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EXECUTIVE SUMMARY

This report is one of a series of reports which will be
used by EPA in responding to the Congressional mandate under
the Clean Air Act Amendments of 1977 to determine whether
atmospheric emissions of cadmium post any threat to public
health. This report identified the population exposed to
specified cadmium levels from selected point sources. A
companion reportl/ nad identified the specific sources of

interest.

Although cadmium is a true multi-media pollutant this
report focuses only on ambient air concentrations of cadmium.
Even though significant exposures of cadmium are caused by all
media and atmospheric emissions may contribute to other media
through various deposition mechanisms these are not considered
here. This report focuses on the exposure caused by specific
stationary sources. The sources considered are iron and steel
mills, municipal incincerators, primary smelters (zinc, copper,

lead, cadmium), and secondary smelters (copper and zinc).

Methodology

The basic methodology used in this report involved the

following procedures:

® Determination of the size and location of each

source within each source category. In this

regard, size data were obtained from trade
directories, etc., and locations from United

States Geologic Survey (USGS)



® Determination of annual concentration

caused by each source within each source

category. For this purpose, annual
concentration of cadmium caused by each

were developed and were determined using

general diffusion models and model plants.

® Determination of population exposed by

each source. Estimates of annual con-

centrations due to each source and 1970
Census data were combined to give an
estimate of the population exposed by
each source.

As would be expected in any analysis of this type,
many assumptions were made based on limited data. Analysis
was carried out on a very detailed level and errors are
possible stemming from: source size and location, the actual
emissions of cadmium from each source, the type and efficiency
of control technologies employed at each source, and the
general nature of the dispersionmodelling. In all cases, the
best data available were used. The estimates of population
exposure should be considered to provide a reasonable accurate
estimate of the number of exposed individuals.

Results

Table 1 shows a summary of the results of this analysis.
This table shows the population exposed to concentration greater
the 0.1 ng/m3, the the average level to which this population is
exposed and the total exposure (expressed as nanagrams-person-

year) caused by each source type. As shown in Table 1, municipal

This is approximately the current level of detectability for
cadmium.
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incinerators are the chief contribution to the population ex-
posed; have the highest annual average; and cause the greatest
exposure. The chief source of cadmium in incinerators is the
combustion of plastics containing cadmium stabilizers and the

combusion of materials with cadmium containing paint.

Iron and steel production is the second most significant
source in each catagory. Cadmium emissions from this source

result from the processing of steels coated with zinc or cadmium.

Table 2 shows the population exposed to cadmium levels
greater than 0.1 ng/m3 by region. The regional breakdown shown
on Table 2 is based on EPA regions shows in Figure 1.

It is evident from the data on Table 2 that.municipal
incinerators in the Northeast and Midwest expose the largest
number of people and also cause high average exposures. Iron
and steel mills rank second in exposure. None of the other

sources appear to expose a large number of people.

Table 3 shows a regional breakdown of the exposure (expres-
sed in nanograms per person-year) due to each source type.
Again, municipal incinerators dominate the list, with iron and
steel mills ranking second. Also, as before, the Northeastern

and Midwest areas show the highest levels.
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SECTION I

INTRODUCTION

This report is one in a series of reports which will
assist EPA in responding to the Congressional mandate in Section
122 of the Clean Air Act Amendments of 1977. Under this Section
of the act, EPA is required to review the current data on the
health and welfare effects of cadmium (as well as other substances)
and determine "whether or not emissions of...cadmium...into the
ambient air will cause, or contribute to, air pollution which

may reasonably be anticipate to endanger public health."

This report addresses one area of information needed
to make this determination--the estimation of the population
exposed to atmospheric levels of cadmium from "significant
cadmium sources" (those source types for which individual plants
can produce an ambient concentration of 0.1 ng/m3 on an annual
basis.) This report draws no conclusions as to the health
consequences of atmospheric cadmium levels, nor does it provide
a total estimate of the population exposed to specified cadmium
levels. Rather, the purpose of the report is to provide a
relative ranking of sources by magnitude of population exposed
and to present this information in such a way that EPA can make

estimates of the health implications of the reported exposures.

The report is organized into several sections summarized

below:

® SECTION II provides an overview of the physical
and chemical properties of cadmium as well as
the routes through which human exposures to

cadmium could occur.



® SECTION III provides an overview of the metho-
dology used in the report.

® SECTIONS IV through VII provide estimates of
the population exposed to cadmium emissions
from selected sources. The sources consider-
ed are: '

Section IV--Iron and Steel Mills

Section V--Municipal Incinerators

Section VI--Primary Smelters (copper, lead, zinc,
and cadmium)

Section VII--Secondary Smelters (cooper and zinc)

The background data for this report is based primarily on

information presented in a companion reportl/‘WhiCh focused on:
® the development of cadmium emission factors;

® the estimation of total atmospheric emissions

of cadmium from all sources; and

® the screening of sources to determine if indi-
vidual sources within a source category can
cause measurable ambient levels of cadmium

(based on the annual average).

Many of the assumptions and information used in this report are
documented in the companion report.



SECTION II

CADMIUM IN THE ENVIRONMENT

A. Introduction

This section discusses the physical and chemical properties
of cadmium and the multi-media nature of cadmium exposures. Al-
though this report focuses only on atmospheric exposures to cad-
mium, it is important to keep in mind that there are many other
types of human exposure to cadmium including food, water, and
tobacco smoke.

B. Physical and Chemical Characteristics of Cadmium

Cadmium is a relatively rare element in the earth's crust.
It occurs at a concentration of 0.1 to 0.5 ppm. It is of low
abundance, ranking between mercury and silver, and thus, not in
sufficient quantities to be mined as an ore.2/ Table II-1
shows the physical properties of cadmium. Cadmium is always

associated with zinc and is usally present as sulfide.3/

The most important characteristic of cadmium, from an air
pollution viewpoint, it its high volatility. This is evidenced
by its low melting (312O C) and boiling (765O C) points. Thus,
any high temperature process, such as metallurgical processes
(e.g., steel-making, sintering) or incineration, are likely to

release whatever cadmium is present in the feed.

10



TABLE II-1

a,b/

PHYSICAL PROPERTIES OF CADMIUM

Atomic Number
Atomic Weight
Color
Crystal Structure
Hardness
Ductility
Density
20°c (68°F) (so1id)
-330% (626°F) (1iquid)
Melting point
Boiling point
Specific heat
25°c (77°F) (solid)
Electrochemical equivalent

++

cd ion

Electrode potential

++

cd ion

a/ From Reference 4

b/

National Bureau of Standards nomenclature,

48

112.41
silver-white
hexagonal pyramids
2.0 Mohs

Considerable

8.65 g/cc
8.01 g/cc
321°% (609.8°F)

767°Cc (1412.6°F)

0.055 g-cal/g

0.582 mg/coulomb

-0.40 vo1t?/

H2.

11



Vaporized cadmium metal is quite reactive and should react
very quickly to form an oxide, sulfate, or other compound. 1In
these forms, cadmium is quite stable and of very low solubility

in water.

Cadmium metal is very ductile, easily soldered, can be
readily electroplated, and maintains a lustrous finish in air.4/
These properties lead to the use of cadmium as a protective

coating on iron and steel products.

C. Multi-Media Nature of Cadmium Exposures

While this report is focused on atmospheric emissions of
cadmium, it is important to recognize the overall cycle of cadmium
in the environment. Measurable levels of cadmium occur in all
phases of environmental concern (air, water, food, solid waste),
and in almost all areas. One authors/ refers to cadmium as the
"dissipated element." EPA in 19756/ estimated that about 1,800
Mg/year of cadmium was lost to the environment. Of this, about
18 percent was in atmospheric emissions, 75 percent in solid

waste, and the remainder in water-borne emissions.

Measurable cadmium levels have been found in air, water,
soil, and food. Atmospheric concentrations generally have been
measured in the center of urban areas and generally range from
ten ng/m3 down to below the detectable limit. Typical urban
concentrations are in the range of three ng/m3. Due to the
low solubility of cadmium compounds, levels of cadmium in
water supplies are generally low. Main sources of cadmium
are discharges from mining operations, leaching from soil

disposal of wastes, and fall-out from atmospheric emissions.

12



Cadmium in food results from a wide variety of sources.

Listed in order of importance from a recent Battelle Report,

they are:

1.

7/

Direct contact by plants or uptake from soils

by plant roots.

a.

Naturally as a normal constituent of

soils, particularly of marine origin.

As an impurity {(cadmium oxide) in
phosphate-treated soils, especially in
those treated with "superphosphate."

By fertilization with sludge con-

taining cadmium,

By desposition of cadmium-containing
pesticides or as a contaminant of

zinc-containing pesticides.

From run-off of mine tailings or from

electroplating washing process.

Accumulation in animal tissues due to:

Feeding on crops which have absorbed
cadmium (the organs of such animals

may have very high cadmium concentrations).

Treatment with cadmium-containing hel-

minth killersused especially in swine.

13



3. Concentrations of cadmium by molluscs,
crustaceans and most other aquatic organisms

from ambient waters.

4., Use of zinc-galvanized containers, cans, cook-
ing implements or vessels, or utensils used in
food preparation, particularly grinders, press-
ing machines, or galvanized netting used to dry
fish and gelatin.

5. Absorption of cadmium contained in wrapping
and packaging materials such as paper, plastic

bags, and tin cans.

6. Use of cadmium-contaminated water in cook-

ing or processing operations.

Table II-2 lists the average cadmium concentration of
selected adult foods.

Cigarette smoking also provides a large contribution to
total cadmium exposure. The estimated intake from two packs per
day ranges from four to six micrograms. This can amount to about
20 times the exposure due to atmospheric levels in large urban

areas.

Even for smokers, food provides the greatest overall exposure
to cadmium, and based on a 6.4 percent retention rate, the greatest
daily input (except for three packs-per-day-smokers). Table
II-3 summarizes the sources of cadmium exposure,

14



TABLE II-2

CADMIUM CONTENT OF SELECTED ADULT FOODS

Commodity

Carrots, roots fresh
Lettuce, raw crisp head
Potatoes, raw white
Butter

Margarine

Eggs, whole fresh

Chicken fryer, raw
whole or whole cut up

Bacon, cured raw, sliced
Frankfurters

Liver, raw beef

Hamburger, raw ground beef

Roast, chick beef

Wheat flour, white

Sugar refined, beet or cane

Bread, white

Orange juice, canned frozen concentrate
Green beans, canned

Beans, canned with pork and tomato sauce
Peas, canned
Tomatoes, canned
Diluted fruit drinks,

Peaches,

canned
canned
Pineapple, canned

Applesauce, canned

a/

Source: Reference 8

15

a/

Standard
No. of Average Deviation,

Samples ppm ppm
69 0.051 0.077
69 0.062 0.124
71 0.057 0.139
71 0.032 0.071
71 0.027 0.048
71 0.067 0.072
71 0.039 0.088
71 0.040 0.160
69 0.042 0.111
71 0.183 0.228
71 0.075 0.122
71 0.035 0.034
71 0.064 0.150
71 0.100 0.709
70 0.036 0.063
71 0.029 0.095
71 0.018 0.072
71 0.009 0.000
71 0.042 0.113
71 0.042 0.113
71 0.017 0.052
71 0.036 0.061
71 0.059 0.153
71 0.020 0.027



TABLE II-3

MEDIA CONTRIBUTIONS TO NORMAL RETENTION

oF CcADMIUM®/

Medium Exposure Level Daily Retention
(ug)
Ambient air 0.03 ug/m3 0.15
Water 1 ppb 0.09
Cigaretts:
Packs/Day gg/daxb/
1/2 1.1 0.70%/
1 2.2 1.41¢/
4.4 2.82°
6.6 4.22%
Food 0 ug/day 3.0
a/ Source: Reference 8.
b/

Based on 0.11 pg per cigarette.

Assumes a 6.4 percent retention rate.

16



SECTION III

METHODOLOGY

A. Introduction

This section describes the general methodology used in deter-
mining the population exposed to specified levels of cadmium.
In simplest terms, the methodology can be view as having four
components:

® Selection and location of significant sources
of cadmium and estimation of emissions from those

sources;

® Determination of ambient concentrations of

cadmium caused by these sources;
® Development of a population data base; and

® Integration of estimated cadmium concentrations
with the estimates of population residing in

that area.

B. Source Selection and Location

Based on the results of the companion study, noted pre-
viously, which screened all potential cadmium sources on the
basis of measurable contribution to annual average ambient levels
levels of cadmium,* four source categories were selected for

exposure analysis:

: 3
* Cadmium annual averages as low as 0.1 ng/m” are assumed mea-
surable.

17



(1) Iron and Steel Mills

(2) Municipal Incinerators

(3) Primary Smelters (copper, lead,
zinc, and cadmium)

(4) Secondary Smelters (copper and
zinc

Information on the precise nature and capacity of each
source in the above categories was obtained from various trade
directories and other data sources which are of recent vintage
(generally 1976 or 1977). The sections of this report which
deal with individual emission sources list the specific

references used.

Most of these references also provided street addresses
and zip codes for individual plants. From USGS maps, street
were identified within the zip code and in this way, relatively

precise locations for each source were obtained.

This method of locating sources is relatively accurate,
generally to within one to two km. This is a satisfactory
level of accuracy given the accuracy of other data items.

(The sections dealing with the individual source types include

the location and size of each source).

In estimating emissions from each source, "best judgement"
emission factors which were developed in the companion report
to this study were used. Variability of emission factors for
individual sources and among source types can be quite large.
Emissions were computed assuming that facilities are operated

at their nominal capacity.

C. Determination of Annual Concentrations

Annual concentrations for each type of plant were computed

by using an EPA diffusion model, CRSTER.9 The annual concentration

18



of model plant types were then determined. These model plants
were designed in such a way as to represent the probable ranges

of typical industrial facilities. The factors which were varied
to define the model plants were: stack height, flow rate and
temperature. Surface meteorological data from Dallas/Fort Worth
and upper air data from Oklahoma City were used in the analysis.
These sets of data ever used because the meteorology is understood
to be fairly typical of many areas in the country in terms of
wind speed and stability classes. If a detailed analysis of

“any of the sources identified here were conducted in the future,

more site-specific meteorological data would be sesirable.

Detailed descriptions of the particular assumptions used in
the analysis of each source type are discussed in the following

sections. !

D. Population Data

The population data were obtained from the 1970 Master Enu-

meration District List (MED List)lo/

obtained from the Bureau of
the Census. This list provides the population and geographic
location of each enumeration district in rural areas and of each
block group within urban areas. An enumeration district contains
approximately 800 people and is no lérger than the area one
enumerator could reasonably be expected to cover. A block group
consists of continguous city blocks with a total population of
about 1,000. In a central business district, the block groups
are further subdivided into individual blocks. The geographic
locator for each of these three census divisions is the latitude

and longitude coordinate of the centroid of the division.

The population data associated with these centroids were
transferred to a grid which spans the contiguous United States.
Each grid cell was 1/30 of a degree longitude by 1/30 of a degree

latitude. Thus, this resulted in the average grid cell being

19



approximately ten square kilometers. With this grid cell size,
reasonably adequate definition was developed. Figure II-1
illustrates an example of a medium size town and its environs.
For this example, the population of the city itself shows up in
six different grid cells. The city's suburbs show up in several
additional cells. In the rural areas of the map, the population
of individual enumeration districts appear as a single grid cell
entry. In rural areas the grids which show zero population do
not necessarily have no population but rather these areas are
part of an enumeration district and all population in each enu-
meration is shown at the centroid of each enumeration district.
Figure II-2 illustrates an example of a large metropolitan area.
As one moves from the central city area westward towards the
suburbs, a very definite population gradient can be observed.
Grid cells within the city which contain large areas of public

land appear as lower density grid cells.

The actual transfer to the grid was made as follows: the
population of every enumeration district and of every block
group whose centroid was located in a given two-minute-by-two-
minute grid cell was summed to give the population of the grid
cell. The information for each of 26 areas or maps which described
the county was stored in a matrix. After all 26 maps were con-
structed, a count was made of the number of people loated by
this method. The toal of 201,744,383 accounts for 99.5 percent
of the 1970 population of the contiguous United States.

E. Population Exposed

The purpose of the model developed in this chapter is to
integrate the data on source location, and resulting ambient
concentrations caused by the source, with the population data

described above thus determining the number of people exposed
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to specified levels of cadmium. The methodology used is des-
cribed in detail in Appendix A. As described in this Appendix,
two independent procedures were used to estimate population

exposed. In brief terms, the two procedures are:
1. Total Exposure

This procedure involves locating a source by latitude and
longitude and, through emissions and diffusion modelling,
determining the radius at which specified concentrations occur.
Once the radius is determined, the population in population grids
completely contained in the radius were determined. After this,
the population in each partially covered grid is determined based

on the percent of the grid circumscribed by the radius.

This procedure is carried out on a source-by-source basis.
If people are exposed to more than one source, they would be
counted twice. The primary use for this result is in determining
the total exposure (nanograms-—person-year) caused by specific
source types. This type of estimate is suitable for use in a
linear health risk model (i.e., such models which treat two
people exposed to one ng/m3 as equivalent to the risk of health

effects as one person exposed to two ng/m3).
2. Population Exposed.

In addition to estimating total exposure, the model
was applied to estimate the population exposed to specified levels
of atmospheric cadmium. As in the case of the exposure modelling,
the population estimate was developed from a source-by-source
analysis. However, in this procedure, the result is the pop-

ulation exposed to a given concentration from at least one source.
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This form of the model provides an estimate of the pop-
ulation exposed to specified concentrations. The purpose of
this form of the model is to estimate the gradient in exposure
levels caused by source catagories. However, the estimates
do not take into account that a person can be exposed to more
than one source and that the actual level of exposure is the
sume of the concentrations produced by the sources. As such,
the estimates of population, to some degree, may underestimate

the population exposed to high concentrations.
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SECTION IV

IRON AND STEEL MILLS

*A. Introduction

The estimation of population exposure to atmospheric cadmium
emitted from the production of iron and steel is discussed in
this section.

The primary sources of cadmium emissions from iron and steel
manufacturing are the use of scrap containing cadmium in steel-
making furnaces and, to a much lesser degree, the cadmium in the
coal used to make coke. Table IV-1 lists the emission factors

used in analysis.

One of the source types listed in Table IV-1 (sinter plants)
does not involve the use of cadmium scrap directly. Sincere plants
agglomerate fine iron-containing material (iron ore, flue dust,
etc.) into a material suitable for use in the blast furnace. Due
to decreases in the amount of natural iron charged to blast fur-
naces and increasingly stringent air pollution control requirements
on steel-making furnaces, more and more of the feed to sinter
plants is fine dust collected from steel-making furnaces}l/

This resultant change in feed to sinter plants leads to the
charging of relatively large amounts of cadmium to the sinter
plant. Therefore, even with relatively high levels of air pollu-
tion control (90 percent), significant amounts of cadmium can be
released. The companion volume of this report discusses the

emissions of cadmium from iron and steel production in considerable
detail.
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B. Geographic Distribution of Sources

The location of iron and steel-producing facilities in the
United States is show in Appendix B. The primary source of
capacity estimaded in this table comes from the American Iron

and Steel Institute's Iron and Steel Works Directory of the

United States and Canada.l3/ Locations of these facilities

were determined from the Dun and Bradstreet Metal-Working

Directory14/ and USGS maps.

Appendix B also shows the estimated cadmium emission rates
from each facility. These estimates were derived by multiplying
the emission factors from Table IV-1 by the production for
each facility type, assuming that all plants operate at the hours
of operation defined by the Department of Commerce as full

operation.lS/

It must be emphasized that these emission factors
are average emissions based on national average uses of cad-
mium scrap or on a limited number of stack tests. As such, it
is likely that some over-estimates of emissions result from

some sources and underestimated emissions from others. However,
on the average, these emission estimates probably provide an

adequate basis for the purpose of this analysis.

C. Estimated Ambient Levels

Estimates of annual concentrations of cadmium from iron and
steel manufacturing are complicated by the large size of inte-
grated mills and their wide variation in size. Large inte-
grated mills can cover hundreds of acres and may have many
stacks. Mini-mills, or scrap reprocessing facilities with a
low number of small electric arc furnaces, may cover only a
few acres and have few stacks. Due to a lack of information on
the physical size of all the facilities, it was assumed that
all stacks were located together. 1In addition, conservative (i.e.,

conditions not conducive to good dispersion) assumptions were
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made concerning stack characteristics. All stacks were assumed
to have the characteristics as shown on Table IV-2. The
flowrate assumed for the iron and steel stacks is an average
figure for all types of units. The net effect of these
assumptions is to overestimate the air quality impact of the

facilities to some unknown degree.

Based on the stack conditions shown in Table IV-2 and the
results of a CRSTER model run (with Dallas/Fort Worth meteorology)
for a few selected distances from the source, a regression equation
was developed which estimates the concentration resulting from a
1.0 g/sec emission rate at any distance. From iron and steel

plants, the equation developed was:
LnY = 1.71 (I1nX) - 2.35 (1/X) + 3.19 (1)

where: Y is the concentration (ng/m3) caused by an emission
rate of 1.0 g/sec of cadmium and X is the distance from the
source to the receptor point (Km). This equation has a co-
efficient of determination of greater than 0.99 as a predictor

of ambient concentrations computed by CRSTER run.

The emission rate for each plant was multiplied by the
computed concentration ratio to provide and estimate of con-
centration at any distance. Modelling results were not carried
out beyond 20 km due to the questionable validity of this type
of dispersion modelling beyond these distances.

Current monitoring programs are not designed to measure
maximum impacts of point sources such as iron and steel mills.
However, some indication of the plausibility of both the modelling
techniques and the emission estimates can be made by comparing
measured levels in areas with major iron and steel facilities with

the concentrations predicted by the modelling technique.
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TABLE IV-2

ASSUMED STACK CHARACTERISTICS

FOR IRON AND STEEL MILLS

Stack Height 100 feet
Temperature 250°F
Diameter 8 feet
Flow 125,000 cfm
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Ambient cadmium levels can vary greatly from year to year
the little data available shown (Table 1IV-3) that annual average
levels from five to 10 ng/m3 are not uncommon. Of course, in
these cities, the observed levels cannot be attributable solely
to iron and steel mills since other sources are quite likely
present. Estimated annual cadmium levels from iron and steel
mills developed in this study using the technique described
above are also five to ten ng/m3. This suggests that, although
very conservative assumptions were used, the estimated con-
centrations from iron and steel mills are reasonable. However,
the actual degree of precision of these predicted levels cannot

be determined reasonably.

D. Population Exposed

Table IV-4 shows an estimate of the population exposed to
cadmium concentrations greater than 0.1 ng/m3 and the estimated
average concentration to which each of the exposed populations
is subjected. The regional breakdown shown on Table IV-5 is based
on EPA regions as shown on Figure IV-1. As discussed in SectionIII,
these estimates were obtained by super-imposing the modelled
ambient concentrations caused by emissions from iron and steel
mills on the distribution of population.

As would be expected, both the largest number of people exposed
and the highest average exposures are in EPA Regions III, IV, and
V. This is due to the large concentration of integrated steel

mills in the Pittsburgh, Birmingham, and Gary areas, respectively.

Table IV-5 shows a breakdown of population by exposure level.
As described in the methodology section, care must be used in in-
terpreting the results of this table due to the potential for
exposure caused by several sources. As explained in the meth-
odology section and Appendix A, the results on Table IV-5 should
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TABLE IV-3

MEASURED CADMIUM LEVELS IN CITIES

CONTAINING IRON AND STEEL MILLS &/

Annual
City Averagg {ng/m"”)

East Chicago, IN 4.6
Ashland, KY 6
Youngstown, OH 5.6
Cleveland, OH 8.8
Allentown, PA 13.4
Bethlehem, PA 6.8

a/

Source: Reference 16.

b/

available.
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Year

1974

1974

1970

1970

1974

1973

Data reported for the latest year measurements are

b/



TABLE IV-4

ESTIMATE OF POPULATION EXPOSED
TO CONCENTRATIONS >0.1 ng/m3

FROM IRON AND STEEL MILLS

Average ' Population
Region ' Exposure (ng/m3) (103 people)
1 N 0.4 93
2 1.4 1,649
3 2.7 4,543
4 2.8 1,611
5 1.5 8,710
6 1.5 1,575
7 1.2 108
8 - -
9 1.2 778
10 0.7 833
TOTAL 1.8 19,900
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TABLE IV-5
ESTIMATE OF CUMULATIVE POPULATION EXPOSED TO SPECIFIED
CADMIUM CONCENTRATIONS FROM IRON AND STEEL MILLS

(103 people)

Region Annual Concentration (ng/m3)

>10 >5 >1 >0.1

1 0 0 0 93
2 0 49 470 1,649
3 52 137 1,965 4,543
4 177 341 578 1,610
5 143 339 1,852 8,710
6 0 29 521 1,575
7 0 0 23 108
8 0 24 176 224
9 0 15 161 774
10 0 0 33 833
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be interpreted as the population exposed to a concentration
greated than or equal to that specified from at least one

source. As such, the total population estimated is accurate,

but the distribution has some bias towards the lower concentration

levels.

Appendix B shows the population exposed to individual sources.
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SECTION V

MUNICIPAL INCINERATORS

A. Introduction

This section estimates the population exposed to cadmium

emitted from municipal incinerators.

Cadmium emissions from incinerators originate from the com-
bustion of cadmium-containing waste materials. These wastemate-
rials are plastics which contain cadmium as a stablizer, cad-
mium~-plated materials, nickel cadmium batteries, and materials

painted with cadmium-based pigments.

Cadmium is released from incinerators due to its low boiling
point (765°C) and the considerable higher ( > 1,400O C) tempera-
tures characteristic of incinerator combustion. The estimated

cadmium emission factors for incinerators are shown in Table V-1.

TABLE V-1

CADMIUM- EMISSION FACTORSl7/

Emission Factor (lbs/ton of refuse)

Controlled
Best Judgement 1.2x1072
Maximum 1.0x10"1
Minimum 6.0x10" %

A large amount of variability among incinerators in emissions can

be expected because of variations in input feed rate, feed
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composition, combustion temperature (and other operating con-
ditions), and control equipment efficiency. This variability

cannot be taken into account in this type of analysis.

B. Geographic Distribution of Sources

Appendix C lists the locations and capacities of municipal
incinerators analyzed in this study. The primary source of this
capacity data is Incinerator and Solid Waste Technolqu.lg/ The
facilities were located by street address through a telephone
survey of each town and city. Street addresses were translated

into latitude and longitude coordinates from detailed USGS maps

(seven and a half minute quadrangles) for integration with the
population data.

Appendix C also shows the estimated cadmium emissions from
each incinerator. The emissions shown are simply the product of
the "best judgement" emission factors and daily capacity figures.
As previously mentioned, wide variation in these estimates can be

expected due to variation in cadmium feed and control efficiency.

C. Estimated Ambient Levels

Estimates of ambient levels due to cadmium emissions from
incinerators were based on the results of CRSTER runs using
Dallas/Fort Worth meteorology. Four combinations of stack
height and flow rate were used to represent the range of current
proactice. Table V-2 shows the stack parameters used in this
analysis. The data in Table V-2 are based on engineering judge-
ment; it is recognized that considerable divergence from these

assumptions may be possible.

As in the case of the iron and steel analysis, the equations
relating ambient concentrations to distance are based on the

CRSTER runs. These equations extend the CRSTER results to cover
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Incinerator
Size
(tons/day)

>1,000

300-1,000

150-300

<150

TABLE V-2

ASSUMED STACK PARAMETERS

FOR MUNICIPAL INCINERATORS

Stack
Height Temperature Diameter
(£t.) (°F) (£t)
125 250 12
125 250 5
50 250 3
50 250 2

37

Flow

(acfm)

210,000

50,000

25,000

5,000



all distances of interest. The equations developed are shown
below:

® TFor capacities of 1,000 tons/day
LnY = -1.58 (InX) - 3.05 (1/X) + 2.78 (1)

® For capacities between 300 and 1,000 tons/day
LnY = -1.75 (1nX) -~ 2.07 (1/X) + 3.26 (2)

® For capacities between 150 and 300 tons/day
ILnY = -1.60 (1nX) - 0.57 (1/X) + 3.16 (3)

® For capacities less than 150 tons/day
InY = -1.53 (1nX) ~ 0.05 (1/X) + 3.04 (4)

where: Y is the concentration (ng/m3) caused by an emission of
1.0 g/sec of cadmium and X is the distance to the receptor point
(km) .

These equations all had a coefficient of determination
greater than 0.99.

Concentrations caused by each plant were computed by multiply-
ing the plant emission rate in grams/second by the concentration
resulting from a 1 gram/second emission rate. As with the iron
and steel mills, modelling results were not carried out beyond 20
km.

Very high cadmium concentrations were computed from some in-
cinerators using this techniques. The relatively low stack heights,
typical of many urban incinerators, lead to low plume rise and very
nhigh ( > 100 ng/m3) localized concentrations. These high concen-
trations occur very near ( « 1.5 km) the source but drop off
quickly so that within 5 km of the source they are down to less
than 1 ng/m3. Most incinerators are located in urban areas

where there are multiple smaller sources of cadmium probably
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distributed in a non uniform spatial pattern. Existing monitoring
programs, therefore, do not provide an adequate basis to Jjudge,

even qualitatively, the precision of these modelling results.

D. Population Exposed

Table V-3 shows the estimate of the population exposed to
cadmium concentrations greater than 0.1 ng/m3 originating from
incincerators and the average concentration to which each person
is exposed. The regional breakdown shown on Table V-3 based on

EPA regions.

The greatest number of people exposed and the highest aver-
age concentration are in EPA Region II, which includes New York
and Pennsylvania. Each state has a large number of incinerators
located in high density urban areas (New York City and Phila-
delphia). Region V has the second highest number of people ex-
posed. In this region, the average concentration is much lower
than in Region II. This is due primarily to the more dispersed
nature of a smaller number of incinerators located in high density
areas (Chicago). The opposite situation occurs in Region VI
where a relatively small number of people (one million) are

exposed, but the average concentration is high.

Table V-4 shows a breakdown of population exposure by level.
As described in the methodology section, care must be used in
interpreting these data. As the average exposure level decreases
the population exposed increased very quickly, as does the degree
of multiple counting. This happens because the concentrations
decrease from their maximum rather slowly and concentrations above

the 0.1 ng/m3 can occur at distances out to 20 km and beyond.
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TABLE V-3

ESTIMATE OF POPULATION EXPOSED
TO CADMIUM CONCENTRATIONS > 0.1 ng/m3

FROM MUNICIPAL INCINERATORS

Average Population
Region Exposure (ng/m3) (103 people)
1 6.1 6,571
2 11.4 15,163
3 4.6 8,742
4 4.0 2,995
5 5.4 12,501
6 10.4 1,122
7 3.3 1,760
8 3.4 173
9 - -
10 - -
TOTAL 7.2 49,026
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TABLE V-4

ESTIMATE OF CUMULATIVE POPULATION EXPOSED TO SPECIFIED

CADMIUM CONCENTRATIONS FROM MUNICIPAL INCINERATORS

Region

10

(103 people)

Annual Concentration (ng/m3)

>10

409

336

369

31

458

59

>5

1,209
3,319
1,390
390
2,252
310
133

36

41

>1

4,762
11,697
5,363
2,315
8,182
906
1,022

128

6,570
15,163
8,742
2,995
12,501
1,122
1,760

173



At these distances, the areas of influence of many incinerators
will overlap due to their proximity to each other in urban

locations, and thus, include large proportions of densely
populated urban areas.

Appendix C lists the population exposed to each municipal
incinerator.
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SECTION VI

PRIMARY NON-FERROUS SMELTERS

A. Introduction

Cadmium is found in significant quantities combined with zinc
and to a much lesser degree, with lead and copper. The source of
cadmium emissions from all smelters is basically the same. During
high temperature pyrometallurgical processing cadmium, which
has a lower boiling point than other metals, is vaporized and
released. The differences in cadmium emissions among the primary

smelters are briefly discussed below.

The amount of cadmium released into the atmosphere varies for
different zinc production processes. The pyrometallurgical pro-
cess used at older plants (of which only three are still in existence)
first roasts the ore at temperatures between 900 and 1,000°C to
drive off 502 and produce a concentrate. Following this operation,
the ore is sintered to provide a product which is easier to handle

and retort. The final step is the reduction of zinc oxide to
zinc in a retort.

Both the roasting and sintering steps appear to have the
highest potential for cadmium emissions. One recent report,lg/
however, indicates that due to an excess of oxygen, close
temperature control (9004”0000C),and the high efficency of
existing air pollution control, little cadmium is emitted from

the roaster. This hypothesis is supportable.a/

a/

In all existing zinc smelter, the SO,-rich offgas from the
roaster goes to a sulfuric acid plant. Since cadmium oxide
is soluble in sulfuric acid, the recovered acid should show
high cadmium levels if large amounts of cadmium are leaving
the roaster. Cadmium levels reported in the recovered acid
are quite low.19/
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Sintering operations appear, therefore, to be the primary cadmium

emission point.

Since electrolytic operations use concentrate directly from
the roasting operation and do not subject the concentrate to
elevated temperatures, there appears little potential for cadmium
emissions. Thus, cadmium emissions from this process are assumed

to be zero for this analysis.

Cadmium emissions from lead and copper smelting result from
similar high temperature such as sintering operations. Cadmium
is present in most lead ores and some copper ares, and is released

during high temperature processing.

Table VI-1 shows the estimated emission factors for primary
smelters which are considered to be upper bound estimates. This
is especially true for primary zinc smelting where the data are
based only on one plant which was operating relatively inefficiently

(i.e., with high zinc losses).

B. Geographic Distribution of Sources

Table VI-2 shows the location of the primary smelters re-
viewed in this analysis. General location and capacity data were

.20,21/

obtained from various EPA and industry reports; and specific

locations were determined from USGS maps.

C. Estimated Ambient Levels

The annual levels of cadmium due to smelters were not esti-
mated for two reasons. First, the estimates of emissions from
any particular source due both to stack and operating character-
istics are more variable than for any other source. Second, the
terrain around many smelters is extremely rough; thus, generalized
source modelling results under these circumstances are difficult

to interpret.
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TABLE VI-1

1/
EMISSION FACTORS FOR PRIMARY SMELTERS

(Pounds of Cadmium/Ton of Product)

Best Judgement

Smelter Type Minimum Maximum
Zinc 1.43 2.96 2.50
Lead 5.20x107 2.60x10" 1 1.10x10'1a/
Copper 7.00x10 2 2.90x107" . s0x10- 2
cadmium 25.00 30.50 28.00
3

a/ Controlled level may be as low as 5.20x10 - 1bs/ton of product.

b/ Controlled level may be as low as7.00x10_3 lbs/ton of product,
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TABLE VI-3

MEASURED CADMIUM LEVELS NEAR PRIMARY SMELTERSa/

City State Concentration Yearb
3
(ng/m™)
Helena Montana 15 1971
El Paso Texas 24 1974
Kellogg Idaho 247 1975
Jefferson County Missouri 111 1975

a/
SOURCE: Reference 22,

b/

Last year for which data is available.
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Monitoring data can be used to give a rough approximation
of the ambient levels which occur around smelters. Table VI-3
lists observed atmospheric cadmium levels in areas near smelters.
It is obvious that very high cadmium levels are not uncommon
around smelters. As before, it is difficult to attribute all
the measured cadmium to the smelters. However, due to the lack
of population and industry around most smelters, it is very likely
that most of the measured concentrations are due to smelter

emissions.

To approximate the population exposed to cadmium emissions
from smelters, the population living within 20 km of the smelter

was assumed to be exposed to cadmium levels greater than 0.1 ng/m3.

D. Population Exposed

Table VI-4 shows the estimated population exposed to cadmium
emissions from primary smelters. It is obvious that in comparison
to the preceding sources, fewer people are exposed to emissions
from primary smelters. The distribution of population is very
biased. Two regions (and two plants) account for the majority of

the population exposed.

The low number of people exposed by smelters is due to the
very low population density around the smelters. It appears,
therefore, that while primary smelters are a large source of cad-
mium emissions to the atmosphere, they do not (with the exception
of two plants) expose large numbers of people to these emissions.
However, the exposure levels can be quite high as is evident from
Table VI-3.
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Reg

ion

10

TOTAL

TABLE VI-4

ESTIMATE OF POPULATION EXPOSED TO CADMIUM
CONCENTRATIONS FROM PRIMARY SMELTERS

(103 people)

Primary Primary Primary
Zinc Lead Copper
258 - -

- - 19
100 - 3
- - 16
- 35 -
- 28 92
- - 29
41 17 461
399 80 620
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Primary
Cadmium

100

86

41

17

245



SECTION VII

SECONDARY SMELTERS

A. Introduction

The recycling of zinc and copper can potentially lead to
emissions fo cadmium due to the cadmium contained in metals. The
high temperatures involved with the melting of the scrap will
release most of the cadmium. The cadmium associated with the metal

will be vaporized and potentially release into the atmosphere.

Table VII-1 shows the assumed emission factors for secondary
smelting. The high degree of control shown is based on the assump-

tion that fabric filters are used for control.

B. Geographic Distribution of Sources

Table VII-2 shows the geographic distribution of secondary
copper and zinc smelters in the United States. Location data were
determined from various trade directories.ls'ls/ Latitude and

longitude coordinates were obtained from detailed USGS maps.

Information on the size of each smelter was not available.
Accordingly, the assumption was made that all smelters were of
"average" size. One reference 23/ does indicate a relatively
small size range for these types of smelters. Therefore, the

assumption may be reasonable.

C. Estimated Ambient Levels

Estimates of ambient cadmium levels resulting from emissions
of secondary smelters were based on CRSTER runs using Dallas/
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TABLE VII-1
EMISSION FACTORS FOR SECONDARY SMELTERS

(Pounds of Cadmium/Ton of Product)

UNCONTROLLED CONTROLLED?/
Smelter Best
Type Minimum Maximum Judgement Best Judgement
zinc  870x107>  1.4x107% 1.0x10 2 5.0x10" 4
Copper 2.6 4.0 3.0 3.0x10° %

a/ Fabric filter assumed.
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Fort Worth meteorology. Different stack conditions were assumed
for copper and zinc smelters. Table VII-3 shows the assumed
stack conditions.

As in the case of other industries, a regression equation
was developed based on the CRSTER runs. The equations developed
are shown below:

® For secondary copper smelters--

LnY = -1.57 (InX) - 0.35 (1/X) + 3.12
® For secondary zinc smelters--

LnY - -1.75 (InX) - 2,07 (1/X) + 3.26

where: X is the concentration (ng/m3) caused by an emission rate
of one g/sec of cadmium, X is the distance to the receptor point
(Km) .

Concentrations caused by each plant were computed by multiply-

ing the plant emission rate in grams/second, by the concentration

resulting from one g/sec emission rate. As with other industries,
no modelling was carried out beyond 20 Km.

D. Population Exposed

Table VII-4 shows the estimated cumulative population exposed
to specified cadmium concentrations and the average concentration
each person is exposed to. Though there are only very few secondary
copper smelters, the population exposed is high. This is due to
the urban location of the smelters and the high (even when controlled)
emission factor.
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TABLE VII-3

ASSUMED STACK CONDITIONS FOR

SECONDARY SMELTERS

STACK PARAMETER

SMELTER TYPE

Zinc

Height (£ft) 120
Temperature (°F) 250
Flow (ACFM) 40,000
Diameter (ft) 4
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CoEEer

50

250

10,000



TABLE VII-4

ESTIMATE OF POPULATION EXPOSED TO SPECIFIED

LEVELS FROM SECONDARY SMELTERS (103 People)

Concentration (ng/m3)

~

Smelter >10 >5 >1 >0.1 Average Exposure
Secondary Copper 296 798 5710 9891 2.3
Secondary Zinc | 0 0 .0 37 0.47
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Secondary zinc smelting appears to be an insignificant
source of atmospheric cadmium with few people exposed and very
low emissions. However, it must be pointed out that it was not
possible to take into account the difference in plant sizes. It
is not clear how this would affect the results.

Appendix E shows the estimated population exposed to each
secondary smelter.
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APPENDIX A

POPULATION EXPOSURE METHODOLOGY

The population exposure model is used to calculate the
number of people who live within a fixed distance of a specific
set of latitude and longitude. The imputs to the model are the
location of the center point and the radius under consideration.
The data base for the model is the set of population maps that
were constructed from the Medalist data. The center point
corresponds to the smoke stack of a point source polluter. The
radius corresponds to the maximum distance from the stack that
a specific concentration of a pollutant could be found. The
estimate of the radius is determined by the predominant methodology
(in the Dallas Fort Worth data set). The circle drawn around the
point is therefore an overestimate since this, in effect, assumes

every direction from the source is downwind.

Given the imputs, the first step is to identify the map on
which the source is located. This is accomplished by comparing
the latitude and longitude of the source to the set of map bound-
aries. Next, the latitude and longitude of the source are con-
verted to the appropriate map grid point using the same method that
was used to locate the population data on the maps. This, how-
ever, may not fully access the data on the population affected by
the source. If the source is located near a map boundary, the
affected population may be located on up to three additional maps.
If a source is located within 20 kilometers of another map, that
map may also be accessed.
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After loading the appropriate map file from computer tape
into core and reading the necessary information onto the map
grid, the next step is to construct a coordinate system centered
at the same location since all grids are not the same size.

The grid points at which the source has been located becomes the
origin. The value which is calculated is based on the latitude
of the source. The distance between any point and the origin or
source is therefore easily calculated by triangulation from the
coordinates of that point with the origin.

Each grid cell within 20 kilometers of the source is sys-
tematically examined. First, the corners of the cell are
located on the coordinate system. With this information, the
total amount of area inside the cell and included within the
selected radius from the source is calculated. The symmetry of
the analysis allows the computer program to actually look only at
the grid blocks that lie in or border the first quadrant. The
values for each of the blocks outside the first quadrant can be
inferred from the results of the first quadrant.

There are five distinct cases encountered when one attempts
to calculate the area of a grid block which is included within

a circle of given radius (see Figure A-1):

® The first case encountered is the area of the grid
cell that has the source located at its center and
is larger than the circle enclosed by the selected
radius. Here, a simple approximation is made. The
area included is taken to be the area of the circle
of the given radius divided by the area of the grid
cell to obtain the fraction of the cell included in
the circle. Once the area of the circle exceeds the
area of the grid block, it is assumed that the entire

areas of the grid cell is included within the radius.
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FIGURE A-1

CASE #1 CASE #2

CASE #3 CASE #4
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® The second case involves grid cells located along
either the x-axis or the y-axis. Here, the area
included is taken to be the arc of the rectangle
defined by the interesection of the radius and the
block boundaries included, plus the area of the
remaining arc defined by the radius. Special
cases occur when the radius intersects the edges
of the grid cells which are perpendicular to the
axis. The general form of the solution remains

the same.

® Case three occurs where only one of the vertices
of the cell is included; the area included is the
sum of the area of the enclosed triangle and the

area of the enclosed arc.

® Case four occurs when two vertices are included
or all are included. 1In this case, the area
covered equals the sume of the area of the trap-
ezoid and the area of the enclosed arc.

® Case five occurs when three vertices are included.
The area of the cell included equals the area
of the cell minus the area of the excluded tri-

angle plus the area of the included arc.

Once the area of the grid cell which is included in the
exposed area has been calculated, it is divided by the area of
the grid cell yielding the percentage of the area included. In
order to calculate the number of people who live within the in-
cluded area, it is assumed that the population is uniformly
distributed throughout the grid cell. Therefore, the population
affected is the product of the percentage of the area included
times the population of the grid cell. By summing up the pop-
ulation included in all the cells, the total number of people

who live within a given radius of a source can be estimated.
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By choosing several radii for each source, the number of
people who reside between a given pair of radii can be calculated
by a simple subtraction. Since each radius corresponds to a
specific pollution level, this type of calculation yields an
estimate of the number of people who are exposed to various

concentration levels for a single source.

By summing up the effects of several sources, either by
source type or location, one can gain insight into which type
of source appears to effect the largest number of people. How-
ever, the total number of people exposed may be misleading.

In areas where there are many point sources located close to-
gether, much multiple-counting will occur. (For example, a
person exposed to a given ambient concentration produced
separately by three sources will counted three times). There-
fore, this approach does not give an accurate estimate of
population exposed to specific levels from sources. However,
the model does give an accurate respresentation of total ex-
posure (expressed as concentration per person-year) for use

in linear health models (i.e., those in which one person exposed
to two ng/m3 is treated the same as two people each exposed to
one ng/m3) .

To obtain an estimate of the population exposed to various
concentrations, a slightly different approach is used. The
major difference is that once people are determined to lie with-
in any radius of any plant, they are subtracted from the map.

In other words, no single person is ever counted by more than
one source. In addition, the model is not run source-by-source
as before, but pollution level-by-pollution level. By choosing
several pollution levels and starting with the level that yields
the smallest radius and working out the actual number of people
who are exposed to at least one source at each, a pollution

level can be estimated.
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This model also has its limitations. Individual source
totals are meaningless since the sources which are run first
will tend to count more people simply because there are more
people initially on the map. There is also no way to arrive
at the total pollutant concentration times person estimate

because no account is made of cumulative effects.

63



v9

¢ 01%T0"€ 9Ly 9Ly ST 08 9V EE ejueTiVv "gT
¢-0T%X69°1 08¢ 082 Lo b8 160, FE BTTYASIDIIRD “p]
YIDHOED
¢ OTXS°T 14 BET 192,28 LG LT edwe] "€y
¢ OTXET'T 81 z81 18Z,08 +T0gLT  UMO3URTPUT 77
g 0TXZE"T 01¢ (1 ¥4 JTPST8 10Z,0€ BTTTAUOSYORL 1T
varyo1d
p-0T¥99°6 v8 : ve 0T EL 0T Ty 3x0dabpTad o1
INJTIDANNOD
7 0TX55°2 Z86°1 L9 896 ozv‘8€0’¢€ Zvo‘zho‘e WLESPOT 19T,8€ orgend ‘6
oavd0I0D
¢-0TX2e 1 0E9 0£9 10,221 19€,L€  £3TD uotun "8
7-01%68°C 068°T oL ovz't Zv0‘sL9’y rAZAN-TARE 4 19ZSLTT 190,%¢€ euejuog 'L
p-0TXVS L 9zt 9z1 WLTgTeT 10 LE aTtrakasug *9
p-0IXPS L €T1 €CT LT 8TT BV E€ uosae) g
VINJOJATTVO
Toaxv.m [11AN 1A .maoﬁm 1 9€,S¢€ 3x0dmMeN ¥
SYSNWIVY
7-0T¥SE"T omm“m 9¢0 01¢ 086‘Z18°1 9ry‘9T8'T 120,98 IO, ¥E uspsped ‘€
1-01¥€9°1 09¢g’e €8L'L BEL‘L68’S 188‘806°'S 126,98 16T, €€ pret3yateq °Z
¢ OTXET"C €L $96‘0SZ'1 L68°0SC°'T 105,98 ZELEE weybutwitd °T
VWYEYIY
2dS/WO HIAVAH NHOAXO ouv aNviis HOVMRINA ALIOVAVD (M) (W) R
o) NddO D1svd 2IHLO3TH YALNIS Lsvd TYLOL FanLIONOT FANLILVT ALID
SALVY NOTSSTWH NOILWEdO J0 FdXL

(YVAX/BSNOL ANVEBNOHL) XLIDVAVO AGNV NOILVOOT
T-4. XIaNdddv




¢ 0TXG L
0TXTE"8

2 0TXT"6

_otxeg°¢

0TXps L

e
¢_0TXx90°9

XTR -
g 0TXTB"T

0T*20°¢

Eo1xT1"8

MI

RECICE)
o]

£80°€

9¢

ovo‘s

CEO0'Y

969°'¢€

8s¥’0T1

ZI8‘L

v20‘¢c

8v6 ‘€

HLAVIH
NAJO

NADKXO0
a18vd

0z’

9s

-3 47

L1T
086

1s1
SL9

ove‘
9€ €
¥02

18y

o2-4"4

OI™HLOATE

S9

, . 02T’T 120,68 TELTY usIIEM

AR 086°L6S‘2 0bT'vLS T W TT €8 180,2¥ uojuaIL - g
o, 95 +80,€8 WLz e 2Tepuiad-gg
SZ6'66Z°t LS6'€0E‘E TT,E8 1207 uroqreaq ‘Tt

‘NUSTHOIW

zer'y 88282201 €6T'6£C'0T 8Z,9L (ET,6€ jutod

s ,moxxeds *0f
8vY E€,9L WLT,6E aI0WTITed "6

ANVTXIVH
LTT 12,58 165,66  @T3aseD maN '8C
086 180,98 V6Z0¥ owoxoy "L
T1e’s S7£°6L0°ST 69.°8B60°ST 16T,L8 WSEQTE A1eo " 92
18T 101,58 P01y eudem j104°ST
6IZ'VV6°S ETZ 6TS LT «82,L8 +8€,Tp ObeOTUD 38eF "bT

L L —————

0TS’ 99611 VNVIGNI
ovs 16£'878°C ssz'zee’e 18E,28 LT, 8E PUBRTYUSY "€Z
KADNLNA
0v6‘c 1v,68 Ly T burrress -ze
6¢ \ShoLe 20,2 2AOID UOIIOW “TZ
100,88 Ob T JuouwdsT * 0
886 L90°'169 £00°969 180,06 2P 8E A3TD ®3TURID 6T

v0z WLESLB WOESTY s3ybtay
obedTYD 81
18y SZT,LB SPTY obeoTud L1
09Z'1 08z'T1 10T 06 1€5,8€ uo3Ty "9T
STONITII
ANVYLE FOVNINS ALIDVAVD (M) (n)
HALNIS Lsv1d IYLOL HANLIONOT JANLILNT KLID

SALVY NOISSIWH

NOIIVYIdO 40 TdXL

(4VAX/SNOL ANVSNOHL) XIIODVAVD GNV NOILVDOI

(penuT3U0)) T-d XIANHLAV



_0TX0°¢C 800°1

0TX¥L T LLT Y 09€'€
EotxLT Y 08L'¢€
0TX09°1 969'¢t

0TX88"°T
0TXp0°¢C 9r9°‘c

‘-
e
-

x.
, OTXEV "6

0TxZE "1
0TXLG € Z18‘L

0TXLL € 0891
¢ OTXET'T

0Tx97°¢

£ otxpo°z

MI.

xc -
£ 0TXS "1

DAS/NO HILAV3H NADXXO0
o} N3Jdo oisvd

09%

9€0
121

pS1

102
9zT
99
61¢

891

| 2°1%
LTV

bee

098
091

‘T 90€

'z
ozL

‘1

ouv

QNS

JI¥LOEId UEINIg

99

09z‘192'1 09z'792'1 165,28
099'68S‘¢
09L'6621 L18'€68°¢E VT, Y8
L66'981'9 LS5'LBT‘9 V16,28
092°'2LS’V 00Z°9LS‘Y 180,28
99T 60L Y
9L5'ZIL'T 0£8°LLY'9 10V, 18
088°8T% . veg ey 12,18
99£/61S°¢E ZeL'ees'e 19€,08
12 125,08
102 0T 9L
9z1 IV BL
9€6'TET L 68E°TVZ L 6V 8L
61€ 6T 6L
TTL'VI6 T6£°9T6°2 1 ZSg8L
891 ELIL
v9¢E TZhL
LTP 9YbL
vee 16T,L6
FOVNUNI "ZLIDVAVD (n)
L8vig TVLOL 2GnLIONOT

SILVY NOISSIWA

NOILVYAdO0 40 HAXL

(UVIAX/SNOL ANVSNOML) ALIDOVAVD GNV NOILVDOT

(penugijuo)) 1-d XIANIIAVY

WY BE

\0€ ,6€
9P o0Y
\9Z0Th

V82, TP
VSV 0p
VOSTH

WTSE

VE0LEY
LOTSEY
6V TV
622Y
V95,2V
V95,2V

VLT 0¥
\LOQ0Y

T0,2ZY

[CH]

dANLILVT

yinouwsiiod °0S

UMOISTPPIW “6F
piorysuey "8Y%
utexol “Lb

puelaa31d 9%
uojzue) “G¥
T12qdwe) ¢y

OTHO

@330TIRUD ‘Y

¥NITOYYO HLION

asnoeis -zy¢
310d¥00T Ty
ruUURMEYORT "Q¥
AITYUNA “6¢€
otezind -gg
uinqnv “Lg

MIOX MEN

arTTA3xies 9¢
burrqeoy °s¢

AISHEAL MAN

XTO3ION “pE
HSYadIN

ALID



5-01%99°5 STE
0TX99°G 86
o1x99-¢ 94z
Forxeret 09¢‘e szs
¢ _01x0°8 syz'1
£0TX€0°9 862
£01%88°1 4
qmuoaxm.m PET'T 00T 000t
(OTXET T
£ 0TX69°T zsz
OTXEL L
7-0TXEY o8L'E 0zT‘T 00p’T
_oTXzE"€ 81S
t 0Tx0°L 969°'¢ 996
%
£, 0TX0" T PSS‘T
o 0TXS T vee
p.0TX¥0€E"8 969°¢
7. 0TX8T"p 9€G ‘¥ 8€Z 7681
SOoTXL0"T 089'1
b OTX96°€ 8EL'T
m|OAxw.~ (14
2 0TX90 "€ 120*¢2 , 092’1
0TXT"8 092'1
)
e OTXET"T 029’y
DdS /WO [SARTATICLE] NIDAXO ouv QNVH LS
D NZJO DIsvE JTULOWTA YIINIG

L9

: STE WTELSL
86 1TV 6L
9pz 112,08
TEE“LB6°T 9TZ‘166°T VE5,6L
PI0°TE9'T 09z°2€9°'1 121,08
852'669°2 9556692 115,61
4 €Z6L
Lov'av1‘y Z0L'0ST'Y 1§5,8L
Z8T1 TP 6L
474 21,08
969°€ ' BS 6L
0LL'68Z°S. 0L0°'96Z°'S TS hL
0€Z’Z9L 8vL‘Z9L 150,08
9IvZ'8YS ‘v 806°2SS’Y 105, 6L
Y9E‘ESO’T VoE'E50' T 125564
pSS‘1 1ES,6L
vze 1L0,08
0Z8°0€0°S 9TS‘VED’'S «ZS 6L
199059V LTE' LSO Y VTZoSL
0891 161,08
0,.5'S08'Y 80€‘L0O8} 91,08
0zv 190,96
(1248444 BOS‘€8Y ‘€ 117,08
092’1 167,08
006°0L9°T 006°0L9°T JTE €8
0z9'y 1 LEL08

aovNInNg "RLIOVAVD (n)

LevId VIOL AANLIONOT

SALVY NOISSTWA NOILVHAdO 20 AdAL

(UVEX/SROL GNVSAOHL) ALIDVAND GNV NOIINDOT

(penuf3auo)d) 1-d XIANIJAV

\LO_OF
\SZQTY
(SO0TY
160007
VSTo0P
1220%

V610V
8T ,0V
L 6T07
VSTL0P
HZ 0V

0T TP

'90,2¥
\2Z50¥
LTo0¥
' TS0V
TZ00¥
1Zozh
\9E0P
.SV 0b

9E 0
+80,9€

Lo T
FTIoTh
\BEQTY
\TZg0¥

STTTAXTUD0Yd * 9/
X310 1710 *6L
213IseD MON -y
UDSSDUOK - ¢/
DURTDPTW *ZL
3x0dsea)on T/
sqoxleT - gy
uMO3ISUYOL g9
utmial -gg
uo3lsnoH -49
pea3sawol *99
STTTH
ssaTated "S99
9TId *¢9
ausanbng ‘g9
uojrrerd *9
Ia1ang " 19
aTTTARbpTIA * 09
yooppead 66
usya1YIed 8§
sTTed I9aead *[G
eddtnbyy 965
VINVATASNNAL
sputadg pues °SS
VYHOHVY'IIO
umojlsbunox VS
uazxaeM "tS
opatod, 7S
arTTAUTIgnOls IS

(penut3ucy) OTHD

(W)
4anLIINT

RLID



0TXbS "L
.

x.
£ 0TXE"T

0IXLL"E

Xre -
¢ 0TXZET

0TXL6"E

E0Tx69°T

MI-

(_OTXET"T
EToTx6v 8
oLy
Eorxet 1

ozs‘e

Q1€

zy1'e

D4S/WO
o]

Hlaval
NI JO

08L‘E

ovs8

NIOXXO

a1svd

(491

19
ovt
9¢€E
vee
156°2
0Tz
(41 4

0T¢

0€9
89¢

891
91€’1
919
961
666

89

0ss8 628°'LOY

£62 698°0TO0‘T

8ve 000°T00'T

08T'€Y9‘T

ovL‘68s’e

v

JTULOATA

aNviig
HALNIS

aovming
LEVIE

SILVY NOTSSIWA

NOILVYAd40 40 JAdXL

AR LT 9L
66T'TTY WLESTTT
19 1 LS,00T
0vT AN
ELL'TTOT 2P Y6
244 180,96
66T°'%00‘T 81,56
012 0Z,L6
AT R4 85, %6
01e 1EELVB
0€9 WLT,6L
892 1 2S56L
891 $1,08
9tE’T 69, 9L
9LS/ LY’ T VT1€,08
961 185.SL
TZLE6S‘E LS 6L
XLIDVdVD n)
TVIOL FANLIONOT

(4VIX/SNOL JNVSAOHL) ALIDVAVD GNV NOILWOOT
(penutjuo)) T-9 XIANAJAY

(V0L
ZT, 0¥

VZELSE

V62.ZE

1SSZE
VTZHTE
LY 6T
0V ZY
VEV 6T

195,5€

V2L EE

WLTYE

0T, 0V

VT L0V

PTGTY
L BTo0¥
LTO0Y

oyeadesayd ‘g6
YINIDYIA

eABUBD °*Z6
HYLN

edueg °T6
matabuor ‘06
Ie3s duo 68
339mar 88
uo3snoy ‘L8
yjiom 34 °98
umoldeg °S8

SVYXAL
uewsTIIeH “§8

JASSIANNIL

umo3lsbiosn -°¢g
uojburfreda °Z8

¥YNITOYYD HLINOS

uojbuyysey ‘18
uojiea3g 08
uoxeyg 6L
butpesy °8L
ybangs3atd "LL

(ponutauo)) VINVATASNNAJ

(1]
ZANLILVT

ALID



69

7 0T¥6T°¥ z8s‘9 0S0‘¢ €8T'L6E’9 S8L'SOV'9 1SE,08 WTL0P
¢ 0T¥%9°S 968 968 61,221 WELLY
OTXET T 961 96T £T.22T ET LY
[ ) o
2AS/WO HLYVEH NIDAXO ouv aNvuLg AOVNING "EILIDNAVD TY) )
D NZdO o1svd 21uLOdTA HALNIS LevId TVIOL HANLIONOT HONLILVE

SALVY NOISSIWA NOILWYIdO 40 HAAL

(4VIX/SNOL ANVSNOHL) XLIDVAVD ANV NOILVOOT
(penutiuod) T-€ XIANIdAV

UOJITOM °96
VINIDYIA LSAM

a13389S °S6
Jusy ‘v6

NOIONTHSVM

XLID



oL -

0 0 o 0 *OT LODILOINNOD
OrTT ey o8 1 ¢ t4h OaYI0TIOD
i 1 O O ¢ 8
b Al PeT a1 0 i
AT AT 0 0 0 e
¢4 v & 0 0 0 N YINJOJITIYO
& b O O o} 4 SYSNWIYY
oe tr & T4 0 0 ‘e
oer o &al TLT &8t M
e D 0 0 4} tl YHWVEYIVY

Te3ol - I~1" o-1 0T~% 01< ®01IN08 93e3s

ﬁmE\mE obuey
uoT3jeIlUSOU0) 03 pasodxd a@1doag FJO spuesnoyy

TIILS ANV NOYI

Z-9 XIANd3dav



1L

M o 40 0 0 ‘g7 AXONINAX

b

Lo e [ 0 0 ted

0 0 0 *1d
nn o 0 O O O
B R N 9T O 6T

iy e & ¢! O 81
\ 0 0 0 LT

i R ne 0 0 QT SIONITTI

oy ) o o pT YIOYOdD

o 0 0 ‘5T
: : I ¢ 0 U
- oy o " 0 11 Yardyold

——— ee———

Te3ol - 1-1° G-1 0T-% 0T< .- - MBANOS 93e3s

AmE\mcv abuey
UoT3RIJIUSOUOCD OF posodxyg o1doad FO SpuesSnoulL
THILS ANV NQOJII

(penutiuo)) Z-9 XIANIJAV



TVIOL

UoT3RI3USOUO) 03 pasodxm a7doad JO sSpuesnoyg

M N
[ CRANN

0
o

G
s

S-1
AmE\mcv sbuey

0

0
0
O
0

¢
9]

G
0

36

L

0

0
0

vLE
cog

* R

‘vE
2%

M3

*1e

‘0%
*hC

*Qc
LT
‘9L

T bt
oW

"y

DINOG

TAILS ANV NOYI

(penuTluoc)) Z-€ XIANZJIY

AY0X MEN

AdSYEL MEN

WASIFIN

NYDTHOINW

ANVTXIVIN

VYNVIANI

33e3s



T T

&0

54 84

Te30L -T°

4]

T

(372

{

¢
SLET
A

FHE
By
|

AmE\mnv abuey

EL

0

e 4
0
0
0
T4
P
0

0

8

0

0
0
65
0
0
0

P

0t-9

0 oy

Y
AN
‘e
*aA
& 16
*tOh
oy
‘8
YLV
M4 4

1%

B

CCOOOOHOOTT

0 44

‘EY
A 4
CTv
‘Ob
thE
‘8L

SO COTo

0T 20IN0S

st

uoT3jeIzUSOUO) O3 posodxy o7dosd FO SPUESNOYL

TIHLS ANV NOYI

(penuT3luo)) Z-4 XIANIdAY

VINVATASNNIAG

YWOHY'IXO

OIHO

¥NITOYYD HILYON

(p.,3u0d) MJYOX MIN

@3e3lg



e ny &
T
L A
0O
e
0

O

0O
O
O
oo
O
e T 0
Le d - L.
¢ Q
vy e ¢
AE T neeT b

I's
'

0
&t
O
L

0
{0

v

..i:.<
o e s
-

[ *\

0

Te30L I-1° S-1

AmE\mcv abuey

O
0

.

. €.
0
0
0
¢
0
0
0
O
0
34

vL
o) ‘o0
0 !
) 2
) T8
0 con
O *é L
0 ‘g
O e
O tQL
o) ML*YS
0] ‘v
O W4
O *oL
O ‘T
o) * O/
O t4Y
¢) ‘89
0] e
4] tQQ
O MY
0 ‘v
4] oo
0 '8
0O *19
0O * 09
3 tAHG
4] ‘80
0 M
1< 20IN08

uoT3eI3UdOUO0) 03 pasodxyg o7dodd JO sSpuesnoyyl

' (penuT3uO)) Z-€ XIANIAAY

TIEIALS OGNV NOJI

FISSHINNAL

¥YNITOYYD HILNOS

(p,3uU0d) YVINVATASNNAL

23e35



o bt 66
f LAY o(
) i3 «,.
N «_ O
ree b 9o
) 0 ¢
S 0
ar ) T
Y '} O
Qe A0 Qg
o . o
Al ey ¢t
Cr i 0O
Te3odL 1I-1° G-1

AmE\mcv abuey
UOT3RIZUSOU0D O pasodxy a1doad FO spuesnoyl
THALS ANV NOYI

SL

-y

[

0

0

0
0

0
Tt
0

o———

01-S

~

[¢]
e

0

0

L=l e R

O
o

0

01<

‘L&

+ 0
a». .mv

el
%

‘v

N

4 v
{

rTA
04
t48
84
A
* 8

‘4
el

ta8

80Inos

(penut3iuo)) zZ-€ XIANIAAV

VINIDHIA LSHM

NOLONIHSYM

YINIDIIA

HVY.LO

SYXHL

93e38



gL’
COTXOb e 8&Y JGb L8 Y TY 0I9dTD 22
¢ OTYNT R 10T LA AE TV (K3oa *s) obedTyd 12
FoOTXOTeT 1191 W IAA: S Ty ooebTyd 0¢
.01X0NR TOTT LA L5 T ooebTyd 61
SIONITII
Se01X08 Y P46 ,9E .0 8E eduey 8T
Z-0IXOT* 9 £48 ST JY 6T ('O oped) TwetWw (LI
CO0TXONE 4EY SOT 08 8 9T (0 paemoaq) sTeprepneT 3xo4 9T
TOTXOOY CaLE ST 08 S8 ae Ajunop epea &1
Coarnen Ty Che JTT 08 .9 9F Kjunop pxemoadg vl
va1do1d
GO YO0 Y Ty pIo33IeH 3ISOM ¢1
CoOTXO0 T e T Kanqasjem zT
CoOPment JET TE pIozy3eIis g
LI LA N 1 paojwels QT
MR D AR 80 Ty piojgueis ¢
AN INCANARS! T8 Ly uopuoT MeN g
Goulrog e BT T usAeHq MON £
CorNoan 0 Ty ueeue) MON 9
& TR0 A T pxoy3xeqd ¢
GoOTXOL T L9 TY pxojaxeH ased ¥
YO MXO8 W Sy ‘ ustIed ¢
Se0TX0g T JET T 1xodebprig ¢
DoOTXOE T ,08 Tb eTUOSUY T
LOOILOANNOD
(o@s/sub) (Aep/suo3l) (M) (N) a3e3s
o} A3toede) spn3thuo] epn3tie]

SYOLVIEANIONTI TVJIDINNKW

T-O0 XIANIJAVY



£€-0TX08"6 £Vl
COTRO0 S48
¢oorrono RS
R 0N LN A L0Of
SN A IVAE S| TOCT
LIRS B I AT 58T
SO N IS S &e
Joornsen 048

O OE O gat
AT 0Neo
S X0 aLl
TR R SO N Q09
SeOTHOG T e
TeOTXOO T v
SO LA 508
L0 L RéL
S OTXOOE Lot
COTMOL L&Y
QTN GaHE
oGl a0y 041
RN CNINTE A 047
L 0TYo89 QL4
CrOIXOT 8 vov
(oas/sub) (Aep/suo3y)

0O A31oede)

:190 TL
LS 0L
A8 1L
ST YL
P N 4

ES 0L
5 0L
TS TL
L8 T
SET T4

L TL
P N ¥4
A T

0T T4

T8 9L

P 06
& 06
08
£ 06
\J O»\v
LT Vo

XA

B8 48

(M)
epn3Thuot

LL

»

TE 27
LT ab
PR
1T TH
L8 SV
T8 T
08 CY
PA N A
LB8T Ot
SOV T
AT O
G Tk
JEE Th
BT &L
9L &S
0 0f
PRI
PRV 03N
BG &8
L6188
LT 8f
68 TV
(N)
|pn3T3e’]

butrpesy gy
yznowdam ¢
I33s8YouUTM %7
umolxaleMm zj

snbpes Tt
waTes o
pesyaTqIel 6¢
TI=MOT g¢

weybutwexd /¢
ADATH TTIed 9¢
QUTTY0O0Id Gf
uojlo0Id H§
v8ajurTeag ¢€¢
juowTag <c¢-

SLLISNHOVYSSYH

sIowr3TRE  T¢

ANYTIAYYH
SuURSaTIO MBN 0OF
SUedTIO MBN £
SURaTIO MON 82
SURSTIO MON LZ
SUB3TIO MBN 97
3xodsasdays g6z

¥YNVISINOT

9TTIASTNOT ¥

AMONILNEA

obeoTyD 3Ised €7

YNVIANI

°@3e3s

SYOLVHINIONI TVdIDINAKW

(penuT3uoD)

1-O XIANddav



CEONNG0N S
o OTXO0
C-OTXOT G
C-OTXKOT b
G OTKGE T
RO 0N I A
SoOTXOE Y
IO N O N I 1
Cooragew

DO O D F A

RN m,\f\ o o

DN RO A

-~

SoOTXOGre

GTROT* b
OO
e T

Te QYA

.

48
eHc
Lvd
009
GLT
191
a6t
00%
&6

4%

00
0140%)

R

(o9s/sub)
0

(Aep/suo3)
Aatoede)

‘8L

06
04

RELI F -
Lo OB

aTovs
PRSI a5

(M)
apn3tbhbuol

Y OV
S OY
L4E O
S5 Ob
JEV Ob
68 OV
A5G Ob
SUh EY
YA
STy Ob

b
ot

Lo an

F ol A

L 88

[9)

dr1sI %9
uozburaung ¢9
peo3sdwsH z9
peoasdwsHy T9
£31D uspaes (9
3x0des1g gg
I9389Yd3sed gg
oTezryng ;g
uooeaqg gg
uothqed cc

MI0X MAN

Aued pad pg
futma ¢g

AESYAL MIN

I93S9YDUBW Zg

JYIHSdWVYH MIN

(yanog) sTnNOT *3s 1§
. (YzaoN) sTnoT *38 09

I¥N0OSSIN
L3unod puetTde0 *T°S 6%
JuTOod ©SS0I9H 8Y
(PT®TIUINOS) 3TOI38q LV
Kaunop sulem Teazus)d 9y

NYDIHOINW

?3e3s

apnitie]

SYOLVIEANIONI TYdIDINOW

(panUT3UCD) -D XIANAJIJY



T XOV 8
o OTXON T
GOOTXOO0T
SQTNO0 S
QTR0

OO |

CoOTXO8 9
o OTXO08*Y
CeOTROB 9
Ge GO e

SOTHOHR

C-0TX0E T
EOTXOL T
E-OTNOO T
CoQTROOT
CoOTHOE S
TeNTXOT
CeOTX0L T
SOTHOT b
eOTXGe T
eOTROR T
L OTHOT

86t
H1C
VT
Fad
v T
Q&

Qob
Phb
&b
Q64
Q&b

06T
&Y
¢T
VT
8B6Y
009
Q6%
009
04T
0461
T9T

(o9s/suwb)

o]

(Aep/suol)
Kytorede)

6L

8 V8
LY T8
S8 18
8T +8
L0018

£4

L

£

L

ve
b EL
L85 84
ABY £4
JvoeL
PR N WA
AL EL
LY 84
b 8L
68 8L
b 84
c6Y 84

(M)
apnjytThHuod

9T 4R
PEATO R
PV 017
BT
(B8 6F
SR8 TV
£ OF
LRE OV
L0 O
BV O
L5 Ob
OV Ob
& b
, 658 O
L5 O
L0 O
Y Ov
55 0V
L£6 0
LG8 OV
.98 Ov
Lov T
(N)
a2pn3Tie]

SYOLVYANIONI TYdIDINAW

(penuUT3UuU0D)

I-D XIAN3ddav

21TTAUOIBYS
rwIRg

A3uno) TWeINW
poomaxe]
utTiURIq
pTToNd

A3TD I0X MON
£31D x0Xx MaN
A3TD }I0X MmN
A3TD 3I0X MON
A3TD }I0X MeN

98
S8
v8
£8
Z8
18

OIHO

08
6L
8L
LL
9L.

ALTID MYOA MAN

weaxls AsTTeA gy
epUBMBUOL §/
aTepsIeds ¢,
°&d 7L
Keg a93s8k0 T.°
peo3sdwsH Y3IION (/L
aTToUo0d MON 69
UQUIDA JUNOW 89
yoeaqg buoT 19
aousameT 99
euueMEIORT GO
(MYOX MIN)
o3e3s



O QTXOE D
ooOTXROOT
S OTROe T
e PXOTTG

& 0108

G- 0TXOE S
FOoOTHOL T
LoOTNOL Y
S OTHO0r

JoTRord

C-OTXOE Y
O-0TXOV K
S-QTAOE G
SQTKOCTT
A OR D SVIOAN
S-OTXOL e

S OTXOT R

(oos/sub)
0

08
O LEE 8T 88 L0 £V
CevT R AA ] LO0G b
b el S 28 v b
VAR VA SO 48 PR
LEY e 88 LT b
AR LO0 9L 06 98
GeL AT 9L 2%
AT PN SO0 9L AN
0 LA A4 sy
484 - SE0 TTT - T T
168 L0 10T ST 68
.
86y LS BL LO0 6%
8&v LT Bl S0 6%
Téd L0 Ll P EA
047 LLC 8L AR 4
oV ,ET 08 B8 0
009 JIT G4 LB AL
Q09 ST Gl L0 &Y
(Aep/suo3l) (M) (N)
AjToeded apn3ThuoTd apn3Tiel

SYOLVYANIONI TYAIDINARW

(ponutiuo)) ¥-D' XIANIJJY

eysadnem SOT
Keg uoabanis 0T
ueblogays €07
uozburtysem 3a0d 0T
ysojyso 10T
NISNODSIM
yanows3ixod 00T
HTOFION 66
smoN 3X0dMaN 86
eTIpURXaIY L6
YINIDYIA
uepbo g¢
HYLN
OTTTIRUWN G6
SVXdL
pangsuaddTyus ¢
Kaunop sxemelad ¢g
Kjuno) @aemela@d zg
Kaunop axemetdd 16
UHOMﬂmHm 06
obpTIqUN 68
eTydrepelTud 88
etydreopelTud (L8
VINYATASNNIEL
23e3s



o7

s
O

0%
v
oY
P/
[

€8
A
7
e

A.J A.—. -

Te3ol -1 S-1 0T-9

AmE\mcv sbuey

uoT3leI3USOUO) 03 pasodxdm o1doed JO spuesnoyl

-— 18

¢
S0e

0

0
Q

o~

"1
COT
A
‘o
ot

80aInosg

SHOLVYANIONT TYAIDINAW

g-O XIANEdav

SIONITTII

¥aryo1d

LADTLOENNOD

93838



] o e

. . P oy
: IR v d

.., :.
aen B
. ' ALY ~

Te3oL -1° S-T 0T-S
AmE\mcv abuey

uoT3RIUSDOUO) 03 posodxyg o1dodd FO SpuesnoylL
SYOLVYANIONI TMAIDINON

(penuT3uc)) #F-D XIANIddY

G

O

0
O
o

0

..4
L

01«

e

v
[

*
t Ot
tAY
ML
A%
e
s
tpy
cee

ot

crE

* 08

LI
oA
MR

&gy
R

iAW

M N
@0IN0S

SLLISNHOYSSYW

ANYTAYYR

¥YNYISINO1

AIONLNIA

UNYIANT
9393s




[
v It

Te30L

uoT3eIJUSOUOCD OF peosodxd ar1doed FO Sspuesnoyl

SYOLVYANIONI

£Es

Dot <

oot LAE M
A PECIA tb
8 1T

b &

\ oo, Lo

t LY

m. mc Q
cor T

0 §
I Qo6 iy
L0 SO Tn

)
2%
oy
\w tr

AmE\mcv abuey

(ponuUT3IUOD) -0 XIaNdddv

O
0

v no—

AN

T el
or saad

v g
¢ [ m:

“Ta

* 05

tht
M1
a4
Ay

MR 4
‘e
90INn08

TYdIDININW

MYO0X MAN

AISYdIL MAN

TIIHSAWYH MEN

TH0SSIN

NYDOTHOINW

(p,3uod) SLILASNHOVSSYW
93e38




e -

T < 'Y

: ] oo 8¢ v e
< ) & 0 va
e - on 0 R
i o f " ¢ o8
0 ; 0 O T8 OTHO
o D O 08
ReT Cobiy 0O tHL
1ot o 0 iRtV
MR AR T Y A4
P R : *9L
. ‘ T taL
Vo - aar M A
¢ s o te/

T o8 1 Lod
e Ore L v *T/
e bORT £ b L0
e 098 AOT o *69
TR CLGT bt a ‘89
o v T 6% L9
o neg Ty 2 *99
: 0t o6t 2 Al $69
o Fre 0 TT 0 ‘9
s W A bt 0 59

£ ST gt T 08 e
R ) T Le2 Tt tTe (p,3u0d) MYOX MIAN

Te3oL 1-1° ST 0T-6 01< 90aInos 53298

AmE\mzv abuey
uUoT3RI3UdDUOD 03 posodxy o7dosad JO spuesnoyy
SYOLVHANIONI TYdIDINIW

(penuUT3UOD) Z-O XIANIAIY



- T
' -:” _

; ~ oy 10
) [ ~<

R g il e 2
P S 6ney be

T [ . T
ey Fo T 098 £F

- . . uy oy
P e & P

o 1 T8 0§

o g
AN e
AITE 0/
P oo
b o
£y -

AmE\mcv sbuey

uoT3eIjUSOUO) 03 posodxg 97doad JO SpuURSNOYL

SYOLVYANIONT TYdIDINIW

58

0
0
0
0

(panur3iuo)) g-o XIANIJAVY

*50T
HOT
*EOT
0T

CTOT

LO0T
thh
*86
L

+ % &

tRb

‘véh
06
o)
*Té
‘06
* 468
‘88
A

IDINO0S

NISNOOSIM

YINIDUIA

HY L

SYXHL

YINVATASNNId

s3e38



oy

(4%
00T

98

81
91
91
SL
[A¢
081
19¢

0T
L1

Y4

oy
00T
86¢C

Te30L

cCCcoOooOoOOQCOoOOoO0OCOCO0O cooC

coo ©

o

oo Cco

cooococoocooOoCcOoC

SCooc ©

‘wnIwped Jo junowe STqrbribeu e sjTwe
*1e2&/suol (000‘80T JO wnywped pue DUz 103 K31oedes uofionpoxd pauquod sey SexdL
*aeak/suol 000°007 jo aaddoo pue pe@ 103 A3Toeden uotjonpoad pauTquod sey sexal ‘osed 1d uy jueid ooiesy

o

ocCoOOoOCcCOoCOoOOoOOO0OO0OOQ oo Oo

Coo ©

0
0
0

[

81
9T
9T
SL
vl
08T
19¢

01

L1

8¢
SZ

ov
00T
867

01 <

98

40
000°SS /85 456 1SY 96 ‘eTTTASaTIIed

XL ‘T3ISTIY
000'80T SP L6 166 LT snd1op
000°811 WLE JSL 18 [0F ¥4 ‘uojasured
000°52T 190 J9TT EE LY ar ‘botrray
000052 18T 08 IV 00 vd ‘woeuoy
000°06 1z v8 00 _SE NI ‘TTTyreddod
000’06 PE 68 SP o9y IW ‘SUTd SITUM
000°'08T 195 21T WLO 90 LW ‘epuodeuy
060°08 120,801 Ip GTE Wy Asany
000082 0T JTTI €V 0P 10 ‘PT2¥3IVD
000°08 6% 01T 150 € zv ‘uepheH
000°0L 18 TTT 120 2E 3y _‘ofv
000°L2T (€€ 601 T 18 v 'setbnod
000°LLT 122 5601 S0 SEE ZY ' TOUSION
000‘00T S€ 901 165 1€ X1 ‘osed 1d
000’081 18 0TI 10 EE 2y ‘udsphen
000°00T 19T T2T BT LY VM ‘ewode]
19L'L6 JIv 06 98 LE OH ‘23A0TH
SY6° 9% 190 9T €€ LY ar _‘bbottay
006 ' SEZ 1§ ITT SE 9% LW ‘RUSTOH “d
000°GS 185 06 ST ,8f OW ‘umauenoisy

. A0

000'SS 185 56 'SP 96 ‘TTIASST3IRd
000'8TT WLE OSL 8% Oy ¥4 ‘uojreured
000°0S2 8T 08 Iy 07 ¥4 ‘eoruon
(iX/suo3) (M) @8pn3tbuoT  (N) Spn3IFIeT uoT3IEd0T
A3 toede)

SUALTAWS XIVWINd

a XIANdddav

‘9103910y3 pue ssapoad oufz OF3AToAIDB[® Y3} s9sN jueTd 8yl
‘1astayp sndio) uy jueld odIESY

/4
/e

"0 DUz TeuoIjleN

/q ©P1esy
outy A8sisf MmN
0D TTTH I9yung
pea1 ydesor °3s

80 TAI8S S9TITD
SUTd 93ITUM
epuodeuy
33009UuUdy
33008UUdY
33009UuUdy
ebpog - sdraud
sbpog - sdiaud
abpog -~ sdysuyd
oD1esy

/e odaesy
odbaesy

odIesy

TTTH I9ung
ooIesy

ydesor 3§

Dufz TeRUOTIEN
outz A8sisL MeN
ydesor °3s

Jueld

unTuped

SuTZ

2dX&y,



ov (057
€ €
€ €
Te3iol -T1°
TT¢E LLT
PT 9
€6t XA
9091 ceb
LOYE 6LCT
ycoT 98¢
9881 696
ZEPT £V
Te30% HrH.

8

Z9
998
8€8T
6LS
98
609

¢-1

44

TLT
€81
8¢
13
(47

0T-6

Y4
T

S
9L
LOT
1¢
0¢
8¢

01<

L8

_NanHH .moOvm
.mNOmm .moOmm
.noOmm .moOom
(M) (1)
apn3j thuot apnjtjle]
L0006 €6 _8€
\L0g80T TV o2E
_mooNAH .N¢oov
.NNONNH .vanm
.NHOmHH .mome
.NHOmm .vamN
.mmOnm 0P TP
.mHOvn .HmOOq
(M) (N)
spni tbuor opniTae]

SYALTIWS AYVANODHS

d XTANIddVY

vD ‘yoeosg buoT odaesy
STOUTTTI

Jo 0D oulq
11 ‘ybnoxoqsiTTH uepdTIBWY
UOTSTIATQ
STe19W poleId
O ‘sbutads pues -pag ‘odxesy

To0T3ed0T Juetd

ouTy

UoTSTATA
STe3lsW ‘sTeoTwsyd
I ‘U0l IV¥Y 3Ised UOS3TY3IeW UTTO

WN ‘ASTanH 33009UUdYy

ILn ‘euber 33009uuay

¥D ‘oostouexg uesg ooaesy
¥D ‘yoeog buol 0oIEeSY
XL ‘uo3lsnoy ooaesy

NI ‘BuTt3iTym ooxesy

CN ‘Roquy yzasg odIesSy
uoT3EeO0T juetd
xaddo)



1/

2/

3/
4/
5/
6/

7/

8/

9/

10/

11/

12/

13/

14/
15/

REFERENCES

Energy and Environmental Analysis, Inc., "Sources of Atmospheric
Cadmium," Draft Report to EPA Under Contract No. 68-02-2836,
February 1978.

Fulkerson, William, et al., Cadmium, The Dissipated Element,
BRNL-NSF-~EP-21, January 1973, p. 63.

Ibid.

Fulkerson, op. cit., p. 174.
Fulkerson, op. cit., p. 6.

Sargent, Donald, et al., Technical and Microeconomic Analysis
of Cadmium and Its Compounds, EPA 560/3-75-005, June 1975.

Battelle Columbus Laboratories, Determination and Evaluation
Environmental Levels of Cadmium, EPA #68-01-1983, July 13,
1977.

Deane, Gordon L., Lynn, David A., and Suprenant, Norman F.,
Cadmium: Control Strategy Analysis, EPA #68-02-1337, GCA,
Bedford, Massachusetts, p. 150.

Lee, Russell, et al., Single Source (CRSTER) Model, EPA 450/
2-77-013, Research Triangle Park, North Carolina, July 1977.

U.S. Department of Commerce, Master Enumeration District List,
Bureau of Census, Technical Documentation, October 1970.

Energy and Environmental Analysis, Inc., "Economic Impact of
New Source Performance Standards on Sinter Plants,” Draft
Report to EPA submitted April 29, 1977.

Energy and Environmental Analysis, Inc., op. cit., Reference
#1.

American Iron and Steel Institute, Directory of Iron and
Steel Works of the United States and Canada, Washington, D.C.,
July 1977.

Dun and Bradstreet, Metalworking Directory, 1976, New York.

U.S. Bureau of Census, "Survey of Plant Capacity, 1975," un-
published data, Washington, D.C., April 1977.

88



16/
17/
18/

19/
20/

21/
22/

23/

Battelle Columbus Laboratories, op. cit., Reference #7.
EEA, op. cit., Reference #1.
Fenton, R., "Present Status of Municipal Incinerators,"

Incinerators and Solid Waste Technology, J. W. Stephenson,
et al., Ed., ASME, New York, New York, 1975.

Sargent, Donald, et al., op. cit., Reference #6.

International Directory of Mining and Mineral Journal, McGraw-
Hill, New York, New York, 1976.

Marketing Economics Key Plants, 1975-76, New York.

Battelle Columbus Laboratories, op. cit., Reference #7.

Deane, Gordon L., op. cit., Reference #8.

89






