repairing the 
driveway (patching) 
Home improvements: additions to and remodeling done to the house, garage; new roof 
Improvement to grounds around house; repaved driveway 

17 Gardeaing; flower or vegetable gardening; spading, weeding, composting, picking, worked in garden• 

19 Other outdoor; •worked outside,• •puttering in garage 

MISCEU.ANEOUS HOUSEHOLD CHORES 

16 Car care; nccessaey repairs and routine care to cars; tune up 
Car maintenance; changed oil, changed tires, washed cars; •worked on car• except when clearly as a 
hobby - (code 83) 

17 Pet care; care of household pets including activities with pets; playina with the dog; walking the dog; 
(caring for pets of relatives, friends, code 42) 

(continued on the following page) 
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Table SA-1. Activity Codes and Descriptors Used For Adult Time D.iaries {COntiniied) 

MISCBLLANBOUS HOUSEHOLD CHORES (continued) 

19 Household paperwork; paying bills, balancing the checkbook, making lists, getting the mail, working on 
the budget 
Other household chores; (no travel), picking up things at home, e.g., •picked up deposit slips• (relate 
travel to purpose) 

CHILD CARE 

Child Care for Children of Household 

20 Baby care; care to children aged 4 and under 

21 Child care; care to childre.n aged s•-17 
Child care; mixed ages or NA ages of childre.n 

22 Helping/teaching childre.n learn, fi£,-lnake things; helping son bake cookies; helping daughter fix bike 
Help with homework or supervising homework 

23 Giving cbildre.n orders or instructions; asking them to help; telling the~~ to behave 

Disciplining child; yelling at kids, spanking childre.n; correcting child.re.n's behavior 
Reading to child -
Conversations with household childre.n only; listening to children 

24 Indoor playing; other indoor activities with childre.n (including games C-playing•) unless obviously outdoor 
pmes) 

2S Outdoor playing; outdoor activities with childre.n including sports, walks, biking with, other outdoor 
games 
Coaching/leading outdoor, nonorganizational activities 

26 Medical care at home or outside home; activities associated with child.re.n's health; •took son to doctor,• 
•pve daughter medicine• 

Other Child Care 

27 Babysitting (unpaid) or child care outside R's home or for cbildre.n not remding in HH 
Coordinating or facilitatina child's social or instructional nonschool activities; (travel ielated, code 29) 
Other child care, includina phcao conversations relating to child care other than medical 

29 Travel ie1ated to child'11IOCial and instructional DODlchool activities 
Other travel related to child care activities; waitina for related travel 

SA-3 
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OBTAINING GOODS AND SERVICES 

~ (include phone calls to obtain goods) 

30 Groceries; mpermarket, shopping for food 
All other ahoppina for aoods; includina for clotbina, small appliances; at drugstores, hardware stores, 
departme.nt stores, •downtown• or •uptown,• •shoppina, • •shoppina center,• buyina ps, •window 
shoppma· 

31 Durable household aoods; shopping for large appliances, cars, furniture 
House, apartment: activities connected to buying, selling, renting, looking for hou11e, apartment, including 
phone calls; showing house, including traveµng around looking at real estate property (for own use) 

Services (include phone conversations to obtain services) 

32 PcnJOml care; beauty, barber shop; hairdressers 

33 Medical care for self; visits to doctor, dentist, optometrist, including making appointments 

34 Financial acrvices; activities related to taking care of financial business; aoing to the bank, paying utility 
bills (not by mail), aoing to. accountant, tax office, loan agency, insurance office 
Other government services: post office, driver's license, sporting licenses, marriage licenses, police 
station 

35 Auto aervices; repair and other auto services including waiting for such services 
Clothes repair and cleaning; cleaners, laundromat, tailor 
Appliance repair: including furnace, water heater, electric or battery operated appliances; including 
~g repair person 
Household repair services: includina furniture; other repair services NA type; including watching repair 
person 

37 Other professional acrviccs; lawyer, counselina (therapy) 
Piclcing up food at a takeout place - no travel 
Other aervices, •aoing to the c1ump• 

38 Errands; •nmnina errands,• NA whether for goods or services; borrowing goods 

39 Related travel; travel related to obtaining goods and services and/or household activities except 31; 
waitina for related travel 

PERSONAL NEEDS AND CARE 

Care to Self 

40 Washina, ahowerlna, bathin& 
D.resaina; Bettina ready, pacldna and unpackina clothes, personal hygiene, goini to the bathroom 

(continued on the followina page) 
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Activity Codes ond Descriptors Used For Adult Time Diaries ~~~J. 

PERSONAL NEEDS AND CARE (continued) 

Care to Self (continued) 

41 Medical care at home to self 

43 Meals at home; including coffee, drinking, smoking, food from a restaurant eaten at home, •breakfast.• 
•1unch• 

44 Meals away from home; eaten at a frieml's home (including coffee, drinking, smoking) 
Meals away from home, except at workplace (06) or at frieml's home (44); eating at restaurants, out for 
coffee 

45 Night sleep; longest sleep for day; (may occur during day for night shift worlcers) including •in bed,• but 
not asleep 

46 }'faps and resting; rest periods, "dozing,• •laying down• (relaxing code 98) 

48 Sex, making out 
Personal, private; •none of your business• . 
Affection between household members; giving and getting hugs, kisses, sitting on laps 

l 

Help and Care to Others 

41 Medical care to adults in household (HH) 

42 Nonmedicsl care to adults in Ill!; routine nonmedical care to adults in household; •got my wife up,• •mn 
a bath for my husband• 
Help and care to relatives not living in Ill!; helping care for, providing for needs of relatives; (except 
travel) helping move, bringing food, assisting in emergencies, doing houseworlc for relatives; visiting 
when sick 
Help and care to neighbors, friends 
Help and care to others, NA relationship to respondent 

Other Personal and Helpin& 

48 Other personal; watdiing personal care activities 

49 Travel (helping); travel related to code 42, including travel that is the helping activity; waiting for related 
travel 
Other personal travel; travel related to other personal care activities; waiting for related travel; travel, NA 
purpose of trip - e.i., •went to Memphis• (no further explanation given) · 

(continued on the following page) 

SA-5. 



I DRAFT 
DO NOT Q.UOTE OR 

CITE 
,111: 

Table SA-1. Activity Codes and Descriptors Used For Adult Time D.iiifes'fclmZ!:fin==uea~)~---' 

EDUCATION AND PROFESSIONAL TRAINING 

50 Student (full-time); attending classes, school if full-time student; includes daycare, nursery school for 
children not in school 

51 Other classes, courses, lectures, academic or professional; R not a full-time student or NA whether a 
student; being tutored 

54 Homework, studying, research, reading, related to classes or profession, except for current job (code 07); 
•went to the library• 

56 Other education 

59 Other scbool-relatcd travel; travel related to education coded above; waiting for related travel; travel to 
achool not originating from home 

ORGANIZATIONALACl1VITIES 

Volunteer. Helping Organiµtions: hospital volunteer group, United Fund, Red Cross, Big Brother/Sister 

63 Attcoding meetings of volunteer, helping organizations 
Officer work; work as an officer of volunteer, helping organizations; R must indicate he/she is an officer 
to be coded here 
Fund raising activities as a member of volunteer helping organization, collecting money, planning a 
collection drive 

Direct help to individuals or groups as a member of volunteer helping organiz.ations; visiting, bringing 
food, driving 

Other activities as a member of volunteer helping organiz.ations, including social events and meals 

Religious Practico 

65 Attmding &elvicea of a church or synagogue, including participating in the service; ushering, singing in 
choir, leading youth group, going to church, funerals 
Individual practice; religious practice carried out as an individual or in a small group; praying, 
meditating, Bible study group (not a church), visiting graves 

Religious Groups 

64 Mcctinp: religious helping groups; attendinai meetings of helping - oriented church groups -ladies aid 
circle, missionary society, Knights of Columbus 
Othec activities; religious helping groups; other activities as a member of groups listed above, includin1 
aocial activities and meals 
Meetings: other church groups; attending meetings of church group, not primarily helping-oriented, or 
NA if helping-oriented 

(continued on the followin1 p&&e) 
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CITE 
Activity Codes and Descriptors Used For Adult Time Diaries- (continued) 

ORGANIZATIONAL ACI'IVITIES (contimied) 

Religious Groups (continued) 

OR 

Other activities, other church groups; other activities as a member of church groups that are not 
helping-oriented or NA if helping, including social activities and meals; choir practice; Bible class 

Professional/Union Organi7.ations; State Education Association; AFL-CIO; Temmters 
~· ' 

60 Meetings; professional/union; attending meetings of professional or union groups 
Other activities, professional/union; other activities as a member of professional or union group including 
social activities and meals 

Child/Youth/Family Organizations: PTA, PTO; Boy/Girl Scouts; Little Lea11Je5; YMCA/YWCA; school 
volunteer 

67 Meetings, family organizations; auending meetings of child/youth/family•-oriented organizations 
Other activities, family organiz.ations; other activities as a member of child/youth/family-oriented 
organizations including social activities and meals 

Fratemal Organizations: Moose, VFW, Kiwanis, Lions, Civitan, Chamber of Commerce, Shriner&, American 
Legion 

66 Meetings, fraternal organizations; attending meetings of fraternal organizations 
Other activities, fraternal organizations; other activities as a member of fraternal organizations including 
social activities and helping activities and meals 

Political Party and Civic Participation: Citi7.ens' groups, Young Democrats, Young Republicans, ramcal 
political groups, civic duties 

62 Meetings, political/citi7.en organizations; attending meetings of a political party or citi7.en group, including 
city colincil 
Other activities, political/citU.en organizations; other participation in political party and citi7.ens' groups, 
including social activities, voting, jury duty, helping with elections, and meals 

Special Interest/Identity Organizations (including poups based on sex, race, natioiial origin); NOW; NAACP; 
Polish-American Society; neighborhood, block organizationo; CR poups; senior citiz.ens; Weight Watchers 

61 Meetings: identify organizations; attending meetings of spocial interest, identity organizations 
Other activities, identity organizations; other activities as a member of a special interest, identity 
organization, including social activities and meals 

Qther Miscellaneous Organi:zations, do not fit above 

68 Other organizations; any activities as a member of an organization not fitting into above categories; 
(meetings and other activities included here) 

(continued on the following page) 
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Activity Codes and Descriptors Used For Adult Time Diaries ~tiil"'IU54)"-·--·· -··~·-! 

ORGANIZATIONAL ACTIVITIES (continued) 

Travel Related to Organizational Activities 

69 Travel related to organi7.ational activities as a member of a volunteer (helping) organi7.ation (code 63); 
includiJli travel that is the helping activity, waiting for related travel 
Travel (other orpniz.ation-related); travel related to all other organimtion activities; waiting for related 
travel 

BNTERTAINMENT/SOCIAL ACTIVITIES 

Attending Spectacles. Events 

70 Sporta; attending sports events - football, basketball, hockey, etc. 

71 Miaccll•nMUS spectacles, events: circus, fairs, rock concerts, accidents 

n Movies; •went to the show• 

73 Theater, opera, concert, ballet 

74 Museums, art galleries, exhibitions, mos 

Socja)jzing 

75 Visitm, with others; IOCializing with people other than R.'a own ·HH members either at R's home or 
another home (visiting on the phone, code 96); talking/chatting in the context of receiving a visit or 
payi.na • visit 

76 Party; reception, weddiJlas 

77 At bar; cocktail lounge, nightclub; socializing or hoping to sociali7.e at bar, lounge 
Dancing 

78 Other events; other events or socializing, do not fit above 

79 Related travel; waitm, for related travel 

SPORTS AND ACTIVE LEISURE 

Active Soortl 

80 Football, basketball, baseball, volleyball, hockey. aoccer, field hockey 
Tcmnis, aquash, racquetball, paddleball 
Golf, mjni11turo golf 

(continued on the following pa1e) 
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SPORTS AND ACTIVE LEISURE (continued) 

ActiveSports(continued) 

80 Swimming, waterskiing 
Skiing, ice skating, sledding, :roller skating 
Bowling; pool, ping-pong, pinball 
Frisbee, catch 
Exercises, yoga (gymnastics - code 86) 
Judo, boxing, wrestling 

OutofDoors 

81 Hunting 
Fishing 
Boating, sailing, canoeing 
Camping, at the beach 
Snowmobiling, dune-buggies 
Gliding, ballooning, flying 
Excursions, pleasure drives (no destination), rides with the family 
Picnicking 

Walking. Biking 

82 Walking for pleasure 
Hiking 
Jogging, nmnin& 
Bicycling 
Motorcycling 
Horseback riding 

Hobbies 

83 Photography 
Working on cars - not necessarily related to their nmning; customizing, painting 
Working on or repairing leisure time equipment (repairing the boat, •sorting out fishing tacJde•) 
Collections, scrapbooks 
Carpentry and woodworking (as a hobby) 

Domestic Crafts 

84 Preserving foodstuffs (canning, pickling) 
Knitting, needlework, weaving, crocheting (including classes), crewel, embroidery, quilting, quilling, 
macrame 
Sewins 
Care of animals/livestock when R is not a farmer (pets, code 17; •farmer•, code 01, work) 

(continued on the followins ptge) 
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Table SA-1. Activity Codes and Descriptors Used For Adult Time Diaries (contiil 

SPORTS AND ACTIVE LEISURE (continued) 

SS Sculpture, painting, potting, drawing 
Literature, poetry, writing (not letters), writing a diary 

M\l!icffbeater/Dancc 

86 Playing a musical instrume.nt (include practicing), whistling 
Sin&ing 
Acting (rehearsal for play) 
Nonsocial dancing (ballet, modem dance, body movement) 
Gymnastics (lessons - code 88) 

87 Playing card games (bridge, poker) 
Playing board games (Monopoly, Yahtzee, etc.), bingo, dominoes 
Playing social games (scavenger hunts), •played games• - NA kind 
Puzzles 

Classes/Lessons for Active J..eisure Activity 

88 Lessons in sports activities: swimming, golf, tennis. skating, roller skating 
Lcasons in gymnastics, dance, judo, body movement 
Lessons in music, singing, instruments 
Other lessons, not listed above 

89 Related travel; travel related to sports and active leisure; waiting for related travel: vacation travel 

PASSIVE LEISURE 

90 Radio 

91 TV 

92 Records, tapes, •J.isteni.n& to music,• listening to others playing a musical instrumeat 

93 Reading boob (current job related, code 07; professionally or class related, code 54) 

94 Readin& magazines, reviews, pamphlets 
Reading NA what; or other 

SA-10 
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Table SA-1. Activity Codes and Descriptors Uoed For Adult Time Diaries--(eonec:mtinuedw" H&ai)t------' 

PASSIVE LEISURE (c:ontinuOO.) 

95 Reading newspapers 

96 Phone conversations - not coded elsewhere, including all visiting by phone 
Other talking/conversations; fnce..to-face conversations, not coded elsewhere (if children inHH only, code 
23); visiting other than 75 
Conversations with HH membenJ only - adults only or children and adults 
Arguing or fighting with people other than HH members only, household and nonhousehold members, 
or NA 
Arguina or fighting with HH members only 

97 Letters (reading or writing); reading mail 

98 Relaxing 
Thinkina,planning;reftecting 
•doin& nothina, • •sat•; just sat; 
Other passive leisure, smokina dope, pesterina, teasing, joking around, messing around; laughing 

99 Related travel: waiting for related travel 

MISSING DATA CODES 

Activities of others reported u R's activity not specified 
NA activities; a time gap of greater than 10 minutes. 

EXAMPLES OF ACTIVITIES IN •OTHER• CATEGORIES 

Other Work Related 

07 Foster parent activities 

Other Household 

19 Typing 
Wrapping presents 
Checked refrigerator for shopping list 
Unpacked sifts from shower 
Packing/unpacldng car 
·SeUied m• after trip 
Hooked up boat to car 
Showed wife car (R was fixing) 
Packing to move 
Moved boxes 
Looking/searching for things at home (inside or out) 

SA-11 
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.Activity Codes and Descriptors Used For Adult Time DiaDes--(ContinueCI) 

EXAMPLES OF ACTIVlTIES IN •OTHER• CATEGORIES {continued) 

Other Cluld Care 

27 - Waited for aon to get hair cut 
Picked up nephew at sister's houao 
•PJayed with kids• (R's child.rm from previous maniaae not living with R) 
Called babysitter 

Other Sm'ices 

37 Left clothing at Goodwill 
Unloaded furniture (just purcliased) 
Rdumed books {at libraiy) 
BrouaJit clothes in from car {aft.er laundromat) 
Delivered 1<>me stuff to a friend 
Waited for father to pick up meat 

- Waited for stores to OP= 
Put away things from swap meet 
Sat in car waiting for rain to stop before shopping 
Waiting for others while they are shoppina 
Showing mom what I bought 

Other Pmona1 

48 Waiting to hear from daughter 
Stopped at home, NA what for 
Gettini hysterical 
Brealcin& up a fiiht {not child care related) 
Waited for wife to get up 
Waiting foe dinner at brother's house 
Waiting for plane (meeting someone at ailport) 
Lauibing 
Crying 
Moaning - head hurt 
Watching personal care activities (•watched dad shave•) 

Other Education 

56 - Watched a film 
Jn discussion aroup 

SA-12 
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Activity Codeo and Descripton Used For Adult Time Diaries\CitilfiDUild) 

EXAMPLES OF ACl'IVlTIES IN •OTHER• CATBGORIBS (COl!ltinued) 

Other Omniption 

68 Attendin1 •aub House coffee ldatch • 
Waited for church activities to begin 
•Meetina• NA kind 
Cleanup after banquet 
Checked into swap meet - sellina and lookin1 

Other Social. EntmBipment 

78 Waitin1 for movies, other events 
Openins presents (at a party) 
Lookin1 at aifts 
Decorating for party 
Tour of a home (friends or otherwise) 
Waitm, for date 
Preparing for a shower (baby ohower) 
Unloaded uniforms (for parade) 

Other Active Leisure 

88 Fed birds, bird watching 
Astrology 
Swinging 
At park 
Showins slides 
Showin1 sketches 

Other Actiye Leisure (continued) 

Recordin1 music 
Hq around airport (NA reason) 
Picked up fiabin1 1ear 
llispectin1 motorcycle 
Ammgin1 flowers 
Work on model airplane 
Picked asparagus 
Picked up softball equipment 
ReJistered to play golf 
Toured a village or Iodae (coded 81) 

SA-13 
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Table SA-1. Activity Codes and Descriptors Used For Adult Time Diaries (continued) 

EXAMPLES OF ACTIVlTIES IN •OTHER• CATEGORIES (continued) 

Other Passive Leisure 

98 - Lyins in sun 
Liste.ninB to birds 

- Look:ins at alidea 
Stopped at oxcavatina place 
Lookina at pictures 
Walked around outside 

- Waitina for a call 
Watched plane leave 
Girl watchins/boy watching 
Watchins boats 
Wasted time 

- In and out of house 
Homo movies 

• R - Respondent 
HH - Household. 

Source: Juster ct al., 1983. 
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Table 5A-2. Major Time Use Activity Categoriesi--·- ---· 

Activity code Activity 

01-09 Market work 

10-19 House/yard work 

20-29 Child care 

30-39 Services/shopping 

4049 Personal care 

50-59 Education 

60-69 Organiz.ations 

70-79 Social entertainment 

80-89 Active leisure 

90-99 Passive leisure 

a Appendix Table 5A-1 presents a detailed explanation of the coding and activities. 

Source: Hill, 1985. 
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TablcSA-3. Mean Time Spent (mini/day) for 87 Activitica Grouped by Day o116c·wccr 

Wcdcday Saturday Sunday 
N=831 N=831 N=831 

Activity Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

01-Nonnal Work 240.54 219.10 82.43 184.41 46.74 139.71 

02-Unemploymcnt Actl 0.98 9.43 0.00 0.00 0.00 0.00 

OS-SCCOnd lob 3.76 25.04 2.84 32.64 2.65 27.30 

06-Lunch A1 Work 10.00 15.81 1.82 7.88 1.43 8.29 

07-Bcforc/Af1a Work 3.51 10.05 1.45 9.79 1.66 13.76 

OS-Coft'cc Brcab 5.05 11.53 1.59 7.32 0.93 8.52 

09-Travcl: To/From Work 24.03 30.37 7.74 22.00 4.60 11.55 

10-Mcal Prcpuation 42.18 46.59 40.37 59.82 42.38 57.42 

11-Mcal Cleanup 12.48 19.25 12.07 22.96 13.97 25.85 

12-Indoor Ckanini 26.37 43.84 38.88 80.39 21.73 48.70 

13-0utdoor Cleanini 7.48 25.45 15.71 58.00 9.01 39.39 

14-Laundry 13.35 30.39 11.48 31.04 7.79 25.43 

16-Rcp&in/Maintcnancc 9.61 35.43 17.36 12.50 13.56 62.12 

17-Gardcn/Pct Care 8.52 25.15 14.75 49.17 8.47 37.54 

19-0tha Household 6.26 20.62 9.82 37.58 7.60 32.17 

20-Baby Care 6.29 22.91 5.89 30.72 6.26 33.78 

21-Child Care 6.26 16.34 5.38 21.58 7.09 23.15 

22-Hclpin"1'cachin1 1.36 8.28 0.23 3.64 0.76 6.52 

23-R.cadin"1'alldni 2.47 8.65 1.71 10.84 1.53 9.97 

24-Indoor Playin1 1.75 8.72 0.90 7.82 2.45 15.11 

25-0utdoor Playini 0.73 6.33 1.23 13.03 0.91 10.30 

26-Mcdic&l Caro-Child 0.64 7.42 0.16 2.79 0.44 7.20 

27-Babyaittini/Othcr 2.93 14.56 2.16 19.11 3.28 24.89 

29-Travcl: Child Care 4.18 10.97 1.71 8.72 2.08 10.5Ci 

30-Bvcryday Shoppiq 19.73 30.28 33.52 61.38 10.13 30.UI 

31-DurablcJHouao Shop 0.58 4.83 1.46 14.04 1.65 17.92 

32-Pcnonal Care ScMcce 1.93 10.04 3.42 18.94 0.02 0.6SI 

33-Moclioal Appointments 3.43 14.49 0.60 6.63 o.oo 0.00 

34-Gov't/F'mancial Sc:vicca 1.90 6.07 0.66 4.34 0.03 0.43 

35-Rcp&ir ScMoc. 1.33 7.14 1.25 10.24 0.52 5.61 

37-0tbc:r ScMoc. 1.13 7.17 1.55 9.51 0.72 4.34 

38-Errandl 0.74 8.03 0.35 5.21 0.04 1.()4 

39-Travcl: ~ 17.93 23.58 21.61 36.35 8.45 21.64 

40-Wuhin&fDrc11in1 44.03 29.82 44.25 41.20 47.54 40.15 

41-Mcdical Care R/HH Adults 0.77 6.19 1.29 15.90 1.45 29.18 

'42-Hclp & Care 8.43 28.17 12.19 52.58 14.32 55.13 

'43-Mcah A1 Home 53.45 35.51 57.86 49.25 61.84 49.27 

'44-Mcah Out 19.55 31.20 31.13 56.03 25.95 47.60 

'45-Ni&Jit Slccp 468.49 79.42 _498.40 115.55 528.86 115.84· 

46-Napt/Remn& 22.07 43.92 30.67 74.98 27.56 66.01 

"'8-N .A. Acti:vilica 7.52 22.32 11.72 41.61 8.18 35.19 
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Tablc5A-3. Mean Time Spent (mim/day) fur 87 Adivitica Grouped by Day of the Wcdc(cdtidmn:d) 

Wcdcday Saturday Sunday 
N=831 N=831 N=831 

Activity Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

49-Travcl: Pcnonal 14.87 27.76 19.33 50.42 18.58 46.36 

50-Studcnb' Clu1e1 6.33 33.79 0.96 18.17 0.96 20.07 

51-0thcr Claa1e1 2.65 17.92 0.40 11.52 0.27 S.63 

54-Homeworlc 4.56 24.35 3.48 27.98 5.40 38.68 

56-0thcr Education 0.53 S.91 O.lS 2.75 0.45 9.SS 

S9-Travcl: Education 2.29 10.36 0.35 4.26 0.21 3.14 

60-Profcuional/Union Orga. 0.51 7.27 0.13 3.64 0.44 8.34 

61-ldcntity Organi:ratinns 1.53 11.19 1.24 35.63 0.48 7.58 

62-Political/CitW:n Orga 0.14 1.25 0.07 1.91 0.19 S.S5 

63-Voluntccr/Helping Orga 1.08 10.08 0.02 0.45 0.41 1.09 

64-Rcligious Group1 2.96 17.33 3.05 27.73 8.59 33.31 

65-Rcligious Practice 4.98 19.92 7.13 30.12 34.0S 62.06 

66-Fratcmal Organi7atinm O.BS 9.28 1.73 27.71 0.31 6.67 

67-Child/Family Organi7.atiom 1.70 11.69 1.04 17.83 0.26 7.63 

68-0thcr Organi7.atiom 3.91 22.85 1.31 20.28 1.71 17.52 

69-Travca: Organi7.atiom 3.,,1 9.83 2.66 12.22 12.07 37.64 

70-Sport Events 2.22 13.4S 6.29 .42.0S 3.44 27.78 

71-Misccllancoua Events 0.32 4.89 1.94 19.90 1.96 19.75 

72-Movica 1.65 11.03 4.74 27.04 3.35 22.65 

73-Thcatcr 0.69 7.13 2.66 27.79 0.77 10.37 

74-MUICWDI O.ll9 3.32 0.90 13.62 0.72 11.17 

7S-Visiting w/Othcn 33.14 51.69 56.78 95.61 69.65 114.S8 

76-Partica 2.81 16.49 12.63 56.11 7.16 39.02 

77-Ban/Loungca 3.62 18.07 7.23 35.09 3.91 26.95 

78-0thcr Evcnta 1.39 11.SS 1.33· 15.52 1.00 10.80 

79-Travcl: Evcnta/Social 8.90 16.19 19.55 43.38 18.02 34.45 

SO-Active Sporta 5.30 19.60 9.23 43.69 11.39 48.66 

81-0utdoon 5.U 33.00 11.58 55.01 15.52 62.68 

82-Wallcing/Bilcing 2.08 9.70 5.87 36.38 5.92 32.28 

83-Hobbica 1.78 11.73 3.20 32.43 4.10 31.55 

84-Domcatic Crafts 1U.8 37.03 8.67 40.49 6.41 34.82 

SS-Art/Litcrabuc 0.99 10.84 0.86 13.59 1.13 15.07 

86-Music/Drama/Dance 0.4S 4.91 0.83 8.83 0.63 8.32 

87-Gamca S.06 22.91 10.14 4S.11 7.89 40.45 

88-Claa1ca/Othcr 2.65 15.83 2.56 29.92 3.37 23.60 

89-Travel: Active Lciaure 3.31 14.77 a.so 48.72 8.19 38.11 

90-Radio 2.89 12.19 3.S3 23.42 2.88 18.SO 

91-1V 113.01 103.89 118.99 131.24 149.67 141.43 

92-Rccorda/Tapca 2.58 20.26 2.40 16.09 2.03 16.08 

93-Rcading Boob 4.41 18.09 2.76 17.85 5.23 30.13 

94-Rcading Magazinca/N.A. 13.72 31.73 16.33 46.24 17.18 Sl.01 
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Table 5A-3. Mean Tune Spent (mini/day) for 87 Activilicl Grouped by Day of the Week~~ 

Weekday Saturday Sunday 
N-831 N•831 N•831 

Activity Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

95-Rcadina Ncwmpapcn 12.03 22.65 12.19 34.96 26.01 44.47 

96-Convcnatio111 18.68 28.59 15.45 35.27 14.57 34.60 

97-Lctten 2.83 12.23 1.61 10.80 1.96 12.59 

98-0thcr Pauivc Leilurc 9.72 25.02 17.24 57.21 15.28 47.86 

99-Travcl: Puaivc Leilurc 1.26 5.44 1.32 6.80 1.72 9.87 

Source: Hill, 1985. 
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Table SA-4. Weighted Mean Hours Per Week by Gender: 87 Activities and tlrSiiOtOWB-·-----1 

Men Women Men and women 
N=410 N=S61 N=971 

Activity Mean Std. dcv. Mean Std. dev. Mean Std. elev. 

01 - Normal wodc 29.78 20.41 14.99 17.62 21.82 20.33 
02 - Unemployment acts 0.14 1.06 0.08 0.75 0.11 0.90 
05 - Second job 0.73 3.20 0.17 1.62 0.43 2.49 
06 - Lunch at wodc 1.08 1.43 0.65 1.21 0.85 1.33 
07 - Before/after wodc 0.51 1.27 0.23 0.69 0.36 1.01 
08 - Coffee brcaka 0.51 1.05 0.36 1.03 0.46 1.04 
09 - Travel: to/from wodc 2.98 2.87 1.45 2.17 2.16 2.63 

10 - Meal preparation 1.57 2.61 7.25 5.04 4.63 4.98 
11 - Meal cleanup 0.33 0.83 2.30 2.19 1.39 1.97 
12 - Indoor cleaning 0.85 2.01 S.03 5.05 3.10 4.46 
13 - Outdoor cleaning 1.59 3.59 0.56 1.59 1.03 2.15 
14- Laundry 0.13 0.72 2.44 3.34 1.38 2.75 
16 - Rcpain/maintcnancc 2.14 4.29 0.68 3.43 1.35 3.92 
17 - Gardening/pct care 0.94 2.78 1.00 2.19 0.97 2.48 
19 - Other homchold 0.92 2.42 0.72 1.84 0.81 2.13 

20 - Baby care 0.24 1.20 0.90 3.04 0.60 2.40 
21 - Child care 0.24 0.78 0.99 2.11 0.64 1.68 
22 - Helping/teaching 0.07 0.61 0.15 0.76 0.11 0.70 
23 - Reading/talking 0.07 0.35 0.30 0.86 0.19 0.68 
24 - Indoor playing 0.13 0.69 0.18 0.82 0.16 0.76 
25 - Outdoor playing 0.06 0.37 0.12 0.72 0.09 0.58 
26 - Medical care - child 0.01 0.09 0.09 0.67 0.05 0.50 
27 - Baby1itling/other 0.14 0.78 0.64 2.58 0.41 1.98 
29 - Travel: child care 0.23 0.67 0.50 1.21 0.38 1.00 

30 - Everyday shopping 1.45 2.18 2.78 3.25 2.17 2.89 
31 - Durablcl/houac shopping 0.19 1.39 0.08 0.51 0.13 1.01 
32 - Pcnonal care acrviccl 0.06 0.42 0.35 1.14 0.22 0.90 
33 - Medical appointments 0.15 0.15 0.37 1.63 0.27 1.31 
34 - Govt/financial acrvicca 0.15 0.44 0.19 0.61 0.17 0.54 
35 - Repair acrvicca 0.11 0.45 0.17 0.78 0.14 0.65 
37 - Other IClVicCI 0.11 0.61 0.13 0.61 0.12 0.61 
38- Errands 0.04 0.41 0.06 0.68 0.05 0.51 
39 - Travel: goodl/acrvicCI 1.60 2.02 2.14 2.17 1.89 2.12 

(Continued on the following page) 
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Table SA-4. (continued) 

Men Women Men and women 
N=410 N=561 N=971 

Activity Mean Std. dev. Mean Std. dev. Mean Std. dev. 

40 - Washing/dressing 4.33 2.39 5.43 3.24 4.92 2.93 
41 - Medical care - adults 0.09 0.67 0.18 1.00 0.14 0.86 
42 - Help and care 1.02 2.84 1.30 3.04 1.17 2.95. 
43 - Mws at home 6.59 3.87 6.32 3.53 6.44 3.69 
44-MW5 out 2.72 3.48 2.24 2.73 2.46 3.10 
45 - Night sleep 55.76 8.43 56.74 8.49 56.29 8.47 
46 - Naps/resting 2.94 5.18 3.19 4.70 3.08 4.93 
48 - N.A. activities 1.77 6.12 1.99 5.70 1.89 5.89 
49 - Travel: personal 2.06 2.59 1.61 2.51 1.82 2.56 

SO - Students' classes 0.92 4.00 0.38 2.51 0.63 3.29 
51 - Other classes 0.23 1.68 0.15 1.05 0.18 1.38 
54 - Homework 0.76 3.48 0.38 1.87 0.56 2.74 
56 - Other education 0.11 0.86 0.02 0.22 0.06 0.61 
59 - Travel: education 0.29 1.07 0.16 1.06 0.22 1.07 
60 - Professional/union 0.04 0.46 0.04 0.62 0.04 0.55 

organizations 
61 - Identity organizations 0.14 0.97 0.18 1.55 0.16 1.31 
62 - Political/citizen 0.01 0.08 0.02 0.15 0.01 0.12 

organizations 
63 - Volunteer/helping 0.02 0.32 0.14 1.05 0.09 0.80 

organizations 
64 - Religious groups 0.38 1.82 0.41 1.61 0.40 1.71 
65 - Religious practice 0.89 2.0S 1.31 2.97 1.12 1.60 
66 - Fraternal organizations 0.16 1.17 0.05 0.66 0.10 0.93 
67 - Child/family organizations 0.10 0.88 0.21 1.33 0.16 1.15 
68 - Other organizations 0.34 2.40 0.32 1.53 0.32 1.98 
69 - Travel: organizations 0.43 1.04 0.52 1.02 0.48 1.03 

70 - Sports events 0.30 1.31 0.26 1.28 0.28 1.29 
71 - Miscellaneous events 0.07 0.52 0.08 0.59 0.07 0.56 
72- Movies 0.31 1.25 0.2t? 1.13 0.28 1.19 
73 - Theatre 0.13 0.93 0.06 0.48 0.09 0.72 
74-Museums 0.04 0.37 0.03 0.35 0.03 0.36 
75 - Visiting with others 4.24 S.72 S.84 6.42 5.10 6.16 
76 - Parties 0.64 2.05 0.44 1.65 0.53 1.84 
77 - Barsnounges 0.71 2.21 0.46 2.09 0.57 2.15 
78 - Other events 0.12 0.72 0.18 1.18 0.15 0.99 
79 - Travel: events/social 1.40 1.82 1.26 1.67 1.32 1.74 

(Continued on the following page) 
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Activity 

80 - Active sports 
81 - Outdoors 
82 - Walking/biking 
83 - Hobbies 
84 - Domestic crafts 
85 - Art/literature 
86 - Music/drama/dance 
87 - Games 
88 - Classes/other 
89 - Travel: active leisure 

90 - Radio 
91-TV 
92 - ),lecords/tapes 
93 - Reading books 
94 - Reading magazines/N .A. 
95 - Reading newspapers 
96 - Conversations 
97 - Letters 
98 - Other passive leisure 
99 - Travel: passive leisure 

Source: Hill, 1985. 

Table SA-4. (continued) 

Men 
N=410 

Mean 

1.05 
1.49 
0.52 
0.69 
0.30 
0.05 
0.06 
0.60 
0.41 
0.76 

0.39 
14.75 
0.46 
0.37 
1.32 
1.86 
1.61 
0.20 
1.68 
0.18 

Std. dev. 

2.62 
4.59 
1.31 
3.88 
1.59 
0.45 
0.49 
2.00 
1.75 
1.91 

1.40 
12.14 
2.35 
1.52 
2.81 
2.72 
2.19 
1.06 
3.53 
0.49 
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Women 
N=561 

Mean 

0.50 
0.48 
0.23 
0.06 
2.00 
0.13 
0.07 
0.99 
0.28 
0.43 

0.39 
13.95 
0.33 
0.56 
1.97 
1.47 
2.18 
0.31 
1.41 
0.13 

Std. dev. 

1.68 
1.67 
0.98 
0.43 
4.72 
1.03 
0.47 
3.16 
1.50 
1.43 

1.55 
10.67 
2.13 
1.83 
3.67 
2.27 
2.74 
1.12 
3.32 
0.49 
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Men and women 

N=971 

Mean 

0.76 
0.94 
0.36 
0.35 
1.21 
0.09 
0.07 
0.81 
0.34 
0.58 

0.39 
14.32 
0.39 
0.47 
1.67 
1.65 
1.91 
0.26 
1.53 
0.15 

Std. dev. 

2.18 
3.39 
1.16 
2.67 
3.93 
0.81 
0.48 
2.69 
1.62 
1.68 

1.49 
11.38 
2.23 
1.70 
3.32 
2.49 
2.52 
1.10 
3.42 
0.49 
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Table 5A-5. Rankina of Occupations by Median Years of Occupational Tenure 

Occupation 

Barbers 
Farmen, except horticultural 
Railroad conductors and yardmastets 
CltrBY 
De.ntista 
Tclephouo line installers and repairers 
Millwri&hta 
Locomotive operatin1 occupations 
Mana1crs; farmen, except horticultural 
Telephonti installers and repairers 
Airplane pilots and navigators 
Supervisors: police and detectives 
Grader, do7.er, and &erapel' operators 
Tailors 
Civil coameem 
Crane and towec operators 
Supervisors, n.e.c. 
Teachers, aecondary school 
Teachers, elementary school 
Dental laboratory and medical applicance technicians 
Separat.inz, filtcrin&, and clarifyini machine oeprators 
Tool and die makers 
Lathe and tumini machine operators 
Machi.nista 
Phan:mcista 
Stationary coameers 
Mechanical eniineera 
Chemists, except biochemists 
Inspectors, testers, and if&ders 
Electrician. 
Ope:atinl enginecn 
Radioloiic technicians 
Electrical power installers and repairers 
Supervisors; mcodianica and repairers 
Heavy equipment mechanics 
Bus, truck, and stationary ename mechanics 
Phyaiciml 
Constroction inspectors 
Cabinet makcra and bench carpenters 
Industrial machinery repairers 
Automobile body and related repairers 

SA-22 

Median years of 
occupational tenure 

24.8 
21.1 
18.4 
15.8 
15.7 
15.0 
14.8 
14.8 
14.4 
14.3 
14.0 
13.8 
13.3 
13.3 
13.0 
12.9 
12.9 
12.5 
12.4 
12.3 
12.1 
12.0 
11.9 
11.9 
11.8 
11.7 
11.4 
11.1 
11.0 
11.0 
11.0 
10.9 
10.8 
10.7 
10.7 
10.7 
10.7 
10.7 
10.6 
10.6 
10.4 

(Continued on the following page) 
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Table SA-S. Ranking of Occupations by Median Years of Occupational Tenure (continued)... . .... 

Occupation 

Electrical and electronic engineers 
Plumbers, pipefitters, and steamfitters 
Liceased practical nurses 
Brickmasons and stonemasons 
Truck drivers, heavy 
Tile setters, bard and soft 
Lawyers 
Supervisors: production occupations 
Administrators, education·and related fields 
Engineers, n.e.c. 
Excavating and loading machine operators 
Firefighting occupations 
Aircraft engine mechanics 
Police and detectives, public service 
Counselors, educational and vocational 
Architects 
Stuctural metal workers 
Aerospace engineers 
Miscellaneous aterial moving equipment operators 
Dental hygienists 
Automobile mechanics 
Registered nurses 
Speech therapists 
Binding and twisting machine operators 
Managers and administrators, n.e.c. 
Personnel and labor relations managers 
Office machine repairer 
Electronic repairers, commercial and industrial equipment 
Welders and cutters 
Punching and stamping press machine operators 
Sheet metal workers 
Administrators and officials, public administraion 
Hairdressers and cosmetologists 
Industrial engineers 
Librarians 
Inspectors and compliance officers, except construction 
UpholSterers 
Payroll and timekeeping clerks 
Furnace, kiln, and oven operators, except food 
Surveying and mapping technicians 
Chemical engineers 

SA-23 

Median yean of 
occupational tenure 

10.4 
10.4 
10.3 
10.2 
10.1 
10.1 
10.1 
10.1 
10.1 
10.0 
10.0 
10.0 
10.0 
9.7 
9.7 
9.6 
9.6 
9.6 
9.4 
9.4 
9.3 
9.3 
9.3 
9.3 
9.1 
9.0 
9.0 
9.0 
9.0 
9.0 
8.9 
8.9 
8.9 
8.9 
8.8 
8.8 
8.6 
8.6 
8.6 
8.6 
8.6 

(continued on the following page) 
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Table SA-5. Rankina of Occupations by Median Years of Occupational Tenuie{colltiiiUed) 

Occupation 

Sherifli, bailiffs, and other law enforcement officers 
Coocretc and terrazzo finishers 
Salee repreaentativcs, millini, manufac:turina, and wholesale 
Su:pem.ar11: acnenl office 
Specified mochmica and repairers, n.e.c. 
Stmographen , 
TypeiCttcn and compositors 
Financial mmasers 
Paycholopu 
Toachen: special education 
Statistical clezb 
Deaanen 
Wmr and Sewase Treatment plant operators 
Printini machine operators 
HeatiJli, air condition.ins, and refrigeration mechanics 
Supervisors; distribution, schedulina, and adjustina clerks 
Insuranco aalee occupations 
~taa 
Public transportation attendants 
Draftina occupations 
Butchen and me.atcuttcra 
Mi.IJce11aneoua electrical and electronic equipme.nt repairers 
DJ"C'M1Nkcn 
Muaiciml and compoecn 
SuperviJora and proprietors; Ales occupatiom 
Painters, Sculptors, craft-artistl, and artist prinbnalcen 
Mcchanica and rcpaircn, not specified 
Bn&incerin& tcchniciml, n.e.c. 
Clinical laboratory tcchnoloama and tcchniciml 
Purclw.ini JDIDlierl 
Purclw.ini qcntl and buycra, n.e.c. 
Pboto&r1Pl=I 
Chemical tcchniciml 
Manasen; propertie1 and real C11tato 
Accountanta and auditors 
Reliiious woibm, n.e.c. 
Scctetariee 
Social worken 
Opcratioo.a and systems researchers and analysts 
Postal clerlca, except mail carriers 
Manascrs; markctina, advertising, and public relations 

SA-24 

11,111 

Median years of 
occupational tenure 

8.6 
8.6 
8.6 
8.6 
8.5 
8.5 
8.5 
8.4 
8.4 
8.4 
8.3 
8.3 
8.3 
8.2 
8.1 
8.1 
8.1 
8.0 
8.0 
8.0 
8.0 
7.9 
7~~ 
7.9 
7.9 
7.9 
7.7 
7.7 
7.7 
7.7 
7.7 
7.6 
7.6 
7.6 
7.6 
7.6 
7.5 
7.5 
7.4 
7.4 
7.3 

(continued on the followina page) 
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Table SA-S. Ranking of Occupations by Median Years of Occupational Teiillre (eoiitinued) 

Occupation 

Fum workers 
Managers; medicine and health 
Data processing equipment repairers 
Bookkeepers, accounting and auditing clerks 
Grinding, abrading, buffing, and polishing machine operators 
Management related occupations, n.e.c. 
Supervisiors; cleaning and building service workers 
Management analysts 
Scie.oce technicians, n.e.c. 
Mail carriers, postal service 
Knitting, looping, taping, and weaving machine operators 
Electrical and electronic technicians 
Painting and paint spraying machine operat.ors 
Postsecondary teachers, subject not specified 
Crossing guards 
Inhalation therapists 
Carpet installers 
Computer systems analysts and scientists 
Other financial officers 
Industrial trUck and tractor equipment operators 
Textile sewing machine operators 
Correctional institution officers 
Teachers, prekindergarten and kindergarten 
Supervisors; financial records processing 
Miscellaneous Textile machine operators 
Production inspectors, checkers, and examiners 
Actors and directors 
Health technologists and technicians, n.e.c. 
Miscellaneous machine operators, n.e.c. 
Private household cleaners, and servants 
Buyers, wholesale and retail trade, excluding farm products 
Real estate sales occupations 
Electrical and electronic equipment assemblers 
Bus drivers 
Editors and reporters 
Laundering and dry cleaning machine operators 
Meter readers 
Painters, construction and maintenance 
Driver-sale& workers 
Teachers, n.e.c. 
Order clerks 
Physicians' assistants 

SA-25 

Median years of 
occupational te.nure 

7.3 
7.2 
7.2 
7.1 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.7 
6.1 
6.6 
6.6 
6.6 
6.6 
6.S 
6.4 
6.4 
6.4 
6.3 
6.3 
6.3 
6.2 
6.2 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
S.9 
S.9 
S.9 
S.9 
S.8 
S.8 

(continued on the following page) 
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Table 5A-5. Rankin& of Occupations by Median Years of Occupational Tenure i (Co:n:tinuoor-

Occupation 

Billini clerlca 
Diywall installers 
Comtnl.ction trades, n.e.c. 
Telepbono operators 
Authon 
Nuraina .WC., orderlies, and attendanta 
Dental llliltanUI 
Timber cuttina and loaiinl occupations 
Moldina and cutina machine operators 
MiJcoJJ1neoua hand·workina occupations 
Production coordinaton 
Public relatioDJ specialists 
Pcnonnel clerks, except payroll and bookkeepina 
Aaembler1 
Securities and financial aervicee salea occupations 
Salmworkcn, furniture and home fumisbinp 
Insurance adjusters, examiners, and investiaators 
PrcainJ machiM operators 
Roofers 
Gradera and aorten, except airlcultural 
Supeiviaors; related agricultural occupations 
Typists 
Supervilom; motor vehicle operators 
Penoonel, training, and labor relations specialists 
Leaal assistants 
Physical therapists 
Advertising and related sales occupations 
Reconls clerb 
Economists 
Technicians, n.c.c. 
Expediters 
Salee occupations, other business services 
Computer operators 
Computer proarammers 
Inveatiptors and adjusters, except insurance 
Unde:writen 
Saleswo.rkers, parts 
Arti.lts, performers, and related workers, n.e.c. 
Teachers' aides 
Maida and housemen 
Sawina machine opcratora 
Machine opcratora, not specified 
Weighet1, measurers, and checkers 

SA-26 

Median years of 
occupational tenure 

5.8 
5.7 
5.7 
5.7 
5.6 
5.6 
5.6 
5.5 
5.5 
5.5 
S.5 
5.5 
5.4 
5.4 
5.4 
5.4 
S.3 
5.3 
5.3 
5.3 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.1 
5.1 
5.1 
5.0 
5.0 
4.9 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.6 
4.6 
4.6 
4.5 
4.5 
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Ranking of Occupations by Median Yeam of ~onal Tenure- (contin~/.-~-----·--·-·-

Occupation 

Traffic, shipping, and receiving clerks 
Salesworkers, hardware and building supplies 
Biological technicians 
Athletes 
Bill and account collectors 
Taxicab drivers and chauffeurs 
Slicing and cutting machine operators 
Administrative support occupations, n.e.c. 
Mixing and blending machine operators 
Waiters and waitresses 
Janitors and cleaners 
Production helpers 
General office clerks 
Machine feeders and oftbearers 
Interviewers 
Bartenders 
Eligibility clerks, social welfare 
Bank tellers 
Cooks, except short-order 
Health aides, except nursing 
Laborers, except construction 
Welfare service aides 
Salesworkers, motor vehicles and boats 
Cost and rate clerks 
Construction laborers 
Hand packers and packagers 
Transportation ticket and reservation agents 
Animal caretakers, except farm 
Photographic process machine operaiors 
Freight, stock, and material movers, band, n.e.c. 
Data-entry byers 
Bakers 
Dispatchers 
Guards and police, except public llmVice 
Packaging and filling machine operators 
Receptionists 
Library clerks 
Truckdrivers, light 
Salesworkers, radio, television, hi-fi, and appliances 
Salesworkers, apparel 
Sales counter clerks 
Salesworkers, other commodities 

SA-21 

Median years of 
occupational tenure 

4.S 
4.S 
4.4 
4.4 
4.4 
4.4 
4.3 
4.3 
4.3 
4.2 
4.2 
4.1 
4.0 
3.9 
3.9 
3.9 
3.9 
3.8 
3.8 
3.7 
3.7 
3.7 
3.7' 
3.6 
3.6 
3.S 
3.S 
3.S 
3.S 
3.4 
3.4 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.2 
3.2 
3.1 
3.1 
3.1 

(continued on the following p&1e) 



Occupation 

Small~ repairers 
Su:peivisora, food preparation and service occupations 
Health record tec:bnoloaists and technicians 
Helpers, CODBtroction trades 
Atfmdants, ann19CJJV"J1t and recreation facilities 
Street and door-to-door salcsworlccrs 
Child-care workcia, private household 
Child-care workcia, except private household 
Information clerks, n.e.c. 
Hotel clerlta 
Pcnooal acrvicc occupations, n.e.c. 
Sale.workers, aboea 
Gaiqe and acrvice station related occupations 
Short-order cooks 
Filo clcrlcs 
Cuhien 
Mail clerks, except postal service 
Mdcel1mcous food preparation occupations 
Ncwa vendors 
Vellicle washers and cquipmmt cleaners 
Meaeqem 
Kitchen workers, food preparation 
Stock handlers and benen 
Waiters and waitreaaes assistants 
Food counter, fountain, and related occupations 

a n.e.c. - not elsewhere classified 

Source: Carey, 1988. 

SA-28 

Median years of 
occupational tenure 

3.1 
3.0 
2.9 
2.9 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.S 
2.5 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.1 
1.9 
1.7 
1.S 
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Table SA-<;. Diffcrcnca in Average Time Spent in Different Activitica Between Califorma 
and National Studica (Minutca Per Day fur Age 18-64) 

California National California National 
0049 NON-FREE TIME 1987-88 1985 50-59 Free Tune 1987-88 1985 

l13S9) (1980) (1359) (1980) 

00-09 PAID WORK 50-99 EDUCATION AND 
TRAINING 

00 (not uacd) so Studenta • Claucl 9 s 
01 Main Job ?.24 211 51 Other Claucl 1 3 

02 Unemployment 1 1 S2 (not uacd) 

03 Travel during work 8 NR 53 (not wed) 

04 (not uacd) S4 Homework 8 7 

OS Second job 3 3 SS Library * 1 

06 Eating 6 8 S6 Other Education 1 1 

07 Before/after work 1 2 51 (not wed) 

08 Breab 2 2 SB (not uacd) 

09 Travel to/from work 28 25 59 Travel. ·Education 3 2 

10-19 HOUSEHOLD WORK 60-69 ORGANIZATIONAL 
ACTIVlTIES 

10 Food Preparation 29 36 60 Professional/Union 0 1 

11 Meal Cleanup 10 11 61 Special Intcrcat * 1 

12 Cleaning Houac 21 24 62 Political/Civic 0 * 
13 Outdoor Cleaning 9 7 63 Volunteer/Helping 1 1 

14 Clothca Care 7 11 64 Rcligiow Groupa 1 2 

15 Car ~/Maintenance s s 
(by R) 

65 Rcligiow Practice s 7 

16 Other Rcpain (by R) 8 6 66 Fraternal 0 * 
17 Plant Care 3 s 67 Child/Youth/Family 1 * 
18 Animal Care 3 s 68 Other Organizatiom 2 1 

19 Other Household 7 8 69 Travel Omanizations 2 4 

20-29 CHILD CARE 70-79 ENTERTAINMENT/ 
SOCIAL ACTIVITIES 

20 Baby Care 3 8 70 Sports Eventa 2 2 

21 Child Care 7 5 71 Entertainment Events s 1 

22 Helpingl'I'cachina 2 1 72 Movies 2 3 

23 Talking/Reading 1 1 73 Theatre 1 1 

24 Indoor Playing 2 3 74 MUICUDll. 1 * 
25 Outdoor Playing 2 1 15 Vi.tiling 26 25 

26 Medical care - Care * 1 76 Parties 6 7 

27 Other Child Care 2 1 77 Ban/Loungca 4 6 

28 (At Dry Cleancn) * NR 78 Other Social * 1 

29 Travel Child care 4 4 19 Travel Events/Social 13 16 

30-39 OBTAINING GOODS 80-89 RECREATION 
AND SERVICES 

30 Everyday Shopping 8 5 80 Adive Sports 15 13 
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TablcSA-6. Difl'crencca in Avc:raiC T'imc Spent in Different Activiticl Bctwccn Califo~--···· ·-·· ··-·----· and National Studica (Minute. Pc:z Day for Age 18-64) (continued) 

California National California National 
()G...49 NON-FREETIMB 1987-88 1985 S0-59 Free Time 1987-88 1985 

(1359) (1980) (1359) (1980) 

31 Durable/Home Shop 19 20 81 Outdoor 3 7 

32 Pcnonal ScMcea 1 1 82 Walking/Hiking s 4 

33 Mc:dical Appointments 2 2 83 Hobbica 1 1 

34 Gov't/F"mancial SciW:c 3 2 84 Domcatic Crafts 3 6 

35 Car Rcpair aezvicea 2 1 8S Art * 1 

36 Other Repair acrviccl * 1 86 Music/Drama/Dance 3 2 

37 Other ScMcea 2 2 87 Gamel 5 7 

31 Erranda * 1 88 Computer Use/Other 3 3 

39 Travel, Goods and SciviCCI 24 20 89 Travel. Recreation 5 6 

'40-49 PERSONAL NEEDS AND 90-99 COMMUNICATION 
CARE 

.co Wuhin&, Etc. 21 25 90 Radio 1 3 

41 Medical Care 3 1 91 TV 130 126 

42 Help and Care 3 4 92 Rcc:ordlll'apca 3 1 

43 McahA!Homc 44 so 93 Read Books 4 7 

44 Mcall Out 27 20 94 Rcadinj 16 10 
Magazmca/Othcr 

45 Ni&fitSlccp 480 469 95 Reading Newspaper 11 9 

"6 Nape/Day Sleep 16 16 96 Convcnatiom 15 25 

47 Drcuinz, Etc. 24 32 97 Writinz 8 9 

41 NA Activity 2 12 98 Think, Relax 9 6 

49 Travel Pcnonal Care/NA 22 13 99 Travel. Communication 5 * 
NR• Not Recorded in National Total Travel 108 90 

Survey 

·- Leu than o.s Min. per day ~Codes 09, 29, 39, 49, 
9, 69, 79, 89, 99) 

Source: Robinlon and Tbomu, 1991. 
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Code Description 

AT HOME 

Kitchen 
Living Room 
Dining Room 
Bathroom 
Bedroom 
Study 
Garage 
Basement 
utiliiy Room 
Pool, Spa 
Yard 
Room to Room 
Other NR Room 

Total at home 

Men 

N = 639 
California 

46 
181 
18 
27 

481 
8 

14 
<0.5 

1 
1 

33 
9 
3 

822 

AWAY FROM HOME 

Office 
Plant 
Grocery Store 
Shopping Mall 
School 
Other Public Pl8cca 
Hospital 
Restaurant 
Bar-Night Club 
Church 
Indoor Gym 
Other'• Home 
Auto Repair 
Playground 
Hotel-Motel 
Dry Cleaners 
Beauty Parlor 
Other Locations 
Other Indoor 
Other Outdoor 

Total away 
{rom home 

78 
73 
12 
30 
2S 
18 
9 

35 
15 
7 
4 

60 
18 
16 
7 

<0.5 
<0.5 

3 
17 
60 

487 

N = 914 
National 

56 
136 
10 
27 

478 
10 
5 
4 
0 

NR 

160" 

888 

261 

18 

13 

NR 
22 

8 
NR 
42 

NR 
27 

NR 
NR 
NR 
NR 
41 

NR 

445 

Mean duration 

Women 

N = 720 
California 

98 
98 
22 
38 

534 
6 
6 

<0.S 
3 
1 

. 21 
34 
4 

963 

94 
12 
14 
40 
29 
10 
24 
2S 
s 
s 
4 

61 
4 
8 
8 
1 
4 
1 
7 

13 

371 
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N = 1059 
National 

135 
180 
18 
43 

531 
7 
1 
6 
5 

NRb 

116 

1022 

lSS 

33 

11 

NR 
18 

11 
NR 
45 

NR 
16 

NR 
NR 
NR 
NR 
24 

NR 

324 

r--
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N = 1980 
California 

72 
189 
19 
33 

sos 
7 

19 
<0.5 

2 
1 

27 
21 

3 

892 

86 
42 
13 
35 
27 
14 
17 
30 
10 
6 
4 

61 
11 
12 
8 
1 
2 
2 

12 
37 

430 

N = 1359 
National 

104 
158 
lS 
38 

521 
8 
2 
s 
4 

NRb 
37 
40 
22 

954 

193 

30 

15 
12 
3 

23 

10 
NR 
43 

NR 
NR 
NR 
NR 
NR 
NR 
24 
6 

383 
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Mean duration 

Men Women Total8 

Code Dcacription N • 639 N = 914 N = 720 N = 1059 N = 1980 N = 1359 
California National California National California National 

TRAVEL 

Car 76 77 76 
Van/Truclc 30 86 11 77 20 88 
Walking 10 8 9 2 
BUJ Stop <0.5 1 1 
BUJ 6 2 4 3 
Rapid Train 1 1 1 
Other Travel 2 l 1 <0.5 
Aiiplanc l 15 <0.5 10 1 1 
Bicycle l <0.5 l NR 
Motorcycle 2 <0.5 1 NR 
Other or Missing 1 <0.5 1 NR 

-·-
Total travel 130 101 102 87 116 94 

Not uccrtaincd 1 8 4 7 2 9 

Totd Tune Outdoon 88 70 

a Totals do not 11CCC1u.rily reflect exact avcragca prcacntcd for each 1endcr. Totals were revised, but revisions for each gender were 
not provided. 
NR - Not Reported 

• Is total mean duration for those categories; breakdowns per category were not reported . 

Source: Robin.Ion and 'Thomu, 1991. 

Natioll!I ~fomia 
Note: Percent at home men = 62 men = 57 

women z 71 women = 67 
total = 67 total = 62 

Percent away from home men = 31 men = 34 
women = 23 women = 26 
total ... 27 total = 30 

Percent in travel men - 7 men = 9 
women - 6 women .. 7 
total = 7 total = 8 
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APPENDIX 5-B 

Population Mobility Data 





Mobility 
period 

NUMBER 

1991-92 
1990-91 
1989-90 
1988-89 
1987-88 
1986-87 
1985-86 
1984-85 
1983-84 
1982-83 
1981-82 
1980-81 
1970-71 
1960-61 

PERCENT 

1991-92 
1990-91 
1989-90 
1988-89 
1987-88 
1986-87 
1985-86 
1984-85 
1983-84 
1982-83 
1981-82 
1980-81 
1970-71 
1960-61 

knm:e: 

Total 
movers 

42,800 
41,539 
43,381 
42,620 
42,174 
43,693 
43,237 
46,470 
39,379 
37,408 
38,127 
38,200 
37,705 
36,533 

17.3 
17.0 
17.9 
17.8 
17.8 
18.6 
18.6 
20.2 
17.3 
16.6 
17.0 
17.2 
18.7 
20.6 

1 DRAFT 
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Table SB-1. Annual. Geopaphical Mobility Rates, by Type of Mo;e;n;;.,t for 
SeleCted 1-Year Periods: 1960-1992 (Numbers in 'Ihousands). 

Reaidina in the United States at be,;nn;na of period 

Diffenmt Diffeteat County 
house, 
same Same Different . Different 

Total county Total State State Region 

41,545 26,587 14,957 7,853 7,105 3,285 
40,154 25,151 15,003 7,881 7,122 3,384 
41,821 25,126 16,094 E,061 8,033 3,761 
41,153 215,123 15,030 7,949 7,081 3,258 
40,974 215,201 14,772 7,727 7,046 3,098 
42,551 Z7,196 15,355 8,762 6,593 3,546 
42,037 215,401 15,636 8,665 6,791 3,778 
45,043 30,126 14,917 7,995 6,921 3,647 
38,300 23,659 14,641 8,198 6,444 3,540 
36,430 22,858 13,572 7,403 6,169 3,192 
37,039 23,081 13,959 7,330 6,628 3,679 
36,887 23,097 13,789 7,614 6,175 3,363 
36,161 23,018 13,143 6,197 6,946 3,936 
35,535 24,289 11,246 5,493 5,753 3,097 

16.8 10.7 6.0 3.2 2.9 1.3 
16.4 10.3 6.1 3.2 2.9 1.4 
17.3 10.6 6.6 3.3 3.3 1.6 
17.2 10.9 6.3 3.3 3.0 1.4 
17.3 11.0 6.2 3.3 3.0 1.3 
18.1 11.6 6.5 3.7 2.8 1.5 
18.0 11.3. 6.7 3.7 3.0 1.6 
19.6 13.1 6.5 3.5 3.0 1.6 
16.8 10.4 6.4 3.6 2.8 1.6 
16.1 10.1 6.0 3.3 2.7 1.4 
16.6 10.3 6.2 3.3 3.0 1.6 
16.6 10.4 6.2 3.4 2.8 1.5 
17.9 11.4 6.5 3.1 3.4 2.0 
20.0 13.7 6.3 3.1 3.2 1.7 

U.S. Bureau of Census, 1993. 

SB-1 

Residing 
outside the 
United States 
lit the 
beginning of 
period 

1,255 
1,385 
1,560 
1,467 
1,200 
1,142 
1,200 
1,427 
1,079 

978 
1,088 
1,313 
1,544 

988 

0.5 
0.6 
0.6 
0.6 
o.s 
0.5 
0.5 
0.6 
0.5 
0.4 
0.5 
0.6 
0.8 
0.6 



TablcSB-2. 

Pcnom 
S ycan 
old, and 
ovd' 

ReP,n, division, 1980 
and.WC (1,000) 

u nitcd Statec 210,323 

Northcut 46,052 

NcwEn&land 11,594 
Maine 1,047 
New Hamp1hirc 857 
Vermont 476 
Muaacbuacttl S,398 
Rbodehland 891 
Conncctieut 2,925 

Middle A!lantic 34,458 
New York 16,432 
NewJcncy 6,904 
Pcnmylvarua 11,122 

Midwcat 54,513 

But North Central 38,623 
Ohio 10,015 
Indiana 5,074 
Illinoia 10,593 
Michiaan 8,582 
Wacomin 4,360 

Wea North Central 15,890 
Minncaota 3,770 
Iowa 2,693 
Miuouri 4,564 
North DakDta 598 
South DakDta 633 
Ncbrulca 1,448 
Kanlu 2,184 

r-~FT 
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Mobility of the Raidcat Population by State: 

Pcrcmt diatribution -
l'Clidence in 12~ 

1;, I ' 

Same 
house 
in Diffel'ent Different Different 
1980 housc, county, county, 
u aame ume different 
1975 county ltatC ltatC 

53.6 25.1 9.8 9.7 

61.7 22.3 8.0 6.1 

59.1 23.4 6.7 9.2 
56.9 24.0 7.5 10.8 
51.6 22.8 6.2 18.5 
54.4 23.9 6.5 14.3 
61.0 22.7 7.6 7.0 
60.5 23.9 5.0 8.7 
59.0 24.4 5.S 9.3 

62.6 21.9 8.4 5.0 
61.5 22.6 9.3 3.8 
61.5 20.0 8.6 7.8 
65.0 22.0 7.1 5.2 

55.4 26.4 10.2 7.0 

56.0 27.4 9.6 6.0 
56.7 27.9 9.0 5.7 
54.8 27.5 9.6 7.6 
55.5 28.5 8.1 6.1 
56.4 26.2 11.3 S.1 
56.2 25.5 11.0 6.7 

53.9 24.0 11.8 9.4 
55.6 22.8 13.3 7.3 
55.6 25.0 10.9 7.9 
54.0 24.1 11.8 9.4 
51.7 23.1 11.4 12.7 
52.9 23.2 12.1 11.1 
53.1 24.4 11.0 10.5 
50.2 25.1 10.7 12.6 

(Continued on the following page) 
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Persona 
S ycan 
old, and 
ovel' 

Region, diviaion, 1980 
and state (1,000) 

~ 69,880 

South Atlantic 34,498 
Delaware SSS 
Maryland 3,947 
Diatrict of Columbia 603 
Virginia ' 4,99i 
Wcat Virginia 1,806 
North Carolina 5,476 
South Carolina 2,884 
Georgia S,052 
Florida 9,183 

But South Central 13,SS6 
Kentucky 3,379 
Tcnncaace 4,269 
Alabama 3,601 
Miuiuippi 2,307 

Wcat South Central 21,826 
Arbnau 2,113 
Louisiana 3,847 
0Jc]aboma 2,793 
Texu 13,074 

~ 39,879 

Mountain 10,386 
Montana 722 
Idaho 852 
Wyoming 425 
Colorado 2,676 
New Mexico 1,188 
Arimna 2,506 
Utah 1,272 
Nevada 745 

DRAFT 
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Table SB-2. (continued) ----~~~~~~~ 

Percent diltribution -
mjdcnce in 197S-

Same 
bo111e 
in Different Different Different 
1980 ho111e, county, county, 
u l&IDC aame different 
1975 county state •tale 

52.4 24.1 10.0 12.0 

S2.7 22.4 9.7 13.6 
S1.0 26.3 2.0 13.3 
55.5 21.9 10.3 10.4 
58.2 22.7 NA 16.3 
Sl.O 17.9 lS.O 13.9 
60.9 23.4 6.6 8.6 
56.9 23.S 8.9 9.8 
51.S 22.3 7.7 11.S 
52.S 22.8 12.2 11.S 
46.2 23.7 7.8 19.6 

56.0 25.9 7.9 9.5 
54.4 27.2 8.6 9.0 
54.2 27.2 7.4 10.6 
S7.6 25.3 7.4 8.9 
59.0 22.5 8.6 9.2 

49.6 25.6 11.8 11.0 
53.1 24.8 9.1 12.4 
51.0 24.3 9.2, 8.4 
47.6 24.9 12.3 13.7 
47.3 26.2 12.9 11.0 

43.8 28.3 11.0 13.4 

42.7 25.1 9.1 21.1 
47.3 24.5 12.3 lS.O 
44.4 24.7 9.5 20.0 
38.4 23.6 8.6 28.3 
39.8 22.7 14.8 20.6 
S0.3 23.2 7.2 17.4 
41.9 27.1 5.0 23.9 
45.8 27.8 8.4 16.0 
34.8 27.4 3.6 31.S 

(continued on the following page) 
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Table 5B-2. (oonainucd) I --..... 

Pcnom Same 
Sycan house 
old, and in 
ovcl' 1980 

ReP>n, diviaion, 1980 u 
and atatc (1,000) 1975 

Pacific 29,493 44.2 
Wuhin&ton 3,825 43.7 
Otc&OO 2,437 41.4 
California 21,980 44.6 
Aluk.a 363 32.2 
lhwaii 888 49.3 

• Survey aucaacd chan&ca in rc:aidcnce between 1975 and 1980. 
"Includes peno111 rcaidin& abroad in 1975. 
NA • not applicable. 

Source: U.S. Bureau of the Ccmlll, Statistical Abatract, 1984. 

SB-4 

Percent distribution -
residence in 1979 

Different Different Different 
house, county, county, 
l&IDC u.me different 
county ltatc ltatc 

29.4 11.6 10.7 
27.7 io.1 16.2 
26.6 13.4 16.9 
30.2 12.1 8.S 
27.6 8.7 29.1 
25.2 2.8 16.9 

OR 
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6. CONSUMER PRODUCTS 

i DO NOT QUOTE OR I CITE --
6.1. BACKGROUND 

Consumer products may contain toxic or potentially toxic chemical constituents to which 

humans may be exposed as a result of their use. Exposure to chemical constituents released 

from consumer products can occur via ingestion, inhalation, and through dermal contact. This 

chapter focuses on consumer products commonly used in homes: cleaning products, painting 

products, and household products. that contain solvents. 

Three national surveys have been conducted by Westat (1987a, b, and c) that provide 

usage data for household solvent products, household cleaning products, paint, and paint-related 

products. The primary purpose of these surveys was to gather usage data needed to assess 

exposure to consumers from chemicals in common household products. The data that can be 

obtained from these studies are: frequency of use, duration of use, and amount used. For each 

survey, participants were selected based on a random digit dialing (RDD) procedure. Using this 

procedure, sample block$ of numbers that included residential telephone number (published, and 

nonpublished) were made available within a certain exchange, and random telephone numbers 

were dialed within those blocks of numbers. If a person in that particular household agreed to 

participate, a questionnaire was mailed to the participant. To complete the questionnaires, 

respondents were required to recall product usage behavior over the previous 12 months. A 

follow-up telephone call was made to those respondents who did not respond to the 

questionnaires within a 4-week period. If these respondents agreed to participate, the 

questionnaire was administered to them over the telephone. 

The Waksberg Method of RDD was used for all surveys. This method provides an 

unbiased sample of households with telephones, with most of the households having the same 

probability of selection (Westat, 1987a, b, c). The method was also designed to reduce the 

number of nonproductive calls considering that a high proportion of nonworking and commercial 

numbers occur in consecutive sequences (Westat, 1987a, b, c). Data obtained from these 

surveys are summarized in the following sections. The reader is referred to Westat (1987a, b, c) 

for brand names, more explanation of the statistical procedures, and data for protective measures 

taken during use of these products. 
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Westat - Household Solvent Products: A National Usage Survey - Westat (1987a) 

surveyed 4,920 individuals (18 years of age or older) nationwide to determine consumer 

exposure to common household products believed to contain methylene chloride or its substituteS 

(trichloroethane, trichloroethylene, carbon tetrachloride, · perchloroethylene, and 1, 1,2-

trichlorotrifluoroethane). Survey questions included how often the products were used; when 

they were last used; what was the amount of time spent using a product (per occasion or year) 

and the time the respondent remained in the room after use; how much of a product was used 

per occasion or year; and what protective measures were used (Westat, 1987a). Thirty-two 

categories of common household products were included in the survey and are presented in 

Table 6-1. Tables 6-1, 6-~, 6-3, and 6-4 provide means, medians, and percentile rankings for 

the following variables: frequency of use, exposure time, amount of use, and time exposed after 

use. 

An advantage of this study is that the random digit dialing procedure (Waksberg Method) 

Jsed in identifying participants for this survey enabled a diverse selection of a representative, 

unbiased, sample of the U.S. population (Westat 1987a). Also, empricial data generated from 

this study will provide more accurate calculations of human exposure to consumer household 

products than estimates previously used. However, a limitation associated with this study is that 

the data generated were based on recall behavior. Participants were asked to recall product 

usage data from the previous 12 months. This may degrade the response accuracy of the 

participants. Another limitation is that extrapolation of these data to long-term use patterns may 

be difficult. 

Westat - National Usage Survey of Household Cleaning Products - Westat (1987b) 

collected use data from a nationwide survey to assess the magnitude of exposure of consumers 

to various household cleaning products. One hundred ninety-three (193) households participated 
,111111 

in the survey. A telephone interview was conducted to obtain data from the perwn who did the 

majority of the cleaning in each household. Of those respondents, 83 percent were female, 16 
" percent were male, and the sex of the remaining 1 percent was not ascertained (Westat, 1987b). 

A random digit dialing procedure, previously mentioned, was used to generate telephone 

numbers. The survey was designed to generate data on the frequency of performing 14 different 
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Products 

Spray Shoo Polish 

Water RepellentalProtectors 

Spot Removers 

Solvent-Type Cleaning Fluids or Degreasers 

Wood Floor and Paneling Cleaners 

TypcWriter Correction Fluid 

Adhesives 

Adhesive Removers 

Silicone Lubricants 

Other Lubricants (excluding Automotive) 

Specialized Electronic Cleaners (for TVs, Etc.) 

4f.cxPaint 

Oil Paint 

Wood Stains, Varnishes, and 
Finishes 

Paint Removers/Strippers 

Paint Thinners 

Aerosol Spray Paint 

Primers and Special Primers 

Aerosol Rust Removers 

Table 6-1. Frequency of Use For Household Solvent Products 

Percentile Rankings for Frequency of Use/Year 

Mean Std. dev. Min. 1 % 5% 10% 25% 50% 15% 90% 95% 99% Max. 

10.28 20.10 1.00 1.00 1.00 1.00 2.00 4.00 8.00 24.30 52.00 111.26 156.00 

3.50 11.70 1.00 1.00 1.00 1.00 1.00 2.00 3.00 6.00 10.00 35.70 300.00 

15.59 43.34 1.00 1.00 1.00 1.00 2.00 3.00 10.00 40.00 52.00 300.00 365.00 

16.46 44.12 1.00 1.00 1.00 1.00 2.00 4.00 12;00 46.00 52.00 300.00 365.00 

8.48 20.89 1.00 1.00 1.00 1.00 NA 2.00 6.00 24.00 50.00 56.00 350.00 

40.00 74.78 1.00 1.00 1.00 2.00 4.00 12.00 40;00 100.00 200.00 365.00 520.00 

8.89 

4.22 

10.32 

10.66 

13.41 

3.93 

5.66 

4.21 

26.20 1.00 1.00 1.00 1.00 2.00 

12.30 

25.44 

25.46 

38.16 

20.81 

23.10 

12.19 

1.00 1.00 

1.00 1.00 

1.00 1.00 

1.00 1.00 

1.00 1.00 

1.00 1.00 

1.00 1.00 

1.00 1.00 

0.03 0.03 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

2.00 

2.00 

2.00 

1.00 

1.00 

1.00 

3.00 

1.00 

3.00 

4.00 

3.00 

2.00 

1.00 

2.00 

6.00 

3.00 

10.00 

10.00 

10.00 

4.00 

3.00 

4.00 

15.00 

6.00 

20.00 

20.00 

24.00 

6.00 

6.00 

7.00 

28.00 100.00 500.00 

16.80 

46.35 

50.00 

52.00 

10.00 

12.00 

12.00 

100.00 

150.00 

100.00 

224.50 

30.00 

139.20 

50.80 

44.56 

100.00 

300.00 

420.00 

400.00 

800.00 

300.00 

250.00 

100.00 

352.00 

1.00 1.00 

6.00 

12.00 

6.10 

6.00 

11.80 

23.00 

12.00 

10.00 

24.45 

100.00 

31.05 

50.06 

S0.90 

365.001--· ·-
I t:1 

1.00 1.00 

1.00 1.00 

104.ool 0 

' ' ~ 
80.oo! o ...,.... 

3.68 

6.78 

4.22 

3.43 

6.17 

2.1 

9.10 

22.10 

15.59 

8.76 

9.82 

3.71 1.00 1.00 

1.00 

0.10 

1.00 

1.00 

1.00 

1.00 

1.00 

0.23 

1.00 

1.00 

1.00 

1.00 

2.00 

2.00 

2.00 

1.00 

2.00 

1.00 

3.00 

4.00 

4.00 

3.00 

6.00 

2.00 

15.00 

3.00 5.90 12.00 
0 f-3 '-' 

_ 1)7 3.71 1.00 1.00 1.00 1.00 1.00 1.00 2.00 3.00 5.90 12.00 52.00 ~ lO ~ 
(for Wood or Cement) ti:.! § ~ 

4.00 

1.00. 

1.00 

1.00 

1.00 

1.00 

1-3 
Gius Frostings, W"mdow Tints, and Artificial 2.78 21.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 27.20 365.00 l":I 

Snow I ~ 
1 



Table 6-1. Frequency of Uac For Houtcbold Solvent Product1 (ContiJaucd) 

Percentile Rankings for Frequency of Uae/Y ear 

Producu Mean Std. dev. Min. 1% 5" 10% 25% 50% 75% 90% 

Engine Dogreucn 4.18 13.72 1.00 1.00 1.00 1.00 1.00 2.00 3.25 6.70 

Carburdor Clcanera 3.77 7.10 1.00 1.00 1.00 1.00 1.00 2.00 3.00 6.00 

Aeroeol Spray Paints for Can 4.50 9.71 1.00 1.00 1.00 1.00 1.00 2.00 4.00 10.00 

Auto Spray Primers 6.42 33.89 1.00 1.00 1.00 1.00 1.00 2.00 3.75 10.00 

Spray Lubricant for Cars 10.31 30.71 1.00 1.00 1.00 l.00 2.00 3.00 6.00 20.00 

Transmiuion Cleaners 2.28 3.55 1.00 NA 1.00 1.00 1.00 1.00 2.00 3.00 

Battery Terminal Protectors 3.95 24.33 1.00 1.00 1.00 1.00 1.00 2.00 2.00 4.00 

t Brake Quieters Cleaners 3.00 6.06 1.00 NA 1.00 1.00 1.00 2.00 2.00 6.00 

Gasket Remover 2.50 4.39 1.00 NA 1.00 1.00 1.00 1.00 2.00 5.00 

Tire/Hubcap Cleaners 11.18 18.67 1.00 1.00 1.00 1.00 2.00 4.00 12.00 30.00 

Ignition and Wire Dryers 3.01 5.71 l.00 1.00 1.00 1.00 1.00 2.00 3.00 5.00 

NA •.., Not Available 

Source: Westat, 1987a 

9S" 99% 

12.00 41.70 

12.00 47.28 

15.00 (i(),00 

15.00 139.00 

40.00 105,(j() 

9.00 NA 

6.55 41.30 

10.40 NA 

6.50 NA 

50.00 77.00 

9.70 44.52 

Max. 

300.00 

100.00 

100.00 

500.00 

365.00 

26.00 

365.00 

52.00 

30.00 

200.00 

(j(),00 

,--·{ ··. g 
·1 f! ~ 0 

0 1--3 C:1 

~·~g; 
L=:! ._ , f:rj I ,_ 1 f-3 
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L
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Products 

Spray Shoe Polish 

Water RepellenWProtectora 

Spot Removers 

Solvent-Type Cleaning Fluids or 
Degreasers 

Wood Floor and Pancling Cleaners 

TypeWriter Correction Fluid 

Adhesives 

Adhesive Removers 

Silicone Lubricants 

Other Lubricants (excluding 
Automotive) 

Spcciali7.cd Electronic Cleaners (for 
TVs, Etc.) 

Latex Paint 

Oil Paint 

Wood Stains, Varnishes, and 
Finishes 

Paint Removers/Strippers 

Paint Thinners 

Aerosol Spray Paint 

Primers and Special Primers 

Aerosol Rust Removers 

Table 6-2. Exposure Time of Use For Household Solvent Products 

Mean 
(mins) Std. dev. Min. 1% 

7 .49 9.60 0.02 0.03 

14.46 24.10 0.02 0.08 

10.68 22.36 0.02 0.03 

29.48 97.49 0.02 0.03 

74.04 128.43 0.02 l.00 

7 .62 29.66 0.02 0.02 

IS.SB 81.80 0.02 0.03 

121.20 171.63 0.03 0.03 

10.42 29.47 0.02 0.03 

8.12 32.20 0.02 0.03 

Percentile Rankings for Duration of Use 
(mins) 

S% 10% 2S% SO% 7S" 90% 9S% 

0.2S O.SO 2.00 S.00 10.00 18.00 30.00 

O.SO 1.40 3.00 10.00 lS.00 30.00 60.00 

0.08 0.2S 2.00 S.00 10.00 30.00 30.00 

1.00 2.00 S.00 lS.00 30.00 60.00 120.00 

S.00 10.00 20.00 30.00 !:0.00 147 .00 240.00 

0.03 0.03 0.17 1.00 2.00 10.00 32.00 

0.08 0.33 1.00 4.2S 10.00 30.00 60.00 

1.45 3.00 15.00 60.00 120.00 246.00 480.00 

0.08 0.17 o.so 2.00 10.00 20.00 45.00 

o.os 0.08 o.so 2.00 S.00 lS.00 30.00 

99% Max. 

60.00 60 .00 

120.00 480.00 

120.00 360.00 

300.00 1800.00 

480.00 2700.00 

120.00 480.00 

180.00 2880.00 

900.00 9(J() .00 

180.00 360.00 

90.00 900.00 

9.47 45.35 0.02 0.03 0.08 0.17 O.SO 2.00 S.00 20.00 30.00 93.60 900.00 

29S.08 

194.12 

117.17 

125.27 

39.43 

39.54 

91.29 

18.57 

476.11 0.02 1.00 22.SO 30.00 90.00 180.00 360.00 480.00 810.00 2880.00 5760.00 

345.68 0.02 O.Sl 15.00 30.00 60.00 120.00 240.00 480.00 519.00 1702.80 5760.00 

193.05 0.02 0.74 5.00 10.00 30.00 60.00 120.00 140.00 360.00 720.00 280.00 

286.59 

114.85 

87.79 

175.05 

48.54 

0.02 

0.02 

0.02 

o.os 

0.02 

0.38 

0.08 

0.17 

0.24 

o.os 

S.00 

1.00 

2.00 

3.00 

0.17 

S.00 

2.00 

S.00 

S.00 

0.2S 

20.00 

S.00 

10.00 

lS.00 

2.00 

60.00 

10.00 

20.00 

30.00 

S.00 

120.00 

30.00 

4S.OO 

120.00 

20.00 

240.00 

60.00 

60.00 

240.00 

60.00 

420.00 

180.00 

120.00 

360.00 

60.00 

1200.00 

480.00 

300.00 

981.60 

130.20 

4320.00 

2400.00 

1800.00 

1920.00 

720.00 
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Tlbto 6-2. Exposwo T"llDO or UIO For Houcl:iold Solvcn.t Products (Continued) 

Pcrcentilo Ranlcings for Duration or UIO 
(mini) 

Mean 
Products (mini) Std. dev. Min. 1" 5" 10" 2S" so" 15" 90" 95" 99" Max. 

Outdoor Watr:r Repdlcota (for Wood 104.94 115.36 0.02 0.05 5.00 15.00 30.00 60.00 120.00 240.00 300.00 480.00 960.00 
or Cement) 

Gius Frostings, Window Tints, and 29.45 48.16 0.03 0.14 2.00 3.00 5.00 15.00 30.00 60.00 96.00 268.80 360.00 
Artificial Snow 

Engine Dcgreucn 29.29 48.14 0.02 0.9S 2.00 5.00 10.00 15.00 30.00 60.00 120.00 180.00 900.00 

Carburetor Cleaners 13.57 23.00 0.02 0.08 0.33 1.00 3.00 7.00 lS.00 30.00 45.00 120.00 300.00 

Aerosol Spray Paints for Cara 42.77 71.39 0.03 0.19 1.00 3.00 10.00 20.00 60.00 120.00 145.00 360.00 900.00 

Auto Spray Primers 51.45 86.11 0.05 0.22 2.00 5.00 10.00 27.SO 60.00 120.00 180.00 529.20. 600.00 

Spray Lubricant for Cara 9.90 3S.62 0.02 0.03 0.08 0.17 1.00 5.00 10.00 15.00 30.00 120.00 720.00 

f:f' Transmission Cleaners 27.90 61.44 0.17 NA 0.35 1.80 S.00 lS.00 30.00 60.00 60.00 NA 450.00 
°' 

Battery Terminal Protectors 9.61 18.lS 0.03 0.04 0.08 0.23 1.00 5.00 10.00 20.00 30.00 120.00 180.00 

Biake Quictcrs/Cleaners 23.38 36.32 O.o7 NA o.so 1.00 5.00 15.00 30.00 49.SO 120.00 NA 240.00 

Gasket Remover 23.S7 27.18 0.33 NA o.so 2.00 6.2S 15.00 30.00 60.00 60.00 NA 180.00 

Tire/Hubcap Cleaners 22.66 23.94 0.08 0.71 3.00 S.00 10.00 15.00 30.00 60.00 60.00 120.00 240.00 

Ignition and W'ire Dryers 7.24 8.48 0.02 0.02 0.08 0.47 I.SO 5.00 10.00 15.00 2S.SO 48.60 60.00 

NA = Not Available 

Source: Westat, 1987a 
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Products 

Spray Shoe Polish 

Water Rcpcllcnts/Protecton 

Spot Rcmovcn 

Solvent-Type Cleaning Fluids 
or Degreasers 

Wood Floor and Paneling 
Cleaners 

TypcWritcr Correction Fluid 

Adhesives 

Adhesive Removcn 

Silicone Lubricants 

Other Lubricants (excluding 
Automotive) 

Specialized Electronic Cleaners 
(for TVs, Etc.) 

Latex Paint 

Oil Paint 

Wood Stains, Varnishes, and 
Finishes 

Paint Removers/Strippers 

Paint Thinncn 

Aerosol Spray Paint 

Primers and Special Primers 

Aerosol Rust .Removers 

Teble 6-3. Amount of Products Used For Household Solvent Products 

Mean Std. dev 
(ounces/yr) 

9.90 

11.38 

26.32 

58.30 

28.41 

4.14 

7.49 

34.46 

12.SO 

9.93 

9.48 

371.27 

168.92 

65.06 

63.73 

69.45 

30.75 

68.39 

18.21 

17.90 

22.00 

90.10 

226.97 

57.23 

13.72 

SS.90 

96.<io 

27.85 

44.18 

SS.26 

543.86 

367.82 

174.01 

144.33 

190.SS 

52.84 

171.21 

81.37 

Min. l" 
0.04 0.20 

0.04 0.47 

0.01 0.24 

0.04 o.so 

0.03 0.80 

0.01 0.02 

0.01 0.02 

0.25 0.29 

0.02 0.20 

0.01 0.18 

0.01 0.05 

0.03 4.00 

0.02 0.33 

0.12 1.09 

0.64 I.SO 

0.03 0.45 

0.02 0.75 

0.01 0.09 

0.09 0.25 

Percentile Rankings for Amount of Products Used 
(ounces) 

5% 

0.63 

0.98 

O.<io 

2.00 

2.45 

0.06 

0.05 

1.22 

0.69 

0.30 

10% 25% SO% 75% 

1.00 2.00 4.SO 10.00 

1.43 2. 75 6.00 12.00 

1.00 2.00 s.so 16.00 

3.00 6.SO 16.00 32.00 

3.50 7.00 14.00 30.00 

0.12 0.30 0.94 2.40 

0.12 0.35 1.00 3.00 

2.80 6.00 10.88 32.00 

1.00 2.25 4.SO 12.00 

0.52 1.00 2.25 8.00 

O.i3 0.25 0.52 2.00 6.00 

12.92 32.00 64.00 256.00 384.00 

4.00 8.00 25.20 64.00 148.48 

4.00 4.00 8.00 16.00 64.00 

4.00 

3.10 

2.01 

1.30 

1.00 

8.00 16.00 

4.00 8.00 

3.25 7.00 

3.23 8.00 

1.43 2.75 

32.00 

20.48 

13.00 

16.00 

8.00 

64.00 

64.00 

32.00 

<io.00 

13.00 

90% 

24.00 

24.00 

48.00 

96.00 

64.00 

8.00 

8.00 

64.00 

24.00 

18.00 

12.65 

857.<io 

384.00 

128.00 

128.00 

128.00 

65.00 

128.00 

32.00 

95% 

36.00 

33.00 

119.20 

192.00 

96.00 

18.00 

20.00 

138.70 

41.20 

32.00 

99% Max. 

99.36 180.00 

121.84 450.00 

384.00 1 (i()().00 

845.00 5120.00 

204.40 1144.00 

67.44 181.80 

128.00 1280.00 

665.<io 1024.00 

192.00 312.00 

128.00 1280.00 

24.00 109.84 1024.00 

1280.00 25<io.OO 

640.00 1532.16 

6400.00 

5120.00 

256.00 768.00 3840.00 i--t:1-
o 

256.00 

256.00 

104.00 

256.00 

42.tiO 

512.00 

640.00 

240.00 

867.75 

199.80 

25ti0.00 

3200.00 

1053.00 

1920.00 

1280.00 
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Table 6-3. Amount of Productl Utcd For HolllCbold Solvent Producu (C.oi:itinucd) 

ProductJ Mean Std. dcv Pctcentile Rankings for Amount of Products Used 
(ouncCl/yr) (ounces) 

Min. 1" 5" 10% 25% 50% 75% 90" 95" 99" Max. 

Outdoor w~ R.cpellentl (for 148.71 280.65 0.01 0.37 3.63 8.00 16.00 64.00 128.00 448.00 640.00 979.20 3200.00 
Wood or Cement) 

Glass Frostings, Window Tints, 13.82 14.91 1.00 1.40 2.38 3.25 6.00 12.00 14.00 28.00 33.00 98.40 120.00 
and Artificial Snow 

Engine Dcgrcucrs 46.95 135.17 0.04 1.56 4.00 6.00 12.00 16.00 36.00 80.00 160.00 480.00 2560.00 

Carburetor Cleaners 22.00 50.60 0.10 0.50 1.50 3.00 5.22 12.00 16.00 39.00 75.00 212.00 672.00 

Aerosol Spray Paints for Can 44.95 89.78 0.04 0.1"4 1.SO 3.00 6.12 "16.00 48.00 100.80 156.00 557.76 900.00 

Auto Spray Primers 70.37 274.56 0.12 0.77 3.00 4.00 9.00 16.00 48.00 128.00 222.00 1167.36 3840.00 

Spray Lubricant for Cars 18.63 54.74 0.08 0.40 0.96 1.00 2.75 6.00 IS.SO 36.00 64.00 240.00 864.00 

~ Transmission Ccancrs 35.71 62.93 2.00 NA 3.7S 4.00 8.00 lS.00 32.00 77.00 140.00 NA 360.00 
00 

Battery Terminal Protecton 16.49 87.84 0.12 0.13 0.58 1.00 2.00 4.00 8.00 lS.00 24.60 627.00 1050.00 

Brake Quieten/Cleaners 11.72 13.25 0.50 NA 1.00 2.00 3.02 8.00 14.25 32.00 38.60 NA 78.00 

Gasket Remover 13.25 22.3S 0.50 NA 1.00 1.00 3.7S 7.75 16.00 24.00 58.40 NA 160.00 

Tire/Hubcap Cleaners 31.58 80.39 0.12 0.50 1.82 3.00 6.00 12.00 28.00 64.00 96.00 443.52 960.00 

Ignition and Wire Dryers 9.02 14.S9 0.13 0.32 1.09 1.50 3.00 6.00 10.7S 16.00 20.SS 113.04 120.00 

NA = Not Available 
--
I Source: Wcstat, 1987a t::1 
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Products 

Spray Shoe Polish 

Wakr Repellents/Protectors 

Spot Removers 

Solvent-Type Cleaning Fluids or 
Degreasers 

Wood Floor and Paneling 
Cleaners 

TypeWriter Correction Fluid 

Adhesives 

Adhesive Removers 

Silicone Lubricants 

Other Lubricants (excluding 
Automotive) 

Specialized Electronic Cleaners 
(for TVs, Etc.) 

Latex Paint 

Oil Paint 

Wood Stains, Varnishes, and 
Finishes 

Paint Removers/Strippers 

Paint Thinners 

Aerosol Spray Paint 

Primers and Special Primers 

Aerosol Rust Removers 

Mean 
(mins) 

31.40 

37.95 

43.65 

33.29 

96.75 

124.70 

68.88 

94.12 

30.77 

47.45 

117.24 

91.38 

44.56 

48.33 

31.38 

32.86 

12.70 

22.28 

15.06 

Table~. Time Exposed After Duration of Use For Household Solvent Products 

Std. dev. 

80.SO 

111.40 

106.97 

90.39 

192.88 

153.46 

163.72 

157.69 

107.39 

127.11 

154.38 

254.61 

155.19 

156.44 

103.07 

105.62 

62.80 

65.51 

47.58 

Min. 1% 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

5% 

0.00 

0.00 

0.00 

0.00 

0.00 

1.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Percentile Rankings for Time Exposed After Duration of Use 
(mins) 

10% 25% 50% 15% 90% 

0.00 0.00 5.00 20.00 120.00 

0.00 0.00 3.00 20.00 120.00 

0.00 1.00 5.00 30.00 120.00 

0.00 0.00 3.00 28.75 60.00 

0.00 5.00 30.00 120.00 240.00 

5.00 30.00 60.00 180.00 360.00 

0.00 1.00 10.00 60.00 180.00 

0.00 1.75 20.00 120.00 360.00 

0.00 0.00 0.00 10.00 60.00 

0.00 0.00 

1.00 10.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

2.00 30.00 120.00 

60.00 180.00 

5.00 60.00 

0.00 30.00 

1.00 30.00 

0.00 20.00 

0.00 15.00 

0.00 1.00 

0.00 10.00 

0.00 5.00 

300.00 

240.00 

120.00 

120.00 

60.00 

60.00 

30.00 

60.00 

60.00 

95% 99% Max. 

120.00 480.00 720.00 

240.00 480.00 1800.00 

240.00 480.00 1440.00 

180.00 480.00 1440.00 

480.00 1062.00 1440.00 

480.00 600.00 1800.00 

360.00 720.00 2100.00 

480.00 720.00 720.00 

180.00 480.00 1440.00 

240.00 

480.00 

480.00 

240.00 

240.00 

485.40 1440.00 

720.00 

1440.00 

480.00 

694.00 

1440.00 

2880.00 

2880.00 

2880.00 

180.00 

180.00 

60.00 

120.00 

541.20 

480.00 

260.SO 

319.20 

190.20 

1440.00 1-;;·. 
'Io 

1440.00 i . ' 5 
1440.00 l 0 ~ j t 
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T&Wo 6-4. 'fimo ExpOIOd After Duration of Uao For Houtc!iold Solvent Products (~ 

Productl Mean Std. dcv. Percentile Rankings for Tune ExpolCd After Dul'ltion of Uac 
(mim) (mim) 

Miu. l" s" 10" 2S" SO% 1S" 90% 9S% 99" Max. 

Outdoor Wemr Rcpcllcnta (for S.33 43.2S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 S.00 SS.SO 309.(i() 420.00 
Wood or Cement) 

Glass Frostings, W'mdow Tinta, 137.87 243.21 0.00 0.00 0.00 0.00 3.00 (i().00 180.00 360.00 480.00 1440.00 1800.00 
and Artificial Snow 

Engine Dcgrcascn 4.S2 24.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 IS.SO 120.00 3(,().00 

Carburetor Cleaners 7.Sl 68.SO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 30.00 120.60 1800.00 

Aerosol Spray Paints for Cars 10.71 4S.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 17.SO 60.00 282.00 480.00 

Auto Spray Primers 11.37 45.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 77.2S 360.00 360.00 

Spray Lubricant for Cars 4.54 30.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 15.00 70.20 420.00 
er' 
~ Transmission Cleaners S.29 29.SO 0.00 NA 0.00 0.00 0.00 0.00 0.00 S.00 22.SO NA 240.00 
0 

Battery Terminal Protectors 3.2S 17.27 0.00 NA 0.00 0.00 0.00 0.00 0.00 2.90 15.00 120.00 180.00 

Brelce Quieters/Clcanen 10.27 30.02 0.00 NA 0.00 0.00 0.00 0.00 0.00 30.00 120.00 NA 120.00 

Gasket Remover 27.56 S8.S4 0.00 NA 0.00 0.00 0.00 0.00 12.SO 120.00 180.00 NA 240.00 

Tire/Hubcap Cleaners I.SI 20.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.00 480.00 

Ignition and Wire Dryers 6.39 31.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 30.00 216.60 240.00 

NA = Not Available 

Source: Wcstat, 1987a 1-;-·-
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1 DO NOT QUOTE OR 
CI~~E 

I DRAFT I 
cleaning tasks; the amount of time (duration) spent at each task; the cleaning .. prooucnnost 

frequently used; and the type of product (liquid, powder, aerosol or spray pump) used (Westat, 

1987b). In addition, some demographic, product brand, and protective measure data were 

requested. 

The data are presented in Tables 6-5, 6-6, 6-7, 6-8, and 6-9. Table 6-5 presents the 

mean and median total exposure time of use for each cleaning task and the product type 

preferred for each task. The perce~tile rankings for the total time exposed to the products used 

for 14 cleaning tasks are presented in Table 6-6. The mean and percentile rankings of the 

frequency in performing each task are presented in Table 6-7. Table 6-8 shows the mean and 

percentile rankings for exposure time per event of performing household tasks. The mean and 

percentile rankings for total number of hours spent per year using the top 10 product groups are 

presented in Table 6-9. 

The methodology used to generate data in this survey and the survey reported by Westat 

(1987a) is similar. Therefore, the same advantages and disadvantages associated with the Westat 

(1987a) data also apply to this study. 

Westat - National Household Survey of Interior Painters - Westat, (1987c) conducted a 

study to obtain usage information for household painting. Painting and painting related procl!ucts 

generally contain chemicals that may be toxic. Therefore, consumer exposure to these chemicals 

may be harmful. The survey involved 208 participants (households), and the person in each 

household who did most of the interior painting during the last 12 months was interviewed over 

the telephone. The random digit dialing procedure previously described was used to generate 

sample blocks of telephone numbers. Questions were asked on frequency and· time spent for 

interior painting activities; the amount of paint used; and protective measures used. Fifty-three 

percent of the primary painters in the households interviewed were male, 46 percent were 

female, and the sex of the remaining 1 percent was not ascertained. Three types of painting 

products were used in this study; latex paint, oil-based paint, and wood stains and varnishes. 

Of the respondents, 94. 7 percent used latex paint, 16.8 percent used oil-based paint, and 20.2 

percent used wood stains and vamishes. 

Data generated from this survey are summarized in Tables 6-10, 6-11, and 6-12. Table 

6-10 presents the mean, standard duration, and percentile rankings for the total exposure time 

6-11 



r DRAFT I DO NOT QUOTE OR 
CITE -Tablc6-S. Total Expo1ure Time of Performing Tuk: and Product Type UICd by Tulc For Houachold Cleaning Productl 

Mean Median Product Type 
Tuk:I (Im/year) (Im/year) UICd 

Clean Bathroom Sinlcl and Tub1 44 26 Liquid 29% 
Powd=r """ Acroaol 16% 
Spray pump 10% 
Other 1% 

ClClll Kitchen Sink.I 41 18 Liquid 31" 
Powder 61% 
Acroaol 2% 
Spray pump 4" 
Other 2'5 

Clcan In1ldc of Cabincta 12 Liquid 6Hi 
(1uch u kitchen) Powder 12'5 

Aero10J 2" 
Spray pump 16'5 
Other 2% 

Clcan Outside or Cablnctl 21 6 Liquid 61" 
Powder 8" 
Aero10J 16% 
Spray pump 13" 
Other 2% 

Wipe Off Kitchen Countc:n SS Liquid 67" 
Powder 13" 
Acroaol 2% 
Spray pump 15'5 
Other 3" 

Thoroushly Clcan Counter• 24 13 Liquid 56" 
Powder 21" 
Aeroaol 5" 
Spray pump 17" 
Other 1 % 

Clean Bathroom Floors 20 9 Liquid 70% 
Powder 21" 
Ac:roaol 2" 
Spray pump 4" 
Other 3% 

Clean Kitchen Floors 31 14 Liquid 70'6 
Powdcc 27'6 
.Acrorol 2" 
Spray pump 1" 
Other 

Clean Bathroom or Other Tilted or Ceramic Walla 16 9 Liquid 37" 
Powder 18" 
Acrowl 17'6 
Spray pump 25" 
Other 3'6 

6-12 
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Total Exposure Tune of Perfomnng Task: and Product Type Used by Tuk For Houackmt Cleaning Productl 

OR 

. Table 6-5. 
. (continued) 

Mean Median Product Type 
Tub . (hrs/year) (hrs/year) Used 

Clean Outside ofW"mdows · 13 6 Liquid 27'1 
Powder 2'1 
Aerosol 6% 
Spray pump 65'1 
Other 

Clean Inside of Windows 18 6 Liquid 24% 
Powder 1'1 
Aerosol 8% 
Spray pump 66'1 
Other 2'1 

Clean Gius Surfacca Such as Mirrors & Tables 34 13 Liquid 13'1 
Powder l'I 
Aerosol 8'1 
Spray pump 7Hi 
Other 2'1 

Clean Outside of Refrigerator and Other Appliancea 27 13 Liquid 48'1 
Powder 3% 
Aerosol 7% 
Spray pump 38'1 
Other 4'1 

Clean Spots or Dirt on Walla or Doors 19 8 Liquid 46~ 

Finishes Powder 15'1 
Aerosol 4'1 
Spray pump 

.. _ 
30~ 

Other 4~ 

Source: Wcstat, 1987b. 
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T&blc 6-6. Pcccentilc Rankings for Total Exposate T'unc in Pc:rlormi.a.g Tulc 

Percentile Rankings for Total Exposure 
Exposure T'une Pc:rlonning Tulc 

(hrs/yr) 

Tab lOOth 95th 90th 15th SOth 25th 10th 0th 

Clean Bathroom Sinka and Tubt 365 121.67 91.25 52 26 13 5.2 0.4 

Clean Kitchen Si.Db 541.5 121.67 97.6 <i0.83 18.25 8.67 3.47 0.33 

Clean Inside of Kitchen Cabinets 208 48 32.48 12 4.75 2 1 0.17 

Clean Outside of Cabindl 780 78.66 36 17.33 6 2 0.967 0.07 

Wipe Off Kitchen Counters 912.5 456.25 231.16 91.25 54.15 24.33 12.17 1.2 

Thoroughly Clean Counters 547.5 94.43 52 26 13 6 1.75 0.17 

Clean Bathroom Floors 365 71.49 36.83 26 8.67 4.33 2 0.1 

'1' 
Clean Kitchen Floors 730 96.98 52 26 14 8.67 4.33 0.5 

...... Clean Bathroom or Other Tilted or Ceramic Walls 208 52 36 26 8.67 3 1 0.17 ~ 

Clean Outside of Wmdows 468 32.6 24 11.5 6 2 1.5 0.07 

Clean Inside of Wmdows 273 72 36 19.5 6 3 1.15 0.07 

Clean Glass Surfaces Such u Mirrors & Tables 14li0 104 <i0.83 26 13 6 1.73 0.17 

Clean Outside Refrigerator and Other Appliances 365 95.29 91.25 30.42 13 4.33 1.81 0.1 

Clean Spots or Dirt on Walls or Doors 312 78 52 24 8 2 0.568 0.07 

Source: Westat, 1987b. I t;j 
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Table 6-7. Mean Pen:entile Rankings for Frequency of Use in Performing Household Tasks 

Percentile Rankings 
Tasks Mean 

Olh lOlh 25th 50!h 15th 90lh 9Sth lOOlli 

Clean bathroom sinks and tubs 3 xperweek 0.2 x per week 1 xperweek 1 xperweek 2 xperweek 3.5 x per week 7 xperweek 7xperweek 42xperweek 

Clean kitchen 1inks 7 xperweek Ox per week l xperweek 2xperweek 7 xperweek 7 xperweek 15 xperweek 21 xperweek 28 xperweet 

Clean inside of cabinets 111ch 11 9 xperyear 1 xperyear l xperyear l xperyear 2 xperyear 12 x per year 12xperyear 52xperyear 156 x per year 
those in the kitchen 

Clean outaide of cabineta 3 xpermonth 0.1 x per month 0.1 x per month 0.3 x per month l xper month 4xpermonth 4xpermonth 22 x per month 30 x per month 

Wipe off counten such 11 thOIC 2 xperday 0 xperday 0.4xperday l xperday l x per day 3 xperday 4 xperday 6 xperday 16 x per day 
in tho kitchen 

Thoroughly clean counten 8 xpermonth 0.1 x per molllh O.i x per month i xpermonth 4 xpermontb 4 x per u.onth 30 ::t per month 30 x per !!!O!!th 183 x per month 

Clean bathroom floon 6 xpermonth 0.2 x per month 1 xpermonth 2xpermonth 4 xpermonth 4 xpermonth 13 x per month 30 x per month 30 x per month 

Clean kitchen ftoon 6 xpermonth 0.1 x per month l xpermonth 2 xpermonth 4 xpermonth 4xpermonth 13 x per month 30 x per month 30 x per month 

~ Clean bathroom or ocher tiled 4 xpermonth 0.1 x per monlb 0.2 x per month l xpermonth 2 xpermonth 4 xpermonth 9 xpermonth 13 x per month 30 x per month 
.....,. or ceramic walls 
Vt 

Clean outside of windows 5 xperyear l x per year l xperyear l xperyear 2 x per year 4 xperyear 12 x per year 12xperyear 156 x per year 

Clean inside of windows lOxperyear 1 xperyear l xperyear 2xperyear 4 xperyear 12 x per year 24xperyear 52xperyear 156 x per year 

Clean ocher gla11 surfacea 111ch 7 xpermonth 0.1 x per month 1 xpermonth 2xpermonth 4 xpermonth 4 xpermonth 17 x per month 30 x per month 61 x per month 
u ir.iirron and tables 

Clean outoido of refrigentor 10 x per month 0.2 x per month 1 xpermonth 2xpermonth 4 xpermonth 13 x per month 30 x per month 30 x per month 61 x per month 
and other appliances 

Cle&n lpOtl or dirt on wall1 or 6 xpermonth 0.1 x per month 0.2 x per month 0.3 x per month l xpermonth 4 xpermonth 13 x per month 30 x per month 152 x per monlh 
doon 

Source: Westat, 1987b. 
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Table 6-8. Mean and Perccnti1e Rankings ror Exposure Tune Per Event of Performing Hotaehold Tub 

Percentile Ran.Icings (minutea/evcnt) 
Tuu · Mean 

(minutea/event) 
0th 10th 25th 50th 15th 90th 95th lOOth 

Clean bathroom sinks and tubs 20 1 s 10 15 30 45 60 90 

Clean kitchen sinks 10 1 2 3 s 10 15 20 480 

Clean inside of cabinets such u those in the kitchen 137 s 24 44 120 180 240 360 2,880 

Clean outside of cabinets 52 1 s 15 30 60 120 180 330 

Wipe off counters such as those in the kitchen 9 1 2 3 5 10 15 30 120 

9' Thoroughly clean counters 25 1 5 10 15 30 60 90 180 ,.... 
°' Clean bathroom floors 16 1 5 10 15 20 30 38 60 

Clean kitchen floors 30 2 10 15 20 30 60 60 180 

Clean bathroom or other tiled or ceramic walls 34 1 5 15 30 45 60 120 240 

Clean outside of windows 180 4 30 60 120 240 420 480 1,200 

Clean inside of windows 127 4 20 45 90 158 300 381 1,200 

Clean other glass surfaces such as mirrors and tables 24 1 s 10 15 30 60 60 180 

Clean outside of refrigerator and other appliances 19 1 4 5 10 20 30 45 240 

Clean spots or dirt on walls or doors so 1 5 10 20 60 120 216 960 

Source: Westat, 1987b. 1---; 
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Table 6-9. Total Exposure Time for Ten Product Groups Most Frequently Used For ousehold CleaniD.gA 

Me.an Percentile Rankings of Total Exposure Time 
(hrs/yr) (hrs/yr) 

Products 
0th 10th 25th 50th 75th 90th 95th lOOth 

Dish Detergents 107 0.2 6 24 56 134 274 486 941 

Glass Cle.aners 67 0.4 3 12 29 62 139 260 1,508 

Floor Cle.aners 52 0.7 4 7 22 52 102 414 449 

Furniture Polish 32 0.1 0.3 1 12 36 101 215 243 

Bathroom Tile Cle.aners 47 0.5 2 8 17 48 115 . 287 369 

Liquid Cleansers 68 0.2 2 9 22 52 122 215 2,381 

Scouring Powders 78 0.3 9 17 35 92 165 28~_ 747 

Laundry Detergents 66 0.6 8 14 48 103 174 202 202 

Rug Cleaners/Shampoos 12 0.3 0.3 0.3 9 26 26 26 26 

All Purpose Cleaners 64 0.3 4 9 26 77 174 262 677 

The data in Table 8 above reflect for only the 14 tasks included in the survey. Therefore, many of the durations 
reported in the table underestimate the hours of the use of the product group. For example, use of dish 
detergents to wash dishes is not included. 

Source: Westat, 1987b. 
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Table 6-10. Total Exposure Time of Painting Activity of Interior Painters (hrs) 

Types of Paint Mean Std. dev. Percentile Rankings for Duration of Painting Activity 
(hrs) (hrs) 

Min. 10% 25% 50% 15% 90% 95% 

Latex 12.2 11.28 1 3 4 9 15 24 40 

'{'" Oil-based 10.68 15.56 1 1.6 3 6 10 21.6 65.6 -00 

Wood Stains and Varnishes 8.57 10.85 1 1 2 4 9.3 24 40 

Source: Westat, 1987c. 

Max. 

248 

72 

42 

- '°·-1· 
f o - ~ I 

0 ' 
oHt1 

~.o?1 
t:r:I c:: l:tj . 
o~· 
8 ! 
t.=:I I 
0 • 
~ I 
- I 



Table 6-11. Exposure Time of Interior Painting Activity/Occasion (hrs) and Frequency of Occasions Spent Painting Per Year 

Types of Paint Duration of Frequency of Percentile Rankings for Frequency of Occasions Spent Painting 
Painting/Occasion Occasions Spent 

(hrs) Painting/Year 

Mean Median Mean Std. dev. Min 10% 25% SO% 75% 90% 9S% Max. 

Latex 2.97 3 4.16 S.S4 1 1 2 3 4 9 10 62 

Oil-based 2.14 3 S.06 11.98 1 1 1 2 4 8 26 72 

Wood Stains and 2.15 2 4.02 4.89 1 1 1 2 4 9 20 20 

'T' Varnishes -'° Source: Westat, 1987c. 
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Table 6-12. Amount of Paint UICd by IDtcrior PaiAtcn 

Typca of Paint Median Mean Std. dev. Percentile Rankings for Amount of Paint Utcd 
(gallon•) (gallon1) (gallons) 

Min 10% 25" so" 75" 90" 
Latex 3.0 3.89 4.56 0.13 1 2 3 5 g 

Oil-based 2.0 2.55 3.03 0.13 0.25 0.5 2 3 7 

Wood Stains and 0.75 0.88 0.81 0.13 0.14 0.25 0.75 1 2 
Varnishes 

'T' 
~ Source: Wcstat, 1987c. 

95" Max. 
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for painting activity by paint type. Table 6-11 presents the mean and staii<Jaf exposure me 

for the painting activity per occasion for each paint type. A "painting occasion" is defined as 

a time period from start to cleanup (Westat 1987c). Table 6-11 also presents the frequency and 

percentile rankings of painting occasions per year. Table 6-12 presents the total amount of paint 

used by interior painters. 

The methodology used to generate data in this survey is similar to the methodology used 

in the survey reported by Westat (1987a). Therefore, the same advantages and disadvantages 

associated with the Westat (1987a) data also apply to this study. 

6.3. RECOMMENDATIONS 

In order to estimate consumer exposure to household products, several types of 

information are needed for the exposure equation. The information needed include frequency 

and duration of use, amount of product used, percent weight of the chemical found in the 

product, and for dermal exposure, the amount of the solution on the skin after exposure. The 

studies of Westat (1987a, b, and c) provide information on amount, duration, and frequency of 

use of household consumer products. The frequency and duration of use and amount of product 

used for some household products can be obtained from Tables 6-1 through 6-10. Exposure to 

chemicals present in common household products can be estimated by utilizing these data 

presented in these_ tables and the appropriate exposure equation. It should be noted that if these 

data are used to model indoor air concentrations, the values for time of use, time exposed after 

use, and frequency in the indoor air, should be the same values used in the dose equation for 

frequency and contact time for a given individual. 
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Within a residence, exposures occur not only by the inhalation route, but also by the 

ingestion and dermal routes. The factors needed to assess many aspects of these last two 

routes (e.g., food consumption, product use information, etc.) are contained in other 

chapters. The role of human activity patterns is discussed m Chapter 5, and factors related 

to product use are summarized in Chapter 6. The purpose of this chapter is to provide 

information on various residential factors that are needed to assess inhalation exposures-

whether those exposures occur alone or in conjunction with dermal and/or ingestion 

exposures. 

Exposure assessments in residential settings require information to define: ( 1) the 

availability of the chemical(s) of concern at a given place within the building, (2) the nature 

and degree of human presence at that location and time, and (3) certain characteristics of the 

residence. Very often, indoor exposure assessments must be undertaken with little or no 

direct knowledge of the environmental abundance of the chemical(s) of concern and only 

sketchy information to defme the human presence. As a consequence, such exposure 

assessments must be assembled from a mix of observational, physical and chemical 

measurement data coupled to theoretical and empirical assumptions to fill information gaps. 

In residential exposure scenarios, defmition of source-receptor relationships can take on 

special complexities because: (1) chemical concentrations can vary over time due to 

building-specific as well as chemical- and source-specific factors, (2) the human who incurs 

the exposure very often exerts some influence over these factors (particularly for the source), 

(3) for some types of indoor sources, room-to-room differences in concentration are likely to 

prevail, ai;t.d (4) people tend to move from room to room and to come and go from the 

exposure scene. 

The chemical mass balance of the house provides a deterministic framework for 

considering the interactions among sources and fates for each chemical of concern (Figure 

7-1). The fate, in particular, tells the exposure analyst whether concerns may arise from the 

perspectives of inhalation, dermall, or ingestion exposure, or some combination thereof. For 
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Figure 7-1. Elements of Residential Exposure 
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example, use of a hard surface cleaner with volatile constituents can result in inhalation of 

chemicals that volatili7.e during/after application as well as dermal contact in the course of 

applying the cleaner. For a chemical conveyed by the residential Water supply, both 

inhalation and dermal exposure can occur while showering, in addition to direct ingestion 

when drinking the water. 

The extent of human exposure by these various routes depends on a number of 

factors. Some residential exposure factors are related to features of the building itself, such 

as total and room-specific volumes, surface areas, and airflow rates. Other factors are 

related to human presence, such as location/activity patterns and use of various consumer 

products that can release chemicals of concern. The focus of this chapter is on the 

characteristics of the residence. Residential construction and finishing materials and interior 

furnishings also are of interest because they can emit or absorb some chemicals of concern, 

but these factors generally are beyond the current scope of this document. 

The remainder of this chapter provides information on various residential factors that 

can affect human exposure while indoors. Section 7 .2 summarizes existing data on whole

house and room-specific volumes. Section 7 .3 lists indoor-outdoor air exchange rates and 

provides a basis for defining airflows within a residence that affect chemical transport. 

Section 7 .4 provides information on one type of indoor source-the water supply-whose 

configuration is defined by the residence rather than the occupant. For completeness, factors 

related to occupant uses of the water are also presented. 

7.2 INDOOR VOL~ 

7.2.1 Volumes of Residences 

Residential Energy Consumption Survey (RECS) - No measurement surveys have been 

conducted to directly evaluate the range and distribution of residential volumes. Related 

data, however, are regularly collected through the U.S. Department of Energy•s Residential 

Energy Consumption Survey (USDOE 1992). In addition to collecting information on energy 

use, this triennial survey collects data on housing characteristics, including direct 

measurements of total and heated floorspace for buildings visited by survey specialists. For 

a recent survey (1990), a statistical sample of ayer 5000 residences was surveyed, 
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representing 94 million households nationwide. Table 7-1 summames indoor volumes 

estimated from this survey for leading categories of housing; these volumes were derived 

from the floorspace data contained in the USDOE report using an assumed ceiling height of 8 

ft (2.44 m). 

The data in Table 7-1 also indicate a relationship between residential volume and both 

housing type and ownership. The predominant housing type-single-family detached home-

also has the largest volume. Multifamily units and mobile homes have volumes averaging 

about half that of single-family detached homes, with single-family attached homes about 

halfway between these extremes. Within each category of housing type, owner-occupied 

residences average about 50 percent greater volume than rental units. The owner-occupied 

residences collectively account for two-thirds of the U.S. housing stock. 

The relationship of other factors-household size and structure age-to residential 

volumes is shown in Table 7-2. The relationship with household size is of particular interest 

for purposes of exposure assessment;· for example, one-person households would not include 

children. The data indicate that multi-person. households occupy residences with volumes 

averaging about 50 percent greater than residences occupied by single-person households. 

Data on year of construction indicate a slight decrease in residential volumes between 1950 

and 1980, followed by an increasing trend over the next decade. 

7.2.2 Room Volumes and Surface Areas 

Volumes and Areas of Research Houses - Room volumes and surface areas have not 

been well characteriz.ed for the U.S. housing stock. However, there is information on 

several well-characteri7.ed houses that have been used for energy conservation and indoor air 

quality research. Four examples are given in Table 7-3; all houses were built in the late 

1970s or early 1980s. Two of the houses-a two-story style and a ranch style-have been 

used by the National Institute of Standards and Technology (NIST, formerly National Bureau 

of Standards) for energy conservation and air quality research. The buildings were specified 

by NIST as "being typical of modem residential construction in 1977" (Emmerich and 

Persily 1994). A ranch style house used by EPA for indoor air quality research (Tichenor et 

al. 1990), like that specified· by NIST, consists of a single story, and the two houses have 
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Table 7-1. Average &timated Volumes of U.S. Residences-· 

Ownenhip 

Owner-Occupied Rental All Units 

Housing Type Volume1 Percent Volume Percent Volume Percent 
(m') of Total (m') of Total (m') of Total 

Singlo-Family 534 53.2 349 8.9 508 62.1 
De.tached 

Singlo-Family '436 3.9 284 2.4 378 6.4 
Attached 

Multifamily 394 2.7 224 8.0 267 10.6 
(2-4 units) 

Multifamily 274 1.9 170 13.4 183 15.3 
(S+ Units) 

Mobile Home 221 4.5 177 1.1 213 5.5 

All Types 494 66.2 239 33.8 408 100.0 

1 Volumes calculated from floor areas assuming a ceiling heiaht of 8 feet. 

Source: U.S. DOE 1992. 

1-S 



--·-···--·- ----., 
I DRAFT 

l
j DO NOT QUOTE OR 

CITE 
~--· 

Table 7-2. Residential Volumes in Relation to Household Size and Year of Construction 

Household Size 

1 Person 
2 Persons 
3 Persons 
4 Persons 
5 Persons 
6 or More Persons 
All Si7.CS 

Year of Construction 

1939 or before 
1940 to 1949 
1950 to 1959 
1960 to 1969 
1970 to 1979 
1980 to 1984 
1985 to 1987 
1988 to 1990 
All Years 

Volume1 

<m'> 

301 
422 
420 
504 
464 
450 
408 

430 
373 
418 
400 
383 
384 
411 
562 
408 

Percent of Total 

24.9 
32.6 
16.8 
14.8 
7.1 
3.8 

100.0 

22.9 
7.4 

14.3 
15.7 
22.8 

8.5 
5.4 
3.0 

. 100.0 

1 Volumes calculated from floor areas assuming a ceiling height of 8 feet. 

Source: U.S. DOE 1992. 

7-6 



r------r:-;~-~~-,: 1· 

I. t I'll 1\1 (';~ ~ ~~ ,L· '. ~' ~·. ~~ :Y;~> 
~V J>~, ..... L -.... ..... .,, -·-· '...,I_\ 

J • -- -~~-~-~-~-------· -

Table 7-3. Room Volumes and Surface Areas From Energy Conservation and 
Indoor Air Quality Research Houses 

Surface Arca 

Room or Zone Volume (m') Floor (m2) Walla (m2) 

NIST Two-Story StyJc1 (Tola! Habitable Volume = 420 m') 

Living Room 61 2S 49 

Dining Room 42 17 40 

Kitchen/Family Area 15 31 55 
Half-Bath 8 3 18 

Large Cloact 12 5 22 
Utility Cloact 5 2 14 

Attached Garage 131 54 73 

Muter Bedroom 69 28 52 

Muter Cloact 22 9 30 

Muter Bath 11 4 20 

Hall 11 4 28 
Bedroom2 35 IS 4S 

Bcdroom3 29 12 34 
Bedroom4 29 12 34 

Bath 11 4 20 

NIST Ranch Stylc1 (Total Habitablc Volume = 2SO m') 
LR/DR 15 31 60 

Kitchen 28 12 34 
Hall 13 s 35 
Muter Bedroom 44 18 42 
Muter Bath 11 s 24 
Bedroom2 33 14 36 
Bedroom3 31 13 36 
Hall Bath IS 6 24 
Attached Garage 89 37 62 

BPA Ranch Stylc2 (Total HabitabJc Volumi: = 293 m') 

Dcn/Kit./LR 150 63 81 

Hall 12 s 24 
Middle Bedroom 34 14 27 
Comer Bedroom 33 14 27 
Muter Bedroom 42 18 36 
Muter Bath 10 4 8 
Hall Bath 12 s 7 

GBOMBT Split Poyer Style1 (Tola! Habitablc Volume • 311 m') 

LR/Kit./DR 100 41 36 
Hall 11 5 24 
Front Bedroom 23 8 28 
Comer Bedroom 21 9 34 
Muter Bedroom 3S 14 36 
Muter Bath 8 3 18 
Hall Bath 9 4 20 

Dowmtain 104 43 S9 
Integral Garage 108 44 65 

l Emmerich and Penily. 1994. 
2 Sparks, 1988. 

' -s GBOMBT, 1982. 
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similar volumes, in the range of 250 to 300 rrf. A two-story split-toyer-house used by 

GEOMET (Koontz and Nagda 1989) for air quality and energy research has a habitable 

volume of 311 m3
• The house also includes an integral garage in the lower level; if the 

option for habitable space had been chosen instead of the garage, then the habitable volume 

would have been virtually identical to that of the two-story NIST residence (420 rrf). Thus, 

both the two-story residences have volumes very close to the national average (408 m3) 

previously shown in Table 7-1. 

Volumes of specific rooms are a function of both total house volume and interior 

design/layout. Across the four structures, the bedroom volumes varies by a factor of three, 

from 21 m3 to 69 m3
, averaging 35 m3• Bathroom volumes vary by a factor of two, from 

8 m3 to 15 m3
, averaging 11 m3

• The range of hallway volumes across these houses is quite 

narrow, from 11 m3 to 13 m3
• Kitchen and living room volumes were not reported 

separately for two of the four houses because they are part of a series of interconnected 

rooms, but the cases where they were reported separately indicate a kitchen volume on the 

order of 30 m3 and living room volume near 60 m3
• The surface-to-volume ratio for the 

floor (and, by analogy, the ceiling) is consistently 0.41 for these residences because a ceiling 

height of 8 feet (2.44 meters) was assumed in computing the volumes. The surface-to

volume ratio for walls varies from about O.S for open and interconnected areas (e.g., 

kitchen/dining room/living room) to about 2.0 for smaller enclosed areas such as closets, 

bathrooms, and hallways. 

Suiface Materials - Table 7-4 shows examples of assumed amounts (Tucker 1991) of 

selected products or materials used in constructing or finishing residential surfaces. Products 

used for floor surfaces include adhesive, varnish and wood stain, and materials used for 

walls include paneling, gypsum board, and wallpaper. Particleboard and chipboard most 

likely would be used for interior furnishings such as cabinets or shelves, but also could be 

used for decking or underlayment. 
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Table 7-4. Examples of Products and Materials AssocmteaWith 
Floor and Wall Surfaces in Residences1 

Assumed Amount of 
Material Sources Surface Covered 

Silicone caulk 
Floor adhesive 
Floor wax 
Wood stain 
Polyurethane wood finish 
Floor varnish or lacquer 
Plywood paneling 

-Chipboard 
Gypsum board 
Wallpaper 

1 After Tucker, 1991. 
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Major air transport pathways for airborne substances in residences include the 

following: 

• Air exchange-Air leakage through windows, doorways, intakes and exhausts, 
and "adventitious openings" (i.e., cracks and seams) that combine to form the 
leakage configuration of the building envelope plus natural and mechanical 
ventilation; 

• Interzonal airflows-Transport through doorways, ductwork, and service 
chaseways that interconnect rooms or zones within a building; and 

• Local circulation-Convective and adjective air circulation and mixing within a 
room or within a zone. 

'The distribution of airflows across the building envelope that contribute to air 

exchange and the interzonal airflows along ~terior flowpaths is determined by the interior 

pressure distribution. 'The forces causing the airflows are temperature differences, the 

actions of wind, and mechanical ventilation systems. Basic concepts have been reviewed by 

ASHRAE (1993). Indoor-outdoor and room-to-room temperature differences create density 

differences that help determine basic patterns of air motion. During the heating season, 

warmer indoor air tends to rise to exit the building at upper levels by stack action. Exiting 

air is replaced at lower levels by an influx of colder outdoor air. During the cooling season, 

this pattern is reversed: stack forces during the cooling season are generally not as strong as 

in the heating season because the indoor-outdoor temperature differences are not pronounced. 

The position of the neutral pressure level (i.e., the point where indoor-outdoor 

pressures are equal) depends on the leakage configuration of the building envelope. 'The 

stack effect arising from indoor-outdoor temperature differences is also influenced by the 

partitioning of the building interior. When there is free communication between floors or 

stories, the building behaves as a single volume affected by a generally rising current during 

the heating season and a generally falling current during the cooling season. When vertical 

communication is restricted,. each level essentially becomes an independent zone. As the 
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wind flows past a building, regions of positive and negative pressure are created; positive 

pressures induce an influx of air, whereas negative pressures induce an outflow. Wind 

effects and stack effects combine to determine a net inflow or outflow. 

The final element of indoor transport involves the actions of mechanical ventilation 

systems that circulate indoor air through the use of fans. Mechanical ventilation systems 

may be connected to heating/cooling systems that, depending on the type of building, 

recirculate thermally treated indoor air or a mixture of fresh air and recirculated air. 

Mechanical systems also may be solely dedicated to exhausting air from a designated area, as 

with some kitchen range hoods and bath exhausts, or to recirculating air in designated areas 

as with a room fan. Local air circulation also is influenced by the movement of people and 

the operation of local heat sources. 

7.3.2 Air Ex~ange 

Air exchange is the balanced flow into and out of the building, and is composed of 

three processes: (1) infiltration - air leakage through random cracks, interstices and other 

unintentional openings in the building envelope; (2) natural ventilation - airflows through 

open windows, doors, and other designed openings in the building envelope; and (3) forced 

or mechanical ventilation - controlled air movement driven by fans. For nearly all indoor 

exposure scenarios, air exchange is treated as the principal means of diluting indoor 

concentrations because outdoor levels are generally assumed to be zero. The air exchange 

rate is generally expressed in terms of air changes per hour (ACH, with units of h-1 ), the 

ratio of the airflow (m3 h-1) to the volume (m3). 

Measurements with Pe'ljluorocarbon Tracers - No measurement surveys have been 

conducted to directly evaluate the range and distribution of residential air exchange rates. 

Although a significant number of air exchange measurements have been carried out over the 

years, the diversity of protocols and study objectives make the formation of a representative 

database problematic. Since the early 1980s, however, an inexpensive perfluoroca.rbon tracer 

(PFr) technique (Dietz et al. 1986) has been used to measure time-averaged air exchange 

and interzonal airflows in more than 4,000 occupied residences using essentially similar 
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protocols. These measurement results have been compiled to allow various researchers to 

~ the data (Versar 1990). 

While the residences represented in the PFI' database do not constitute a random 

sample of those across the United States, they nonetheless represent a compilation of homes 

visited in the course of about 100 separate field-research projects by various organi7.ations, 

some of which involved random sampling and some of which involved judgmental. or 

fortuitous sampling. Further analysis on the assembled data (Koontz and Rector 1995) 

indicate that the 10th percentile value of 0.18 ACH would be appropriate as a conservative 

estimator for air exchange in residential settings, and that a value of 0.45 ACH would be 

appropriate when a typical air exchange rate is desired. Statistical summaries of the data are 

presented in 

Table 7-5. 

In applying conservative or typical values of air exchange rates it is important to 

realize the limitations of the underlying data base. Although the estimates are based on 

thousands of measurements, the residences represented in the database are not a random 

sample of the United States housing stock. The sample population is not balanced in terms 

of geography or time of year. Statistical techniques were applied to compensate for some of 

these imbalances. Despite such limitations, the estimates in Table 7-5 are believed to 

represent the best available information on the distribution of air exchange rates across 

United States residences throughout the year. 

Earlier Studies - Prior to the Koontz and Rector (1993) study, Nazaroff et al. (1987) 

aggregated the data from two earlier tracer-gas decay studies that, at the time they were 

conducted, were the largest U.S. studies to include air exchange measurements. The first 

(Grot and Clark 1981) was conducted in 255 dwellings occupied by low-income families in 

14 different cities. The geometric mean ± standard deviation for the air exchange 

measurements in these homes, with a median house age of 45 years, was 0.90 ± 2.13 ACH. 

The second study (Grimsrud et al. 1983) involved 312 newer residences, with a median age 

of less than 10 years. Based on measurements taken during the heating season, the 
'" 'I' 

geometric mean ± standard deviation for these homes was 0.53 ± 1. 71 ACH. Based on an 

aggregation of the two distributions with proportional weighting by the respective number of 
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Table 7-5. Summary Statistics for Air Exchange Rates 
(Air Changes Per Hour-ACH), by Region 

North 
West Central Northeast South All 

Region Region Region Region Regions 

Arithmetic Mean 0.66 0.57 0.71 0.61 0.63 
Arithmetic 0.87 0.63 0.60 0.51 0.65 

Standard Deviation 
Geometric Mean 0.47 0.39 0.54 0.46 0.46 
Geometric 2.11 2.36 2.14 2.28 2.25 

Standard Deviation 
10th Percentile 0.20 0.16 0.23 0.16 0.18 
50th Percentile 0.43 0.35 0.49 0.49 0.45 
90th Percentile 1.25 1.49 1.33 1.21 1.26 
Maximum 23.32 4.52 5.49 3.44 . 23.32 

Source: Koontz and Rector, 1993. 
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houses studied, Naz.aroff et al. (1987) developed an overall distribution Wiili" a·geomefiic 

mean of 0.68 ACH and a geometric standard deviation of 2.01. 

7.3.3 Interzonal AirOows 

Background - Residential structures consist of a number of rooms that may be 

connected horimntally, vertically, or both horizontally and vertically. With some exceptions, 

the major variations in general residential layouts arise from the location of bedrooms 

relative to the area containing the kitchen, living room, and dining room (Rector and 

Koontz 1987). As illustrated in Figure 7-2, bedrooms usually are located either on the same 

floor as the kitchen or on a floor that is partly or completely above the kitchen. In some 

residences there is a basement below the kitchen floor, usually containing a recreation or 

family room, other special purpose rooms, and sometimes additional bedrooms. Before 

considering residential structures as a detailed network of rooms, it is convenient to divide 

them into one or more zones. At a minimum, each floor is defined as a separate zone. For 

indoor .air exposure assessments, further divisions are sometimes made within a floor, 

depending on (1) locations of specific contaminant sources and (2) the presumed degree of 

air communication among areas with and without sources. 

Defining the airflow balance for a multiple-zone exposure scenario rapidly increases 

the information requirements as rooms or zones are added. As depicted in Figure 7-3, a 

single zone system (considering the entire building as a single well-mixed volume) requires 

only two flows to define air exchange. Further, because air exchange is balanced flow (air 

does not •pile up• in the building, nor is a vacuum formed), only one number - the air 

exchange rate - is needed. With two zones, six airflows are needed to accommodate 

interzonal airflows plus air exchange; with three zones, twelve airflows are required. In 

some cases, the complexity can be reduced using judicious (if not convenient) assumptions. 

Intcrzonal airflows connecting nonadjacent rooms can be set to 7.Cl'O, for example, if flow 

pathways do not exist. Symmetry also can be applied to the system by assuming that each 

flow pair is balanced. 

~lationship to House Volume and Air Exchange - A heuristic relationship between 

interzonal airflows and house volume and air exchange was developed by Koontz and Rector 
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Figure 7-2. Residential Configurations (after Rector and Koontz 1993) 

Single-story Single-story plus Lower Level 

BRs K, DR, LR BRs K, DR, LR 

FR, BR(s), SPR(s) 

Two-story Above Grade 

Split-level 

BRs 

BRs 

K, DR, LR, FR 
K, DR, LR 

FR, BR(s), - - SPR(s) -
FR, BR(s), SPR(s) 

~: 

K = Kitchen FR = Family Room or 
DR = Dining Room Recreation Room 
LR = LivingR<;>om SPR= Special-Purpose 
BR = Bedroom Room 
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Figure 7-3. Airflows for multiple-zone systems 

Single-zone 
System 

Two-zone 
System 

Three-zone 
System 

N-Zone System Defined by N·(N+1) Airflows 
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Two situations were mvesngated: 

(1) bedrooms, for which communication with the remainder of the house may be restrict.ed 

by the presence of doorways; and (2) the kitchen, which generally has a more open 

communication path with adjacent areas. The PFT database contained approximately 1000 

cases where researchers labeled a bedroom or the kitchen as separate z.ones. These cases 

were analy.zed by normalizing the average interz.onal airflows (Oz, m3 h·1) into and out of the 

z.one by the volume (V, m3) of the house (i.e., dividing the airflows by the house (volume) 

and regressing the normali7.ed airflows against the whole-house air exchange rate. This 

averaging also served to symmetrically balance each set of inflow-outflow pairs. For the 

bedroom cases, the relationship between the normalized interz.onal airflow (Clo, m3 h-1 m·3) 

and air exchange rate (N, h-1) was: Q 
On = -2 = 0.078 + 0.31 N 

v 

where: 

N 

Vz 

Whole-house air exchange rate 

Volume of house 

For the kitchen cases, relationship between the nomialized internal airflow and the air 

exchange rate was: 

Q 
On• : •0.048+0.39N (2) 

Example Calculations - Based on typical values and relationships given above, 

characteristic airflows can be postulated for two-z.one situations conceptualized as "bedroom 

versus remainder of the house" and "living room versus remainder of the house." For 

example, using Equation (1) and assuming a whole-house volume of 408 ~(Table 7-1), an 

average bedroom volume of 35 m3 (Table 7-3), and an air exchange rate of 0.45 h-1 (Table 

7-5), the estimated interz.onal airflow (QJ for the bedroom would be (0.078 + 0.31x0.45 

h-1) x 408 m3, or 88. 7 m3 h-1• The living room, like the .kitchen, is assumed to have freer 
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air communication with the rest of the house. Using Equation (2) above, the estimated 

intcmmal airflow for the living room would be (0.046 + 0.39 x 0.45 h-1) x 408 m3, or 90.4 

m3 h-1• Multiplying the mne-specific volumes by the air exchange rate gives their respective 

indoor-outdoor airflow rates. For example, the living room vollime of 60 ~, multiplied by 

0.45 h-1, gives an indoor-outdoor airflow rate of 27 .0 m3 for the living room. The volumes 

and estimated airflows for these situations are summari7.ed in Figure 7-4. 
" 

One cautionary note is in order when using the heuristic relationships described 

above. Some or many of the researchers contributing measurements to the PF.I:' database 

used for the analysis may have defined a mne as a group of adjacent bedrooms, rather than 

an individual bedroom. H so, then the intermnal airflow rate for an individual bedroom is 

likely to be lower than indicated by the above relationship. Similarly, the living room, 

which generally has open communication with the rest of the house like the kitchen but also 

has a larger volume than the kitchen, might be expected to have a higher intermnal airflow 

rate than indicated by the above relationship. 

7.3.4 Variability Within Zones 

Many exposure measurements are predicated on the assumption of uniform mixing 

within a room or mne of a house. Recent experimental work by Baughman et al. (1994) 

indicates that, for an instantaneous release from a point source in a room, fairly complete 

mixing is achieved within 10 minutes when convective flow is induced by solar radiation but 

up to 100 minutes is required under quiescent (nearly isothermal) conditions. Similar 

findings might be expected for a continuously emitting area source such as carpeting or a 

freshly painted wall. 

Experiments in a Research House - The situation changes, however, if a human 

invokes a point source for a more prolonged period and remains in the immediate vicinity of 

that source. A series of experiments conducted by GEOMET (1989) for the USEP A 

involved controlled point-source releases of carbon monoxide (CO), each for a duration of 30 

minutes, on several occasions in both the master bedroom and the kitchen. A "breathing

mne" monitoring array was constructed using eight miniaturiz.ed continuous CO monitors 

arranged at the comers of a cube centered on the release point, with each detector located 
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Figure 7-4. Characteristic Volumes and Airflow Rates for Two-zone Situations 
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approximately 0.4 m from the release point. Monitoring was also conducted elsewhere in·the 

release rooms and in the remainder of the house. Although a fairly uniform mixing was 

achieved soon after the release was completed, during the release the breathing-zone 

concentrations were as much as 2 to 3 times higher for the bedroom case (with the central air 

conditioner oft) and as much as 10 times higher for the kitchen case (again with the air 

conditioner off). Because the kitchen has freer communication with the remainder of the 

house, a more distinct concentration gradient between the breathing zone and remainder of 

the kitchen zone was apparent. 

Experiments in an Environmental Chamber -A more recent USEPA-sponsored 

investigation by ~w ct al. (1994) involved a series of experiments in a controlled

environment room-sized chamber to study spatial concentration gradients around a continuous 

point source. Sulfur hexafluoride (SF 6l tracer gas was used to simulate the point source. 

SF6 was sampled at the wearer's breathing zone, using a sampling tube connected to a 

harness, and at numerous points throughout the chamber. In close proximity (about 0.4 m) 

to the source, the average monitored concentration was found to exceed concentrations 

several meters away by a factor that varies inversely with the ventilation intensity in the 

room. At typical room ventilation rates, the ratio of source-proximate to slightly-removed 

concentration was on the order of 2: 1. Of the cases studied by GEOMBT, this chamber 

study would most closely resemble the bedroom case (i.e., limited communication with other 

rooms), for which a similar ratio was obtained. 

7.4 WATER SUPPLY AND USE 

7.4.1 Baclqround 

As noted in the introduction to this chapter, the residential water supply may convey 

certain chemicals to which occupants can be exposed through ingestion, dermal contact, or 

inhalation. Among indoor water uses, showering, bathing and handwashing of dishes or 

clothes provide the primary opportunities for dermal exposure. Virtually all indoor water 

uses will result in some volatilization of chemicals, leading to inhalation exposure. 

The exposure potential for a given situation will depend on the source of water, the 

types and extents of water uses, and the extent of volatilization of specific chemicals. 
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.According to the results of the 1987 Annual Housing Survey (U.s:-:Biileau of the Census, 

1992), 84. 7% of U.S. housing units receive water from a public system or private company 

(as opposed to a well). Across the four major regions defined by the U.S. Census Bureau 

(Northeast, South, Midwest, and West), the percen~e varies from 82.5 in the Midwest 

region to 93.2 in the West region (the Northeast and South regions both are very close to the 

national percentage). Water use is discussed separately below. 

7.4.2 Water Use 

The primary types of water use indoors can be classified as showering/bathing, toilet 

use, clothes washing, dishwashing, and faucet use (e.g., for drinking, cooking, general 

cleaning, or washing hands). Substantial information on water use has been collected in 

California households by the Metropolitan Water District of Southern California (MWD 

1991) and by the East Bay Municipal Utility District (EBMUD 1992). An earlier study by 

the U.S. Department of Housing and Urban Development (USDHUD 1984) monitored water

use in 200 households over a 20-month period. The household selection process for this 

study was not random; it involved volunteers from water companies and engineering 

organi7.ations, most of which were located in large metropolitan areas. Nu.aroff and Nero 

(1988) also assembled the results of several smaller surveys, typically involving between S 

and 50 households each. 

A common feature of the various studies cited above is that the results were all 

reported in gallons per capita per day (gcd), or in units that could be easily converted to gcd. 

Most studies also provided estimates by type of use-shower/bath, toilet, laundry, 

dishwashing, and other (e.g., faucets). A summary of the various study results is provided 

in Table 7-6. There is generally about a threefold variation across studies for total in-house 

water use as well as each type of use. Central values for total use, obtained by taking the 

mean and median across the studies for each type of water use and then summing these 

means/medians across uses, are listed at the bottom of the table. The means and medians 

were summed across types of uses to obtain the mean for all uses combined because only a 

subset of the studies reported values for other uses. 
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Table 7-!,. In-house Water Use Rates (gcd), by Study and Type of Use 

Total, Showm-
Study all UllCIS or Bath Toilet Landry Dishwashiq Other 

MWDt 93 26 30 20 5 12 

EBMUD2 67 20 28 9 4 6 

USDHUD' 40 15 10 13 2 

Cohm4 52 6 17 11 18 
Liamm• 

Rural 46 11 18 14 3 
Urban 43 10 18 11 4 

I.u.k4 42 9 20 7 4 2 

Bennett4 45 9 15 11 4 6 

Milno4 70 21 32 7 7 3 

Reid• 59 20 24 8 4 3 

USBPA4 40 10 9 11 5 5 

Partridio4 52-86 20-40 4-6 20-30 8-10 

MeanAcroa 59 17 18 13 6 5 
Studier 

Median ACJ'OIS 53 15 18 11 4 5 
Studier 

Metropolitan Water District of Southern California, 1991. 
2 East Bay Municipal Utility District, 1992. 
l U.S. Department of Housin& and Urban Development, 1984 • .. Cited in Na7.aroff and Nero, 1988. 
5 The average value from each range reported in Partridge, as cited in Nuaroff and Nero 

(1988), was used to calculate the median across studies. The mean and median for the 
"Total, all Uses" column were obtained by summing across the means and medians for 
individual types of water use. 
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Previous chapters have discussed exposure factors and algorithms for estimating 

exposure. Exposure factor values can be used to obtain a range of exposure estimates such 

as average exposure estimates, high-end estimates, and bounding estimates. This section 

discus~ methods that can be used to evaluate and present the uncertainty associated with 

exposure estimates. 

According to U.S. EPA (1992), uncertainty characterization and uncertainty 

assessment are two ways of describing uncertainty that may have different degrees of 

sophistication. Uncertainty characterization usually involves a qualitative discussion of the 

thought processes used to select or reject specific data, estimates, scenarios, etc. Uncertainty 

assessment is a more quantitative process that may range from simpler measures (i.e., 

ranges) and simpler analytical techniques (i.e., sensitivity analysis) to more complex 

measures and techniques. Its goal is to provide decision makers with information concerning 

the quality of an assessment, including the potential variability in the estimated exposures, 

major data gaps, and the effect these data gaps have on the exposure estimates developed. 

Uncertainty analysis allows the user or decision maker to better evaluate the assessment in 

the context of available data and assumptions. Thus, the decision making process can 

account for data integrity and completeness. The following subsections briefly describe 

procedures for analyzing and presenting the uncertainties in exposure assessments. 

8.1. TYP~ OF UNCERTAINTY 

Uncertainty in exposure assessment can be classified into three broad categories (U.S. 

EPA, 1992): 

1. Uncertainty regarding missing or incomplete information needed to fully define 
exposure and dose (Scenario Uncertainty). 

2. Uncertainty regarding some parameter (Parameter Uncertainty). 

3. Uncertainty regarding gaps in scientific theory required to make predictions on 
the basis of casual inferences (Model Uncertainty). 
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Exposure assessments often are developed in a phased approach-. Tlie initial phase 

usually screens the scenarios that are not expected to pose much risk to eliminate them from 

more detailed, ICSOurce-int.ensive review. These often represent exposures that would fall on 

or beyond the high-end of the expected exposure distribution. Because screening-level 

analyses arc usually included in the final exposure assessment, the final document may 

contain scenarios that differ quite markedly in sophistication, data quality, and amenability to 

quantitative expressions of uncertainty. 

Identification of the sources of uncertainty in an exposure assessment is the first step 

in determining how to reduce that uncertainty. The types of uncertainty mentioned above 

can be further defined by examining their principal causes. The following sections discuss 

sources, charactcriz.ation, and analytical methods. 

8.1.1. Scenario Uncertainty 

The sources of scenario uncertainty include descriptive errors, aggregation errors, 

errors in professional judgment, and incomplete analysis. 

Descriptive errors include information errors such as the current producers of the 

chemical and its industrial, commercial, and consumer uses. Information of this type is the 

foundation for fate-and-transport analysis and the eventual development of exposure 

pathways, scenarios, exposed populations, and exposure estimates. 

Aggregation errors arise as a result of lumping approximations. Included among 

these arc assumptions of homogeneous populations, and spatial and temporal approximations 

such as assuming steady-state conditions or using a 2-dimensional mathematical model to 

represent a 3-dimensional aquifer. 

Professional judgment comes into play in virtually every aspect of the exposure 

assessment process, including defining appropriate exposure scenarios, selecting 

environmental fate models, determining representative environmental conditions, etc. 

Judgment errors can be the result of limited experience, or can arise when the assessor has 

difficulty separating opinion from fact. Errors in professional judgment are also a source of 

uncertainty. 
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A potentially serious source of uncertainty in exposure assessments ansesrrom 
incomplete analysis. For example, the exposure assessor may overlook an important 

exposure pathway due to lack of information regarding the use of a chemical in a consumer 

product. Although this source of uncertainty is essentially unquantifiable, it should not be 

ignored~ At a minimum, the assessor should describe the rationale for excluding particular 

exposure scenarios; characteriz.e the uncertainty in these decisions as high, medium, or low; 

and state whether they were based on data, analogy, or professional judgment. Where 

uncertainty is high, a sensitivity analysis can be used to establish credible upper limits on 

exposure by way of a series of •What if ... ?• questions. 

The uncertainty associated with non-numerical assumptions (such as the assessment's 

direction and scope) is generally characterhed in a qualitative discussion of the rationale for 

selecting specific scenarios. 

8.1.2. Parameter Uncertainty 

Sources of parameter uncertainty include measurement error, sampling error, 

variability, and use of generic or surrogate data. Measurement error may be random or 

systematic. Random error results from imprecise measurements. Systematic error is a bias 

or tendency to measure something other than what was intended. 

Sampling error tends to reduce sample representativeness. The purpose of sampling 

is to measure some subset of a population to make an inference about the entire group. If 

the exposure assessment uses data that were generated for another purpose, such consumer 

product preference surveys or compliance monitoring surveys, uncertainty will arise if the 

data do not represent the exposure scenario being analy7.ed. 

The inherent variability in environmental and exposure-related parameters is a major 

source of uncertainty. For example, meteorological and hydrological conditions change 

seasonally at a given location, soil characteristics exhibit large spatial variability, and human 

activity patterns depend on the age, sex, and geographic location of the population. 

Generic or surrogate data are commonly used when site-specific data are not 

available. Examples include standard emission factors for industrial processes, generali7.ed 

descriptions of environmental settings, and data pertaining to structurally-related chemicals as 
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surrogates for the chemical of interest. Since surrogate data introduce additloDai uncertainty, 

they should be avoided if actual data can be obtained. 

Several approaches can be used to characteme uncertainty in parameter values. 

When uncertainty is high, the assessor may use bounding estimates of parameter ranges. 

Another method describes the range for each parameter including the lower- and upper-bound 

and "best estimate" values determined by available data or professional judgement. 

Sometimes the parameter range can be described with a probabilistic distribution. The 

appropriate characterization depends on several factors, including whether sensitivity analysis 

indicates that the results are significantly affected by variations within the range. 

When a single parameter profoundly influences exposure estimates, the assessor 

should develop a probabilistic description of its range. If there are enough data to support 

their use, standard statistical methods are preferred. If the data are inadequate, expert 

judgment can be used to generate a subjective probabilistic representation. Expert judgments 

should be developed in a consistent, well-documented manner. Morgan et al. (1979 and 

1984) and Rish (1988) describe techniques to solicit expert judgment. 

Most approaches for analyzing uncertainty examine how uncertainty in parameter 

values translates into overall uncertainty in the assessment. Details may be found in reviews 

such as Cox and Baybutt (1981), Whitmore (1985), Inman and Helton (1988), Seller (1987), 

and Rish and Mamicio (1988). These approaches can generally be described (in order of 

increasing complexity and data needs) as: (1) sensitivity analysis, (2) an3.lytical uncertainty 

propagation, (3) probabilistic uncertainty analysis, or (4) classical statistical methods. 

Sensitivity analysis is the process of changing one variable while leaving the others 

constant to determine its effect on the output. This procedure fixes each uncertain quantity at 

its credible lower and upper bounds (holding all others at their medians) and computes the 

results of each combination of values. The results identify the variables that have the 

greatest effect on exposure and help focus further information-gathering efforts. However, 

they do not indicate the probability of a variable being at any point within its range; 

therefore, this approach is most useful at the screening level to determine the need and 

direction of further analyses. 
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Analytical uncertainty propagation examines how uncertainty in individual parameteri; 

affects the overall uncertainty of the exposure assessment. The uncertainties associated with 

various parameters may propagate through a model very differently, even if they have 

approximately the same uncertainty. Some parameters are more important than others, and 

the model should be designed to account for their relative sensitivity. Since uncertainty 

propagation is a function of both the data and the model structure, this procedure evaluates 

both input variances and model sensitivity. Application of this approach to exposure 

assessment requires explicit mathematical expressions of exposure, estimates of variance for 

each variable of interest, and the ability to obtain a mathematical (analytical or numerical) 

derivative of the exposure equation. 

Although uncertainty propagation is a powerful tool, it should be applied with 

caution: It is difficult to generate and solve the equations for the sensitivity coefficients. 

The technique is most accurate for linear equations, so any departure from linearity must be 

carefully evaluated. In addition, assumptions such as variable independence and error 

normality must be verified. Finally, the information to support required parameter variance 

estimates may not be readily available. 

The most common example of probabilistic uncertainty analysis is the Monte car10 

method. This technique assigns a probability density function to each parameter, then 

randomly selects values from these distributions and inserts them into the exposure equation. 

Repeated calculations produce a distribution of predicted values that reflects the overall 

uncertainty in the inputs to the calculation. 

The principal advantage of the Monte Carlo method is its very general applicability. 

There is no restriction on the form of the input distributions or the relationship between input 

and output, and computations are straightforward. However, Monte Carlo analysis does 

have its disadvantages: The exposure assessor should only consider using it when there are 

credible distribution data (or ranges) for most key variables. Even if these distributions are 

known, it may not be necessary to apply this technique. For example, if only average 

exposure values are needed, they can be computed as accurately by using average values for 

each input parameter. In addition, it is not necessary to use this technique if a bounding 

exposure estimates indicates that the particular pathway or chemical being assessed does not 
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present a significant risk. Also, it is somewhat cumbersome to assess the senSitivity of the 

:results to input distributions: Changing the distribution of only one parameter requires 

rerunning the entire calculation several hundreds or thousands of times. Monte Carlo 

analysis does not tell the assessor which variables contribute the most to overall uncertainty, 

so it does not identify effective ways to reduce uncertainty. Finally, Mont.e Carlo analysis 

assumes that the distributions of each variable are independent. Any dependencies among 

variables need to be considered in the analysis. 

Classical statistical methods can be used to analyze uncertainty in measured 

exposures. Given a data set of measured exposure values for a series of individuals, the 

population distribution may be estimated directly, provided that the sample design captures a 

representative sample. Measured exposure values can also be used to directly compute 

confidence intervals for percentiles of the exposure distribution (ACS, 1989). When the 

exposure distribution is estimated from measured exposures for a probability sample of 

population members, confidence interval estimates for percentiles of the exposure distribution 

are the primary uncertainty characterization. Data collection, survey design, and the 

accuracy and precision of measurement techniques should also be discussed. 

Often the observed exposure distribution is skewed because many points within the 

sample distribution fall at or below the detection limit, or because few points fall at the upper 

end of the distribution. Fitting the data to a distribution type can be problematic in these 

situations because (1) there is no way to determine the distribution of values below the 

detection limit and (2) data are usually scant in low-probability areas (such as upper-end 

tails) where numerical values may vary widely. Thus, for many data sets, means and 

standard deviations may be good approximations, but the tails of the distribution will be 

much less well-characterized. For data sets where sampling is still practical, the statistical 

population may be stratified in order to oversample the tail and increase the precision and 

confidence in that portion of the distribution. 

8.1.3. Model Uncertainty 

At a minimum, the exposure assessor should qualitatively describe tlle rationale for 

selection of conceptual and mathematical models. This discussion should address their 
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verification and validation status, how well they repn-.sent the situation-being-~., 

average or high-end estimates), and any plausible alternatives in terms of their acceptance by 

the scientific community. 

Relationship and modeling errors are the primary sources of model uncertainty. 

Relationship errors include flaws in environmental fate models and poor correlations between 

chemical properties or between structure and reactivity. Even though performance statistics 

for test chemicals may be available and can guide the selection process, the exposure 

assessor must select the methodology most appropriate to the goals of the assessment. 

Modeling errors arise because models are simplified representations of reality. Even 

after the exposure assessor has selected the most appropriate model, he or she still faces the 

question of how well the model represents actual conditions. This question is compounded 

by the overlap between modeling uncertainties and other uncertainties (e.g., natural 

variability in environmental inputs, model representativeness, aggregation errors). The 

dilemma facing exposure assessors is that many existing models (particularly the very 

complex ones) and the hypotheses contained within them cannot be fully tested (Beck, 1987), 

although certain components of the model may be testable. Even if a model has been 

validated under a particular set of conditions, its application in cases beyond the test system 

will introduce uncertainty. 

A variety of approaches can be used to quantitatively characteri7.e the uncertainty 

associated with model constructs. One approach uses different modeling formulations 

(including the preferred and plausible alternatives) and assumes that the range of outputs 

represents the range of uncertainty. This strategy is most useful when available data do not 

support any "best" approach, or when a model must be used to extrapolate beyond the 

conditions for which it was designed. 

Where the data base is sufficient, the exposure assessor should characteriu the 

un~rtainty in the selected model by describing the validation and verification efforts. The 

validation process compares the performance of the model to actual observations under 

situations representative of those being assessed. Bums (1985) discusses approaches for 

model validation. The verification process confirms that the model computer code produceg 
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the correct numerical output. In most situations, only partial validationls1>0ssible due to 

data deficiencies or model complexity. 

8.2. PRF.SENTATION OF UNCERTAINTY ANALYSIS RESULTS 

Comprehensive qualitative analysis and rigorous quantitative analysis are of little 

value for use in the decision-making process, if their results are not clearly presented. To 

clarify, it should be emphasized that variability (the receipt of different levels of exposure by 

different individuals) is being distinguished from uncertainty (the lack of 1mowledge about the 

correct value for a specific exposure measure or estimate). Most of the data that have been 

presented in this document deal with variability directly. The uncertainty of the exposure 

factor data present is discussed qualitatively by describing the limitations and assumptions of 

each study or data set. Associated with each exposure estimate, will be assumptions about 

the setting, chemical, population characteristics, and how contact with the chemical occurs 

through the various exposure routes and pathways. The exposure assessor will have to 

examine many sources of information that bear either directly or indirectly on these 

categories. In addition, the assessor will be required to make many decisions regarding the 

use of existing information in constructing scenarios and setting up the exposure equations. 

It is not sufficient to merely present the results of these many decisions using different 

exposure descriptors. A discussion must be included describing key assumptions and 

parameters which have the greatest impact on the exposure estimate. The exposure assessor 

should strive to address questions such as: 

• What is the basis or rationale for selecting these assumptions/parameters such 
as data, modeling, scientific judgment, Agency policy, "what if" 
considerations, etc.? 

• What is the range or variability of the key parameters? How were the 
parameter values selected for use in the assessment? Were average, mean, or 
upper-percentile values chosen? If other choices had been made, how would 
the results have differed? 

• What is the assessor's confidence (including qualitative confidence aspects) in 
the key parameters and the overall assessment? What are the quality and the 
extent of the data base supporting the selection of the chosen values? 
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In presenting the scenario results, the assessor should strive for a balanced and impartial 

treatment of the evidence bearing on the conclusions with the key assumptions highlighted. 

For these key assumptions, one should cite data sources and explain any adjustments of the 

data. 

Although assessors have always used descriptors to communicate the kind of scenario 

being addressed, the 1992 Exposure Guidelines establish clear quantitative definitions for 

these risk descriptors. These definitions were established to ensure that consistent 

terminology is used throughout the Agency. The risk descriptors defined in the Guidelines 

include descriptors of individual risk and population risk. Individual risk descriptors are 

intended to address questions dealing with risks borne by individuals within a population, 

including not only measures of central tendency (e.g., average or median), but also those 

risks at the high end of the distribution. Population risk descriptors refer to an assessment of 

the extent of harm to the population being addressed. It can be either an estimate of the 

number of cases of a particular effect that might occur in a population (or population 

segment), or a description of what fraction of the population receives exposures, doses, or 

risks greater than a specified value. The data presented in the Exposure Factors Handbook is 

one of the tools available to exposure assessors to construct the various risk descriptors. 
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