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SECTION 1
INTRODUCTION

Under the Clean Air Act, the U.S. Environmental Protection Agency (EPA)
is responsible for establishing National Ambient Air Quality Standards
(NAAQS's) and for reviewing them periodically to determine their adequacies
on the basis of recent experience and research. In view of these responsi-
bilities, the Strategies and Air Standards Division (SASD) of the Office of
Air Quality Planning and Standards (0AQPS) is currently assessing health risks
associated with alternative NAAQS's for lead. A staff paper1 prepared by SASD
describes a model for estimating lead uptake in children based on estimates of
lead concentrations in air, food, and dirt; on estimates of the quantities of
air, food, and dirt consumed by children; and estimates of the absorption of
lead by the Tungs and gut. PEl Associates, Inc. (PEI), has written a computer
program, Multiy2ar Lead Uptake, which implements the SASD lead uptake model.
The program provides daily lead uptake estimates for children in user-specified
census tracts which may or may not be impacted by emissions from lead point
sources. Children are grouped into cohorts according to age in a user-specified
base year. The lead uptake estimates are month-specific and span the period
from the birth of each group through the base year.

Multiyear Lead Uptake creates an output file which can be directly accessed
by a second PEI program, Biokinetics, which determines end-of-the-month blood
Tead levels for each cohort from birth through the base year. This program
is based on a four-compartment metabolic model developed by Harley and Kneip2
which calculates lead concentrations in blood and selected organs based on
daily lead uptake.

Section 2 of this report provides the formulas used by the Multiyear Lead
Uptake Program to estimate lead uptake. The rationale behind these formulas
is discussed in the staff paper and in Appendix A. User prpmpting statements
and output format for this program are described in Section 3. Section 4
provides a brief description of the Biokinetics Program; Section 5 describes



user prompting statements and program output. The results of a sensitivity
analysis to determine the effects of varying input parameter values on program
output are discussed in Section 6.



SECTION 2
ESTIMATION OF LEAD UPTAKE

The lead uptake model is intended to be applied to a group of census
tracts specified by the user. These census tracts comprise the "study area."
Within the study area, the model provides estimates of the daily average lead
uptake of specific population cohorts. A cohort is defined as all children
with a set of user-defined characteristics that reside in a particular census
tract in a specified year and fall into one of seven age groups: O to 0.99
year, 1 to 1.99 years, 2 to 2.99 years, 3 to 3.99 years, 4 to 4.99 years,

5 to 5.99 years, and 6 to 6.99 years. Consequently, a study area with 100
census tracts would contain 700 cohorts.

The daily average lead uptake (TDLU) of each member of a particular
cohort is assumed to be identical. The value of TDLU is calculated by the
expression

TDLU = UPLUNG + UPDIET + UPDIRT, (1)

where UPLUNG is the daily average lead uptake from the lungs, UPDIET is the
daily average lead uptake related to diet, and UPDIRT is the daily average

lead uptake related to dirt ingestion. Sections 2.1, 2.2, and 2.3 discuss

how UPLUNG, UPDIET, and UPDIRT are estimated.

Table 1 1ists the parameters which appear in the lead uptake model and
the units in which each should be expressed. Recommended values for many of
these variables are presented in Tables 2, 3, and 4 and in the text. A lower
bound estimate of TDLU is determined by using only lower bound parameter values
in the lead uptake model. An upper bound estimate of TDLU is determined by
using only upper bound parameter values. If bounds have not been determineq
for a variable, a "best estimate" value is used in both cases.

Estimates of TDLU are determined on a monthly basis to reflect the
ambient air lead data used by the model. These data consist of 12 monthly



TABLE 1. PARAMETERS IN LEAD UPTAKE MODEL

Parameter Units Definition

ABSDIET a Fraction of ingested diet-related lead which is
absorbed by gqut

ABSDIRT a Fraction of ingested dirt-related lead which is
absorbed by gut

ABSLUNG a Fraction of inhaled lead which is absorbed
through the lungs into the bloodstream

BACK ug/m3 Background air lead concentration

CRVAL ug/m3 Critical outdoor air lead concentration

DIRTCONS g/day Quantity of dirt consumed

D1 Tiv) ~QUSFHYE v9/9 Lead concentration in indoor dust
NOTST BUSFSF- v9/g Lead concentration in street dust and s0il

HOUT hours/day Time spent outdoors

INADIET ug/day Lead intake related to atmospheric lead which
contaminates diet

INAIR ug/day Lead intake from air

INDIET ug/day Lead intake related to diet

INDIRT ug/day Lead intake from dirt

INMISC ug/day Dietary lead intake related to solder and mis-
cellanecus sources (see text)

IORATIO a Ratio of indoor air lead concentration to out-
door air lead concentration

MULT a Multiplicative factor for adjusting SOURCEAQ

QUTAQ ug./m3 Qutdoor air lead concentration

SQURCEAQ ug/m3 Air lead concentration related to point sources

TOLY ug/day Total daily lead uptake

UPDIET ug/day Lead uptake related to diet

UPDIRT ug/day Lead uptake from dirt

UPLUNG wg/day Lead uptake from lungs

VEHIC ug/m Air lead concentration related to motor vehicles

VRESP m/day Volume of air respired

WAQ ug/m3 Time-weighted air lead concentration

WDIRT ug/g Time-weighted concentration of lead in dirt

2Dimensionless.



TABLE 2.

ESTIMATES FOR SELECTED PARAMETERS OF LEAD UPTAKE MODEL

Age, years
Parameter’| Location | Bound | 0-0.99|1-1.99(2-2.99(3-3.99{4-4.99|5-5.99(6-6.99
ABSDIET |NA Lower 0.422 o.42§ 0.30 | 0.30 | 0.30 { 0.30 | 0.18
Upper | 0.53%| 0.53%| 0.40 | 0.40 | 0.40 | 0.40 | 0.24
ABSDIRT [NA b 0.3 0.3 (0.3 [0.3 [0.3 |0.3 |0.3
ABSLUNG |General | Lower 0.152 0.152 0.15 | 0.15 [ 0.15 { 0.15 | 0.15
Upper | 0.30%] 0.30%| 0.30 | 0.30 | 0.30 | 0.30 | 0.30
psd Lower | 0.40 | 0.40 o.35§ 0.30 { 0.30 | 0.30 | 0.30
Upper | 0.70 | 0.65 | 0.60%| 0.60 | 0.55 | 0.55 | 0.50
DIRTCONS |NA b 0.1° {o.1 o1 0.1 {o0.1 |01 |o0.1
HOUT NA Lower | 1.0 [ 1.0 |2.0 |20 |20 | 2.0 | 2.0
Upper | 2.0 | 3.0 (4.0 |50 |50 |50 |5.0
I0RATIO |General | Lower o.3§ 0.3 0.3 0.3 0.3 |0.3 {0.3
Upper | 0.8 | 0.8 |0.8 |0.8 [0.8 | 0.8 | 0.8
PS b 0.3 0.3 (0.3 0.3 0.3 |o0.3 |o0.3
VRESP NA Lower | 2.0 | 3.0 4.02 4.02 5.0 | 5.0 | 6.0
Upper | 3.0 |5.0 |5.0°|5.0°|7.0 {7.0 |8.0

aDefined in Table 1 and text.

b

Best estimate.

Derived directly from lead criteria document.3
Appendix A.

dPS = near point source.

Lower and upper bounds not specified.

Other values discussed in



TABLE 3. YEAR-SPECIFIC ESTIMATES FOR VEHIC, INADIET, AND INMISC
PARAMETERS OF LEAD UPTAKE MODEL

VEHIC,® R INADIET,2 INMISC,?
Year ug/ms3 ug/day pg/day
1974 1.28 30.9 19.6
1975 1.24 29.8 19.6
1976 1.20 28.9 19.6
1977 1.15 27.8 19.6
1978 1.04 25.1 15.5
1979 0. 86 20.8 19.6
1980 0.53 12.9 17.8
1981 0.48 11.5 16.2
1982 0.42 10.3 14.8
1983 0.37 9.0 12.5
1984 0.27 6.5 12.9
1985 0.18 4.5 11.3
1986 0.02 0.55 10.6
1387 0.02 0.36 10.1
1988 0.02 0.36 9.3
1989 0.01 0.36 8.2
1990 0.01 0.36 7.1
1991 0.01 0.19 6.8
1992 0.01 0.19 6.4
1993 0.01 0.19 6.0
1994 0.01 0.19 5.7
1995 0.01 0.19 5.7
1996 0.01 0.19 5.7
1997 0.01 0.19 5.7

3nefined in Table 1 and text.



TABLE 4.

LOWER AND UPPER BOUND ESTIMATES FOR LEAD CONCENTRATION IN STREET

DUST AND SOIL AND IN INDOOR DUST

Lead concentration, ug/g

Street dust and soil (DIRTST)

Indoor dust (DIRTIN)

a Near point Near point
OUTAQ Bound General source General source
0 L 5 20 5 20

U 30 300 30 100
0.2 L 40 80 70 70
U 150 550 200 400
0.3 L 60 125 100 250
U 250 600 250 600
0.4 L 100 200 200 300
U 350 700 300 650
0.5 L 150 350 250 450
U 450 800 400 700
0.6 L 200 450 300 550
U 600 1000 500 750
0.7 L 250 550 350 600
U 650 1150 600 800
0.8 L 300 650 450 650
U 950 1300 700 900
1.0 L 500 750 525 800
U 1150 1450 875 1150
1.25 L 600 850 625 1050
1] 1250 1600 1000 1400
1.5 L 700 1000 750 1200
U 1400 1750 1150 1700
1.75 L 775 1075 800 1350
U 1450 1950 1200 1900

30utdoor lead concentration, ug/m3.

b

L = lower, U = upper.



average (January through December) air lead concentration values for each
census tract. Section 2.4 describes a computer program developed by PEI that
calculates TDLU values based on an input file consisting of monthly average
air lead values spanning a user-specified 7-year exposure period.

2.1 DAILY LEAD UPTAKE FROM LUNGS

The daily average Tead uptake from the lungs, UPLUNG, is estimated by
the formula

UPLUNG = (INAIR)(ABSLUNG) (2)

where INAIR is the average daily intake of air lead by respiration and ABSLUNG
is the fraction of respired air lead which is absorbed into the blood stream.
Table 2 1ists lower and upper bound estimates of ABSLUNG recommended for use
with the lead uptake computer program. These estimates appear in the lead
staff paper1 and are based on analyses by Chan and Lippman,4 Davidson and
Osburn,5 and Phalen et a1.6 ABSLUNG is assumed to increase near point sources
where large particles are more prevalent. Consequently, the bounds for point
source locations provided in Table 2 are larger than those for general urban
locations. A location is assumed to be near a point source whenever the
value of SOURCEAQ exceeds a specified critical value (CRVAL). SOURCEAQ is
discussed below.

INAIR is estimated by the formula

INAIR = (WAQ)(VRESP) (3)

where WAQ is the time-weighted air lead concentration and VRESP is the air
volume respired per day. Table 2 lists lower and upper bounds for VRESP for

the seven age groups as determined by Ferdo,7 ICRP,8 and the Nutrition Foun-
dation.9
WAQ is estimated by the formula
WAQ = (1/24)[(HOUT)(OUTAQ) + (24 - HOUT)(IORATIO)(OUTAQ)I] (4)



where QUTAQ is the average ambient (i.e., outdoor) air lead concentration
determined for the census tract for the specified month, and HOUT is the aver-
age number of hours spent outdoors per day. IORATIQO is the ratio of indoor
air lead concentration to outdoor air lead concentration. Table 2 lists val-
ues of HOUT by age group as determined by the lead staff1 and by Pope.10 The
Tower and upper bound values for IORATIO are 0.30 and 0.80, respectively, for
general urban/rural locations. These are the bounds suggested for indoor
microenvironments by the lead criteria document.3 For locations near point
sources where large particles are more prevalent and infiltration into homes
is lower, a single "best" estimate of 0.3 is considered appropriate for IORATIO.
A location is assumed to be near a point source whenever the value of SOURCEAQ
exceeds CRVAL.

OUTAQ is estimated as

OUTAQ = (MULT)(SOURCEAQ) + BKGD. (5)

SOURCEAQ 1is the point-source-related component of the ambient lead concentra-
tion and is taken from a user-supplied input file specific to the point
source(s) being considered, the control scenario hypothesized, and the year.
Within this file, SOURCEAQ values are indexed by census tract and month.

MULT is a user-specified multiplicative factor by which SOURCEAQ values
can be adjusted to simulate regulatory impacts on point-source emissions.
MULT values are year-specific.

BKGD is estimated by the expression

BKGD = VEHIC + ADD. (6)

VEHIC represents the year-specific contribution of motor vehicles to ambient
lead concentrations. Table 3 lists recommended values for VEHIC. ADD is an
additive factor which can be used to account for background air lead concen-
trations not associated with point sources or motor vehicles. ADD values are
not year-specific.

In initial applications of the lead uptake model, the value of SOURCEAQ
was estimated for the geographic centroid of each census tract by the
Industrial Source Complex (ISC) dispersion model using emissions data for

9



lead point sources and local meteorological data. Values of SOURCEAQ were
also calculated by the ISC model for receptor points on a radial grid sur-
rounding each point source. Use of these radial grids permitted estimates of
SOURCEAQ to be made at receptor points that were closer to the sources than
any of the census tract centroids.

Values for MULT were determined by dividing the maximum SOURCEAQ value
permitted under a given scenario by the largest "as is" or baseline SOURCEAQ
value determined by the ISC. The latter value was always associated with a
radial grid receptor point rather than with a geographic centroid. If, for
example, the maximum SOURCEAQ value permitted after certain emission controls
are implemented is 0.25 ug/m3 and the largest baseline SOURCEAQ value deter-
mined by ISC is 0.40 ug/m3, then MULT = 0.25/0.40 = 0.625. This MULT value
is then multiplied by the SOURCEAQ value for each census tract centroid as
indicated by Equation 5.

Where appropriate, the impacts on lead exposure of two or more point
sources can be considered simultaneously. In these cases, source-specific
MULT values can be used to adjust the baseline SOURCEAQ values associated
with each source. The resulting source-specific SOURCEAQ values can then be
added together to yield a SOURCEAQ value for each census tract representing
the combined contribution of all point sources.

2.2 DAILY LEAD UPTAKE RELATED TO DIET

The formula used to estimate UPDIET, the average daily lead uptake
related to diet, is

UPDIET = (INDIET)(ABSDIET) (7)

where INDIET is the average daily intake of lead from the diet and ABSDIET
is the fraction of lead consumed which is absorbed through the gut into
the bloodstream. Table 2 1ists lower and upper bounds for ABSDIET by age
group as estimated in the staff paper. INDIET is estimated as

INDIET = INADIET + INMISC. (8)

INADIET is the average daily dietary lead intake related to the deposition of
atmospheric lead on food surfaces before and during processing. INMISC is the

10



average daily dietary lead intake related to solder in canned foods, to water
distribution systems, to soil lead, and to undetermined sources. Table 3
1ists year-specific "best estimates" for INADIET and INMISC which reflect the
downward trend expected in lead levels found in food and water (Appendix A).

2.3 DAILY LEAD UPTAKE RELATED TO DIRT

The average daily lead uptake related to dirt is estimated as
UPDIRT = (INDIRT)(ABSDIRT) (9)

where INDIRT is the average daily intake of lead through ingestion of dirt
and ABSDIRT is the fraction of ingested lead which is absorbed through the
gut into the blood stream. The staff paper estimates ABSDIRT to be 0.30.
INDIRT is estimated by the formula

INDIRT = (WDIRT)(DIRTCONS) (10)

where DIRTCONS is the average gquantity of dirt consumed during the period each
day when a child is active. This period is assumed to have a duration of 12
hours. WDIRT is the time-weighted lead concentration of the dirt. The staff
paper recommends a value of 0.1 g/day for DIRTCONS.1 WDIRT is estimated by
the formula

WDIRT = (1/12) [(HOUT)(DIRTST) + (12 - HOUT)(DIRTIN)]. (11)

DIRTST is the lead concentration of street dust and soil. DIRTIN is the

lead concentration of indoor dust. DIRTST and DIRTIN vary with the ambient

air lead concentration (OUTAQ) and reflect whether or not the census tract is
considered to be significantly impacted by a point source. Point source impact
is assumed to occur if the value of SOURCEAQ exceeds CRVAL. Table 4 1lists
values of DIRTST and DIRTIN for both nonimpacted and impacted census tracts
according to OUTAQ value. These estimates were also obtained from the lead
staff paper. Interpolation is used to determine DIRTST and DIRTIN values for
OUTAQ values not appearing in the table.

11



2.4 THE MULTIYEAR LEAD UPTAKE PROGRAM

Sections 2.1 through 2.3 discuss how a TDLU valve is estimated for a
single cohort for a given month. The Multiyear Lead Uptake Program calculates
month-by-month TDLU values by cohort from birth through a user-specified last
year of exposure (LYOE). A separate output table presents estimates for each
individual census tract; the individual cohorts within each census tract are
identified according to age at the begining of the LYOE. The number of chil-
dren in each cohort is also indicated. These population data are obtained
from an input data file provided by the user. Section 3 discusses the user
prompting statements and output format of the Multiyear Uptake Program.

A second program, Biokinetics, uses the month-by-month daily lead uptake
estimates from the Multiyear program to calculate end-of-month blood lead
concentrations from birth through the LYOE for each cohort. The program
implements the model described in Section 4. Section 5 discusses the user
prompting statements and output format of the Biokinetics program. Section 6
discusses the results of a sensitivity analysis which evaluated the effects
on program output of varying program input values.

12



SECTION 3

USER PROMPTING AND OUTPUT FORMAT OF THE
MULTIYEAR LEAD UPTAKE PROGRAM

Appendix B contains a listing of the Multiyear Lead Uptake Program. Fig-
ure 1 lists the series of prompting statements by which the program elicits
instructions, parameter values, and labeling information from the user.

The user first enters the name of the study area or principal point
source as a means of labeling the area to which the lead uptake estimates
apply. Next the user enters the name of the control scenario to which
the estimates apply. Responses to these two prompts are used solely to
label output tables.

The program next requests whether lower or upper bound estimates are to
be determined. The program then asks for information as to which population
subgroups are to be included in the uptake estimates. Note that the user can
include children from any of six demographic subgroups defined according to
presence of lead-based paint in housing (yes or no), housing condition (sound
or unsound), and potential for indirect or secondary occupation lead exposure
(yes or no). The program also asks if the population age groups are to be
further subdivided. If the answer is yes, the user can specify what fraction
of each age group should be included in the lead uptake determination. This
allows the user to focus on the effects of age-related factors (e.g., pica)
on lead uptake.

In response to the next prompting, the user enters the name of a user-cre-
ated file which contains values for all input parameters other than SOURCEAQ
and population. This file is referred to as the "Arrays" file. Section 2
contains recommended values for this file.

The user next enters the name of a user-created file which contains popu-
lation data for each of the six demographic groups by age group and census
tract for the study area under consideration. This file also must list 12 val-
ues (January through December) of SOURCEAQ for each census tract. These
SOURCEAQ values are the monthly average air lead concentration from sources in

13



COHORT MULTI-YEAR LEAD UFTAKE FROGRAM !
Calculates daily uptake by month over lifetime '
For selected children age 0-6 vears '

01-06-1986
Strateaies and Air Stamdards Division

SFECIFICATIONS FOR THIS ANALYSIS:
Enter mame of study area or principal pcint scurce (in CAFS):

Enter name of control scenmario to be analvzed (in CAFS):.
Lower (C) or upper{l) bound estimate?

Frzes (Shift-FrtSc) to print these specitications.
Then pra2ss ENTER’ to continue:

i)

FECIFICATIONES COMTINUED:

wrich of the following population groups should be 1ncluded 1n this
analvsieg™ If more than one. aroup populations will be sadded.
' dste: LFH = lead-painted house: S0E = s2ccndary occupsational 2i.oposuwe)
Children in LFH\umsound. waith Z0E (Y/N) ™
Ch:ldren in LFH\\umsound. no 30E (Y,M2 7
Childremn 1n LFH.sound. withk ZOE (r/tHh ™
Children 1n LFH'scurnd. no 30E (vy/N)T
Childrer 1rn nen—=LFH. with S0E (r/,MN)7

Zhilderen i mnen-LFH, no S0E (V/NM)T
S oLig emild arzsups be further subdividzEg ftor £hiz amelvsizov. ot T
Srzzz ‘Shiti-FrtSc) to orint these =pscificsticns.
2 prazs EiTER o comntirmue:

Figure 1. User prompting statements of the Multiyear Lead Uptake Program.
(continued)
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SFECIFICATIONS CONTINUED:
Enter name of input (Arravs) file in DOS format:

Enter name of input (AQ) file in D0OS format:
Enter name of cutput file in DOS format:

Enter last vear of exposure (4 diqits): 1980
This procram uses a set of 1974-1997 backaround values for motor vehicles.
Do vou want to substitute a set of rural backaround values (¥ /N) 7
Year 1974 7
rear 1973
rfear 197&
Year 1977
Year 1978
Year 1979
Year 1980 °
Should backaround values be used to indicate critical values
above which point source impact is assumed (Y/N) 7
Erter alternate AQ eritical value (ua/cu.m.) above which
poi1nt zource impact should be assumed:
Year 1s74 7
Year 1?78 °
Yaar 1s7& 7
frear 1977 °
173 7

SER IR

rear
t2ar 19779 ~
Teanr 1830 2
—rit=r &additive bachkaround factor (other than vehicles! to ad)iust rili:
Intzr multiplicative factors to adjust AL by wvear:

izTy ~

Xl 1573 °
T Ear 1=7s ~
B S 1375 7
- - - | m—— -
R i 7 -
=@y =T 7
- = 1= -
= Y .7
3T ST T
-z SrirEt=Srtzc to print these =o=scificaticn:z
~.3im grzzz el o zentirue:

Figure 1. User prompting statements of the Multiyear Lead Uptake Program.
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the study area during the base year. Paul has developed a program, MATCH-AQ,
which creates this file using population data from the Bureau of Census and
dispersion modeling estimates of lead air quah’ty.11 The program yields
separate data sets for 1980 and for each of two future years specified by the
user. The user of the lead uptake program specifies which data set to use by
entering the appropriate file name in response to a request for the "input
POPAQ file.”" The user also specifies the name of an output file which will
serve as input to the Biokinetics program.

The user next enters the last year of the seven-year exposure period for
which the program will calculate lead uptake values. The user is then given
a choice of 1) having BKGD represent urban locations by incorporating the val-
ues of VEHIC listed in Table 3 or 2) specifying an alternative set of BKGD val-
ues which better represent rural locations. If the user chooses the latter
option, the program requests a value for each year of the exposure period. The
program also asks whether the critical value (CRVAL) for each year should equal
the BKGD value specified for that year. 1If the answer is no, the user is asked
to specify a CRVAL for each year in the exposure period. The remaining prompt-
ings request that the user enter a single value for the additive background
factor (ADD) and seven year-specific values for MULT.

16



SECTION 4
ESTIMATION OF BLOOD LEAD LEVELS

Harley and Kneip have developed an integrated metabolic model which esti-
mates day-by-day blood lead levels based on daily uptake of lead into the
bloodstream.2 The model assumes that most (over 95%) of the lead in the body
is contained in four compartments (bone, liver, kidney, and blood) and that
lead moves among these compartments in a predictable manner. Figure 2 shows
the various lead pathways considered in the Harley-Kneip model. Figure 3
presents the mathematical relationships which the model uses in an iterative
manner to estimate the total lead content in each compartment as the body
receives varying daily lead inputs. Harley and Kneip have incorporated these
relationships into a computer program for estimating blood lead concentrations
in children 1 to 6 years of age.12 PEI has adapted the Harley-Kneip program
to accept daily lead uptake values (i.e., TOLU) as estimated for a cohort by
the Multiyear Lead Uptake Program. The resulting Biokinetics Program tracks
a cohort from birth on January 1 of a user-specified calendar year through
the last day of a user-specified calendar year. A year is assumed to contain
12 months of 30 days. The cohort receives the same daily lead uptake for each
of the 30 days in a month. This value is the TDLU value estimated for that
month by the Multiyear Lead Uptake Model. The Biokinetics Program calculates
the resulting blood lead concentration on a daily basis but prints out only
end-of-the-month values. Thus, 360 sequential blood lead concentrations are
calculated for a given year, but only the 12 end-of-the-month values are
actually printed out.

Table 5 1ists the parameter values used by Harley and Kneip in their
mode].1 These have been incorporated into the Biokinetics Program. Note
that many of these values change with the age of the child. Section 5 presents
typical output from the Biokinetics Program.
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Figure 2. Lead pathways considered inzHarley-Kneip
integrated metabolic model.
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dB/dt = P - Cy x B -Cy  x B =-Cy xB>C, xS~ Cjyxle

t:.‘b 2 K - Cbu 8+« Fx clg x L

ds/dt = Cpy x B = Cep X S
dl-/dt'cblxﬂ -clbe-cls!L

dKk/dt = Chpg B = Cpp x 4

Where P = daily taput to blood in ug/day
Cb, = blood to skeleton recoval rate (daya'l)

Cgqp = skeleton to blood removal rate
Cyp = blood to liver removal rate
Clb ® liver to blood removal rate
Cye = blood to kidaey removal rate "
Cyp = kiduoey to blood removal rate

Cbu ® 5]lood to urioe removal rate

cls @ ]iver to gastrointestinal tract
removal rate "
F = fractional uptake from gastroincestinal tract to
blood

B,5,L,K = total lead content in blood, skeleton, liver, kidoey
(ug)

The orzgan burdens are calculated {n an iterative mazoer usiag the
expressions
3(t-l)=d(c) -~ d8/4¢

S(etel)=s(c) + ds/d¢

etc.

Figure 3. Harley-Kneip integrated metabolic mode] for determining
lead levels in four body compartments.
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TABLE 5
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. PARAMETER VALUES FOR THE BIOKINETICS PROGRAM
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W Age, years
Parameter Exploration 0-0.99 1-1.99 2-2.99 3-3.99 4-4.99 5-5.99 6-6.99
cbs Blood to bonglremoval
rate, days 0.300 0. 300 0.134 0.134 0.134 0.134 0.14
C Bone to blood,removal
sb rate, days | 2.65 x 1074 ] 2.65 x 1079 [ 2.65 x 107 ] 2.65 x 107% | 2.65 x 107 | 2.65 x 107% [2.65 x 1074
cbl Blood to livg{ removal
rate, days 0.0301 0.0301 0.0301 0.0301 0.0301 0.0301 0.0301
(I‘b Liver to blog? removal
rate, days 0.0130 0.0130 0.0130 0.0130 0.0130 0.0130 0.0130
cbk Blood to kidney re-,
moval rate, days 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
Ceb Kidney to blood re-,
moval rate, days 0.0301 0.0301 0.0301 0.0301 0.0301 0.0301 0.0301
Cbu Blood to urigg removal
rate, days 0.0334 0.0334 0.0334 0.0334 0.0334 0.0301 0.0301
Cl Liver to gastroin-
9 testional tract rg-
moval rate, days 3 3 5 5 5 10 10
F Fractional uptake from
gastrointestional
tract to blood 0.4 0.4 0.3 0.3 0.3 0.3 0.3
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SECTION 5

USER PROMPTING AND OUTPUT FORMAT
OF THE BIOKINETICS PROGRAM

Appendix C contains a listing of the Biokinetics Program. Figure 4 1ists
the series of prompting statements by which the program elicits instructions,
parameter values, and labeling information from the user.

The user first enters the name of the study area or principal point source
as a means of labeling the area to which the program estimates apply. Next
the user enters the name of the control scenario to which the estimates apply.
Responses to the two prompts are used solely to label output tables.

The program next requests the calendar year which will be the last year of
the 7-year exposure period. The user should enter the same year previously
specified for the Multiyear Lead Uptake Program run which created the input
data file for the Biokinetics Program. The user then enters the name of this
file and indicates which estimates (lower or upper bound) the file contains.
The last prompting statement asks if the user wants the geometric mean of the
12 end-of-month blood lead values calculated for each cohort's sixth year of
exposure.

Appendix C contains printouts for "lower bound" and "upper bound" runs
of the program for the study area previously discussed in Section 3. Each
printout consists of a separate table for each census tract in the study area
and four tables which present results averaged across all census tracts.

Values tabulated in the census tract tables are end-of-the-month blood lead
concentrations from birth through the last year of the exposure period. The
format is similar to that of the Multiyear Lead Uptake Program in that esti-
mates are arranged according to the cohort's age in the last year.

The last two pages of each printout contain the four summary tables. These
tables pertain only to those cohorts whose seventh year of life is the last year
the 7-year exposure period. (If the last year of the exposure period year is
1980, for example, these would be those children born at the beginning of
1974.) Summary Table 1 presents month-by-month geometric means of the end-of-
the-month blood lead concentrations of all cohorts born on January 1 of the
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EIOKINETICS
Version 2.0
Caicul ates end—-of-month blcod lead
Concentrations for chidremn age (=& vears

01-06—-1586
Strateqies and Air Standards Division

ICATIONS FOR THIS ANALYSIS:
name of study ares or principal poirmt source (in CAFS):

Enter name of cornti~ol scenario to be analvzed (1n CAFS):

Emter last vear of child exposure (4 diqits):
FRCERAM ONLY FOR 15980-13%7
Hat t.pe of uptare ecstimates -- upper(l) or lower (D) boundes™

Lz +cu want the aeometric mean blood concentration for each cesnsus
+~.-act during the next to last vear o~ euxpasure! Y/ N) T

Iinputs compolete. Fress (Shift-FrtSc) to print cspecificaticns.
TRsn or2ezs EMTER’ to continues

22315 Caiculatians for each cohcocrt within census tract

L1}
'™

Figure 4. User-prompting statements of the
Biokinetics Program.
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first year listed in the left-hand column. These values are calculated as
follows. Let xijk be the end-of-the-month blood lead concentration for cohort
i in the year j and month k. Then yjk’ the blood lead concentration listed in
Summary Table 1 for month k of calendar year j, is calculated by the expression

Yip © exp[z(pi)(ln X.

; U-k)/zpi] (12)

where P; is the number of children in cohort i and the summations include all
cohorts in the study area which meet the stipulation stated above. Note that
yjk is a population-weighted geometric mean.

Summary Table 2 presents population-weighted geometric means of annual
average blood lead levels for the same cohorts considered in Summary Table 1.
The geometric mean for year j, yj, is calculated as

Y5 = exp[z(p;)(In mij)/zpi] (13)
where mij is the arithmetic mean of the 12 end-of-the-month blood lead con-
centration values for cohort i in year j, P; is the number of children in
cohort i, and the summations include all cohorts meeting the previously stated
stipulation.

The seven values listed in the right-hand column of Summary Table 3 are
calculated as follows. Let hij be the highest end-of-the-month blood lead
concentration for cohort i in year j. Then yj, the blood lead concentration
listed in the right-hand column of Summary Table 3 for calendar year j is
calculated by the expression

yj = exp(z(p;)(In by )/Ips] (14)

where P; is the number of children in cohort i and the summations include all
cohorts in the study area which meet the stipulation stated above. Thus y.

J
is a population-weighted geometric mean of the highest end-of-month blood
lead concentration.
In developing Summary Table 4, the program first calculates a., the arith-

i
metic mean of the xij values for the first four years of a cohort's life, and

bi’ the arithmetic mean of the xij values for the next three years of a cohort's

23



lTife. The first value listed in the right-hand column of Summary Table 4 is
calculated as

wy = exp(z(p;)(1n a;)/zp,] 5 (15)
the second is calculated as
wy = exp(z(p;)(In by)/1p;] (16)

The summations include all cohorts in the study area which meet the stated
stipulation. The quantities Wy and W, are both population-weighted geometric
means.

24



SECTION 6
SENSITIVITY ANALYSES

Multiple runs of the Multiyear Lead Uptake and Biokinetics program were
made to assess the effects on blood lead estimates of varying the values
assigned to selected input parameters. A1l runs used the same study area, a
set of census tracts surrounding a secondary smelter located in a relatively
densely populated area of a U.S. city. The parameters listed in Table 6 were
selected for the sensitivity analyses because of their apparently large in-
fluence on blood lead estimates relative to that of other parameters. Listed
in Table 6 is the initial value used for each parameter, an alternate value

substituted for the initial value, and the scenario being analyzed.

TABLE 6. INITIAL AND ALTERNATE PARAMETER VALUES USED IN SENSITIVITY ANALYSES
Initial Alternate
Parameter(s) value value Scenario analyzed
DIRTCONS 0.1 g/day 0.2 g/day Baseline exposure
Lower and upper bound runs
INMISC Year-specific See text Precontrol exposure and
estimates (see post-control exposure (1.0
Table 3) ug/m3 standard)
Lower and upper bound runs
DUSTIN Lower bound Upper bound Baseline exposure
estimates? estimates® Lower bound run
DIRTST Lower bound Upper bound Baseline exposure
estimates?d estimates? Lower bound run
DUSTIN + Lower bound Upper bound Baseline exposure
DIRTST estimates? estimates? Lower bound run
DUSTIN + Upper bound Lower bound Baseline exposure
DIRTST estimates? estimates? Upper bound run

3| ower and upper bound estimates used are values presented in Table 4 for
“near point source."
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The selection of alternative values for the sensitivity analyses was
based on the following considerations:

1. While the estimate of 0.1 g/day for the average daily consumption
of dirt in young children is generally accepted (lead staff paper
and lead criteria document3), it is based on a limited amount of
data, and most 1ikely is a conservative value. A doubled value of
0.2 g/day of dirt ingestion was arbitrarily chosen to assess how
sensitive the model was to this parameter.

1

2. INMISC represents the dietary lead intake due to lead from solder
in canned foods and water distribution systems, natural sources of
lead, indirect sources (i.e., historical accumulations of deposited
atmospheric lead), as well as sources of lead that have not yet been
determined according to the criteria document. Estimates of INMISC
are derived in the lead staff paperl from calculations presented in
the criteria document, which in turn are based on the most recent
available data on mean dietary lead intake (1982-1984), and on pro-
jections of future trends in the lead content of canned food and of
drinking water by the criteria document and EPA's Office of Drinking
Water, respectively. Because these projections involve various
assumptions on the economic and technologic feasibility of future
controls on lead exposure, it was of interest to test how sensitive
the model outputs were to these assumptions. Rather than assume
that the use of lead-soldered cans in the canning industry would con-
tinue to decline after 1983 (the most recent data of lead solder can
usage), it was simply assumed that no further controls would be
implemented in the canning industry. As a result, rather than a
steady decline in INMISC from 12.7 in 1983 to 5.7 ug/day in 1997,
there would be a decrease from 12.7 to 12.0 ug/day in 1997 (due solely
to expected improvements in lead drinking water quality).

3. Estimates of the lead concentrations in indoor dust, and in street
dust and soil associated with differentlair lead concentrations
were obtained from the lead staff paper” and were derived from
various studies which measured air lead levels and dust and/or
surface soil lead concentrations concurrently. Although the
studies sampled a broad spectrum of homes, none of the studies in-
cluded data from homes with reported lead paint hazards. Given
the complex variables involved in the air lead/dust soil lead rela-
tionship (e.g., deposition rates, chemical and physical character-
istics of the lead particles and soils, topographic and meteorologic
conditions, frequency of street washings and precipitation, trans-
port of dust and soil into homes, etc.g, it is not surprising that
a range of soil and dust lead concentrations are estimated for any
given air lead concentration. To test the impact the ranges have
on the model outputs, three runs were made. The first used the
upper bound value of DUSTIN and lower bound value for DIRTST; the
second used the lower bound value of DUSTIN and the upper bound
value for DIRST; and the third used upper bound values for both
parameters.
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In general, the air quality (SOURCEAQ) throughout each census tract is
assumed to equal the air quality at the geographic center of the census
tract. In some cases, the geographic center may be a significant distance
from the population center of a census tract. Air quality at the two points
could be significantly different, with the air quality at the population
center being considered the more accurate indicator of exposure for the
children residing in the census tract. To determine the magnitude of the
discrepancy, alternative SOURCEAQ input files were developed using the ISC
dispersion model and two radial grids.

A series of runs were made to assess the effect of receptor point loca-
tion on blood lead estimates. In one run, the SOURCEAQ for each census tract
was determined using the geographic centroid of the census tract as the
receptor point for the ISC model. In another run, geographic centroids were
used for all but the two census tracts closest to the smelter. A radial grid
receptor point 1000 m from the smelter was used for the census tract nearest
the smelter; a receptor point 2000 m from the smelter was used for the
other census tract. These receptor points approximated the locations of the
population centroids of the two census tracts. In a third run, radial grid
receptor points 500 m from the smelter were used for both census tracts.
These locations were assumed to represent residential areas experiencing air
lead levels near the maximum levels expected in the two census tracts.

Results of the different sensitivity analyses are given in Table 7. To
illustrate the effects of the various adjustments, blood lead levels pre-
dicted by the model using parameter values given in Tables 2, 3, and 4 are
also shown for different scenarios. As noted previously, all of the sensi-
tivity analyses used the same U.S. secondary lead smelter. The results pre-
sented in Table 7 for runs without any adjustments apply to the same smelter.

Based on the results of the sensitivity analyses, the following conclu-
sions can be drawn.

1. Doubling the estimate for the average daily dirt ingestion rate
from 0.1 to 0.2 g/day significantly increased the blood lead esti-
mates. The marked sensitivity of the model to this parameter,
which is based on a limited amount of data in relation to the other
parameters, should be highlighted. Furthermore, none of the
analyses completed to date were intended to model children with

pica. Although no precise estimates are available, the amount of
dirt ingested by children with a high degree of pica is significantly
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TABLE 7. RESULTS OF SENSITIVITY ANALYSES

Blood lead levels?

Air lead scenario Parameter(s) tested (value) 0-3 years | 4-6 years | 36th month
Baseline-lower bound No adjustments 19.4 14.3 19.2
Baseline-upper bound No adjustments 27.0 21.2 27.1
Baseline-lower bound DUSTCONS (0.2 g/day) 31.6 23.6 31.9
Baseline-upper bound DUSTCONS (0.2 g/day) 44.4 35.5 45.4
Baseline-lower bound DUSTIN (upper bound estimates) 23.3 17.4 23.1
Baseline-lower bound DIRTST (upper bound estimates) 20.4 15.5 20.6
Baseline-lower bound DUSTIN + DIRTST (upper bounds) 24.3 18.6 24.5
Baseline-upper bound DUSTIN + DIRTST (lower bounds) 21.4 15.9 21.3
Baseline-lower bound Radial grid air quality valuesb substituted for 19.3 14.3 19.1
Baseline-upper bound geographic centroid values at 1000 or 2000 26.9 21.1 27.0

meters only

Baseline-lower bound Radial grid air quality va]uesb substituted for 19.5 14.4 19.2
Baseline-upper bound geographic centroid values at 500 meters only 27.1 21.3 27.2
Precontrol-lower bound | No adjustments 5.2 2.4 4.4
Precontrol-upper bound | No adjustments 9.9 5.9 9.7
Precontrol-lower bound | INMISC (canned food lead constant post-1983) 5.3 2.6 4.5
Precontrol-upper bound | INMISC (canned food lead constant post-1983) 10.0 6.3 9.8
Post-control (1.0

ug/m3) - lower bound | No adjustments 1.4 1.1 1.3
Post-control (1.0

ug/m3) - upper bound | No adjustments 3.5 3.4 3.6
Post-control (1.0

ug/m3) - lower bound | INMISC (canned food lead constant post-1983) 2.0 1.6 1
Post-control (1.0
_ug/m3) -_upper bound | INMISC (canned food lead constant post-1983) .4 | 4.2 4.6

9Blood lead levels presented represent average levels of the 7-year cohorts born
time period analyzed (1974-1980, 1983-1989, or 1990-1996), at different periods
levels are used in the risk assessment as indicators of exposure for estimating
balternative lead NAAQS of various health effects.

Blood lead results shown are averages across all census tracts surrounding point source.

to the beginning of the

in their life.

These

the risks associated with

In contrast to

area averages, blood lead levels in individual census tracts that were reanalyzed indicate significant

differences from baseline run (see text).



larger than for children who ingest dirt in the course of normal
hand-to-mouth behavior, which is what the estimate of 0.1 g/day is
intended to represent. It is clear from this analysis that the
exposure and blood lead estimates for children with a high degree
of ﬁica would be significantly greater compared to those of other
children.

The use in the model of the upper bounds of the ranges of indoor dust
lead concentrations and outdoor soil/dust lead concentrations rather
than the lower bounds significantly affects the blood lead estimates
of the model. The results further indicate that indoor dust lead
exerts a significantly greater impact on exposure than does outdoor
soil/dust lead. As Equation 11 indicates, the contribution of
DIRTIN to WDIRT is greater than the contribution of DIRTST to WDIRT.
It should be emphasized that none of the runs completed to date were
intended to model children exposed to significant concentrations of
lead in paint. For those children living in homes with lead paint
hazards, it is clear that significantly higher lead exposures and
blood Tead levels would be estimated due to the higher levels of
lead in indoor, and possibly, outdoor dust.

Using radial grid air quality values for receptors points at 1000
and 2000 meters that approximate the locations of the population
centroids of the two closest census tracts, rather than using geo-
graphic centroid air quality values for those tracts, did not
affect the results significantly. For one of the census tracts
(Census Tract A), the geographic centroid of the census tract was
actually closer to the source than the population centroid. Assign-
ing radial grid air lead concentrations at 500 meters for the two
closest census tracts did not significantly increase the blood lead
estimates when averaged across all census tracts surrounding the
point source (Table 7). The effects of altered air quality on blood
lead estimates for individual census tracts was more evident. For
example, an approximate 35 percent increase in blood lead estimates
for Census Tract A resulted when the radial grid estimates were

used for the upper bound run. For the other census tract, the use
of radial grid air quality values rather than geographic centroid
values did not significantly increase air lead exposure due to the
relatively closer proximity of the geographic centroid to the point
source. The resulting blood lead estimates for this census tract
are not significantly different. It is possible that for other

lead point sources, modeling with radial grid air lead concentrations
that approximate the population centroids, rather than geographic
centroid values, might better represent actual exposures and result
in significant differences in blood lead estimates.

The assumption that further reductions in canned food lead levels
will not occur in the future noticeably alters the blood lead esti-
mates only for the post-control 1990-1996 scenario. Estimates for
the precontrol 1983-1989 time period are not significantly affected.
Based on projections in the criteria document, it appears most
1ikely that further controls by can manufacturers will continue.
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APPENDIX A
ESTIMATES FOR SELECTED PARAMETER VALUES

Values for parameters of the lead uptake model given in Tables 2 and 3
of the main text that are not derived directly from the lead staff paper1 are
discussed in this appendix.

1. ABSDIET represents the average fraction of ingested dietary lead
that is absorbed through the gastrointestinal tract into the bloodstream.
Lead balance studies in infants (A1exander2 and Zieg]er3) report GI uptake
factors in the range of 42 to 53 percent based on measurements of lead in the
4-6 pave found that adults absorb a much
smaller fraction of ingested dietary lead with measurements ranging between
7 to 20 percent. For the present model, a range of 42 to 53 percent is used
for infants up to their third year of life, 18 to 24 percent for children
upon reaching their 7th year of 1ife, and proportional, incremental values
in intermediate ages.

diet and excreta. Several studies

2. Table 3 describes past and future trends in average daily dietary
lead intake (INDIET) for 1974-1997. Year-specific estimates by Battye7 of the
mobile source contribution to ambient lead concentration in urban areas,

VEHIC ug/m3, are used to estimate INADIET, the average daily lead intake
related to atmospheric lead deposition on food surfaces before and during
processing. Past trends in lead solder usage in canned foods,1 anticipated
future reductions in lead solder usage, and the anticipated impact of the
expected revision of the lead drinking water standard8 were used to make year-
specific estimates of the contribution of these sources to average daily
dietary lead intake. The contributions of soil lead and undetermined sources
of lead remain constant in estimating average daily dietary lead intake be-
tween 1974-1997. The contribution of components of dietary lead intake, with
the exception of the INADIET component, are combined to yield year-specific
estimates of INMISC.
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3.  ABSLUNG represents the fraction of inhaled lead that is deposited
into and subsequently absorbed through the lungs into the bloodstream. In
the staff paper, data on particle size distributions of airborne lead mass,
collected from various urban, rural, and industrial areas, are combined with
particle respiratory deposition and absorption data to calculate the absorp-

tion rate of inhaled lead particles for a 2-year old child 1iving in generalized

urban/rural areas (15 to 30%) as well as near stationary lead sources (35 to
60%). Data were obtained from Landrigan et a1.,9 Dorn et al.,lo Chan and

Lippmann,11 Davidson and Osborn,12 and Phalen et a1.13

Age-related differences in deposition efficiencies estimated by Phalen
et al. are not large for the relatively small particle diameters that pre-
dominate in generalized urban/rural areas. Therefore, the range estimated
for a 2-year old is applied to all ages of young children (0 to 7 years)
living in those areas. Near point-sources, there is generally a greater
fraction of coarse-mode particles (>2.5 um) in the ambient air. Consequently,
the fraction of particle mass that deposit in the lungs of young children and
are absorbed is estimated to be larger than that of adults. Particle deposi-
tion efficiencies for 5 um particles were derived from Phalen et al. as a
function of age and ventilatory state {e.g., low activity, 1ight exertion) to
calculate average daily deposition rates by age:

% deposition % deposition Average daily

Age at low activity at light exertion deposition rate
0 80 65 75
1 75 60 70
2 70 55 65
3 65 50 60
4 60 45 55
5 60 45 55
6 55 40 50
18 35 35 35

Average respiratory deposition/absorption rates for different ages living
near lead point sources were calculated using the equation

[(CRD5 - ARDS) X PbPSl.O] + ARDPS
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where CRD5 is the average daily deposition rate of 5 um particles for a child
between 0 and 6 years (50 to 75%, from Phalen et a1.13); AR05 is the average
daily deposition rate of 5 um particies for an 18-year old (35% from Phalen
et al.); PbPSl_0 is the average percentage of lead particle mass collected
near point sources that is comprised of particles that are larger than 1.0
um in diameter (50 to 70%, from Landrigan et al.g and Dorn et al.lo); and
ARDPS is the estimated respiratory deposition rate for adults living near lead
point sources (20 to 40%, estimated in the lead staff paperl).

The calculated ranges were rounded off to yield the rates listed in
Table 2. It should be noted that deposition efficiencies for 5 um particles
were combined with data on the percentage of lead particles larger than 1 um
around point sources to calculate point source area respiratory deposition
rates. The availabie data related to particle size in the published literature
do not permit a more direct comparison and calculation.

4. HOUT represents the amount of time spent outdoors. Among young
children, this value varies depending on their stage of development (i.e.,
infant, toddler, preschool), season, geographical location, and family
behavior. The values for a 2-year old child in Table 2 were obtained from the
lead staff paper.l Estimates for other ages were developed by Pope,14 who
analyzed the time spent by children indoors, outdoors, and in motor vehiciles,
with respect to season and day of week.

5.  VRESP, the volume of air respired each day, is dependent on age, body
size, lung capacity, altitude, and activity of the child. The lead staff
paper1 estimates a range of 4 to 5 m3 day for 2- and 3-year old children
based on various sources (ICRP,15 Nutrition Foundation,16 Phalen et a1.13).
Phalen et al. determined average ventilation rates for males and females, at
different activity levels, from birth through age 18 from graphical fits of
published tabulated data (Altman and Ditmer17’18).
activity levels were used to construct the ranges of daily ventilation rates
in Table 2 for children 0 to 6 years.

The calculations for low
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a1
3 REM s##ardstsketiawnxx¥4t COHCRT LEAD UFTAKE FRCGRA&M HEXFEAE AT AT E bt S RS x>

Z EM

T rEM Arravs accomodate aqe aroups Q—-é. vyears of age 0O-6. subaroups 1-&.

1) REM calendar vears 1974-97(0-237) ., upper % lower bounds(0-1), and

5 EM unaffected or affected(0-1) by point source of lead.

s IM FFRACT (&), IORATIO(S.1.1), HOUT (6.1

¢ DIM VRESF(6.1) . ABSLUNG(&6.1.1)

7 OIM ABSDIET(6.1), INDIET(&) . INMISC(ZZ)

: yIM DUST1(11.1.1), DUSTZ2(11.1,1), INADIET(Z2Z

oo DIM O AIR(LL) ., OUTAQC(E.12) . INAIR(S) . BEGD(ZT) ., CRALT (&)

1+ DIM DIRTCONS(&6.1). ABSDIRT(6,1) . INDIRT(6)

. DIM GRFE(6), FREG(6), FOF{6), MONTHE(1Z), MULT (&)

TCDAY¥ = DATEf: LFF = CHR$(10): CLS: LFRINT CHR¥(12)

FRIMT TRE!1D) Y4emmemmem e e e e e e —— - — + "
FRINT TAER(1Z2)
! FRINT TAR(12) "
YT FPRINT TAE(LZY ¢
i~ FRINT TABR(12y v
' FRINT TAR(1ZY "

i COHORT MULTI-YEAR LEAD UFTAEE FRCGRAM
2.0 PRIMT TAEBC(LZ) "1

Calculates dailv uptale bv month over lifetime HE
For selected children aoe O-6 vears !

‘O FRINT TRE(O1IZY "

FRINT TAE(1Z2) "i" TAEB(I4) TODAYE TAR(70) "I*

- o PRINT TAEBC(LIZ) " Strategies and Air Standards Diviesion R
40 FRINT TaR(12) R
. FRINT TAEB(1Z) " i
T BEEINT TAEREIL1D) "4mmmmmmm e e e e e e e e e e e e +"
T ERINT LFf:LF4: "SFECIFICATIONS FOR THIS ANALYSIS:
N FRINT "Enter name of studv area or prirncipal pcint source 1n CAF3): ":
I"1FUT ZRCH
- ETINT "Ernter name of control scenario to be analvzed (in CAFSy: ":
IHFST CTRLE
IMELT "Lowesr Q) or upper:l) bound estimate™ ", EBMND
.. ERINT "Fress (Zhiit-FrtSc) to print these specifications.”
- LIFST "Ther preessz ENTER to continue: ", CX
ZLny FTRINT LFFy "SFECIFICATIONS CONTINUIED: ¢
FRIpT: PRIMNT "Which of the followina populaticn arouns should b2 tpcliaded 1n
Se T M"armal 'z I¥f more than one. aroun occulations will be adgdsd.
SELAT M itete: oFH = lead-cainted housze:d Z0E = geconrder-. coocupational zimTeEl
- [ EET Zrilderen i LPHNWnsournd. with S00 7 4™ " GEREICL
vy Chrldesn tn LFFsunzounc. no ZCE s "L GRREECDS
o IT o Chi1ldren 1m LFH.Zzound. with Si0E o, 0T ", RFF (T
L TLT Trildren 1n LR Lscund. oo SOE YL T M GRTFE 4
I Zrsldren o omnon—lFH. with 30E osoM T YL EZREFFSH
IS B ZihilgrEn oin omon-LFH. o Z0E v by Uy, Sl
< .77 '"Thinitd zZhild arnups e Tuwrbtner susdl cided sor thiz ozaslosizooq b .
:-T'.’;_{
I FP2re 0 0 LD POFS L "y THEIN BCTO Z20
TR LIT O Ermter Sraction of childrEsem in ozacn subarouon. by oac=
LT o ad2 o= DU FS N, FRFRAIT G
I T w2 1 LTS "y FFRFFRCT i
IR B S Io= 2037 Y. FFACT )
- PR R s Do TG . FRRSCT T
et I PR S S T )
PRI A 23 5 - Loovwr Y. FERACTWE
= cral T TRl e ", RS
RN BN £ - tRmrzro i IZor tR T ldes IO6 STInTo TR LI TLe:dlon L R
CRT UToas ooeoz INTER S s oaantinoaer L Db



- e -_— e = P ats - e mt e Poe e - - -—

‘55 PRINT LFE:;LF$:: INFUT “Enter last vear of exposure (4 digits): ", YEAR
b IF YEAR: 1980 OR YERF 1997 THEN FRINT

“TROGRAM CONMLY FOR YEARS OF EXFQOSURE ENDING IN 1980-19%7": GCTO 3¢
303 YR = ¢ 3 IF YEAR = 1990 THEN EYR = 1

- FRINT "This proaram uses a cset of 1973-1957 background values for mcotor

1 2s. "

520 INFUT "Do vou want to substitute a set of rural backaground values (y/MN) "3
RURSLE

57 IF RURALE = "N" OR RURALZF= "n" THEN GOTO 630

530 FOR v = 0 TO &

a5 YY = YEAR = 6 + Y: Y2 =YY - 1674

= FRINT © Year "3 YY:: INFPUT RURALE: EEGD(YZ2) = RURALE

= NEXT Y

=00 RINT "“Should baclkaround values te used to i1ndicate critical valuee"

- INFYUT above which point source impact 135 assumed (Y/MN) ": CVF

VD IF CcyvE o= "y OFR CVE= "Y" THEN GOTO 729
“id FRINT "Enter alternate AQ critical valuwe (ug.cu.m.) above which '":

SRINT M point socurce impact shouwld be assumed:
- FOF ¥ = O TO o
714 ¥Y = YEAR — &6 + Y
i FRINT " Year "3 Y¥:: INFUT CRALT(r)

- NEXT Y
—Zo INFUT "Enter additive baclaround factor (other than vehicles! to adiust AC

' ~CD

- ZRINT "Enter multiplicative factors to adjust AQ bv year: "
Teo FSR v = 0 TO 6

T YY = YERR - & + ¥ _

T FRINT ¢ Year ": Y¥s: INFUT MULT(Y)

= . NEXT
TZu FRINT "Fress (Shift-FrtSc) to print these specifications.”
- {MFUT "Then press 'ENTER 'to continue: ", CF
COSEN FILEZY FOR INFUT &S #7T
FEI +<+ Names ©f months: %+
SoRo oMty = |1 TO O LZ
READ MOHNTHE (MR
MZLT AT

1

Lerv b b i L

LT TSI N IAMUAR T VP ERERUAR T LU MARCH S AR IL Y A DN JILE " T T AsRE T R
R PO TIEERY L UAOVEREBER " . DECEZRBER"
z SZo e Howr s doow soent cutdocts e
. VT wT. AFRAYE: FRINT LFE.CFf.aFRPAYELEE
- e = 0 T3 o
TOnOED = o0 TO LD INPUT BT AQUT Y ZOsr TEINT ROUT v LZD0vs I B2
o
T = Dhmode s R oo TARLSS T CIRWErT o LRadoolT el e
: DL T 2rR A PRLINT LFFLLFELARRAVS LLEF
o= - e AT
SO Eoo= ToOd
irdT B, {DReTIZ ESLVED s FELGT I 2Am YR T 0 armLs
R OO
NEXT ~C
FERR N
TORTY vees 2T a2 mle Fimom mobtor Lehicies odosd to Esxcloarcuno

: LT T a0t FRINT LEELLFYLRRESCELLRF

S T T R

ot ow DL VIl 2= 2.0t
' S o STOALmaLEE o TREDD DLy o= A S

N R S LT aLe=t MEs Gy T o= 1V QD p 2 - D
. . [ S S TS



O S Y B T T o 1 I Y S S o v N N A e

1°7% INFUT #2. ARRAY$: FPRINT LF®.LFf,.ARRAYF . LF £
1 12 FOR Y = 0 T0 &

120 FCR FS = 0 TO 1

1270 FOR BD = O TO 1

i 3 INFUT #2. AEBSLUNG(YFS,ED): FRINT SESLUNGB(Y . .FS.ED) s
. NEXT EBD

1250 NEXT FS

i 37 NEXT Y

: J REM #*#%+ Fb intake from undetermined sources *%x

1710 INFUT #2. ARRAY$: FRINT LF$.LF§,ARRAYE.LF$

i3 FOR CY = O TO 23 ‘

1 0 INFUT #Z, INMISC(CY): FPRINT INMISCI(CY):

140 NEXT CVY

1770 FEM %%+ Fb dietarv 1ntake related to air ##+

1o INMNPUT #3,. ARRAYF: FRINT LFY.LFX.ARRAY$.LF¥
30 FCR CY = O TO 22
L INFUT #Z. INADIET(CY): FRINT INADIET(CZY):
b 0 ONEAT CW
. O FEM %%+ Absorption in agut of lead from diet #=xx
(A% INPUT #7. ARRAYE: FRINT LFf.LFE,ARRAYE,.LF$
T FOR Y = O TO &
: ] FOR ED = 0 7O 1
1=z INFUT #Z., ABSDIET (Y .EBD’): FRINT AEBSDIET(Y.ED):
1aTa MEXT BD
v MEET Y
COFEM «s< Quantityv of dirt consumed #%»>
D OINFUT #Z, ARR&AYF: FPRINT LFf LFf.ARRATE.LFE
D FSR Y = 0O TO 6 ’
o FJF ED = 2 70 1
L3740 IMFUT #7., DIRTCOMS(Y.BD): FRINT DIFTCONE (Y BL):
0N FEAT BD

CONEST v
't SEIT ew» Sbsorpticn 1n aut of Fb +from dirt e
Tt T 37, ARRAYEs FRINMT LFT.LFE,ARRACGELFE
VEDR o o= 0 TC o

o= 0 TO |
NFUT #7. AESDIRT (V. E0): FR.UMT ABSDIFT O B0

1o .
_z7 . FEZ e=sd Twel,z discrzte a1r Fo levels +or 1tnkercolakticrns ~
P 3T A= FRINT LFELFELARRRYELFT
iAot o= o 7D
T, EUT T mIFWRE s FIIT O ALR FRY
TZol em s Ioncenbtration o Fb o0 stoset dust e
TUT RT. ATTAED FRILT WL ARRACY LR
T I A |
IR Rz o= 0 TC
FC L o= o TS
PO v ST SN = B SEINT LUITLeER TL oDl
v =2-T T
=T F 2
o7 I7ORE
R CormZenitaneIn o U000 LhmaIor SuEt
ST R D A P S e Y L L
A T
- T 2 T
U T A r 7.7 LT AL T Ly i



~50 FOR CTRACT = 1 TO 9997

- TITLES: SFCe + " - " + CTRLS

4 TLY. = 25 - LEN(TITLES®) / 2

il FOR B% 1 TO TLY%: TITLE® = " " <+ TITLEf: NEXT BR%

DA B LFRINT CHRf(12): LPRINT" ": LFRINT" ": LFRINT TITLE#

2 J LFRINT TAE(11) BD¥ " EBCUND ESTIMATES OF DAILY LEAD UFTAKE EY MONTH"

40 LFRINT TAB(Z0O) "FOR COHORTS IN CENSUS TRACT ": TRACT®

213" LPRINT " “: LFRINT" ": LFRINT'"======s=======s===s=-SsSoS==S=S=s===T=========

0 IF EOF (1) THEN GOTOD 2510 ELSE GOSUE Z81%: REM To aget tract data
PRE IF END = O THEN ED#% = "LOWER"
S0 IF END 1 THEN BD¥ = "UFFER"

na

o LFFINT " Age Daily Lead Uptake (ua/dav) Ev Month
2170 LFRINT YEAR " Fobp Tear 1 2 = 4 S ) 7 3 g 10 11

T LFRINT M e e e e o

0T FOR A3 = & TO O STEF -1

N LERINT ": LERINT" ": LFRINT USING"### ": AG:: LFRIMNT USING"##=#&#":
FOF (AG) 3

TG LASTY = &6 - AG

0 FOR ¥ = & TO LASTY STEF -1

Y, CYy = YEAR - 6 + Y: LFRINT" ":: LPRINT TAE(13I) CY¥: " "g

pug ) Iv = CY - 1974

o0 IF CVEs = "Y" OR CV#

_. 3 IF CVF = “N" OR CV%

IS0 FRINT #2. "“:

T FRINT #2., USIMNG"\ \": TRACT#:

0 FRINT #2. USING"###": AG:

e FRIMT #2. USING"#####": FOF (AG):

T FRINT #2., USING"###s84% ": CV:

Y FOR MO = 1 TO 12

T IF(OUTAG(Y.MO) © CRVAL) THEN FE = 1 ELSE FE = ¢

y" THEN CRWVAL
“n'" THEN CRY“AL

ERGD(IY)
CRALT Y2

70 S05UE 2S00 REM  #~+ Ducst Interpolatichns *eer
T BDCCSUR ZA7M: FEM  #$—=~+ Uptabs Calculaticonzs $e-s

oot SFRINT USING "#a##'": TDLU:
T FREIMTH#Z. USING “"#ds#": TDLU:

NZAT MO
) NEAT Y

T FETAT #ZL 0

. K AT Al

- =S N B LERINMTY "e LFRINT'==s=sss—ocoosooooos S SS S S S S S SSSSSm S S m T ESE
o oz=sooSmssSsoms=TsTE=ms==m=s

Ty RN T T T ootttz i kb1 =z tabla imzlode=t

TEORLELSOLy o= "0 QR SRFEFALY o= o THENM LERINT T Lre arEgsun wrnby SlE"

- PSR DL = oy TROSRFE S 2y = o ut THEN LR INT wrH Lhcounmaz, o an ol
- = DEOTER LIy = oyt TRORERECTY o= Mot TREN LEL LT LiFH o zoomd. w30
- FOIRRs G, o= MY OSF BREE L, o= o THEN LFE MDY N ST ot WY Y = RN T
- T GRATISS " TROSHRFIIT) o= Ut THEN LEIFDLT et nwts JCZ
- IT BFF2vos = """ SF SRFY o) = "0 TrEN LFSRINT T moo-nS, no Zs
ZT ST o FZOorRLy LFRRINDTY TERLolr: VEzoe"s O

' EAT CT™ACT: AGin +=a4 Znd ot Zaloulsiizaz <oF CErsus Limsec: o

- e R INT ZRrE LD s FPRINT LFsiLFPTy 'Calevwlabion: zorslztied.”
17T TLT. s = Daiff: MGws = TIMIP. LERINT TSDem.ds " i

~ DOZLTZT OBl LD

Tee SR
LRI ORES

- Tz fonant Inmbnroclation sSorrrSuen.n

- Ea

TTIU et = Ll Gde TF AT bz TaEm JOTD IO

LT IDT A R § RN - DTT Lt T Ly - L LET R,
- - 5o TT ) e R T o G A Lo ' vl

LT T B Tozoo LT T



(W] [ ]

BEEEENN]

-

N IF A0 = AIR(CHE) )Y AND (AR < AIR(CHE+1)) THEN 2Z&40
ELSE NEXT CHKk
3 DUSTET = DUSTL (CHK .FS.END) + (DUST1(CHk+1 . ,FS,END) — DUSTI (CHK.FS.END))
* (AR=-AIF(CHEDY )Y / (AIR(CHE+1)-AIR(CHE) )
3> TUSTIN = DUST2(CHK ,FS.END) + (DUST2(CHt.+1 ,FS.END) - DUETZ(CHE (FS.EBNL))
* (AQ-AIR(CHK)Y)Y / (ARIR(CHE+1)-AIR(CHE))
&0 RETURN
T REM
) REM ##% Uptake Calec. for Calendar Year (CY)., Yearr of Age(RG). % Month (MO) =%
23 REM
) Iy = CY - 1974: REM Convert cal. vear to inde: vear
2 A0 = QUTAR Y M)
_0) H = HOUT(Y.BND): IO = ICRATIO(Y.FS.EBND)
0 WAl = (H # AG + (24-H) = I0 = AC) / 24
> UFLUNG = VRESF(Y.END) * WAQD #* ABSLUNG(Y.FS.END?
3 JFDIET = (INMISC(IY) + INARDIET(IVY)) < ARSDIET (Y. .EBEND?
o) WDIRT = (H %= DUSTST + (12 - H) * DUSTIN) / 12
T UFDIRT = DIRTCONS.Y.BND) # WDIRT = ABSDIRT (r.BMD)
2 TDLU = UFLUNG + UFDIET + UFDIRT
2 RETURM
e ~EM

FEM +»s4%%4isiiaideidts Concsus Tract Data Subroutineg »+a<4ft4sfSSetdtiAsrasnssns
REM
THAFUT #1, TRACTE®
FEM Incubt population data *e
FCR GF = 1 TO &: INFUT #1. FREG(GF): NEAXT GF: REM #+ Data nat used
FRINT LFf: “"Cemsus tract ": CTRACT "="3; TRACT#:; " Child pops:":
FOR A0 = 0 TO &
FOF(AG)Y = 0
INFUT #1., SAMESR
IF SAMES:. ~TRACT? THEN FRINT LF¥: "EFROR IM IMFUT FILE. STOF FROGRAM!:
GOTI 2520
FOF GF = 1 T0O &
IFUT #1. GRFEFOF

IF GFFE GF)Y = "Y' 2R GRFE(WGF) = "+ THEM FOF.AG) = FuF 40, + GRFP0OF
NEYTOOF
iF ~oFs = 2" CR FOFPE = """ THEN FOF 2By = FUF B, ~ FFRACT RG
FRINT U510 "#Ew#Cr FOF (A g
= (L=
ST lnmnt A1 Ouzlity Data #ws
o M0 0= L T3 L2
I..70T #l. AC0IN: wQIM = ADLIrd /S 100
Sl LS. BT O MSASSrAMSE, CWLhe S0 MICrOGrAamsE Swn.d. O LOSLE
ros L2 - T ¢ STEF -1
o= VL EARR=15T3) —-e + T FEM EBFGLD o0—-I20 13 for 15T74-17F:
AT 2 200 = M2 TSy . o nlll ] B Y
o Z
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APPENDIX C

BIOKINETICS PROGRAM
AND SAMPLE OUTPUTS
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n
v

Vs

s
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o)

REM
EM
nEM
DIM
IM
-IM
DIM
IM
IM

*xhxntntxatttntntigtdt BIOHINETICS Version I %49%69%%%9%% 95 %% 9% % %K %8345 5%
Calculate lead organ burdens +or continuous exposure of cohorts.
Froaram adapted from Dr. N. Harlev. NYU School of Medicine. 12/8S.
CeELBD(84) .CBOERL (84) ,SCALE(84) .FACTOR (84)

GU(6) .CLIGUT (&)

TB(&.84),.,TC(8B4) ,TED(B4) ,TL(B4) ,TK (84) ,WT (B84)

CBELUR(84) WTB(84) ,WTERD(B84) ,GI(83) ,CLIGU(B4) WTFAC (84)
UFTAKE(6.12) .« HIGHE(260,6)  SUMIZM(&) . SUMYR(K), SUMMO(6,12)
CGROUF (&) . CFPOF (&), SUMHI(&) . HIGHFER(Z260D,.6), GEOM(&)

DIM TRAVGR(E), TRAVBS (&), TRLVLIG(6)

TAQD
FRI
FRI
FRI
FRI
FRI
FRI
FRI
FRI
FRI
FFRI
FRI

© FRI
z4n

FRI
FRI
INF
FRI
INF
INF
irF

ITNF

IrF

. PRI

IHF
FFI

T l\‘fr_.

PRI

~Ei

AYE = DATES: LFF = CHRF(10): LFRINT CHR¥(12): CLS

NT TAB(1Z) M+o———m—mm e e e e e e e e —
MT TAER(12)
NT TAEB{1Z) "
NT TaB(1Z) “
NT TAE(1Z) "
NT TAR(1Z) "
NT TAEBC1Z) "
NT TAB(1Z) "
NT TAER(12)Y "
NT TaAR(1Z) "

BIOKINETICS
Version 2.0
Calculates end-of—-month blood lead
Concentrations for chidren age 0O-6 vears

" TAE(ZT) TODAY® TAEB(70) ".*
Strateqies and Ai1r Standards Division

NT Tag«12)y v

MT TAB(12) "+ e e e e e e —
NT LF&:LF¥: "SFECIFICATIONS FOR THIS ANALYSIS:"

NT "Enter name of study area or principal point source (in CAF3): ":
UT SRC#

NT "Enter name of control scenario to be analvzed (1n CAFS): ":

UT CTRL#
UT "Enter last year of child e:posure (4 digits): ", YEAR
TEAR- 1780 OR YEAR»1297 THEN FRINT "FROGRAM ONLY FOR 19870-1%27": BOTO =
ST "Enmter name of i1nput file in DOS format: ". FILEF
UJT "what tvpe of uptake estimetes —-— upgperi{l) or lower () pouwsde':; BRID
NT "Do vou want the geometric mean blood concencration +or each ca2rnsuacs
4T "trzct durinag the nest to last vear of e:posuw-el /MN})"3 GIUF
MT LF4: "Inputs comclate. Fress 'Shi+t-FrtSc: to print speci-i1cations.
AT "Then press ENTER’® to continue: ", Cf
AT LF4:LFE: "FPause to imitialize arravs of dats im pragram...'": LFE
ww+ Lrinary encretion half-times
T T N NI R

= 2 TO o: RZAD SCALE ' TWw:: NEXT I%W
= L T B34
Fre= (TW-1)N12
CELJR LV )= LD 2y ZCALECHX

++x bone turnover scale
S 2353.353.79.283.°8.28.28
= 0 T0 b5: RERD FACTOR:IW,: MERT I%W
I%= 1 TC 34

b= (IW—-1:12

CaLB0(IYMN: = . T+FARCTOR V.V /8BS

(&

r4x pBome r2moival halr—-times
S WG ES Tt ST U T B B I U RS IR Gt
I'= 2 710 s NREmD FaoTinEcl s NEST I,
= 1 T =4
- v[t-1 1z
Colda s LO0SD  TRITOR

R LY GRS B P Cod

(n



=19

-—— -

Z10 DATA 105,105, 110.,115.120,122,125,120,135.137.,140,143
‘ DATA 150.131.153.157.1&0.162.165.167.170.173.175.180.
. DATA 180.182,185.185.188.190,1590,192,195,196,198,200
330 DATA 200,207,205, 206,.,207,210.210,212.214,215,217 220
DATA 220,221 .223,225.,226.270,220,271,222,235.276, 240
CATA 241.2472.245,247 250,291 284,255,257 .260,262.265: FREM Added line
<. FOR I%= 1 TO 84
- READ WTBO(IW)
WTEQ(I%)= WTEQ(IZ) /.37
v ME2T 1%
Tl BEM %444 r 34 SRt b SRS R Rt I AR R TR R R RR R AR RN I RAETTARSRFIF RN A TS Rw TR xRS
. FPRINT LF$%: "Beqin calculations for each cohort within census tracte:"”
o OFEN FILE® FOR INFUT AS #1
2370 FOF CTRACT = 1 TO 299°
CT = CTRACT
IF ECF (1Y THEN GOTO 1139
=T FOR AG = ¢ TO O STEF -1
T I.IFUT #1. BLANERF: REPM Blank line precedes ag2 arcup data.
~CR v = A6 TO O STEF -1
- INFUT #1, TFACT. CGROUFRP(AGY, CFOF‘AG) , CYERR
TRACTF = STRE(TRACT): FRINT LFF;LF¥
FOR L= 1 TC Z: IF LEMI(TRACTY) 7 THEM TRACTE = TEACTx+" " NE-T
o FFRINT LFf:; TRACT®: CGROUF(RG): CFOF AG): CHEAR:
TS SOR MO = 1 TG 12
Pl [HFUT #tL. UPTAKVE Y oMC
FRIMT CFTAFEWY .M g
MEST D
: i
) SRINT LFssFd:: GOSUB LL1S0: FEM Cerort calz. - zge groun 40
PRI ZAT &G
L FSIT LFEsLF
. SUsUs 1= FEA ~+= Dutout Tablz for | c2nzue tract
T lINT CTRACT
L COEUR ZSS0: REM s+» Dutput tables reoguired 10100055, - s.
Ty o= TIMEY: LFPRINT CHRI(1Z): LFIS: WF¥: TOLD i te POUY
2T MU
z . SIi
SRR s maaerees cmsvacas er FProcess Ihe Jobort sreeees sl oy e s s g a s on
SIPULL LS O
LTl ~Et < lmitia]l values o1 =acn Zobcitk
- VRl o= Zoik: DIDHE =
e TLINER = o0 LiiIVIE = o

FOR I%= 0 TU o©: REALD LLLIGUI van: 2 WNEA: L
FOR I%= 1 7O 84

b%= (I%-1)\12

CLIGU(I%)= CLIGUT (K%)

GIl(I%)= GUZN)
NEXT I%
REM »#» EBodv weiaght with age
DATA 4.5.568.6.7.7.4,8,8.5,9,9.2.9.6,10.10.4
DATA 12.12.12,12.13,13,13.12.14,14,14,14
CATA 15,15,15,15,16.16,16.16,17,17,17.17
DATA 18,18,18.18.18.18,18,18.18.,18,18,18
DATA 19,172.12.19.19.,19.19.,19,19,19,192,19
DATA 21.21,21,21,21.21,21,21.,21,21.,21.21
DATA 2T .22 .2T7.23,27.22.24.24,24,24,29,25: REM Added line
FOR “= 1 TO 84

READ WT(IH)

WTB(IX)= BO*WT(I%)
NEXT I%

~EM #+x Use mitchell Ca data and divide bv .27 for ash weight
- DATA T0.30,43.50,35,60,.65.72.80,85.92.100

(=8
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CBLKI = LOG(2)/(Z0*T): CKIBL = LOG(D)/ (1O*T)
WEBL = S200: WEBD = S000: WLI = 1700: WEI = Z0O0
REM
REM #»% Calculations for each month of life **x
AGY = AG
ENDMO = (AG+1)#12
FOR I%= 1 TO ENDMO
YRZ = {(I%4-1)\12: MO% = 14 - YRV»1Z
FRINT "TRACT="; TRACTS$: " AGE GRF=":AG; " YR=":YR%: " MO=":MO%:
INJECT = UFTAKE(YR% MO%)
FRINT " INJECT="; INJECT: " EBLOOD=";:
FOR J%= 1 TO 20
REM *%*% blood #**+
DELOOD INJECT + (LOG(Z)/CLIGU(IYZ) ) +TLIVER*GI(I%)
CELOCD DBLOCD - CELERO(IZ)*TEBLOOD - CELLI*#TBLOOD - CERLKI*TELOOD
DELOCD DELOCD + CEOBL(I%)*TEBONE + CLIBL+TLIVER + CHIEL+*TEILNEY
DERLOOD DELOOD CELUR(I%) #TELOOD
TELOOD TRLOOD + DELCOD
REM ##% liver #%*=%
DLIVEFR CELLI*TELOOD - CLIEL*TLIVER - 1/CLIGU(IZ) *L0OG(Z2)+TLIVER
TLIVER TLIVER + DLIVER
REM %%+ Lidney #**%
DE.IDNEY = CELEI#TEBLOOD - CHIBL#TEIDNEY
THIDNEY = THIDNEY + DK IDNEY
FEM #x% bone #%*
DERONE CELEBO(I%)*TEBLOOD - CEOERL (I%)*TEONE
TEONE TEONE + DEONE
NEXT J%
TE(AGY..1%)= (TBLOOD/ WTEB(I%Z)) % 100: REM Convert ua/ml to uag/dl
FRINT USING "###.##": TB(AGL.I%)
IF I%=T76 THEN TRLVLI&(ARG) = TB(AGL.IZ)
REM #<#
IF (GMOF="N" OR GMQF="n") THEN GOTD 1649
GHMAOYRY = AGY - 1
I7 (yR=CMOYR%) THEN TR3UME = TRSUMD + To(AGY.IN
FEM #ex
IF "AGE &3 THEW 80OTGC 1730

FCOFUWT = CROF ARG -LOG TR (AG%L .. 170
SUNMD v R MDY = SUMMO «YR%Z.MO%N) + =OFWT
IF (I%=T0o! THEM SUMMIS&E = SUMMIS + FOFWT
T OATE RGN 1Y) - HIGHS((CT.YRYY)Y THEN HIGBHA(CT,. 'Ry = TEAGH. I,
Sl YR = SUMLIZIMAOYRID) + TROGARGW.I A
sz TOT
TrmNVEDtRE) = TRIUWMO,12: TRSEUMO = O: FEM reset +or nenxt census bo-zact
FRIMNT <a0: " TRAVGO (aGI=": TRAVGC (ARG,
coitl w=s Ceom. neans tor 7—-ear Zohorts (aG=o!
17 :aB = TAEN GCTO 1ESD

1
P
1

I=u Th o

F

SUMHI (VD) = ZUMHI YTy + CROF AEY »LOG (RIGHSWCT.LW I
T ESRAYE = SLMIZNYYZy 12 3SUMLZMIYZ: = D PE! Reza2t s+
ZUIM R = SUMYR(YD)Y + CFROF(AG)*LOG  YEnra /Bl
TRANVGs 2y = -EnFraAvVe
NEYT VI
To7Ts = TOTe «» CFCRAG
UM =
FOR 2= TQ T: St = SUM 4+ HUGRe' DTV 2 mMEAT W 2
SUrrlAs = ZLRFS ¢ CFCRWAG - <L (ZUH /74 s FEM zum 4 = oasz
Zdl = o
FUOR G D= T s SJio= ZUWY + AIGHeCT.sZr: HERT I
ZURNE = 3k RO ASY SLDZ VDL T REM zmams T = sl
R T



LT e d ones T - T e
‘Tt TLA = 35 - LEN(TITLES) / 2
3 FOR B% 1 TO TLY%: TITLE® = " " + TITLES$: NEXT B%
2,80 LFRINT CHRE¥(12): LF¥: LF$: TITLES
1670 LFRINT TAEB(1Z) ED¥%; " BOUND ESTIMATES OF END-OF-MONTH ELCOD LEAD “
¢ LFRINT TAB(1I) "CONCENTRATICNS FOR COHORTS IN CENSUS TRACT": TRACT#
O LPRINT LFf: "s====s=s==ssssss s ssS s S s s s S SS ESS S S S S S S S S =SS S S SES =SS S SSSS=S=SS=SF

O LFRINT " Age End-of-Month Elood Lead Concentraticn (ua/dl

Wt

o010 LFRINT YEAR: " Fob Year 1

r)
(R

4 S 6 7 8 ? 10 11 1

B LR INT M e e e e

o7 FOR AG = 6 TO O STER -1
Q LERINT LF$:;: LFRINT USING"### #####"; CGROUF (AG), CPOF{(ARBG);
TV FOR ¥ = O TO AG
Jten ¥¥Y = YERR -AG + Y: LFRINT TAE(1Z) YYs; " "3
0 FGR MO = 1 TO 1ZC
20 I = ¥y*12 + MO
=090 LFRINT USING "### ": TB(AG.I):
0 IF YY <. YEAR THEN GOTO 2120 )
D IF TB(AG.I) . HIGHPE(CT.AG) THEN HIGHFE(CT.AG) = TB{AG.I)
=120 NEXT MO
TG NEXT Y
O NEXT AB
_1o50 LPFRINT LFf; '"=====s==s======S==S==s=cSc==CSSsSSSSSSSSSSSSsSSSsSsSsSXSS=SSSSSSS=SsS=sSsS===

JOOFOR AG = O TO &: TRFOF = TRFOF + CFOF(AG) : NEXT AG

ZiaD REM #++x Donna Sledae option:
G IF (GMEF="N" OFR GMOF="n") THEN GOTO 2280
w) TRFOFD = TRFOF - CFPOF(D): REM age O naot born 1n ne:t-to-last vear.

21 FCGR AG =1 TO 6

T LOGAVE LOG i TRAVGO (AG))
43 WwTsUMO WTSUMQ + CFPOF(AG) # LOGAVE

3 MET 4G

TTehL BEGMO = EAF (WTSUMOSTRFOFR) : WTSUME = ©: REM Resst for ne:.t census tract
2 LFRINT "Fopulation-eirighted Geometric Mean Conc. durinc®: (WExF-iy: " = "2
OLERINT USIMG "##&.#": GEOMCO:: LFRINT " ug/agl.”

ZTED) REM sxx Jet++ Colen footnote:
o TRSUMIS=n: TRFECOFZoe=0
d FIR O =5=7 TC o

RN TRFIFTe = TRFQFTS + CFCFAS)

- TREUMIS = TREUMIE + CROF(AG) * (LUOGC(TRLYLZ2 (AB) ¢
ThoMEST a6

JTET TEGHTA = BP0 TREUMITS/TRFOF T

TR InT "Pozoul ation-lbelanted aecmetric HMesn Conc. 1n
oo LR INT UG ING "aHdd 8" TRGITSA:

ORIMY M oL, a3l
TIe STE e
TOFTR YT=0 T T TROUMA = TRIUMA & LODWTRAVYGE VI MZXT 2
DOTRESN = EAFTREUNMASAY: TRSUMA = O FEM reset for ne.t censuz trzce
TL LERINT "S=zome2t-ic Mean of annuwal Ava. Corncs. for th2 S4-morth onor s’
Tl LFRINT " Tuwring rearz": {((ELAR-Sr "= cUEMR-TD 0 U=y
IOLFRFINT US1HD "#H##.48": TRGMG:: LEFINT Y wgsal”
A3l SOF =4 70 TEZrE = TRSUME + LOG(TRAGe (/v ve: MNEAT 2
o TRDE = Z0 OVPREURG. T TRSHAR = D REN rezet for not o o3 s kimaom
ERE N O O G B ~inT o rearzTy o rEARA-2) 0 U= GYERRP: "=
ST LS RS LS DD Nk Yy TRGHE . LESE LT Y uwaewll
TATS O TIEIN L o= oo TIUm o= 0 EEM: Rzest for el h zzo=os krach
= FE - -
- LET AT iratest end--of-morts bBlocd lead ccTuririrnag 1ot aEen s Dy o3l oatoomn



—S4aG IF (G=2) THEN LFRINT LFs#:

5 NEXT G

20 PGB = FGB+1l: LFRINT LFF;LF$: LFPRINT TAR(ITZ) "Fage'"; PG

<o 70 RETURN

25T ) REM

20 1 REM #«xxx#x+ Qutput Tables for All 84-Month Cohorts in Studv Area *+%eix*
230 REM

260 LFRINT CHR#(12): LF$:LF*

2. ) LPRINT TAE(17) "SUMMARY DATA FOR 84-MONTH COHORTS "

2. .0 LPFRINT TITLE®: LF#:LF¥;LF$;LLF¥; TAB(IZ): "Table 1."

2540 LFRINT TAER(1T) "GEOMETRIC MEANS OF “:;BDf: " EBOUND ESTIMATES OF END-OF-MONTH

2 _2 LFRINT TAER(14) "ELOOD LEAD CONCENTRATIONS FOR ALL 84~MONTH COHORTS "

:Do-’ LFRINT LF;: " B f 1t Pt P P P T F P P P S P83t Pt R T
2 ) LFRINT " Mean Elood Lead Corcentraticon (ua/dl)”
2=30 LFPRINT " Year 1 2 = 4 S ) 7 = ? 10 11 P
Z 2 LPRINT " mmmmmeee e e e e s

- 't LFs#:

T FOR Y = O TO 6

P ¥YY = YEAR - & + Y: LFRINT TAEB(1Z) YvYys: " "3

220 FOR MO = 1 TO 12

TN GEOMMO = EXF(SUMMO(Y . .MO) /TOT&)

= 3 LFRINT USING "### "; GEOMMO:

< 2 NEXT MO

Z27&0 MEXT Y

o770 LFPRINT LR v e e G L E L PR e Bt e Lt Dl e Rt b

+20 LFRINT LF$:LF#F:LF$F:LF$: LFRINT TAB(ZIZ) "Table Z.°

ITR0 LFRINT TAB(L1D) "GEOMETRIC MEANS OF ":;ED#:" BOUND ESTIMATES OF ANMUAL AVERAGE
.. LFRINT TAE(1S) "EBELOOD LEAD CONCENTRATICNMNS FOR ALL 84-MONTH ZCHORTS "

T LRPRINT TABIDZN) Y"sms==ssssms=s=sss=ssss=s=s====sss=m====

3
!

z CLERINT TmB(ZG) " Mean Elood Lead "
2w LPRINT Tap(20) " yYyear Concentiration f{ug-sdl)”
TIEZ3 LFRINMT TRAEWZ(Q) MN"eemmmemrrmrm e e e "« LF#¥

ITTUORIR Y o= 0 TD 6

Z : iy = YERR - o 4+ Y: LFRINT TAE(ZD) Y3 “ 3
=T CZCGMVR = EAF(SUMYR (™) /TOTS): LFRINT USING "H#u#.#": GeCMY iR
_e=0 IF Yy "= Z THEN SUML = SUMI + BEIMYR
I I= T OTHEM SumMz2 = SUMZ + GEOMYR
- ! IJ'—_J‘. T
ST iMTesl = 5URNL 3: HEANZ = SuM2 » T
= D LFRINT LFFILFF: TABR(ZO: (YY=&) "=" 2 ¥YY¥Y=Ti): TRE(ZE):: LFFINT USING "H3H.#
MEAN1
TETT LERINT LS TAR(Zooy oy =D M= o NYY e TAE:T3r3r LERIDNIT JSINE “R#E.H":
AZ 2
- < LERINT OLF S Tab (D) V'mz=smss=ocssosso=—oomsmss=ss=sm==o=====c'
ZTEZ LAFRINT CHREV1Z0 s LR LFS
ST LFPRINT TAE- LT 'SUNMMARY DaTA FCR S4-mOHTH COHCRTISM
- SOLERINT TITLES: LFE:LF
EC OFDh =0 TO 5: GEGeIGhZ) = EXFPAOVEUMHIYZ), TOTsr»e NZAT 2
SEEC LFRINT TRE Ly M Table T. 3tuds kreax H:gnstbi of Hianest
T LEAINT TaIDWl " End-ot~-Montn Blood Lead Comcentratirorn pv Conort —as "
Sl LESINT TAC L b e e e e e e se e '
Ll CLFRINT Taag ety oty Coaort ' Calencar ' Elood Lead
iy LR TaalrelD "I omozvrEsrs) YEar : Loncentiraclion gl P
= R ITHT TeL b N b e e e e e e e -1
R R L £ I
-7 =  TA - o+
N A S I ) " e o Z3 : "e iy M "

T i e 0 sl el Aty ZZQMY 2 s LT IHIT O n
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GEOMMA

LFRINT
LFRINT
LERINT
LFRINT
LEFRINT
LFRINT
LFRINT
LFRINT
LPRINT
LFRINT
LFRINT
LFRINT
GEOMZ6
LFRINT
LFRINT
LFRINT
LFRINT
LERINT
LFRINT
LFRINT
LFRINT

¢ LFRINT

LFFINT
LFFINT
LFRINT
LFRINT
LERINT
FETURN

= gArvoUMllms TU ey BedlMid = eAritoUifuies i1dios

TAE(1D) " Table 4. Studv Area Means(b) of Blood Lesd "
TAB(10Q) " Indicators(c) by Cohort Aaoe '
TAB(1(Q) VMo mmmnmmc e e e e —————— + "
TAB(1OY ") Cohort ' Calendar ' Blood Lead Indicator '
TAER(10Q) "! Age(Years) ! Years ' Concentration (ug.-dl) "
TAE(10Q) " l=meemm—crr e e e "
TAER(10Q) "} 0=-3 1" (YEAR-6):; "="3 (YEAR-Z): "i "
USING “"###.#": GEOMAs: LFRINT " R

TAB(1Q) "1 4-4 "1 (YEAR-2): "-": YEAR: " "
USING "###.#"; GEOME:;: LFRINT " R

TAE(1() "4mwm—ee e e +1
LF#;LF#

= EXF(SUMMZI&/TOTS)

TAEB(1D) "Fopulation-weighted Geometric Mear Concentration
TAEB{10) "in T&th month of life =";

USING "###.#"3; GEOMI6:: LFRINT " ug/dl."

LFE;LFE:LF®; " FOOTNOTES:

" (a) Seven vear (84-month) cohorts are born January 1 of the "
" first vear and experience 7 full vears (84 months)”

" of exposure prior to their 7th birthday."

! (b) Table 1-4 means are population-weiaghted qeometric means
" of & blood lead i1ndicator for the seven-vear cohort in each

" census tract."

icy Table 4 blood lead i1ndicator for the seven-vear cohort i1n
" one census tract 1s the arithmetic mean or hiaghest srd—-of-
month blood concentration during each vear in a series of
vears."
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