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REPORT AVAILABILITY 

This report is available for public review at these locations: 
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(TSP) staff at the address below. 

Technical Steering Panel 
Hanford Environmental Dose Reconstruction Project 
Department of Ecology 
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MS PV11 
Olympia, WA 98504 
1-800-545-5581 

This report was prepared by staff at the Pacific Northwest Laboratory, 
which is operated by Battelle Memorial Institute, under the direction of an 

independent TSP. The work described here was directed and monitored by the 
TSP; however, this report has not yet been reviewed and approved by the TSP. 

At the TSP's direction, the report is being made available to the public at 
the same time it is provided to the TSP. The information contained herein is 
considered preliminary until it undergoes review by the TSP. 
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PREFACE 

This is one of three draft reports that summarize the first phase of a 
four-phase historical radiation dose assessment effort titled the Hanford 
Environmental Dose Reconstruction (HEDR} Project. This, the Draft Air Path­
way Report, is directed to technical audiences, as is the Draft Columbia 
River Pathway Report. The Draft Summary Report, which presents both the air 
and river pathways, is intended for a general audience. Detailed descrip­
tions of all aspects of the HEDR Project and the dose reconstruction process 

are available in more than 20 supporting documents (Appendix A). 

The air pathway portion of Phase I has several objectives. Foremost 
among these is to determine that sufficient historical information exists or 
can be reconstructed from incomplete records to enable a dose reconstruction 
study to proceed and to demonstrate that this is the case. A second objec­
tive is to design conceptual and computational models to specifically deal 
with uncertainties in the dozens of variables needed to estimate historical 
doses to offsite populations. The final objective is to determine whether 
the data and models are sufficient to enable credible doses to be calculated. 
In summary, Phase I is a pilot or demonstration phase. The Phase I prelimi­
nary dose estimates, which were calculated to demonstrate the feasibility of 
reconstructing doses, will definitely change as input and model structures 
are refined in later phases. 

The reader must recognize the preliminary nature of the dose estimates 
that are presented and discussed in this and the two companion reports. As 
the HEDR Project continues, the averages, ranges, and distributions of dose 
estimates will change, for at least three reasons. First, the input to 
models will be refined. Second, the models will be refined. Third, the 
extent of the study area will change. In general, a larger study area yields 
lower average doses, a greater range of doses, and a greater proportion of 
lower doses . 

It is also important to note that the objectives of the HEDR Project do 
• not include estimating risk or extrapolating to health effects that might 

have resulted from radiation exposures. A related epidemiological study, the 
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Hanford Thyroid Disease Study, is being conducted for the Centers for Disease 
Control by the Fred Hutchinson Cancer Research Center. This study will seek 
to determine whether there is a correlation between thyroid disease and 
estimated thyroid doses for residents near the Hanford Site. 

The HEDR Project is directed by an independent Technical Steering Panel 
(TSP) of scientists and representatives of the states of Oregon and 
Washington, of regional Native American Tribes, and of the public. The 
TSP's charter is to direct, review, evaluate, and approve all HEDR Project 
work. Funding for the project is provided by the U.S. Department of Energy, 
but the agency is not in the review or approval cycle. 

The work described here was conducted by Battelle staff at the Pacific 
Northwest Laboratory and was directed by the Technical Steering Panel (TSP). 
The U.S. Department of Energy funds the project, but provides no technical 
direction or oversight. 
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ABSTRACT 

This report summarizes the air pathway portion of the first phase of the 
Hanford Environmental Dose Reconstruction (HEDR) Project, conducted by 
Battelle staff at the Pacific Northwest Laboratory under the direction of an 
independent Technical Steering Panel. The HEDR Project is estimating histor­
ical radiation doses that could have been received by populations near the 
Department of Energy's Hanford Site 1 in southeastern Washington State . 

Phase I of the air-pathway dose reconstruction sought to determine 
whether dose estimates could be calculated for populations in the 10 counties 
nearest the Hanford Site from atmospheric releases of iodine-131 from the 
site from 1944-1947. Phase I demonstrated the following: 

• HEDR-calculated source-term estimates of iodine-131 releases to the 
atmosphere were within 20% of previously published estimates. 

• Calculated vegetation concentrations of iodine-131 ag~ee well with 
previously published measurements. 

• The highest of the Phase I preliminary dose estimates to the 
thyroid are consistent with independent, previously published 
estimates of doses to maximally exposed individuals. 

• Relatively crude, previously published measurements of thyroid 
burdens for Hanford workers are in the range of average burdens 
that the HEDR model estimated for similar "reference individuals" 
for the period 1944-1947. 

Preliminary median dose estimates summed over the years 1945-1947 for 
the primary pathway, air-pasture-cow-milk-thyroid, ranged from low median 
values of 0.006 rad (0.00006 Gy) for upwind adults (4.5% of the Phase I 
population) who obtained milk from backyard cows not on pasture to high 
median values of 68.0 rad {0.68 Gy) for downwind infants who drank milk from 
pasture-fed cows (0.5% of the Phase I population). 

About 0.004% of the Phase I population was estimated to have received 
thyroid doses exceeding a previously published estimate (Washington State 
Department of Social and Health Services 1986) of 2,530 rem to a maximally 
exposed infant in Pasco, 1945-1947. Future work will expand the time, area, 
and radionuclides considered. 
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EXECUTIVE SUMMARY 

This is one of three draft reports that summarize Phase I of a four­
phase historical radiation dose assessment effort titled the Hanford 
Environmental Dose Reconstruction (HEDR) Project. Preliminary dose estimates 
were calculated to demonstrate the feasibility of reconstructing doses. 
These estimates will definitely change as input and model structures are 

• refined in later phases. 

• 

.. 

BACKGROUND 

The HEDR Project was prompted by mounting concern about possible health 
effects to the public from more than 40 years of nuclear operations at the 
Hanford Site . The Site was selected in 1943 (Figure 1) as the location for 
the plutonium-production facilities for producing atomic bombs used in World 
War II. The first three nuclear reactors began operating in 1944 and 1945. 
Chemical separation plants T and B were started up in December 19~4 and April 
1945 . The greatest releases of radionuclides to the atmosphere from Hanford 
operations came from these separations facilities. 

Releases of radioactive materials from Hanford were controlled through 
several steps, beginning with process controls and ending with feedback from 
personnel monitoring. Each of these control measures and their relative 
contribution in controlling emissions changed as experience was gained in 
control and monitoring technology and as knowledge was gained about the 
potential for health effects from radiation exposure . 

Effluent monitoring, which began with the startup of Hanford facilities 
in 1944, consisted of measuring the amounts of radioactive materials vented 
to the atmosphere and released to soils and to the Columbia River. Efforts 
to develop technology to accurately measure atmospheric releases continued 
for several years before measurements became reliable. In the interim, 
atmospheric releases were estimated from process information and from esti­
mated filter efficiencies, when effluent filters were installed beginning in 
1948 (Ballinger and Hall 1989). 
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FIGURE 1. Hanford Site and Key Operating Facilities, 1944-1947 
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Meteorological measurements and observations of plume behavior began in 
1943 in efforts to predict the path and concentrations of atmospheric 
releases of radioactive materials. Not until the mid-1950s, however, did 
researchers discover the possibility of milk as an important pathway for 
radioactive iodine (Parker 1956, Comar et al. 1957). Consequently, milk, the 
major pathway for iodine-131, a pathway that resulted in exposures from 10 to 
more than 100 times as high as the pathway via inhalation, was not monitored 
during the period of highest releases of iodine-131, from 1944 through 1947. 

Onsite personnel monitoring of radiation exposure began when Hanford 
employees first began working at the site (Wilson 1987). In addition to 
measuring external exposure using pencil dosimeters, hand and foot counters, 
and scans of clothing and extremities with Geiger counters, a bioassay pro­
gram and limited scans of the thyroid glands of specific workers were also 
begun. The thyroid measurements provided an important check on exposures of 
offsite populations estimated by the HEDR Project. 

PHASES 

The HEDR Project consists of four distinct phases. The first phase of 
the air pathway portion of HEDR, a pilot or demonstration phase, was pur­
posely limited to geographic coverage of 10 counties nearest Hanford (Fig­
ure 2), to the period from December 1944 through December 1947, and to one 
radionuclide, iodine-131. The unit of months was selected as the level of 
temporal resolution for Phase I. These factors influenced the selection of 
models and parameters and resulted in some conservatism in the designation 
of the ranges and forms of distributions. 

Phase II is designated a review and testing phase, during which sensi­
tivity analyses will be used to identify key parameters and the effects of 
model structure on dose estimates. Phases III and IV will be used to refine 
parameters, modify models, expand areas, extend time periods, and ensure that 
all key emissions of radioactive materials from Hanford will have been 
addressed . 
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FIGURE 2. Phase I Study Area (Counties) for the Air Exposure Pathway 
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APPROACH 

A simplified project conceptual-logic diagram for calculating doses from 
atmospheric releases is shown in Figure 3. Generic pathways are submersion 
in contaminated air, inhalation of contaminated air, exposure to surfaces 
contaminated from atmospheric deposition, consumption of contaminated food 
crops, and consumption of contaminated animal products. Input to the HEDR 
model consists of distributions for most of the parameters, rather than point 
estimates, an approach that results in distributions of dose estimates. 

This approach incorporates estimates of uncertainties resulting from 
spatial and temporal variability, incomplete historical information, sampling 
errors, and unavoidable biases in individuals' recall of lifestyle and food­
habit information from the 1940s. This approach also provides a basis for 
focusing project resources on reducing uncertainties of key parameters and 
refining the model structure through the application of sensitivity and 
uncertainty analyses. Distributions of doses were calculated for "reference" 
individuals, individuals who shared combinations of characteristics such as 
age, sex, lifestyle, food habits, geographic locations, etc. These distri­
butions were also combined into distributions representing selected 
populations. 

Source Term 

In the early years of Hanford Site operations, technology did not permit 
monitoring for specific radionuclide emissions. Therefore, modeling of emis­
sions was required for Phase I calculations. Estimates of amounts of irrad­
iated fuel processed were based on records, reports, and a calculation of 
iodine-131 content in the spent fuel. The important input parameters of fuel 
irradiation history and cooling time were estimated from the previously 
publ i shed accounts. The calculations were within 20% of estimates made using 
other techniques (Anderson 1974) . 

Atmospheric Transport 

An interim atmospheric transport and dispersion model was developed for 
Phase I by modifying an existing version of the MESO! code (Ramsdell , Athey , 
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and Glantz 1983). The HEDR-modified version, called MESOILT2 (Ramsdell 
1990), simulates the transport and diffusion of continuous plumes by dividing 
the plumes into discrete increments, referred to as "puffs." The code gen­
erates puffs every 15 minutes at the source; the puffs are transported by 
the wind until they leave the model domain. As the puffs move, they expand 
(i.e., diffuse) in response to turbulence, and airborne material is deposited 
as it comes in contact with the ground surface or is washed out by precipi­
tation (washout was not considered in Phase I). The code also simulates 
radioactive decay. The wind fields and atmospheric stability data used by 
the model are updated each hour by interpolation from meteorological obser­
vations made at 3-h intervals. 

A square model domain was selected for atmospheric transport modeling in 
Phase I. Physically, the domain extends east from the Cascade Mountains to 
approximately the Washington-Idaho border and south from Spokane to just 
below Pendleton. 

MESOILT2 was used to compute monthly average radionuclide concentrations 
in the atmosphere, monthly average rates of radionuclide deposition, and 
month-end surface contamination at nodes within the model domain for a con­
stant monthly release of iodine-131 from a stack between the 200-W and 200-E 
Areas. Atmospheric-transport calculations were based on meteorological con­
ditions for January 1983 through December 1987, because the meteorological 
data for 1944 through 1947 were not available in time to be used in the 
Phase I atmospheric-transport calculations. Meteorological data for 1944-
1947 became available after the Phase I atmospheric transport and diffusion 
calculations were completed. Estimates made with the 1983-1987 meteorologi­
cal data do not differ greatly from those made with the 1944-1947 data. 
Thus, it is reasonable to conclude that using the 1983-1987 meteorological 
data in Phase I does not invalidate the results of the calculations or pre­
vent the achievement of Phase I objectives . 

Deposition/Interception 

Most simulations of dry-deposition phenomena have attempted to lump many 
parameters into a "deposition velocity." This approach has been used in 
Phase I as a preliminary estimator. The project will eventually incorporate 
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a model that accounts for atmospheric conditions and radionuclide properties 
to provide the net wet and dry flux out of the plume. The current Hanford 
model (Napier 1988) uses a variable interception fraction that is a function 
of vegetation biomass. The interception fraction is based on the model of 
Chamberlain (1970). It generally results in a higher value of interception 
than the older constant-fraction characterization. 

Concentrations in Foods 

The con~entration of radionuclides in animal products depends on the 
concentration in the animal's feed and on how much of the feed the animal 
consumes. In Phase I, which considered only dairy cattle, up to four types 
of feed (pasture, silage, hay, and grain) were considered. The location of 
feed production areas adds another dimension to the factors that influence 
milk concentrations. 

Food products such as milk may be consumed directly by members of the 
producing farm family, or they may be sold. Most products that were sold 
were purchased for redistribution by distributors (such as milk purchases by 
creameries). These distributors tended to blend or average their inventory 
over a number of producers. 

Demographic/Dosimetric Variables 

The Phase I area was divided into 98 areas. With minor adjustments, 
these are county census divisions. The demographics of each census division 
are accounted for by providing estimates for individuals differentiated by 
age, sex, diet, and general lifestyle. 

Eventually, seven age groups, based on the resolution provided by avail­
able data (with the inclusion of fetal thyroid), will be considered. For 
Phase I, only the adult and infant categories were investigated. 

For each "reference individual" category (as defined earlier), distri-
butions were prepared on monthly consumption rates of the following foods: 

• leafy vegetables 
• other (protected) vegetables and root vegetables 
• grains (generally dried and stored) 
• orchard fruits, berries, melons 
• milk. 
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Because the aquatic pathway was not included for the 1944-1947 period, 
fish were not considered. Phase I assumed that all vegetables and fruits 
were produced locally. Most of the Phase I effort was focused on recon­
structing the production and distribution of milk, because of the importance 
of the pasture-cow-milk-thyroid pathway for iodine-131 . 

Calculational Framework 

The logic diagram of Figure 3 indicates "module breaks" for individual 
portions of the dose calculation. These module breaks define individual 
portions of the computer code that can be run in a stochastic simulation 
(Monte Carlo analysis). Because of the interconnected nature of the cow/ 
feed/milk distribution model, no doses can be calculated for individuals in a 
particular census subdivision without knowing the environmental conditions in 
many other locations. The dose calculation has been structured into modules 
so that repetitive calculations are minimized, and information on the poten­
tial distributions of environmental parameters such as air concentration, 
vegetation concentration, or milk concentration can be saved and examined for 
each period. This approach results in the loss of some correlation informa­
tion, but the losses do not detectably alter the dose distributions. This 
issue will be examined further in Phase II. 

PRELIMINARY RESULTS 

Phase I results demonstrate that the key objectives were attained. 
First, sufficient historical information was retrieved and reconstructed. 
Second, preliminary conceptual and computational models were constructed to 
deal with uncertainties and to establish the foundation for extensive sensi­
tivity analyses to be conducted in Phase II. Finally, the data and modeling 
approach produced credible, although clearly preliminary, .dose distributions. 
These objectives were attained by demonstrating that 

• the source-term estimates agree well with previsouly published estimates 

• calculated vegetation concentrations are consistent with previous 
measurements in several locations 

• t he range of preliminary dose estimates encloses independent esti­
nates of doses to maximally exposed individuals, and 
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• relatively crude, previously published measurements of thyroid 
burdens of workers are in the range of average burdens that the 
HEDR model estimated for similar "reference individuals." 

Dose Estimates 

Preliminary doses estimated for 1945, 1946, and 1947 and summed over 
1945-1947 for the entire Phase I study population from the consumption of 
milk contaminated with iodine-131 are illustrated by complementary cumulative 
distribution functions in Figure 4. Doses, clearly greatest in 1945, ranged 
over several orders of magnitude. About 10% of the population in the 
Phase I study area was likely to have received more than 15 rad to the 
thyroid (0.15 Gy) for the period January 1945 through December 1947 from the 
milk pathway. Distributions of dose estimates for other pathways are shown 
in Figure 5 . 
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Oases from the separate pathways cannot be summed into a total dose . 
The preliminary dose distributions for produce and animal products other than 
milk are limited to the assumption that all fresh vegetables, fruits, and 
grain were grown within each census district. Consequently, these distri-
butions reflect maximally exposed individuals only, and do not represent the e· 

true range of doses from the consumption of foods other than milk. Phase II 
will address the need to develop an agricultural production/distribution 
model similar to the milk model used in Phase I. Nevertheless, doses to 
infants from the consumption of locally produced milk are clearly several 
times greater than doses from the consumption of locally produced vegetables, 
fruit, and grain (Figure 6). 

, 
as a:_ 
c U» 
-CD 
'0.2 -as e > 
>-c .Cas ..,._ 
0, _o 
oE 
0-
0 
0 

Milk 
Consumption 

(commercial Milk) 

Fresh Fruit and 
Fresh Vegetable 
Consumption 
(locally grown) 

Inhalation External 
Exposure 

59006024.93 

FIGURE 6. Relative Importance of Various Pathways, Based on Median Values 
(downwind Walla Walla infant, milk from dairy cows on pasture, 
locally grown vegetables and fruit, 1945-1947) 

xviii Draft 

• 

• 

.. 



Comparison of Dose Estimates with Independent Information 

In 1986, the Washington State Department of Social and Health Services 
(DSHS) (Washington State Office of Radiation Protection 1986) issued pre­
liminary dose estimates for infants in Pasco. These preliminary estimates 

·~ were based on previously published measurements of iodine-1~1 on sagebrush. 

• 

The DSHS used a slightly modified model for a maximally exposed individual as 
provided in U.S. Nuclear Regulatory Commission (USNRC) Regulatory Guide 1.109 
(USNRC 1977). About 0.004% of the Phase I population was estimated to have 
received thyroid doses exceeding the DSHS estimate of 2,530 rem to a 
maximally exposed infant in Pasco, 1945-1947. 

From the time Hanford operations began, workers in areas likely to 
experience relatively higher air concentrations of iodine-131 had their thy­
roids checked with a portable radiation detector. The thyroid checks were 
used not to obtain highly accurate measurements but as a screening tool to 
detect potential exposures exceeding 10% of the then "tolerance" dose of 
about 1 rad/24 h. The median dose estimate based on the thyroid counts is 
somewhat greater than the median thyroid dose from inhalation calculated by 
the HEDR Project for adults in Richland during the non-grazing season of 
1945-1946. 

Comparison of Dose Estimates with Background Radiation 

One way of placing the preliminary Phase i doses in perspective is to 
compare the doses with background radiation. Such a comparison requires the 
use of risk and weighting factors developed by the International Commission 
on Radiological Protection (ICRP). These factors were developed for radia­
tion protection and therefore are purposely conservative. In particular, the 
ICRP factors are based on effects of high-dose, high-dose-rate external radi­
ation , whereas major contributors both to background exposures and exposures 
from Hanford are relatively low-dose, low-dose-rate internally deposited 
radionuclides. With these caveats, the preliminary Phase I dose estimates 
for the air pathway are compared with cumulative doses from background 

• radiation. 

.. 

Approximately 5% of the Phase I study area population, or about 
13,000 people, might have received cumulative doses [Effective Dose 
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Equivalent (rem)] from the milk pathway that were higher than the national, 
average background added over 3 years (0.36 rem annually, which includes 
radiation from natural and medical sources) (Figure 7). About 1% of the 
study population, or about 3,000 people, might have had doses from the milk 
pathway greater than the national average lifetime dose from background 
radiation. 

Sources of Uncertainty and Future Work 

Uncertainties in the preliminary Phase I dose estimates result from 
parameter uncertainties, model uncertainties, and variability (Finkel 1990; 
IAEA 1989). The extent of these uncertainties and their contributions to the 
uncertainty in dose estimates will be assessed during Phase II of the 
project. 

100~----------------------------------------, 

(IJ 
CD 
(IJ 
0 
0 
1 .!! 75 
~~ 
3=51 
c 0 
00 
:;::c 
~0 
~ 0 50 
Q.CD 
0 ~ 
0.-
>-ca ,> 
~, 

en! 
-u 0 )( 
-w 25 c 
CD 
~ 
cf 

HEDR Dose 
Estimates 

Average 
Background 

Dose (added over 3 
years) 

Average 
Background 

Dose 
(added over a 

lifetime) 

o~----~--~--~----~--~--~--~------.-
o.ooooo1 o.oooo1 o.ooo1 o.oo1 o.o1 0.1 1 10 100 

Effective Dose Equivalent (rem) 

S9006024.57c 

FIGURE 7. HEDR Preliminary Dose Estimates (milk exposure pathway) 
Compared with Background Radiation 

XX Draft 

•• 

• 

• 

.. 



•• 

• 

... 

.. 

Future dose estimates will change as. efforts are made to reduce uncer­
tainties in key variables and as the model structure is modified. These 
changes will include reductions in uncertainty and changes in mean and median 
values. Of the contributors to uncertainty/variability in dose estimates 
that were listed above, reductions in uncertainty in the atmospheric 
transport/deposition parameters and submodels are the most likely to result 
in the greatest reductions in uncertainties in the dose estimates . 

• 
In future HEDR work, doses will be estimated for an expanded time, a 

larger geographic area, a greater number of radionuclides, and additional 
pathways. In the interim, it is likely that iodine-131 releases accounted 
for more than 80% of cumulative doses to individuals in downwind areas from 
the atmospheric pathway from 1944 to the present. This is because most of 
the iodine-131 released from the Hanford Site from 1944 to the present was 
released during 1944-1947 and because iodine-131 accounted for more than 90% 
of the doses during 1944-1947 . 

xxi Draft 



It" 

• 

. -



• 

• 

PREFACE 

ABSTRACT 

EXECUTIVE SUMMARY 

1.0 INTRODUCTION 

1.1 PROJECT OBJECTIVES 

1.2 PROJECT HISTORY 

1.3 HANFORD SITE .. 

CONTENTS 

1.4 MONITORING OF RADIOACTIVE MATERIALS FROM HANFORD 

2.0 METHODS ....... . 

2.1 PHASE I AREA, TIME PERIODS, AND RADIONUCLIDES 

2.!.1 Area ............ . 

2.1.2 Radionuclides and Time Periods 

2.2 EXPLICIT INCORPORATION OF UNCERTAINTY 

2.3 CONCEPTUAL ANO COMPUTATIONAL APPROACHES 

2.3.1 Scale for Spatial and Temporal Resolution 

2.3.1.1 Spatial Resolution 

2.3.1.2 Temporal Resolution 

2.3.2 Calculating and Compiling Source-Term Data 

2.3.2.1 Meteorological Model 

2.3 .2 .2 Deposition/Interception 

2.3.2.3 Vegetation Model 

2.3.2.4 Agricultural Model 

2.3 .2. 5 Biological and Demographic Models 

2.3.2.6 Age Groups . . 

XX i i i 

i ; i 

v 

vii 

!.I 

!.I 

!.I 

!.3 

!.3 

2 .I 

2 .I 

2.1 

2.5 

2.7 

2.7 

2.9 

2.9 

2.10 

2.10 

2.12 

2.16 

2.17 

2.19 

2.21 

2.21 

Draft 



2.3.2.7 Population Groups 

2.3.2.8 Food Types .. 

2.3.2.9 Model Structure 

3.0 RESULTS AND DISCUSSION 

3.1 SOURCE TERM ... 

3.2 AIR AND VEGETATION CONCENTRATIONS 

3.3 MILK PRODUCTION AND DISTRIBUTION 

3.4 MILK CONCENTRATIONS ... 

3.5 POPULATION DISTRIBUTIONS 

3.6 INGESTION DOSES ..... 

3.7 DOSES FROM INHALATION AND FROM IMMERSION AND 
GROUND SHINE . . 

3.8 RANKING OF DOSES . 

3.9 EVALUATION OF PHASE I OBJECTIVES 

3.9.1 Previous Dose Estimate 

3.9.2 Thyroid Counts ... 

3.9.3 Background Radiation 

3.9.4 Historical Regulatory Standards 

3.10 UNCERTAINTIES IN PRELIMINARY DOSE ESTIMATES 

4.0 REFERENCES .... 

APPENDIX A - HEDR PUBLICATIONS - TO DATE 

APPENDIX B - COMPUTATIONAL MODEL DESIGN SPECIFICATION FOR 
PHASE I OF THE HANFORD ENVIRONMENTAL DOSE 
RECONSTRUCTION PROJECT. . ...... . 

2.23 

2.23 

2.24 

3.1 

3.1 

3.1 

3.3 

3.7 

3.8 

3.8 

3.15 

3.15 

3.18 

3.18 

3.19 

3.20 

3.21 

3.22 

4.1 

A.! 

B. I 

APPENDIX C- TABULATION OF BIOMASS AND INTERCEPTION FRACTION C.! 

APPENDIX D- DOSES BY CENSUS DISTRICT, PATHWAY, AGE, LIFESTYLE, 
AND DAIRY-COW FEEDING REGIMES . . . . . D.! 

xxiv Draft 

.. 

• 



FIGURES 

I Hanford Site and Key Operating Facilities, 1944-1947 . . . viii 

2 Phase I Study Area (Counties) for the Air Exposure Pathway x 

3 

4 

5 

6 

7 

Conceptual-Logic Diagram for Calculating Doses from 
Atmospheric Releases .............. . 

Preliminary Dose Estimates from the Milk Exposure 
Pathway, 1945, 1946, and 1947 and Total 

Distributions of Doses for All Pathways, for Phase I 
Area Population, 1945-1947 ...... . 

Relative Importance of Different Pathways, Based on 
Median Values ............ . 

HEDR Preliminary Dose Estimates Compared with 
Background Radiation ............ . 

1.1 Timeline of Events Leading to Establishment of 
HEDR Project . . . . . . . . . .... 

1.2 Hanford Site and Key Operating Facilities, 1944-1947 

1.3 Nuclear Fuel Cycle ..... . 

xi i 

xvi 

xvii 

xviii 

XX 

1.2 

1.4 

1.5 

1.4 Methods Used to Control Releases from Hanford Site Facilities. 1.6 

2.1 The HEDR Phased Approach 2.4 

2. 2 Phase I Study Area 2. 5 

2.3 Estimated Releases of Iodine-131 from Separations Plants 2.7 

2.4 Conceptual-logic Diagram for 
from Atmospheric Releases 

Calculating Doses 

2.5 County Census Divisions HEDR Phase I Study Area 

2.6 Model Domain Selected for Atmospheric Modeling . 

2.7 Calculated Concentrations of Iodine-131 on Sagebrush 
Based on 1944-1947 Meteorological Data Compared With 

2.8 

1983-1987 Meteorological Data ....... . 

Most Complicated feeding 
eEDR Area, 1944-1947 .. 

Regime used in the 10-County 

XXV 

2.8 

2.11 

2.14 

2.15 

2.20 

Draft 



2.9 Milk Producers and Processing Plants Located to Date, 
1944-!950 

2.!! Example Module 

3 .! 

3.2 

3.3 

3.4 

3.5 

Monthly Estimates of lodine-!3! Releases 
Separations Plants, !944-!947 ..... 

from the 

Comparison of HEDR and Previously Published Estimates 
of Annual Iodine-!3! Releases ........... . 

Calculated Concentrations of 
Sagebrush, December !945 .. 

lodine-!3! on 

Calculated Concentrations of Iodine-131 on 
Sagebrush, June 1g45 ........ . 

Calculated and Measured Concentrations of Iodine-131 on 
Sagebrush at Pasco, !945-!947 .......... . 

3.7 Comparison of Concentrations of lodine-131 on Sagebrush 
Estimated by HEDR and Measured . 

3.7 Per Capita Milk Surplus/Deficit 

3.8 Changes in the Population of the Richland Area 

3.9 Dose Estimates From the Milk Exposure Pathway, 
for the Phase I Study Area Population, !945-!947 

3.10 Decision Diagram for Estimating a Dose Category 

3.!! Preliminary Dose Estimates for Milk Exposure Pathway, 
1945-1947. . . . ................ . 

3.12 Milk Producers and Processing Plants Located to Date, 
1944-1950 .............. . 

3.13 Distributions of Doses from Vegetables ... 

3.!4 

3.15 

3.16 

Estimated Doses to Phase I Study Area Populations 
from the Inhalation and External Pathways .... 

Relative Importance of Various Pathways 
Based on Median Values ......... . 

HEDR Preliminary Dose Estimates Compared with 
Washington State Dose Estimates . .. __ .. _ 

xxvl 

2.22 

2.28 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

3.!0 

3 .!! 

3.12 

3 .!3 

3.14 

3.15 

3.!6 

3.17 

3.19 

Draft 



.. 

3.17 HEDR Preliminary Dose Estimates Compared with Measurement~ of 
Iodine-13! in Thyroid Glands of Hanford Workers . . . . 3.20 

3. !8 Average-Background Radiation Received by U.S. Residents 
over a 3-Year Span and over a Lifetime Compared with 
Preliminary Radiation Doses from the Milk Exposure 
Pathway . . . . . . . . . . . . . . . . . . . . . . . . 

TABLES 

2.1 Applicable HEDR Reports - Air Exposure Pathway ..... 

3 .I Estimated Monthly Iodine-131 Releases from Separations 
Plants, 1944-1947, curies .............. . 

xxvi i 

3.22 

2.2 

3 .2 

Draft 



• 



.. 

• 

1.0 INTRODUCTION 

1.1 PROJECT OBJECTIVES 

The primary objective of the HEDR Project is to estimate the radiation 
doses that people could have received from nuclear operations at the Hanford 
Site. The secondary objective is to make project records available to the 
public. Copies of project records are maintained in the Department of 
Energy - Richland Operations (DOE-RL) Public Reading Room in the Federal 
Building, Richland, Washington. 

1.2 PROJECT HISTORY 

The HEDR Project was prompted by mounting concern about possible health 
effects to the public resulting from more than 40 years of nuclear operations 
at the Hanford Site (Figure!.!). In !986, the Hanford Health Effects Review 
Panel--convened by the Centers for Disease Control at the request of the 
Washington State Nuclear Waste Board and the Indian Health Service--recom­
mended as a top priority that potential doses from radioactive releases at 
the Hanford Site be reconstructed. The Panel also recommended that a 
thyroid disease study be initiated. 

Representatives from the states of Washington and Oregon, from three 
regional Native American tribes, and from the U.S. DOE agreed that a dose 
reconstruction study should be funded by the DOE, be conducted by Battelle 
staff at the Pacific Northwest Laboratory, and be directed by an independent 
panel of scientists and state and Native American representatives. A TSP was 
deemed necessary to provide credible, independent scientific direction and to 
provide a forum for participation by the states, Native American tribes, and 
the public. 

Representatives from four Northwest universities selected the technical 
members of the independent TSP, which directs the dose reconstruction work. 
The TSP includes members with technical expertise in environmental pathways, 
epidemiology, surface-water transport, ground-water transport, statistics, 
demography, agriculture, meteorology, nuclear engineering, radiation dosim­
etry, and cultural anthropology. The TSP also includes individuals 
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representing the states of Washington and Oregon, cultural and technical 
experts nominated by the Native American tribes in the region, and an indi­
vidual representing the public. The TSP reviews, evaluates, and approves 
all technical decisions and reports. 

A separate thyroid-disease study is being conducted in the Hanford area 
by the Fred Hutchinson Cancer Research Center for the Centers for Disease 
Control. 

1.3 HANFORD SITE 

The Hanford Site in southeastern Washington State (Figure 1.2) was 
selected in 1943 as the location for the facilities used to produce plutonium 
for atomic bombs used in World War II. The fuel cycle is illustrated in Fig­
ure 1.3. Of the three primary processes, fuel fabrication, irradiation, and 
separation, separation resulted in the greatest releases of radionuclides to 
the atmosphere. The separation process is the focus of the Air Pathway 
Report. 

The first three nuclear reactors--B, D, and F--began operating in 1944 
and 1945. Chemical separation plants T and B were started up in December 
1944 and April 1945, respectively. After World War II ended in 1945, the 
reactors continued to irradiate uranium fuel and to produce plutonium. From 
1949 through 1963, six new reactors--H, DR, C, KW, KE, and N--and four new 
separations plants--C, REDOX, U, and PUREX--began operating. 

From 1964-1988, as the government needed less plutonium, it eventually 
closed all of its production reactors and separations plants, except the 
PUREX Plant. The PUREX Plant, which was shut down from 1972 to 1984, con­
tinues to be available to process plutonium from a backlog of irradiated 
fuel . 

1.4 MONITORING OF RADIOACTIVE MATERIALS FROM HANFORD 

The release of radioactive materials from Hanford was controlled through 
several steps (Figure 1.4). Operations were adjusted to meet guidelines of 
the t ime. Several types of guidelines were used (personnel exposure, envi­
ronmental concentrations, emissions). Processes were controlled by adjusting 
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FIGURE 1.3. Nuclear Fuel Cycle 

cooling times and process rates and by timing process operations to coincide 
with favorable weather conditions for diluting and dispersing releases to the 
atmosphere. 

Each of these measures and its relative importance in controlling emis­
sions changed as experience was gained in control and monitoring technology 
and as knowledge was developed about the potential for health effects from 
radiation exposure. Processes were adjusted and timed to result in releases 
that were considered safe (Gosline 1945). During early years of operation, 
releases and their potentials for exposing workers were compared with guide­
lines adopted from the medical community by Hanford health physicists (Wilson 
1987, Parker 1980). Regulatory standards were not adopted until the 1950s . 

Effluent monitoring, which began with the startup of Hanford facilities 
in 1944, consisted of measuring the amounts of radioactive materials vented 
to the atmosphere and released to soils and to the Columbia River. Measure­
ments of materials released to the river were reliable from startup, but 
efforts to develop the technology to accurately measure atmospheric releases 
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FIGURE 1.4. Methods Used to Control Releases f rom Hanford Site Facilities 

continued for several years before measurements became reliable. In the 
i nterim, atmospheric releases were estimated from process information and 
from estimated filter efficiencies (effluent filters were installed beginning 
in 1948) ( Ba 11 i nger and Ha 11 1989) . 

Meteorological measurements and observat ions of plume behavior began i n 
1943, in efforts to predict concentrations of atmospheric releases of radio­
active materials. It was determined early that releases should be confined 
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to meteorological conditions that would limit the possibility of worker 
exposures and that would result in maximum dilution by the atmosphere 
(Gosline 1945). 

Environmental monitoring was expanded to include measurements of radio­
activity in the air, on the ground, on vegetation, in food and wildlife, and 
in Columbia River water, drinking water, ground water, sediment, fish, and 
other aquatic life. Not until the mid-1950s, however, did researchers dis­
cover the possibility of milk as an important pathway for radioactive iodine 
(Parker 1956; Comar et al. 1957). Consequently, milk, the major pathway for 
iodine-131 exposure, a pathway that resulted in exposures of from 10 to more 
than 100 times as high as the inhalation pathway, was not monitored during 
the period of highest releases of iodine-131, 1945-1947. 

Monitoring of personnel for radiation exposure started when Hanford 
empl oyees first began working at the site (Wilson 1987). In addition to 
measuring external exposure by using pencil dosimeters, hand and foot count­
ers , and scans of clothing and extremities with Geiger counters, a bioassay 
program and limited scans of the thyroid glands of specific workers were also 
begun. The thyroid measurements provide an important check on exposures of 
offsite populations estimated by the HEDR Project, as described more fully by 
Ikenberry (1990). 

Potential radiation doses to offsite populations were reported for the 
first time in 1957. Estimates of these doses have been included in annual 
environmental monitoring reports ever since. As technology has improved, 
dose-calculation methods have evolved and improved. Through 1973, dose 
estimates were based on measurements of radionuclides in the environment and 
in foods. By 1974, concentrations of radionuclides in the environment had 
decreased to the point where dose estimates had to be based on modeling from 
measured or estimated releases. The decreases in environmental concentra­
tions of radionuclides originating from Hanford resulted from improved con­
trol technology, the closing of the original reactors, and the closing of 
major chemical processing facilities. 
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2.0 METHODS 

This section describes the conceptual and computational approaches used 
during Phase I to reconstruct potential radiation doses to offsite popula­
tions from atmospheric releases. Detailed descriptions of all aspects of the 
HEDR Project are available in the more than 20 supporting documents listed in 
Appendix A. Table 2.1 lists those HEDR reports that contain information 
about models and parameters used in Phase I. The approach is discussed in 
Appendix B. 

2.1 PHASE I AREA. TIME PERIODS. AND RADIONUCLIDES 

The HEDR project consists of four distinct phases (Figure 2.1). The 
first phase, a pilot or demonstration phase, was purposely limited in geo­
graphic coverage, time, radionuclides, and pathways. This limited scope 
influenced the selection of models and parameters and resulted in forms and 
ranges of distributions, some of which could have overestimated upper and 
lower values. 

Phase II is designated a review and testing phase, during which sensi­
tivity analyses will be used to identify the influences of key parameters, 
model structure, and dose estimates. Phases III and IV will be used to 
refine parameters, modify models, expand areas, extend time periods, and 
ensure that all key emissions of radioactive materials from Hanford will have 
been addressed. 

2 .1.1 Area 

The Phase I study area for the air pathway covers the 10 counties near­
est to the Hanford Site (Figure 2.2). This area was selected because it 
includes populations likely to have received a broad range of exposures, 
including the highest; because it includes a largely self-contained milk 
production/consumption area; and because atmospheric models applicable to a 
domain that encompassed the 10-county area were readily available. 
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TABLE 2.1. Applicable HEDR Reports - Air Exposure Pathway 

Topic Title 

Demography, Food Con- Demographic, Agricultural , Food 
sumption, Lifestyle Consumption, and Lifestyle 

Research for the Hanford 
Environmental Dose Reconstruc­
tion Project, PNL-6834 HEDR 

Population Estimates for 
Phase I, PNL-7263 HEDR 

Estimates of Food Consumption, 
PNL -7260 HEDR 

Facility Operations A History of Major Hanford 
Operations Involving Radioactive 
Material, PNL-6964 HEDR 

Thyroid Measurements Evaluation of Thyroid Radio­
activity Measurement Data From 
Hanford Workers, 1944-1946, 
PNL-7254 HEDR 

Atmospheric Transport Atmospheric Transport and Dis­
persion Modeling for the 
Hanford Environmental Dose 
Reconstruction Project, 
PNL-7198 HEDR 

Source Term 

Atmospheric Transport Modeling 
and Input Data for Phase I of 
the Hanford Environmental Dose 
Reconstruction Project, 
PNL-7199 HEDR 

MESOILT2, A Lagrangian Trajec­
tory Climatological Dispersion 
Model, PNL-7340 HEDR 

Radionuclide Sources and Radio­
active Decay Figures Pertinent 
to the HEDR Project, PNL-7177 
HEDR 

2.2 

Author, Date 

Beck, OM, et al., 
1989 

Beck, OM, 1990 

Callaway, M, 1990 

Ballinger, MY, and 
Hall, RA, 1989 

Ikenberry, T, 1990 

Ramsdell, JV, 
1989 

Ramsdell, JV, and 
Burk, KW, 1989 

Ramsdell, JV, 1990 

Heeb, CM, 1989 
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Topic 

Source Term (contd) 

Milk Production 
and Distribution 

Vegetation 
Concentrations 

. .. 

TABLE 2 .1. ( contd) 

Title 

Uncertainties in Source Term 
Calculations Generated by the 
ORIGEN2 Computer Code for 
Hanford Production Reactors, 
PNL-7223 HEDR 

Selection of Dominant Radio­
nuclides for Phase I of the 
HEDR Project, PNL-7231 HEDR 

Fission-Product Iodine During 
Early Hanford-Site Operations: 
Its Production and Behavior 
During Fuel Processing, Off-Gas 
Treatment, and Release to · the 
Atmosphere, PNL-7210 HEDR 

I-131 in Irradiated Fuel at 
Time of Processing From December 
1944 Through December 1947, 
PNL-7253 HEDR 

Milk Cow Feed Intake and Milk 
Production and Distribution 
Estimates for Phase I, PNL-7227 
HEDR 

Author/Date 

Heeb, CM, 1989 

Napier, BA, 1990 

Burger, LL, 1989 

Morgan, LG, 1990 

Beck, OM, 1989 

Summary of Workshop on Milk Beck, OM, et al., 
Production and Distribution, 1989 
November 30, 1988 - HEDR Project, 
PNL-6975 HEDR 

Preliminary Summaries for 
Vegetation, River and Drinking 
Water and Fish Radionuclide 
Concentration Data (DRAFT), 
PNL-SA-17641 HEDR 

2.3 
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1989 
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PHASE I 

Model Develooment & Testinl! 

• Select limited scope: 
geographical area, time period, 
radionuclides, populations 

• Find, evaluate, and summarize 
historical data 

• Develop conceptual & mathematical 
models and incorporate uncertainty 

• Apply models/data to limited scope 
to test the model 

• 

PHASE II 

Sensitivitv!Uncertaintv Analvsis 

• Evaluate Phase I model results 

• Identify key parameters for dose 
calculation via sensitivity analyses 

• Determine feasibility/value of reducing 
uncertainty in parameters 

• Propose to expand scope (geographic 
area, time period, populations) in 
context of established dose threshold 

• Recommend action to reduce 
uncertainties and recommend changes 
in conceptuaVmath models 

FIGURE 2.1 . The HEDR Phased Approach 

PHASE III 

Exoansion and Refinin2 

• Expand scope as warranted by Phase II 
work 

• Reduce uncertainty in key parameters 
per Phase II recommendations 

• Modify models per Phase II 
recommendations 

PHASE IV 

Dose Calculation 

• Calculate final estimated doses 

• . . . . 
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FIGURE 2.2. Phase I Study Area 

2.1.2 Radionuclides and Time Periods 

The largest atmospheric releases of radionuclides that could have 
resulted in significant doses to offsite populations originated from the 
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chemical separation of irradiated fuel during the early years of operation . 
During this time, effluent-control technology was limited , as was knowledge 
about the behavior of radionuclides in the environment and in man . Of the 
many radionuclides produced at Hanford that could have been released to the 
atmosphere during the early years, iodine-131 had the potential to result in 
large doses to offsite populations. Napier (1990) , in a review of dominant 
radionuclides, concluded that atmospheric releases of iodine-131 could have 
accounted for more than 90% of doses received from all radionuclides and 
pathways from 1944-1947. Anderson (1974) also estimated this period to 
account for more than 90% of all atmospheric releases of iodine-131 from t he 
Hanford Site (Figure 2.3). Therefore, for the air pathway portion of 
Phase I, iodine-131 was selected as the radionuclide of interest , and 1944-
1947 was selected as the t i me period. 
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FIGURE 2.3. Est imated Releases of Iodine-131 from Separations Pl ants 
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2.2 EXPLICIT INCORPORATION OF UNCERTAINTY 

An integral part of the dose-estimation process used in the project is 
assessing the uncertainties in those estimates using uncertainty and sensi­
tivity analyses. Uncertainty and sensitivity analyses are needed because an 
individual's dose from exposure to radionuclides cannot be reconstructed with 
compl ete certainty . Uncertainty analyses are conducted to estimate lower and 
upper limits that are likely to include the true dose the person received . 
Moreover, a distribution of dose estimates is obtained to assess the likeli­
hood of a person having received a dose anywhere within the upper and lower 
limits. The sensitivity portion of the analysis is conducted to identify 
those model parameters that most influence the estimates of dose and their 
uncertainties. Identifying important parameters helps to focus future work 
aimed at reducing dose uncertainties. 

2.3 CONCEPTUAL AND COMPUTATIONAL APPROACHES 

A simplified project conceptual-logic diagram for calculating doses from 
atmospheric releases is shown in Figure 2.4. Generic pathways are submersion 
in contaminated air, inhalation of contaminated air, exposure to surfaces 
contaminated from atmospheric deposition, consumption of contaminated food 
crops, and consumption of contaminated animal products. Animal products 
complicate calculations, because the feed consumed by the animal may come 
from areas distant from the animal's location, and in the case of milk, the 
product may be shipped to processing and accumulation centers and then 
redistributed. The process of identifying parameters that describe each of 
the terms in the equation is described below. 

Although the modular construction used for the dose code in Phase I has 
several advantages, it has the disadvantage that correlations are lost, and 
are not used in subsequent calculat ions. The effects of this loss of corre­
lation information on Phase I dose estimates is being evaluated by coding a 
reduced version of the Phase I dose model . This reduced code conducts a 
nonmodular Monte Carlo estimat ion of doses such that correlation information 
is not lost. 
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The reduced code was used to obtain dose estimates for a county subdi­
vision where relatively high doses from milk consumption were expected. A 
major concern with loss of correlation information is in calculating the 
total dose from the different pathways. Because the Phase I doses are 
reported in terms of individual pathways instead of the total dose, the bias 
in doses resulting from loss of correlation information is insignificant. 
Additionally, the project so far shows that even when combining the doses 
from the different pathways into a total dose, the loss of correlation infor­
mation does not appear to significantly affect calculated doses. The modular 
approach will be evaluated further for iodine-131 and other radionuclides, 
and the dose code will be modified to eliminate any loss of correlation 
information that is found to significantly affect estimates of dose. 

The computer code for estimating doses obtains a dose distribution for 
each of the 36 months in the 1945-1947 Phase I period for each type of 
reference individual. For each reference individual, these monthly distri­
butions were converted to a dose distribution for each of the 3 years and for 
the 3 years combined by randomly selecting a dose from each month's dose dis­
tribution and adding these 12 dose estimates together to get the dose for 
1 year. This random selection and addition process was repeated 1000 times 
to generate the dose distribution for the 12-month period. The same proce­
dure was used to obtain the total (3-year) dose. 

2.3.1 Scale for Spatial and Temporal Resolution 

This section discusses how the scales for spatial and temporal resolu­
tions were selected for the dose reconstruction model. 

2.3.1.1 Spatial Resolution 

A project similar to HEDR, the Off-Site Radiation Exposure Review 
Project (ORERP}, is reconstructing doses from releases of radionuclides from 

• the DOE's Nevada Test Site, using county-level grids, with specific locations 
sometimes superimposed (Dose Assessment Advisory Group, Final Report, 1987). 
For releases from the Hanford facilities, it was quickly determined that the 
county grid would be too coarse, because atmospheric concentrations and depo­
sition could be shown to vary significantly within individual counties. A 
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simple rectilinear grid was found to be too inflexible, because no grid could 
be devised that did not have undesirable features such as the splitting of 
major population centers. 

Demographic data are available mostly from the U.S. Census, and census 
divisions were found to be essentially unchanged over most of the potential 
study period, from initiation of Hanford operations in 1944 to the present . 
The census divisions were originally developed by the Census Bureau to 
create stable enumeration districts. Consideration was given in their 
development to trade and service areas, principal settlements, and major land 
uses and physiographic differences. The census divisions also tend to follow 
political boundaries such as township and range lines, which in much of the 
potential study area also tend to follow a fairly regular grid pattern. Each 
of these characteristics is favorable for use by the project . Therefore, the 
county division was selected as the basic unit of spatial area, with some 
minor modifications (usually combinations of very small adjacent divisions, 
although division of large areas into smaller ones also was done). The 
initial divisions selected for study are shown in Figure 2.5 . 

2.3.1.2 Temporal Resolution 

Meteorological data used to describe the atmospheric transport of 
released radionuclides are available in hourly intervals for much of 
Hanford's history. Census data on locations and numbers of exposed indi­
viduals are available for every decade. Reference dietary data are available 
on a seasonal basis, at best. Furthermore, it seems unreasonabl e to expect 
most people to remember habits and activities from up to 45 years ago on 
anything better than a seasonal or monthly basis . For some periods, data on 
releases from the Hanford Site facilities and on monitoring of environmental 
contamination resulting from those releases are available only from archived 
monthly reports. From these considerations, the unit of months was selected 
as the project temporal resolution for Phase I . 

2.3.2 Calculating and Compiling Source-Term Data 

For the atmospheric releases in the 1940s, t he project focused attention 
on releases from the two major sources: the B-Pl ant and T- Plant chemical­
separations facilities that were used to dissol ve the i rradiated fuel and 
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FIGURE 2.5. County Census Divisions in HEDR Phase I Study Area 

extract the desired plutonium product (Figure 1.2). Specific process opera­
tions . emission controls, and waste-management practices were identified, and 
estimates of releases were prepared. These estimates were based on available 
emission-monitoring data and knowledge of probable operating conditions. In 
the early years of Hanford Site operations, technology did not permit 
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monitoring for specific radionuclide emissions. Therefore, for Phase I 
calculations, modeling of emissions was required. 

The estimates of the iodine-131 content of discharged fuel were based on 
records and reports that provided the basic irradiation history and cooling 
time intervals between discharge from reactor and dissolution of the fuel at 
B-Plant and T-Plant. An equation that gives the iodine-131 content at the 
time of dissolution was used. The equation is a rigorous solution to the 
differential equation describing the buildup and decay of iodine-131 in the 
reactor and its decay after discharge. The values of nuclear parameters in 
the equation were taken from the ORIGEN2 (Croff 1980a,b) code and associated 
nuclear-data library. These values were chosen to assure continuity of data 
sources with subsequent HEDR Project activity, which will use ORIGEN2 to 
estimate amounts of other dominant radionuclides. The total iodine-131 
inventory at dissolution was then calculated by multiplying the iodine-131 
content by the amount of fuel dissolved. 

Source-term data for iodine-131 releases were prepared as total activity 
per month released using estimates for the fraction of dissolved iodine-131 
that was released to the atmosphere (release fraction). A triangular distri­
bution bounded by upper and lower estimates of the potential releases was 
used to describe the uncertainty in releases resulting from a lack of know­
ledge. The upper and lower bounds were based on limits of the control tech­
nology in place at the time iodine-131 releases occurred. 

2.3.2.1 Meteorological Model 

Concentrations of radionuclides of Hanford or1g1n in air and subsequent 
deposition rates onto vegetation and the ground can conceptually be deter­
mined either from monitored values or from calculations. For the period of 
interest in Phase I, reliable monitoring data are limited to areas on and 
immediately adjacent to the Hanford Site and are not available for most of 
the grazing season of the period of highest releases, 1945. It was neces­
sary, therefore, to develop a modeling capacity. The model selection process 
is described in Ramsdell (1989). 

An interim atmospheric transport and dispersion model was developed for 
Phase I by modifying an existing version of the MESOI code (Ramsdell, Athey, 
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and Glantz 1983). The HEDR-modified version, called MESOILT2 (Ramsdell 
1990), simulates the transport and diffusion of continuous plumes by dividing 
the plume into discrete increments, referred to as "puffs." The code gene­
rates puffs every 15 minutes at the source; the puffs are transported by 
historical wind fields until they leave the model domain. As the puffs move, 
they expand (i.e., diffuse) in response to turbulence, and airborne material 
is deposited as it comes in contact with the ground surface or is washed out 
by precipitation. The code also simulates radioactive decay. The winds and 
atmospheric stability data used by the model are updated each hour. Addi­
tional details concerning the structure of MESOILT2 are given in Appendix A. 
The code has been fully documented in Ramsdell (1990). 

A square model domain--240 km on a side centered at 46" 37' 30" N lati­
tude, 119" 00' W longitude--was selected for atmospheric transport modeling 
in Phase I (Figure 2.6). Physically, the domain extends from the Cascade 
Mountains east to approximately the Washington-Idaho border and from Spokane 
south to just beyond Pendleton. Factors considered in selecting the model 
domain for Phase I included prevailing weather patterns, topography, and the 
limitations of the interim atmospheric-transport modeling approach. 

MESOILT2 was used to compute monthly average radionuclide concentrations 
in the atmosphere, monthly average rates of radionuclide deposition, and 
month-end surface contamination. These estimates were made at nodes within 
the model domain for a constant monthly release of iodine-131 from a stack 
between the 200-W and 200-E Areas (Figure 1.2). 

Atmospheric transport calculations were based on meteorological condi­
tions for January 1983 through December 1987 because the meteorological data 
for 1944 through 1947 were not available in time to be used in the Phase I 
atmospheric-transport calculations. The data available for 1983 to 1987 
included wind speeds and directions from more than 20 locations on and 

• adjacent to the Hanford Site and from 12 additional locations in eastern 
Washington, eastern Oregon, and northern Idaho. Figure 2.6 shows these loca­
tions relative to the model domain and the 10-county region. 

Meteorological data for 1944-1947 became available after the Phase I 
atmospheric transport and diffusion calculations were completed. Transport 
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FIGURE 2.6. Model Domain Selected for Atmospheric Modeling 

and diffusion were recalculated using these data , as can be seen from Fig­
ure 2.7, which compares estimates of concentrations of iodine-131 on sage­
brush using both sets of meteorological data. Estimates made with the 
1983-1987 meteorological data do not differ great ly from those made with the 
1944-1947 data. Thus, it is reasonable to conclude that using the 1983-1987 
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FIGURE 2.7. Calculated Concentrations of Iodine-131 on Sagebrush (~i/kg) 
Based on 1944-1947 Meteorological Data Compared With 1983-1987 
Meteorological Data (Benton and Franklin county census 
divisions) 

meteorological data in Phase I does not invalidate the results of the 
calculations or prevent the achievement of Phase I objectives. 

When the MESOILT2 computations were complete, a post-processor computer 
program was used to compute monthly average atmospheric concentrations, depo­
sition rates, and month-end surface contamination for the HEDR census divi­
sions. The post-processor program also computed a measure of the uncertainty 
of the census division values. The measure of uncertainty is a standard 
deviation for a log-normal distribution. The standard deviations are based 
on variations in meteorological conditions from year to year and within the 
census divisions. They also consider basic uncertainty in the model. 
Because meteorological data from 1983 to 1987, rather than the actual 
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meteorological data for 1944-1947, were used in the model, the concentrations 
for each census division should be considered typical values, rather than 
estimates, for any specific year. 

The wind fields in the vicinity of the Hanford Site are well defined in 
the 1983 to 1987 data set because data from the Hanford Telemetry System are 
included. This system, which provides wind measurements at more than 
20 locations on and adjacent to the Hanford Site, did not exist before 1979. 
Consequently, in future phases of the HEDR Project, when atmospheric trans­
port is estimated for specific years, it will be necessary to model atmos­
pheric transport with a meteorological data set that has limited data near 
the release points. Methods for minimizing the effects of this data limita­
tion are being explored. In Phase I, the 1983 to 1987 telemetry data were 
examined to determine whether any well-defined, local (on the Hanford Site) 
wind-field patterns occur regularly. Six patterns were identified. 

2.3.2.2 Deposition/Interception 

Evaluation of the atmospheric transport and deposition of radionuclides 
on soil and vegetation is one of the major activities of the HEDR Project. 
Initial sensitivity studies for the iodine-air-cow-milk pathway indicated 
that the uncertainty of the deposition and vegetation uptake parameters 
accounted for much of the uncertainty in the dose estimates. 

The flux of radionuclides to the ground and vegetation is proportional 
to the radionuclide concentration in the air just above the surface, with a 
constant of proportionality that is called a deposition velocity. Deposition 
velocities are generally determined experimentally. Sehmel (1980) summarizes 
the data for iodine-131 obtained prior to the Chernobyl reactor accident. 
The reported deposition velocities range from less than 0.001 to 0.1 m/s, 
with a large number of values near 0.01 m/s. Seinfeld (1986) also shows a 
larger range of deposition velocities for iodine, with a value of 0.01 m/s 
near the middle of the range. MESOILT2 assumes a constant value of 0.01 m/s 
for the deposition velocity of iodine-131 (see Section 2.3.2.3, "Vegetation 

Model," for further discussions). 

Radionuclides deposited on the ground and vegetation are no longer 
available in the atmosphere. MESOILT2 uses source depletion to account for 
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the effects of deposition on air concentrations. This method maintains a 
mass balance, but it is not totally realistic from a physical standpoint. 
The use of a constant deposition velocity can overestimate surface contami­
nation near the source and underestimate that at long distances. Other 
methods of accounting for deposition will be evaluated in later phases . 

Theory, supported by research, indicates that deposition velocities are 
related to the type of material and its physical properties, wind speed, 
atmospheric stability, and the nature of the surface (Sehmel 1980, Seinfeld 
1986). During Phase II, MESOILT2 will be modified to compute deposition 
velocities for each puff at each time based on radionuclide properties and 
atmospheric and surface conditions. 

More detail on the evaluation of deposition and interception is found in 
Appendix B. 

2.3.2.3 Vegetation Model 

Radionuclide concentrations in vegetation may be obtained either from 
calculations based on source term, physical transport, and deposition or from 
environmental measurements. Both approaches are being used in the project's 
computational scheme. 

Crop types considered in the model include those eaten directly by 
humans and those consumed by animals: leafy vegetables, other vegetables, 
frui t s, and grains for direct consumption, and pasture, silage, hay, and 
grai n for animals. 

The original Hanford model for deposition/interception incorporated a 
"deposition velocity" term with a constant interception fraction (Soldat and 
Harr 1971). Combined with a feed-to-milk transfer factor, this model pro­
vided an accurate prediction of milk concentrations for the Hanford environ­
ment . Recent results of the Biospheric Model Validation Study (BIOMOVS), 
presented at the VII Workshop in Tokyo, Japan, November 7-10, 1988, but not 
yet published, indicate that this formulation tends to underpredict the 
concentrations on the grass but to overpredict the transfer from grass to 
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milk, so that the final answer is in the right range. The observation of 
underprediction of deposition/interception is observed by Pinder et al. 
(1989). 

The current Hanford model (Napier et al. 1988) uses a variable intercep­
tion fraction that is a function of vegetation biomass. The interception 
fraction, based on the model of Chamberlain (1970), generally results in a 
higher value of interception than the older constant fraction. The 
Chamberlain model is an empirical fit to a large amount of data, relating 
both to iodine and particulate radionuclides. 

The model for interception fraction is variable as a function of plant 
biomass and moisture content, which means it is a function of crop type and 
time of year. This model should explain most of the variability seen in 
previously published environmental measurements. Monthly values of biomass 
of each type of crop were developed for use in this model (Appendix C) . 

Uptake of radionuclides by plants through the roots was addressed 
through the application of a soil-to-plant concentration ratio . This is a 
steady-state concept, but it is approximately correct for the month-long 
accumulation periods used in the remainder of the model. 

Weathering of deposited material from vegetation surfaces was estimat ed 
with a weathering half-life. This rate constant can vary between about 5 and 
18 days. A triangular distribution centered on 14 days, with upper and lower 
limits of 5 and 18 days, respectively, was used to describe the uncertainty 
in the correct value. 

Monitoring data for the mid-1940s provide a second estimate of the 
vegetation concentrations resulting from Hanford releases. These data were 
corrected to account for past errors in estimating iodine-131 concentrations 
on vegetation. 

The corrected, previous vegetation data were then compared with Phase I 

calculated results. 
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2.3.2.4 Agricultural Model 

The concentration of radionuclides in animal products depends on the 
concentration in the animals' feed and on how much feed the animal consumes. 
Four basic types of feed (pasture, silage, hay, and grain) were considered . 

Four prototypical feeding regimes are considered for milk cows. The 
simplest of these is a family cow that is fed grass hay year round, with a 
minor grain supplement. This regime was used in nonirrigated areas. Another 
feeding regime used in nonirrigated areas combin~s locally produced alfalfa 
hay with a grain supplement. A slightly more complicated feeding pattern is 
pasture supplemented with both hay and grain. This pattern could fit either 
a family cow or a small herd of dairy cows. The most complicated regime 
incl udes pasture, hay, grain, and silage. The feed may be stored for a 
peri od of time before being fed to the cow. 

The feeding regimes were developed from information in the Yakima County 
Dairy Herd Improvement Association publications and from the expert opinions 
of dairymen, farmers, ranchers, and agricultural extension agents who are 
familiar with conditions in the dairy industry during 1944-1947 (Becket al. 
1990). The feeding regimes were allocated to the county census divisions 
based on the availability of irrigation during 1944-1947. The dates used to 
start and stop the various portions of the feeding regimes are linked to 
local variations in climate during the Phase I period. 

A graphical representation of the most complicated feeding pattern is 
given as Figure 2.8 (adapted from Ward and Whicker 1987). Because there is 
considerable uncertainty in the reconstruction of these feeding patterns from 
over 40 years ago, associated uncertainties are addressed by using high and 
low estimates in addition to the central estimate. These are incorporated in 
the ~odel through a triangular distribution of each fraction. 

The amount of contaminant transferred from the feed to the animal pro­
duct depends on the time of year and on the age, health, and state of lacta­
tion of the producing animal. The transfer of radionuclides to products also 
vari es naturally for individual animals. These variabilities are addressed 
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FIGURE 2.8. Most Complicated Feeding Regime (pasture, alfalfa hay, grain, 
and silage) used in the 10-County HEDR Area, 1944-1947 

through the use of a distribution of transfer factors . A matrix of 
radionuclide- and product-dependent transfer factors from the l i terature has 
been established, with the distributions incorporated through associated 
high and low values (see Appendix B). 

Food Product Distribution. Food products such as milk may be consumed 
directly by members of the producing farm fami ly, or they may be sold . Most 
products sold were purchased for redistribution by distributors (e.g., milk 
purchases by creameries). These distributors tend to blend or average their 
inventory over a number of producers. The average radionuclide concentration 
of a product (fresh milk, cottage cheese, sour cream, etc . ) available from a 
distributor is calculated via accumulation-fraction arrays, defining the 
fraction of the product at each distribution center that originated in the 
HEOR county subdivision by month. These , too, have associated estimates of 
high and low values to account for uncertainty in the reconstruction of the 
actual di stri bution patterns for the times of interest (Becket al . 1990) . 
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Information on milk production and distribution was gathered from 
U.S. Census of Agriculture data, Washington State Dairy Products Commission 
statistics, and interviews with retired dairy-industry employees. This 
information was used to identify the major milk-producing regions and the 
names of the commercial dairy producers and processing plants (Figure 2.9) . 
Dairy brand market shares for each HEDR county census division were developed 
by eliciting information from a dairy-industry expert (Becket al. 1990). 

Some individuals consumed products from gr.ocery stores, which may at 
times have changed distributors or sold items from competing distributors. 
Concentrations in these instances are averaged over the possible sources 
through distribution arrays. These distribution arrays provide the fraction 
of the product consumed in each county subdivision tract that was provided by 
each distributor (Becket al. 1990). Associated uncertainty arrays were also 
prepared to provide triangular distributions of the probability of the 
distribution fraction. 

2.3.2.5 Biological and Oemograohic Models 

The demographics of each county census subdivision are accounted for by 
providing estimates for individuals with different ages, sexes, diets, and 
general lifestyles. 

Calculations of radiation doses require information on intake of radio­
nuclides, uptake by the body, distribution and retention of the radionuclides 
in various organs, and information on the impacts on the various organs of 
radionuclide decay in other organs. The intake information is being devel­
oped as a major portion of the HEDR Project. Uptake, distribution, and 
retention of radionuclides in the body are functions of the chemical and 
physical forms of each particular element. For metabolism, data are avail­
able for adults, and limited data for other age groups are available. 

2.3.2.6 Age Groups 

Seven age groups (with the inclusion of fetal thyroid) will eventually 
be considered. For Phase I, only the adult (20 years and older) and infant 
(0-1 years) categories were investigated. Each age group will also be 
subdivided into males and females. 
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FIGURE 2.9. Milk Producers and Processing Plants Located to Date, 1944-1950 
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2.3.2.7 Population Groups 

County population estimates were developed using the ratio-correlation 
procedure. County census division population shares and age-group estimates 
were developed using various census-year interpolation techniques (Beck 
et al. 1989) . 

The general population determined for each of the census subdivisions 
within the Phase I 10-county study area is further subdivided into urban and 
rural "lifestyle" categories. With the large number of subpopulation cate­
gories, and the very limited occupation information available, the data could 
not support a further breakdown of the population into smaller groups. Data 
on the food habits of Native Americans in and near the Phase I area are being 
collected and will be incorporated in later runs of the Phase I model. 

2.3.2.8 Food Types 

The consumption of contaminated food was a major pathway of exposure for 
people who lived in the Hanford environs from 1944-1947. A number of differ­
ent general food types were identified as potentially important. These 
general categories are the ones typically used in radiological evaluations 
and are available in the preliminary mathematical models being used for HEDR 
sensitivity studies and Phase I initial development. Unfortunately, these 
categories do not correspond very well with the raw dietary survey informa­
tion available. 

The raw data available from U.S. Department of Agriculture dietary 
surveys tend to list foods under the common names, brand names, or mixture 
names {e.g., stew), which do not correspond to generic "meat" or "grain" 
categorizations. 

Various ways of categorizing foods were investigated. Some overlap of 
categories is probably inevitable. Early HEDR sensitivity studies indicate 
that the primary exposure pathways for the atmospheric releases in the 
mid-1940s were fresh milk and other fresh milk products and fresh leafy vege­
tables. Fresh fruits were also important, depending on the quantities con­
sumed. Other farm products such as grains or meats were of lesser 
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importance. These results imply that most of the dose will be received from 
eating locally produced fresh produce and dairy products. 

For each category of "reference individual" (individuals that share 
location, lifestyle, age, etc.), distributions were prepared on the monthly 
consumption rates of the following foods (Callaway 1990): 

• leafy vegetables 
• other (protected) vegetables and root vegetables 
• grains (generally dried and stored) 
• orchard fruits, berries, melons 
• milk. 

Because the aquatic pathway was not included for the 1944-1947 period, 
fish were not considered. Phase I assumed that all vegetables and fruits 
were produced locally. HEDR modeled in detail the production and 
distribution of milk, because this product is the most important for 
iodine-131. 

Input to the calculational system is via arrays of consumption rates as 
a function of age, lifestyle, and month. Associated arrays of high and low 
estimates of consumption rates are used to describe uncertainty in the 
consumption-rate values. 

2.3.2.9 Model Structure 

The logic diagram of Figure 2.4 indicates that the calculation of dose 
is broken into modules. These modules represent individual portions of the 
computer code that can be run in a stochastic simulation (Monte Carlo analy­
sis). The modular structure was used for three reasons. First, because the 
cow/feed/milk distribution model is interconnected , doses cannot be calcu­
lated for individuals in a particular census subdivision without knowing the 
environmental conditions in many other locations. The dose calculations 
have been structured so that repet itive calculations are minimized; infor­
mation on the potential distributions of environmental parameters such as 
air, vegetation, or milk concentrations can be saved and examined for each 
period. 
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Second, the modular structure of the model allows the input of either 
calculated or measured data at each step of the calculation. For Phase I 
only calculated values were used. 

Finally, the modular structure supports the calculation of doses to both 
·~ reference and specific individuals. This flexibility is important, because 

the dose reconstruction project is supporting a parallel project being con­

• 

' 

• 

0 • 

ducted by Fred Hutchinson Cancer Research Center (FHCRC) for the Centers for 
Disease Control. The FHCRC is investigating thyroid disease that might have 
been caused by the atmospheric releases from Hanford in the 1940s and 1950s. 
The FHCRC will be interviewing many individuals about their past lifestyle 
and dietary habits and will be attempting to correlate estimated doses with 
thyroid disease. The HEDR computational model will be used to calculate 
doses for the FHCRC interviewees. 
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3.0 RESULTS AND DISCUSSION 

This section presents preliminary results of the Phase I air pathway 
dose reconstruction. The results are compared with previously published 
source-term, vegetation-monitoring and thyroid-count data, to background 
radiation, and tb historical regulatory standards. Potential sources of 
uncertainty in the results are also discussed . 

3.1 SOURCE TERM 

Monthly estimates of iodine-131 releases from the separations plants 
during December 1944 through December 1947 are tabulated in Table 3.1 and 
illustrated in Figure 3.1 (Morgan 1990). The estimates of average annual 
total releases agree well with previously published estimates of annual 
releases (Anderson 1974), as illustrated in Figure 3.2. Much of the uncer­
tainty in these estimates is due to uncertainties in the release fraction, 
the proportion of potentially releasable iodine that actually was vented 
(released to the atmosphere). Previously published estimates of the release 
fraction vary from 50 to about 80%. The Phase I values that were used were 
50 to 85%, with a best-estimated value of 75%. Several other factors, such 
as incomplete historical records and imprecision in cooling-time estimates, 
were likely to contribute to uncertainty in the source term. 

3.2 AIR AND VEGETATION CONCENTRATIONS 

Figures 3.3 and 3.4 show typical winter and summer modeled concentra­
tions of iodine-131 on sagebrush are shown as monthly average values by 
county subdivision. These geographic patterns also reflect air concentra­
tions of iodine-131. The pattern of concentrations is seasonally dependent. 
Because of these fluctuations, monthly air concentrations at specific 
locations do not necessarily reflect monthly differences in iodine-131 
releases. 

Comparisons of calculated sagebrush concentrations with measured values 
at locations where sufficient measured values exist indicate that the 
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TABLE 3 .1. Estimated Monthly Iodine-131 Releases from 
Separations Plants, 1944-1947, curies 

50 % 75 % 85 % 
Year Month Release Release Release -------- -------- -------- -------- --------
1944 December 1055 1583 1794 .. 
1945 January 675 1013 1148 
1945 February 835 1253 1420 
1945 March 1120 1680 1904 .. 
1945 April 13600 20400 23120 
1945 May 38000 57000 64600 
1945 June 19861 29791 33763 
1945 July 17206 25808 29249 
1945 August 24055 36082 40893 
1945 September 29490 44234 50132 
1945 October 31264 46896 53149 
1945 November 13077 19616 22231 
1945 December 22005 33007 37408 
1946 January 6321 9482 10746 
1946 February 2740 4109 4657 
1946 March 2507 3761 4262 
1946 Apri 1 5398 8097 9177 
1946 May 5190 7784 8822 
1946 June 2450 3674 4164 
1946 July 2632 3948 4474 
1946 August 4607 6911 7832 
1946 September 3567 5350 6063 
1946 October 2578 3866 4382 
1946 November 2780 4169 4725 
1946 December 3095 4643 5262 
1947 January 3474 5210 5905 
1947 February 1562 2342 2655 
1947 March 1984 2976 3373 
1947 Apri 1 1995 2993 3392 
1947 May 1949 2923 3312 
1947 June 721 1082 1226 
1947 July 891 1337 1515 
1947 August 554 831 942 
1947 September 490 734 832 
1947 October 208 312 354 
1947 November 169 253 286 
1947 December 183 275 311 • 
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FIGURE 3.1. Monthly Estimates of Iodine-131 Releases from the 
Separations Plants, 1944-1947 

calculated (modeled) and measured values are in good agreement (Figure 3.5). 
The modeled values appear to underestimate winter concentrations at the 
selected locations and to slightly overestimate summer concentrations. 
Because of detection-limit problems, the substantially greater measured con­
centrations in the latter part of 1947 do not accurately indicate differ­
ences. Agreements between cumulative modeled and cumulative measured values 
for a period when the measured values are most reliable indicate remarkably 
good agreement (Figure 3.6). 

3.3 MILK PRODUCTION AND DISTRIBUTION 

Thyroid doses are highly sensitive to the location of milk production. 
A considerable amount of the milk in the Phase I area was produced upwind and 
consumed downwind. Figure 3.7 illustrates excess and deficit milk production 
by county. Also, most of the milk sold during Phase I was used for producing 
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FIGURE 3.5. Calculated and Measured Concentrations of Iodine-131 on 
Sagebrush at Pasco, 1945-1947 

milk products such as cheese, powdered milk, sour cream, and canned milk. 
Details concerning the dairy industry during the Phase I period are available 
in Becket al. (1990). 

3.4 MILK CONCENTRATIONS 

Geographic patterns of estimated concentrations of iodine-131 in milk 
produced locally reflect typical air and vegetation concentrations during the 
summer. Seasonal changes in milk concentrations doe not include possible 
contributions to iodine-131 in milk from the ingestion of contaminated soil 
and inhalation of contaminated air by the dairy cows; these factors will be 
addressed in Phase II. Differences in milk concentrations as influenced by 
dairy cow feeding practices range widely. It is clear that the highest 
concentrations of iodine-131 in milk can be expected immediately downwind in 
areas where dairy cows were on pasture. Lowest concentrations occurred 
upwinc and in milk from dairy cows not on pasture during the grazing season. 
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FIGURE 3.6. Comparison of Concentrations (median values) of Iodine-131 
on Sagebrush Estimated . by HEDR and Measured 

3.5 POPULATION DISTRIBUTIONS 

The relative si ze of the county census divisions within the Phase I 
study area reflect relative populations densities . The greatest changes in 
populations near the Hanford Site, and therefore the most critical changes 
for developing an assessment of population doses, occurred in Richland, as 
depicted in Figure 3.8. 

3.6 INGESTION DOSES 

Distributions of doses were calculated for "reference" individuals, 
individuals who shared combinations of characteristics such as age, sex, 
lifestyle, food habits, and geographic location . These distributions were 
also combined into distributions representing selected populations . 
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FIGURE 3.8. Changes in the Population of the Richland Area 

Preliminary Phase I doses estimated for the period 1945, 1946, and 1947 
and summed over 1945-1947 from the consumption of milk contaminated with 
iodine-131 for the Phase I study area population are illustrated in Fig-
ure 3.9. These population distributions provide information about the range 
of doses, the percent or probability of doses bei ng greater than any 
selected dose value , the percent or estimated number of individuals whose 
doses range between any two values, and the median dose. Distri butions for 
each county census division, age group, milk source, and dairy cow feeding 
regime considered during Phase I can be found in Appendix D. 

One approach to enabling individual s who l ived in the Phase I study area 
during 1945-1947 to roughly gauge their doses from the milk pathway is a 
decision diagram such as Figure 3.10. By answeri ng questions with either 
yes or no, individuals can narrow uncerta inties about their relative doses to 
one of 13 categories. The ranges and med ians for each of the categories are 
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FIGURE 3.10. Decision Diagram for Estimating a Dose Category 
(See Figure 3.11 for estimated dose ranges) 

shown in Figure 3.11. Category 13 consists of infants who lived 
downwind(especially in 1945) and consumed milk from cows grazed on local 
pastures, potentially received the highest doses from the milk pathway. 
Figure 3.12 shows locations of downwind and upwind dairy producers. 

The population dose distributions for each of the 13 categories in Fig­
ure 3.11 were computed as the weighted average of the estimated dose distri­
butions for the various types of people in that category. The "weight 11 for 
the distribution of a given type of person is the proportion of people of 
that type in the total population of the Phase I study area. 
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FIGURE 3.11. Preliminary Dose Estimates for Milk Exposure Pathway, 1945-
1947. (Each bar shows the range of doses that people in the 
category opposite the bar could have received. Each bar 
covers 90% of the people in that category. Estimated 
radiation doses for people in both the lowest and highest 5% 
of each category are not included, because the numbers are 
much less accurate.) 

Of pathways other than the milk pathway, doses from fresh vegetables 
grown in the backyards of downwind populations were the highest. For adults, 
the vegetable pathway was more important than the milk pathway, because of 
assumptions discussed in Section 3.8. For Phase I, it was assumed that all 
fresh vegetables eaten by individuals in a given census division during 
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FIGURE 3.12. Milk Producers and Processing Plants Located to Date, 
1944-1950 (shaded = downwind) 
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the Phase I growing season were grown within that census division. The 
distribution of doses for vegetables is shown in Figure 3.13. 

3.7 DOSES FROM INHALATION AND FROM IMMERSION AND GROUND SHINE 

·~ Preliminary dose estimates for inhalation and for immersion and ground 

• 

.. 

. . 

shine are depicted as CCD functions in Figure 3.14. 
3.8 RANKING OF DOSES 

The preliminary dose estimates vary with location, time, pathway, age, 
origin of milk, and dairy cow feeding regime. The relative importance of 
each pathway, for the case of infants downwind who drank milk from cows on 
local pasture, is illustrated in Figure 3.15. Doses generally decrease in 
the following order of pathways: milk from local cows on pasture, local 
vegetables, inhalation, and immersion and ground shine (external exposure) . 
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FIGURE 3.13. Distributions of Doses from Vegetables (assumes all 
vegetables are from local growers) 
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FIGURE 3.15. Relative Importance of Various Pathways Based on Median Values 
(downwind Walla Walla infant, local milk from dairy cows on 
pasture, locally grown vegetables and fruit, 1945-1947) 

Doses from the separate pathways cannot be summed into a total dose. 
The preliminary dose distributions for produce and animal products other than 
milk are limited to the assumption that all fresh vegetables, fruits and 
grain were grown within each census division. Consequently, these distribu­
tions reflect maximally exposed individuals only, and do not represent the 
true range of doses from the consumption of foods other than milk. Neverthe-

r less, doses downwind to infants from the consumption of locally produced 
milk are clearly several times greater than doses from the consumption of 
locally produced vegetables, fruit, and grain. Phase II will address the 
need to develop an agricultural production/distribution model similar to the 
milk model used in Phase I. 
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3.9 EVALUATION OF PHASE I OBJECTIVES 

The Phase I results demonstrate that the key objectives were attained. 
First, sufficient historical information was retrieved and reconstructed. 
Second, preliminary conceptual and computational models were constructed to 
deal with uncertainties and to establish the foundation for extensive sensi­
tivity analyses to be conducted in Phase II. Finally, the data and modeling 
approach produced plausible, although clearly preliminary, dose distribu­
tions. These objectives were attained by demonstrating 

• ·that, as shown in Section 3.1, the source-term estimates agreed well 
with previously published estimates 

• that calculated vegetation concentrations agree well with pre­
viously published measurements in several locations, as shown in 
Section 3.2 

• that the range of preliminary dose estimates includes independent esti­
mates of doses to maximally exposed individuals, as discussed below, 
and 

• that relatively crude, previously published measurements of thyroid 
burdens of workers are in the range of average thyroid burdens 
estimated by the HEDR Project model for similar "reference 
individuals," as also presented below. 

3.9.1 Previous Dose Estimate 

In 1986, the Washington State Department of Social and Health Services 
(DSHS) (Washington State Office of Radiation Protection 1986) issued a 
preliminary dose estimate for 1945-1956. This preliminary estimate was 
based on past measurements of iodine-131 on sagebrush. The DSHS used a 
slightly modified model for a maximally exposed individual as provided in 
U.S. Nuclear Regulatory Commission (USNRC) Regulatory Guide 1.109 (USNRC 
1977). The DSHS estimates for 1945-1947 of 2,530 dose to the thyroid in rem 
from this effort are indicated in Figure 3.16. About 0.004% of the Phase I 
population was estimated to have received thyroid doses exceeding the DSHS 
estimate of 2,530 rem to a maximally exposed infant in Pasco, 1945-1947. 

The 95th percentiles of estimated doses to infants in county census 
division FR4 who drank milk from cows on local pasture (Appendix 0) exceed 
the OSHS cumulative estimate for a Pasco infant from 1945-1947 (2,530 rem). 
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FIGURE 3.16. HEDR Preliminary Dose Estimates Compared with Washington State 
Dose Estimates (Pasco infant, 1945-1947) 

The total population in FR4 is estimated to have been between 110 and 125 
people in the period 1945-1947 (Becket al. 1990). 

3.9.2 Thyroid Counts 

From the time Hanford operations began, workers in areas likely to 
experience relatively higher air concentrations of iodi ne-131 had their 
thyroids checked with a portable radiat ion detector. The thyroid checks 
were used not to obtain highly accurate measurement but as a screening tool. 
The intent was to detect levels above some arbitrary threshold, which was 
chosen to be 10% of the adopted radiation protection guideline . 

Records of more than 7,900 measurements of thyroids from the period 
1944- : 946 were examined. More than one-third of the measurements did not 
regist er above background radiation, because of a combination of relatively 
high background l evels , relatively i nsensitive i nstrumentation, and, 
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presumably, low amounts of iodine-131 in the thyroid glands of the workers 
who were monitored. Nevertheless, the measurements can be used to suggest 
the exposures that the workers might have received offsite from breathing 
contaminated air and drinking contaminated milk if the exposures were assumed 
to originate entirely offsite. The distribution of dose estimates based on 
the thyroid counts is compared with est~mates calculated by the HEDR Project 
for adults living in Richland (Figure 3.17). 

3.9.3 Background Radiation 

One way of placing· the preliminary Phase I doses in perspective is to 
compare the doses with background radiation. Such a comparison requires the 
use of risk and weighting factors developed by the International Commission 
on Radiological Protection (ICRP). These factors were developed for 
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FIGURE 3.17. HEDR Preliminary Dose Estimates (Richland adults, inhalation 
exposure pathway, median values) Compared with Measurements 
(median values) of Iodine-131 in Thyroid Glands of Hanford 
Workers 
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radiation protection and therefore are purposely conservative. In 
particular, the ICRP factors are based on effects of high-dose, high-dose­
rate external radiation, whereas major contributors bath to background 
exposures and exposures from Hanford are relatively low-dose, low-dose-rate 
internally deposited radionuclides. With these caveats, the preliminary 
Phase I dose estimates for the milk pathway are compared with cumulative 
doses from background radiation . 

According to recent publications {National Council on Radiation 
Protection and Measurements 1987}, the average person in the U.S. is exposed 
to about 0.36 Effective Dose Equivalent (EDE) (rem) (0.0036 Sv)(a) a year [of 
which radon accounts for about 0.2 EDE (rem) (0.002 Sv)] or to about 25 EDE 
(rem) (0.25 Sv) during an average lifetime. Approximately 5% of the Phase I 
study area population, or about 13,000 people, might have received doses 
from the milk pathway that were higher than the annual, national, average 
background dose added over 3 years. About I% of the Phase I population, or 
about 3,000 people, might have had doses from the milk pathway greater than 
an average, national lifetime dose from background radiation (Figure 3.18}. 

3.9.4 Historical Regulatory Standards 

Some readers may be interested in what guidelines were used to control 
radiation exposures in 1944-1947. Hanford Site officials adopted guidelines 
recommended by the medical profession for exposure of medical employees and 
reduced the allowable exposures for Hanford employees to half of those 
guidelines (Wilson 1987}. Exposures to iodine-131 were based on amounts that 
could be inhaled during a 24-hour period. The guideline translates roughly 
to aoout 1 rad to the thyroid per day. (There was also a guideline for 
vegetation in efforts to protect sheep and cattle that might graze on 
cont.lminated forage.) The guideline was not based on doses that might result 
to offsite populations from drinking contaminated milk because that pathway 
was not recognized as being the critical pathway until the mid-1950s (Comar 
et al. I957; Parker 1956). 

(a) All doses here are Effective Dose Equivalent (EDE), rather than organ 
dose. 

3.21 Draft 



100~==::::::::::=-~----------------------l 

j 
0 (ft 75 .. -0 ~ .c< 
~= co 
OQ 

"'= .!!o 
::I "' so a.., o, 
ll.-,.. .. 
.,> 
"" in~ 
-u 0 ~ 

Ew 25 

I 

HEDR Dose 
Estimates 

Average 
Background 

Dose (added over 3 
years) 

1 

Average 
Background 

Dose 
(added over a 

lifetime) 

10 100 
Effective Dose Equivalent (rem) 

S9006024.57c 

FIGURE 3.18. Average Background Radiation Received hy U.S. Residents over a 
3-Year Span and over a lifetime Compared with Preliminary 
Radiation Doses from the Milk Exposure Pathway 

3.10 UNCERTAINTIES IN PRELIMINARY DOSE ESTIMATES 

Preliminary dose estimates were calculated during Phase I to demon­
strate the feasibility of the dose-reconstruction process, rather than to 

provide definitive dose estimates for offsite populations. The degree to 
which these preliminary dose estimates might represent actual or relative 
doses that populations in the Phase I area during 1944-1947 received from 
atmospheric releases from Hanford is discussed briefly here. 

Uncertainties in the preliminary Phase I dose estimates result from 
parameter uncertainties, model uncertainties, and variability as these terms 
are discussed in Finkel (1990) and !AEA (1989). The extent of these uncer­

tainties and their contributions to the uncertainties in dose estimates will 

3.22 Draft 

,. 



. . 

• 

be assessed during Phase II of the project. Examples of some of the varia­
bilities and uncertainties that are known to be inherent in the preliminary 
Phase I estimates include 

• Uncertainty regarding the time elapsed between reactor shutdown and 
dissolution of irradiated fuel. Because of the short half-life of 
iodine-131 (8 days), uncertainties of I to 3 days result in uncer­
tainties of up to 20% in the amount of iodine in irradiated fuel at 
irradiation . 

• Uncertainty in the release fraction. Estimates of the release 
fraction range from 50 to 85%, resulting in uncertainties that are 
reflected in the dose estimates. 

• Uncertainty in concentrations of iodine-131 in air and in vegeta­
tion at any specific location or time. These concentrations vary 
because of variability in amounts released from Hanford and 
because of variability in wind speed, wind direction, and factors 
that affect the degree of mixing of contaminated with uncontami­
nated air during transport to a specific geographic location. 
Concentration estimates are also uncertain because of uncertainties 
in the model(s) used to describe the complex meteorological and 
physical/chemical phenomena that affect the dispersal of iodine-131 
in the atmosphere. 

• Uncertainties arising from the use of average meteorological data 
from 1983 to 1987 in place of data for 1944-1947, which were not 
available in time for the Phase I calculations. 

• Uncertainty about the iodine-131 release rate. For Phase I, 
releases during a month were assumed to be continuous, when in 
fact they were episodic. {Information about release times is still 
being retrieved and assessed.) 

• The inclusion and exclusion of certain parameters in the model 
structure. 

• The applicability of values of iodine-131 deposition onto vegeta­
tion obtained under circumstances that differ from conditions in 
the Phase I area. 

• The structure of the model(s) used to describe the process of 
deposition of iodine-131 from the atmosphere onto vegetation or the 
interception of deposited iodine-131 by vegetation. 

• The amount of contaminated pasture consumed by dairy cows. 

• The amount of iodine-131 transferred from the pasture to milk by 
individual cows, by location and time. 
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• The pooling of contaminated milk from different lo.cations and 
times. 

• The dairy cow feeding regime actually used by individuals with 
backyard cows. 

• The amount of milk distributed to various outlets by a producer/ 
distributor. 

• The source(s) of milk consumed by an individual. 

• The amount of milk consumed by an individual. 

• The amount of iodine transferred to and retained by an individual's 
thyroid. 

• The metabolic condition and thyroid mass of an individual. 

Future dose estimates will change as a result of efforts to reduce 
uncertainties in key variables and as a result of modifications in model 
structure. These changes will include reductions in uncertainty and changes 
in mean values and distributions of dose. Of the contributors to 
uncertainty/variability in dose estimates listed above, reductions in 
uncertainty in the atmospheric-transport/deposition parameters and submodels 
are the most likely to result in reductions in uncertainties in the dose 
estimates. 
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PREFACE 

In recent years, concern has been mounting about possiCle health effects 
to the public from over 40 years of operations at the Hanford Site. This 
concern prompted the Washington State Nuclear Waste Board and the Indian 
Healtn' Service to request the Centers for Disease Control (CDC) to convene a 
Hanford Health Effects Review Panel to review and evaluate epidemiologicai 
and environmental data relevant to Hanford operations. In 1986, besed on 
this review, the Panel recommended a study be initiated to reconst~uct 

radiation doses potentially received by the public residing in the vicinity 
o-:' Hanford, and a separate study of thyroid mor~idity in the same pop~.:,ation. 

The HEDR Project is th~ outgrowth of that recommendatior:. 

The HEDR Project is divided into the following technical tasks. These 
tasks address each of the primary steps in the path from radioactive releases 
to dose estimates: 

• Source Terms 

• Environmental Transport 

• Environmental Monitoring Data 

• Oemograph .. cs, Agriculture, and Food Habits 

• Environmental Pathways and Dose Estimates. 

The Source Terms Task will develop estimates of radioactive emissions 
from Hanford facilities since 1944. These estimates will be based an histar· 
ical measurements and production information. 

The Environmental Transport Task will reconstruct the probable movement 
of radioactive materials from the areas of release to populations. Movement 
via the atmosphere, surface water (Columbia River), and ground water wi1: ~e 

studied. 

The Environmental Monitoring Task will assemble, evaluate, and report 
historical monitoring data. 

The Oemographi cs, Agri cu 1 ture, and Food Habits Task wi 1 1 deve 1 op the 
data needed to determine which population groups could have been affec!ed by 
the releases. Population and demographic information will be developed for 

i i i 
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!.he general population within the study area. This infonnation will also be 
developed for several specia: population groups including the Native American 
tribes in the study area, military personnel stationed at Hanford, Hanford 
construction workers, and migrant fann workers. The food and water consum~· 
tion patterns and practices and sources of food and water must also be 

estimated. 

Historical dairy farming practices and milk distr~bution syste~s will 
be studied because milk is a significant pathway for i~Jine·131 tc enter 
the human body. Cows could have eaten vegetation contami"ated with this 
radicnuclide. 

The Environmental Pathways and Dose Estimates Task will use the informa. 
ticn produced by the other tasks to estimate the radiation doses people could 
have received from Hanford operations. 

This report ~s the result of a collaboration of the ::atistics Task and 
the Environmental Pathways and Dose Estimates Task. 

will be needed to incorporate all 
This report outlines the 

of the data collected by computations that 
the various tasks to produce radiation dose es~imates. Preliminary models 
are defined and the structure and logic of the envisioned computer code are 
outlined. 
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SUMMARY 

The objective of the HanforO Environmental Dose Reconstruction (HEDR) 
Project is to estimate the radiation dose that individuals could have 
received as a result of emissions from nuclear operations at Hanford since 
their incept i en in 1944. The purpose of this report is to out 1 i ne t;,e basic 

a·gorithm and necessary computer calculation~ to be used to calcula:e radia· 

t·on doses to both specific and hypothetical individuals in the vicinity of 
Hanford. The system design requirements, those things that must be accornp· 
l i shed, ar.: defined. The system design specifications, the techniques by 

w~ich those requirements are me:, are outlined. Included are the basic equa­
tions, logic diagram~. <!nd preliminary definition of the nature of each input 

distribution . 
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1.0 INTRODUCTION 

The objective of the Hanford Environmental Dose Reconstruction (HEDR) 
Project is to estimate the radiation dose that individuals could have 
received as a result of emissions from nuclear operations at Hanford sir.c.e 

their inception in l944,(a) This report documents the algorithms that will 

be implemented for initial computer calculations. 

In response to a directive from HEDR's Technical Steering Panel, the 
reconstruction of doses to offsite populations is being performed in a ser~es 

of phases. The fir~t phase is the development of basic techniques anC proof 
of princi;Jle. ihe objective of Phase I is to demons":.rate through calculation 

that adequate models and support data exist or can be developed to allow 
estimation of realistic doses to individuals from releases of radionuclides 
to ~he environment that occurred as iong as 45 years ago. Later phases will 
expand the capabilities and refine the dose estimations. Much of the data 
being used in Phase I is preliminary or approximate and, therefore, the doses 
calculated must also be considered preliminary apprcximations. Within the 
constraints of Phase I, a computational methodology has been developed. This 
report documents the requirements that the resulting computer code :r.ust meet 
and outlines a method of meeting the requirements. 

The work described in· this report was conducted in accordance with the 
requirements of ANSI/ASME NQA-1 1986 Edition (ASME 1986), Quality Assurance 
Program Requirements for Nuclear Facilities, as interpreted by the Pacific 
Northwest Laboratory (PNL) Quality Assurance (QA} Program. 

Development of the HEDR computer code(s) will be guided by ~:-.e .:JNl 2.~ 

program requirements, which are embodied in a se~ies of Software Control 
Procedures (SCPs). There are seven applicable procedures, dealing with 
1) determining and documenting software requirements (SC?-312), 2) final 
review and acceptance of codes and documentation (SC?-313), 3) software 
configuration management (SC?-314), 4) conversion testing, verification, 
and/or validation of software (SCP-315). 5) application control (SC?-316), 

(a) The project is being managed and conducted by Sat:e11e staff at the 
Pacific Northwest laboratory under :he dire~:ion of an independent 
Technical Steering Panel. 
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~) transfer of soft·,.are, c!ata, and documentation into and out of the project 
(SCP·317), and i) control of databases (SCP·3l8). 

Preparation of this document partially fulfills the requirements of 
SC:l·312, which stipulates code design requirements, design specifications, 
ca:a input and output, tes~ing, and verification. Upon completion of the 
coae, a Final Internal Development Review (FIOR) will be performed according 
to SC?·313, res1..iting in a documented review of the code for adequacy, 
applicab!lity, and correctness. Following the FIOR, ~he code will !:le placed 
under configura: ion manageme~t. which controls methods of back~p. storage, 
us~!r ac:ess control, change requests, and u~:-.~ting. All applications cf the 
c_,:e will be tracked and documented under ':he requireme:1ts of SC?·316. 

All procedures used to support this report were written and controlled 
in accordance with PNL QA program requirements. Records that support the 
derivations in this report were created and stored in accordance with applic· 
ab·e HEDR Project record control requirements, including requirement; on :he 
;eneration of computer output, verification of computer codes, and review of 
al1 intermediate output. 

Drafts of this document underwent internal independent technical review. 
Review comments were satisfactorily resolved, and there were no controversial 
resolutions to the comments . 

1.2 
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2.0 SYSTEM DESIGN REQUIREMENTS 

This section identifies the system design requirements needed to make 
the computer codes easy to use, ;:..Jm~atible with current com;::.zter facilities, 
and well·suited to the calc~lational requirements of the projec!. 

The goal of the projec: is the calc~lation of estimates of radiation 
dose, with associated variability and uncertainty, for both hypothetical 
Reference !ndivid~als and actual Specific Individuals. For representative 
Reference Individuals, information is being developed on :he ~asis of 
geographic location, age, lifestyle, ethnic group, and Uietary habits. For 
Specific Individuals, additional info~aticn will be required en ac:ual 
values for each of these data categJries, along wi:h definitio:".s of t~e time 
frames of changes in each. It beccmes immediately obvious that the number of 
variables and potential permutations is very large, and the ievel of detail 
is very fine, so a major undertaking is simply the centro 1 and exp i ana:·: or. of 
this much information. 

All final dose results are being provided in terms of a range of 
potential doses, with a distribution of expected values. The calculations 
incorporate the uncertainty caused by both natural variability and lack of 
knowledge. 

2.1 GENERAL COMPUTAT!ONAL APPROACH 

Appropria:e scales for spatial and temporal resolution have been 
identified. Recent similar projects that atte~pt :o reconstruct doses for 
releases of radicnuclides from the Department of Energy's (DOE's) Nevada Test 
Site have used county·level grids, with specific locations sometimes 
superimposed (Dose A~sessment Advisory Group 1987). For releases from the 
Hanford faci 1 i ties, it was qui :kiy determined that the county grid wou 1 d be 
too coarse because atmos-pheric concentration and deposition could be shown 
to vary significantly within individual counties. A simpie rectilinear grid, 
such as that used in most atmospheric dispersion models, was found to be too 
inflexible; that is, no grid could Je devised that did not have such 
undesirable featwres as splitting major population ce~ters. Demographic data 
are mostly available from the U.S. Census Bureau, and census subdivisions 

2.: 

B .12 

.. 



.. 

• 

• 

.. 

. . 

were found to be essentially uncha:.ged over most of the potential study 
perioc from initiation of Hanford operations in 1944 to the present. The 
census subdivisi~ns were originally developed by the Census Bureau to create 
stable enumeration districts. Consideration was given in their development 
to ~rade and service areas, principal settle,ents, major land uses, and 
p1ysiographic differences. Additionally, the census tracts tend to follow 
political boundaries such as township and range lines, which in much of the 
potential study area also tend to follow a fairly regular grid pattern. Each 
of these characteristics is favorable for use by the project with the addec 
advantage of tending to follow a regular grid. Therefore, the census 
sJbdivision was selected as the basic unit of spatial area, with some minor 
modifications (usually combinations of very small adjacent subdivisions, 
although decomposition of ' large areas into smaller ones was also done). A 
map of the initial subdivisions selected for study is shown in Figure 2.1. 

Selection of a unit of temporal measure proceeded in a manner similar to 
that for spatial resolution. The Hanford releases have for the most part 
been routine and continuous. Meteorological data used to describe the 
atmospheric transport of released radionuclides are available for 15-minute 
intervals for much of Hanford's history. Census data on locations and 
numbers of exposed individuals are available for every decade since 1944. 
For some time periods, data on releases from the Hanford facilities and 
monitoring of environmental contamination resulting from those release are 
available from archived monthly reports. However, other information cannot 
be expected to be so well documented. Reference dietary data are available, 
at best, on a seasonal basis. For lifestyle surveys, also, it seems 
unreasonable to expect most people to remember habits and activities up to 
45 years ago on anything more than a seasonal or monthly basis. aased on 
these considerations, therefore, the month was selected as the project's unit 
of temporal resolution. 

For the Phase I work to date, the 10-county area shown in Figure 2.1 has 
been investigated. The years of initial interest have been 1944-1947 for the 
atmospheric releases and 1964-1966 for the surface water releases. These 
were selected to represent periods of relatively high release and, in the 
case of the surface water releases, comprehensive monitori ng data. 

2.2 
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2.2 COMPUTATTON'L FACILITIES. HARDWARE AND DATABtSES 

The computer code shall be designed for implementation on the PNL Y-VAX 
·n conjunction with the Sequent database system. The code shall be 
secondarily designed for in-house microVAX and other minic~mp~ter systems. 
:f it is necessary to imp!"'Ove data processing speeds, provision sh~uld be 

made for the code to run on the NAS-9060 LSIS (large-scale information 

system) Cray computer. 

Input data will ~e generated in several of the technical tasks on the 

project. Each task wi11 ~e responsible for maintaining i:s own separa"t~ 

catabase and transferring the documented results to the main HE8R catabase. 

The rna in HEDR database shou 1 d be kept on a centr~ 1 PNL ma i nfra!T'.e, such as the 
Seque~t system in the Sigma V Building. A dataBase management system, e.g., 
Oracle, should be considered for controlling and acce~sing this da~a. 

Because of the large quantities of spatially related data ~~at must be 
maintained and anaiyzed, provisions shall be made 
OJtputs to a Geographic Information System (GIS). 

to adapt the calculated 
Input and output data 

s:ored in a coherent form on the Sequent should facilitate transfer to a GIS. 

2.3 CODE lANGUAGE 

The computer code shal~ be written in standard ANSI FORiKAN-77 language. 
This choice will facilitate the communication and understanding of the code 
calculations, conversion to other computing systems, modifications to the 
cede, and necessary updating. 

2.~ COD!NG STANDARDS 

Programming shall follow the guidelines of the following coding 
standard. This coding standard is intended to provide a concise, unif~rm. 

and complete form of documentation and quality control; to streamline review 
efforts; and to simply software maintenance. All FORTRAN routines shall 
consist of three blocks: 

2.4 
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l. Definition bloc_k (routine name, li~itations and ;Jre:-equis"i:e, argume:-~ts, 
logical names and files used, routines used), 

2. Implementation block (development information, modification history, 
algorithms, constants, parameter statements, common blocks, and 
variables), and 

3. Code block (data statements and executable :.atements), 

),!here applicable, the programmer should 

• localize system-dependent calls 

• avoid dependency on internal word size 

• place constants in an up-front parameter file 

• put variables in common blocks 

• use logical device names in front of file .-:ames 

• hold to a limit of one routine per file. 

2.5 DATA INPUT 

The code wi~l need to access the following types of information in 
arrays of data logically prepared as functions of spatial locaticn and time 
period: 

Source Ter.ns 

• source terms by radionuclide (probably only two or three nuclides 
in Phase I, up to 20 1 ater) 

• number of curies released for each month 

• associated low and high estimates for each nuclide and time oeriod 

• atmospheric releases assigned to a single location mid-site for 
Phase I. 

Transoort 

• atmospheric dispersion data in terms of time integrated air con­
centrations, curie-second/cubic meter per curie released at each 
location for each month 

• best estima':e and uncertainty :Jescriptors given as the mean and 
5tandard deviation of the logarithm (!lase 10) of the -::~me­
integrated air concentration 
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• atmospheric deposi-tion data in tenns of mont.'lly averaged depcs~!ion 
rates, curies/square meter/second per curie released at each loca­
tion for each month 

• cumulative atmospheric depcsition data in terms of curies/square 
meter at the end cf each mcnth per curie released a: each location 
for each month 

• best estimate values and an uncertainty descriptor - The transport 
model will perform this calculation on a single-month basis and 
the sub~equent software models will aggregate the running total 
in order to allow the statistical portion of the calculation to 
proceed. 

• river water concentrations in terms of curies/liter monthly average 
with an uncertainty Cescriptor for each river-adjacent loc::t1an 
(approximate]/ a:1e for each river-adjace!':t census tract) 

sediment conc~ntratians in terms of ::urie5/square meter monthly 
average, if available (probably not available for Phase I) with an 
uncertainty descriptor for each river-adjacent location. 

Man i tori no Data 

• measured vegetation concentr~_ions in terms of curies/kilogram 
monthly average for each location - This requires prior averaging 
of data, which results in a distribution descriptor. ihis is 
likely to be a spa~se matrix. 

• measured fish concentrations in terms of curies/kilogram month'/ 
averane at each of the locations used above for water and sediment 
concentrations. This reouires prior averaging of data, which 
results in a distribution descriptor. This has the potential to 
be a fairly sparse matrix. 

• for later chases, measured air concentrations in :!rmS of curies/ 
cubic mete!- for each location for each month - TMis requires 
some averaging of data, which should result in a distribution 
descriptor. This is likely to be a sparse matrix. 

• for later phases, measured animal product concentrations in terms 
of curies/kilogram or liter for each location for each month - i:ris 
requires some averaging of data, which should result in a distri­
bution descriptor. This is likely to be a sparse matrix. 

Demoorachv and Food Habits 

• animal feeding practices (kilogram/day per ani~a1 7or eac~ 7eed 
type) by location and month • Five feed types wi i 1 be used for 
Phase I. Assoc~ateC uncer:;inty descript~rs wii'1 be de-fined as 
high and low estimates. 

' --·' 
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.• for later phases, fe<;;d Cist:-ibut~on arrays (the fr-action of feed 
consumed in one location that is produced in another location) by 
feed type and month -Associated uncertainty arrays, probably high 
and low estimates. This may be a sparse ma~rix. For Phase r, it 
will be assumed that all feeds ar-e produced locally. 

• milk accumulation ar-rays, the fraction of milk receive~ at a 
distribution center (dairy) from each location- \ole ant:cipate 
about 20 dairies for Phase I. A~sociated uncertainty arrays, 
probably high and low estimates. This may be a sparse ~atr1x. 

• milk distribution arrays, the fraction of milk available to be 
consumed in each location from each distributicn center - ,;e 
anticipate about 20 dairies for Phase I. Associateo uncertainty 
arrays, probably high and low estimates. This may be a sparse 
matrix. 

• dietary consumption rates, in terms of kilograms/month for eac~ food 
type, as a function of age, sex, 1 ifesty 1 e, and month. Associ a ted 
cistributions derived from the 1g77 National Food Consumption Survey. 

Environmental Pathwavs and Doses 

• 

2.5 

radiation dose factors in terms of rem/curie ingested or inhaled, 
by age and sex - There will probably be only two age groups in 
Phase I. Uncertainty distributions parameterized as log-normal. 

OUT?UT REQUIREMENTS 

Radiation doses will be calculated fer various i~:ake5 of radionuclides, 
including uptake by the body, distribution and retention of the radionuciides 
in various organs, and information on the resulting dose in the various 
organs from radionuclide decay in other organs. Seven age groups, based on 
the resolution provided =y available data (with the inc1usicn :f fetal 
thyr=id), will eventually be used for interpolation :o specif::: age~. For 
Phase I, only the adult and infant categories are being investigated. Pro­
visions for the Qge groups shown in Table 2.1 will be made in the code struc­
:ure. Each age group is also subdivided into male and female, with the adult 
female further subdivided into pregnant and non-pregnant. Dosimetry for male 
and female children through about age 15 will be the same; the only potential 
variable would be uptake if there is a sex difference in food consumption. 
After age 15, the dosimetric calcu1a:ions vary, as well. 7he number of 
people in :he seven age groups will be provided for eac~ of the major 
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TABLE 2.1. Age Groups Included in Code Structure 

Aoe Group Aoe Nominal Mass 

Prenatal 0 - 270 days Variable 

Newborn About 0 days 3.4 kg 

1 4 yr 1 yr 9.8 kg 

5 9 yr 5 yr 19 kg 

10 14 yr 10 yr 32 kg 

15 20 yr 15 yr 55 kg (58 kg adult female) 
Adult 20+yr 70 kg (mal e) 

subpopulations define1 below, subdivided by spatial location en ~he census 
subdivision grid. 

2.6.1 Peculation Grouos 

Population groups specifically identified in the HEDR iiork Plan approved 
by the TS? include Native American tribes, Army personnel stationed at 
Hanford, unbadged Hanford construction workers, migrant workers, and the 
general population. The subtategories of population groups included in 
Table 2.2 are required. Those having a higher emphasis are needed for the 
Phase I study area in FY 1989-1990. Those having lower emphasis will be 
aCdressed in future work; however, this does not preclude some data 
collection when appropriate. 

The groups of higher emphasis are being investigated for eac~ of the 
census subdivisions within the Phase I 10-county study area. Each wiil be 

TABLE 2.2. Population Groups Emphasized in Cede 

Suboooulation Emohasis Additioncl Nctes 

General population Higher Air and river releases 
Native Arneri cans Higher Air and river re 1 eases 
Unbadged site workers Lower Air releases 
On-site military Lower Air rei eases 
Migrant workers Lower Air and river re 1 eases 

2.8 
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further subdivided into the lifestyle categories, urban and rural. With !.he 
number of subpopulation categories, and the very limited occupation infor­

mation available, a further breakdown probably could not be supported by the 
data at this time. We ~ave deliberately not included race as a discrim­

inator for Phase I. 

2.5.2 Food Tvoes 

The consumption of contaminated food was a major pathway of exposure for 
people who lived in the Hanford area during the years 1944-1947. A number of 
different general food types, whic!"l were identified as potentially importan~. 
are typically wsed in radiological evaluations and are avaiiabie in the pre­
i~minary mathematical mot:!els being used for HEDR sensitivity st:Jdies and 

Phase I initial development. For each subpopulation/age/sex/lifestyle cate­
gory, distributions of monthly consumption rates of the locally produced 

foods listed in Table 2.3 are required. Because of the similarity of the 
lists of general population and Native American foods, the same basi: models 

will be used for each. All foods will be examined as both fresh and stored. 

2.7 GRAPHICS 

Although no graphics have been explicitly identified as necessary, a 
future need is expected for displaying numbers calculated by the computer 

code, for instance, a plot of air concentration versus distance from the 
point of release. A mechanism shall be designed to retain output ~n files 
for later graphics applications. 

2.8 DOCUMENTATFJN AND UlSTR!JCT!ONS 

Documentatic~ shall be prepared during code development. Documentation 
shall include code algorithms as well as a user manual that is updated as 

changes are made. A record of changes made once the code is under configura­
tion management shall be retained as project records. 

2.9 ERROR MESSAGES 

Error messages shall assist the user when improper input i)aramete:-s or 
for.nats are used, or when illegal calc:.~lat~ons are requested. All input 
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TA8L[ 2.3. Local Foods Requiring Calcula:ion of Monthly 
Consumption Rates for Population Categories 

General Population 
Leafy vegetables 
Other (protected) vegetables and root vegetables 
Legumes (if they can be :roken out of other vegetables) 
Grains (ge,.,erally dried and stored) 
Orchard fruits, berries, melons 
Milk (subdivided into cow and goat, if possible) 
Eggs 
Beef, pork, 1 amb 
Poultry 
Fish 

.anadromous 
-pis.:i'<crous 
-benthic 

Any other cquatic biota 

Native American 
Exposed ~reduce (leafy vegetables, pine moss, etc.) 
O'ther vegetation (roots, bu 1 bs, etc.) 
Legumes (~f available) 
Grains and seeds 
Fruit, berries, melons, etc. 
Milk (subdivided, if possible) 
Eggs (chicken and others as app 1 i cab 1 e) 
Beef, pork, lamb, elk, deer, other native mammals 
Birds (including chicken, pheasant, partridge, quail, geese, etc.) 
Fish 

-anadromous 
-pi sci vorous 
-benthic 

Other aquatic biota (freshwater clams, any water plants, etc.) 
Miscellaneous other protein sources 

errors ~hall be ;dentified by the input routines prier to main program 
e.xecu-:ion. Messages shall iaent.ify the issuing subroutine and provide a 
concise definition of the error. 

2.10 UPDATES AND .~EV!SIONS 

Notices of code updates and revised instructions 'shall be provided to 
known users. A list of potential users shall be maintained so that- re'lisions 
and notices may be distributed as aporopriate. This shail be performed by a 
designated code C'-!stodian. 

B.2l 



2.11 SECURITY 

The computer code and associated databases are to be considered sens· 
itive. Security measures shall be implemented to prate~: the code from 
access by unauthorized users. A control mechanism with sign·off proced~res 
shall be implemented to protect the software from unauthorized modifications. 
Needed changes shal1 be verified before modifications are permitted to t~e 

final versions. 

z.:: 
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3.0 SYSTEM D::SIGN SPE:CIFIC.:.TIONS 

The computer codes developed for Phase I of the HEDR Project are to be 
fully modular anc stochastic (using Monte Carlo techniques). The codes ~ill 

use distributions of input data and produce dose estimates in the form of 
distribution rather than sjmply producing detenninistic (single·point) 
estimates. 

A simplified projec: diagram for calculating doses from atmospheric 
releases is shown in Figure 3.1. Generic pathways are submersion in contami­
nlted air, inhalation of cor.taminated air, exposure to surfaces contaminated 
f~~m atmospheric deposition, consumption of contaminated food crops, and 
cJnsumption of contaminat;d animal products. Animal products such as milk 
a-e complicated by the fact that the feed consumed by the animal may come 
f-om areas distant from the animal's location, and the milk itself may be 
shipped to accumulation centers and then redistributed. 

A similar diagram has been prepared for surface water releases (Fig­
ure 3.2) and similar pathways are considered: immersion (swimming or 
boating} in contami r.ated water, drinking of contaminated water, consumption 
of fish and other aquatic foods, and consumption of foods contaminated via 
irrigation with contaminated water. The overall calculation of radiation 
dcse will be the sum of parallel pathway calculations. Parameterization of 
each of the terms in the equation is described in this section. 

The initial caiculation of dominant radionuclides indicates no imocr:ant 
decay chains that cannot be treated as either single rae!~ om:: 1 ides or pairs 
in equilibrium (Napier 1989). ::or the equilibrium pairs, <:.he decay energies 
of :he daughter can be effec<:.ively considered to be included in the energies 
of the parent. Therefore, calculation of radioactive deca_v in the HEDR Monte 
Carlo routines is greatly simplified. Decay can be explic::ly writte . ., into 
ea:h module as a simple exponential term • 
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GENERALIZED DATA FLOW: SURFACE WATER 
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3.1 ATMOSPHERIC RELEASE MOOEL 

The logic diagram of Figure 3.1 indicates "module break~" for individual 

portions of the calculation. These represent individual port.~ns of the 
computer code that can be run in a stochastic simulation (Monte Carlo 
analysis}. There are three reasons for structuring the calculation with 
module breaks: the interdependence of information, the need to input data 
during calculations, and the use of the code in another ongoing Hanford 
study. 

Because of the interconnected nature of the cow feed/milk dis:ribution 

model, no doses can be calculated for individuals in a particular census 

subdivision without knowledge of the environmental cond~tions in ma~y other 

locations. The calculation has been structured so that re?etitive ~alcu­
lations are minimi4ed, and information on the potential distribu~ions of 
environmental parameters such as air concentration, ve;etation concentration, 
or milk concentration can be saved and examined for each time pe~iod. 

A second reason for the structure of the model is that it allows the 
input of either calculated or measured data at each step of the calculation. 
Where monitoring data are available, it makes sense to rely on it rather than 
on simulated data. However, since the monitoring is not complete over all 
times, locations, and pathways, the structure allows use of measurement data 
supported by calculations when necessary. 

This structure also supports the calculation of doses to both reference 
individuals and specific individuals. This is important because the dose 
reconstruction project supports a parallel project being conducted by the 
CDC, which is investigating potential thyroid morbidity caused by the early 
Hanford releases. The a CDC contractor will be interview-ing many indi­
viduals about their past lifestyle and dietary habits and attempting to 
correlate dose with thyroid disease. The HEDR computational model will 
be used for the calculation of doses for those interviewed by the CDC's 
contractor. 

3.1.1 Module 1: At~osoheric Transoort and Deoosition 

The proposed logic for Module 1 is illustrated in Figure 3.3. The 
objective of this module is to initiate calculations Jy ~rovid~ng 

3.-1. 
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MODULE 1: ENVIRONMENTAL TRANSPORT 

~ F~r eac!'l IOC2tl01'1 l 

I 
For eac!'l momn M 

\!:··· 
For eac.": .nuchde N 

I 
Setae: c· 

I 

I I . Setee x'O' 

Input CIS;n'!luttCI'IS fer Q' 

I 
I 

L 

Setec: QIQ' 
Setec: 010 
If mon:n >0, selee Cm.1 
CaJC'...IJate: 

:tm • a· x.IO' 
c, • a· Cia· 
e • a· C/O' ... C:n. e·i.: m . 1 r 

Store L C,d 

Continue 

Prccass X. Q, d arrays into 
parameterized distribution 

' _) 

I 
l 

Galculatad 
dimnbution for 
;: ., 
d 

last mom~'s Cis:r:!luac:'l ~cr c: fer ::'Its 
nucUde, :ocattcn, mcn:tl 

l 

oy nuc!ice, location, momt: 

Notes: ~) CQtted line ( ) indicates Mome Carle routine 
2) "Setae:• means ptCX trom ctS'Irii::lutton symemaucally 
3) "Store· means add to histogram anay 
.::) "Process· means c:mvert stored his::ogram ar.ay imo a mean ... s-.andara cevJa:.c:: or 
o:her C:ist:ib:..tion parameters and save as o~.:::~:.:t 

FIGURE 3.3. Proposed Logic for Module 1: Environmental Transport 
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!ime-integrated air concentrations, deposition rates, and mo .. :h-e~c concen­
trations of radionuclides on the ground for each of the census divisions and 
monthly increments. (See Appendix A for equations usPd in calculating these 
parameters.) The solid lines in Figure 3.3 r~present the computer looping 
structure, i.e., the code routines which repeat the same type of calculations 
for each location, each month, and each radionuclide. The dashed line indi­
cates that portion of the code that must operate in a Monte Carlo fashion, 
repetitively calculating multiple values of each output variable on the tlas~s 
of randomly selected parameter values from the multiple input distribut~ons. 
The inputs to this module are the source-te~ vectors and atmospheric disper­
sion, deposition rate, and month-end deposition arrays described in s~-
!ion 2.5. The techniques for selecting realizations from these Cistr~Cuticns 
for the Monte Carlo analysis are defined in a memo by A. Leibe:rau (see 
Appendix B). 

The definitions of the equations for calculating air concentration, 
deposition rate, and total month-end ground deposition are presented in 
Appendix A. Variables and units are also presented. The anticipated nature 
of each of the input distributions is prese~ted in Table 3.1. 

The output of Module 1 will essentially contain intermediate values for 
input to Module 2. Output shall be stored in the form of hiStograms of the 
Monte Carlo results. The use of histograms provides a convenient mechanism 
for storing arbitrary distribution shapes. Histograms should contain a 
minimum of 20 bins. A memo by A. Leibetrau defining the nature of storing 
and retrieving data from histograms is provided as Appendix C. 

Source terms for Phase I will include only iodine-131. Allowance shouid 
be made in the code for expansion to additional radionuclides, as illustrate~ 

in Figure 3.3. Atmospheric transport results for Phase I will be the result 
of an interim model. In later phases, it may be found to be more convenient 
to combine source terms with dispersion modelling. ihe modular structure of 
the HEDR code should allow this with minimal disruption. 
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TABLE 3.1. Anticipated Parameter Distribution Types for Modu1e ~ 

Parameter Distribution Tvoe of Data Inout 

X I Qo Lognonna 1 
0 d I Qo Lognonna 1 

d I Qo Lognonna 1 
oo Triangular ., Constant 

l Calculated Histogram 

d Calculated Histogram 
d Calculated Histogram 

3.1.2 Module 2: Ve~etation Concen~rations 

The proposed logic of Module 2 is shown in Figure 3.4. The ~ur?ose o7 
tMis module is to calculate or input concentrations of radionuclides on 
vegetation. The nomenclature of this figure is the same as that of Fig· 
ure 3.3. Input to this module may be either the histograms of deposition 
rate and total deposition from Module 1 or measured values of air concen· 
tration from the monitoring database. For Phase I, it may be assumed that no 
monitoring data will be available, but the C~?ding should anti:ipate the 
pos!ibility that it may become available in later phases. Vegetation types 
that must be considered are those for human consumption (leafy vegetables, 
ot.1er vegetables, fruits, and grains) and for animal consumption (grains, 
pasture grass, silage, and alfalfa hay). The grains for human and animal 
consumption may be considered to be the same. An addi"!.ional category, sage· 
br·.:sh, will be added to ailow direc: comparison to monitoring :neasuremen-::s. 

The equations to be used for Module 2 are presented and the par~~eters 
de~ined and units given in Appendix A. Additional detail on ~he 
in:erception/retention mocel is presented in a memo by 8. A. Napier provided 
as Appendix D. These equations are derived from differential equations of 
the rate of increase and weathering of the various types of vegetation. They 
have been integrated over the monthly time increment :o a auasi-s:eady-state 
formu 1 at ion. Important parameters include time-dependent b i o:nass, rates of 
wash-off and weathering, and soil-to-p 1 ant concentration rat~ as. ?rovi s ion 
shculd be made to incorporate periodic harvesting of certain types of 
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MODULE 2: VEGEIATION CONCENTRATIONS 

,_ 
I 

I 
L 

For eacn tocat:cn L. 

For eacn month M 

For each nucllO& .\1 

S&I&C: •d 

Sale~ C 
Sa lee: C~ 

lnO•J! calc:.Hateo or 
'd, d :rom Mocuie ~ 

~eesl.'rec ;.:.c 
1 
I 

'd•;c•Vd 

Selec: ::...w >------ dismouticns ct A.w.Y m Oy 
Seled Ym vegetation :y;le 

SeleC: c~H -------- I~ mcntt:'s distrtb~.o1ion :o~ em 
For each lcrage/\leget2Jton type'/ 
algorithm: har.-est last month?Cm. t .0 

C~ear•f (Ym.Aw,'d.T,C1 m-tl 
Croor• l(d,CR) 
em .. c,,at ... croot 

Store C 

Continue 

Prccass C array into parameterized 
dis"Jibution 

Continua 

Distributions of vegetation concentrations C 
by vegetation rype, nu~ioe, location, an:: ;TtOnth 
-leafy vegetatlles .. pas:wre 
other vegetables 

''"" grain 
aJ~alfa.. hay 
pasture grass 
com enSJiaga 
sage Crush 

FIGURE 3.4. Proposed Logic for Module 2: Vegetation Concentrations 
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·,ege:ation by biomass reduc!ion and concentration reduction. ihe anticipated 

distributions of the input parameters are provided in Table 3.2. 

3.1.3 Module 3: Animal Product Concentrations 

The proposed logic ~tructure for Module 3 is given in Figure 3.5. The 

purpose of this module is to calculate concentrations of radionucl ices in 

meat, milk, and eggs produced in each census division for each monthiy 

i1cremer.t. Input to this module is either calculated vegetation 
concentrations from Module 2 or measured vegetation concentrations from the 
monitoring database. Data structures for monitoring data should be 
e;tablished in fonnats similar to those for the calculated values. These .':lay 

be used to sup;: 1 ement or replace the calculated values. Additional input 
s~all include information on the diets of farm animals as a function of 
location and time, provided to the main database by the Demographics, 
Agriculture, and Food Habits Task. (In later phases, this will include feed 
transport between census divisions.) 

T.~SLE 3 .2. Anticipated Parameter Distribution Types for Modu 1 e 2 

Parameter 
Distribution Tvoe of Data Inout 

Constant for leafy vegetables, alfalfa, forage, ensilage, 
sagebrush 

Ym Constant for each plant type and month 

Aw Triangular 

Bv Triangular distributions of log(lD) S 

P Constant 

Cm Calculated histogram 

K Constant for each plant type 

] . g 
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MODULE 3: ANIMAL PRODUCT CONCENTRATIONS 

! 
I r 

For each locatron L 

Fe~ eacn Ieee mer:::-: rJ. 

For each nucllce N 

For eacn anrmal produc: F' 

SeleC: transfer lac:or, FM 

For each Ieee type 

Selec: teed trans;:.or. anc harves: 
lrac:rons, F 

Setae: feed ouantity, QF 

Selee feed c:lncentrations, C 
(based on month from feed 
transport lraC'Jcn, not necassatily 
C'.ment month) 

A • animal produc: concentrations 

• F (FM,QF, F,C)-r> r.1cnth of harvest) 

Store A 

Continue 

C.:lminue 

?recess A a!'t2.ys into parameterized 
cis;Tibu:ron 

T ransier lac:::r 
c:s:rr~ullon 

cis:nou:Jcn of a:·nma, 
---- Ieee trac:rons (:":".ay 

ac:::ess ;:mer mon:hs) 

Feed q:.;antity 
distribution 

----- C arrays trom Mcc:.J!e 2 

A· Distributions of animal procuc: c:ncen:rations 
by month, lccaticn, and nuc!ioe 
·meat 
·milk 
-cow milk 
·goat milk 
·e;;s 

FIGURE 3.5. Proposed Log;c for Module 3: Animal ?roduct Concentrations 
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The equations to be use~ in Mod~le; are lis!ed in A~~endix A, wi:h 
pa~ameter definitions and units . Provision should be made for calculation of 
co~centrations in meat, poultry, eggs, and milk. Milk may be assumed to be 
pr,duced by cows or goats. Cows must be assumed to eat several :ypes of 
di~ts. Each diet will be defined as a sum of fractional feed type intakes. 
The fraction of each feed type eaten by the various animals may be 
graph i -:ally represented, as illustrated in Figure 3.6. Cur:-ently, four 
feeding regimes are planned to be provided by the Demographics, Agriculture, 
and Food Habits Task. 

Anticipated parameter distributions to be used as input to Module 3 are 
presented in Table 3.3. 

M A M J J A S 0 
MONTH 

N 0 

FIGURE 3.5. A Food-Chain Model to Predict Radionucl i de Ingestion 
(whicker and Kirchner 1987) 

TABL£ 3.3. Anticipated Parameter Distribution Types for Module 3 

Parameter Di str1bution Tvoe of Data Inout 

ft Triangular 
Qf Triangular 

FHp Log- nonnal 

Aml Calculated histogram 
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The use cf fractional intakes of various types of feed introduces a 
minor complication within the Monte Carlo routine for Module 3. Each of 
these fractions has its own distribution . The results of the selection 
process of the fractions must, however, sum to 
structure. The means of handling this implied 
memo by B. A. Napier , provided as Appendix 0. 
subsequent modu les, as well. 

1, wh ich impli es a correlation 
correlation is described in a 
This approach may be used in 

The output of this module may be used directly in Module 6 (meat , eggs, 
and milk from backyard cows) or as input to Module 4. 

3.1.4 Modules 4 and 5: The Milk Accumulation/Oist~ibution Model 

Milk prod~ced in the various census divisions may be combined or poo l ed 
at creameries (milk-bottling plants ). The p~oposed logic structure for 
Module 4 for handling the calculations in concentration of brand-name milk 
is presented in Figure 3.7. Input to this module is the output of Module 3, 
along with extens ive data on sources of milk for creameries, from the Demo­
graphics, Agriculture, and Food Habits Task. Output of this module i s the 
concentration of milk from each creamery in the Phase I study area as a 
function of t ime. This may be used directly in Module 6, if the milk source 
is known by name, or as input to Module 5. 

Calculation of doses to certain classes of indivi dua l s will require 
knowledge of the average concentration of all mi lk avai l ab le i n a census 
tract . Module 5 is the milk distribution module. The proposed logi c 
structure for this module is given in Figure 3.8. This modu l e requires as 
i nput the pooled milk concentrat ions of Module 4, and a milk distribution 
database that i s conceptually the inverse of that used to collect milk in 
Module 4. 

Equations and parameter definitions for Modules 4 and 5 are presented 
in Appendix A. The anticipated distribution types of the variables fo r 
Modules 4 and 5 are listed in Table 3.4 . 

3.12 

B.34 

... 

• 

,. 

.. 

.. 

. . 



.. 

.. 

1.1QOULE 4: MILK ACCUMULATION (to Creamery} 

L 

For eacn mont:"! m 

For each ac..-:.:~u:a:ton center (c~eame:-y) C 

Setec: trac.tons a.: c~6ame:-y 
t~cm eacn source tocauor. L.: 1, 

For eac.'1 source loca:ton L 

Setec: lag tlme; 11 

For eac!"l nuctide N 

Selec: milk concent:-a:ion at 
loca.tton L: A:.. (onty ill:.. >0: otherwise 
sl<ip this tocaticn) 

Calc:.!Jate ac:::Jmulated milk. 
c:lne&ntration: M1c .. : 1:.. At,. e·")1 

Continue 

Store M1 

Prccass M1 (ci/1) into paramatenzed 

dis::ribution 

Continue 

r.':JIK. ac::;.;:':'lutauor. 
dtstnbu:tcl'1; selec: ail 
tcge:ne~ so tr.c.: s:.;~ ::: 
trac:tons,. ~ .::l 

:rom A ar:-ay s;.:::set 

M1- Distributions of milk concemrancn at 
c;eameries tor eac."'l creamelj' by nuc!ioe by mcrtth 

F!GURE 3.7. Proposed Logic for Module 4: Milk Accumulation at Creameries 
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MODULE 5: MILK DISTRIBUTION {to stores at each location) 

~ 

I 

-

For eacn montn m 

For eac:1 ccnswmotton lccat;on L 

S&I&C: lrac:ton at stores m locatton L lrom 
each creamery; F c ----

For eac!"l c~eamery C 

Selec: lag 11me 12 

For eac!"l nuc!ice N 

if 1ndicatec ~Y (!c >OJ, 
Select M1 c 

calculate cis:ributed 

milk ccncenuation: M2L • I. lc M1ce-~2 

Continue 

Stora M2 

Process M2 into parameterized 
distribution 

Continue 

r:'111k diS!rlb ... :IOI"I 
OlS~nculiOM, SEli&C: all 
togetner so ~nat .:e~m of 
lraC:IOI'!S"' ~ .C 

M1 a~y 

M2· Distributions of milk ccncen::attcn available ::: 
be purchased in stores at loeation I, ~Y nuclide and 
month 

FIGURE 3.8. Proposed Logic for Module 5: Milk Distribution to Stores 
in Each Census Tract 

8.36 

.. 

.. 



.. 

• 

TABLE 3.4. Anticipated Parameter Distribution Types 
for Mocuies 4 and 5 

Paramete!" Distribution Tvpe of Data Incut 

tl Triangular 

t2 Triangular 

t3 Probably • t2 

f' 
' 

Triangular ,, Triangular 
MO Calculated Histogram 
Ml Calculated histogram 

~12 Calculated histogram 

3.1.5 individual Exccsure and nose 

."lodu 1 es 1 through 5 estab 1 ish the env i ronmenta 1 concentrations cf 
radionuclides in environmental media for all census subdivisions and months 
cf interest. Module 6, however, introduces humans exposed to the radioe 
nuclides. Module 5 is designed for the calculation of doses to either 
"reference" or "speci fi cD i ndi vi dua 1 s. (Note that for Phase I, only input 
data for reference individuals will be available.) The proposed logic 
structure for Module 5 is shown in Figure 3.9. Inputs to this module are the 
outputs from all prior modules, plus an extensive database of generic 
consumption and exposure rates for each category of individual type (age, 
sex, and lifestyle) developed by the Demographics Task. Fer calculatior.s to 
reference individuals, exposure conditions shall be selected stochastical1y 
from this data::ase. for calculations to specific individuals:, specific input 
values or distributions will be used, where known, and data from the generic 
databa~e will be used for unspecified or unknown parameters. 

Equations to be used for dose calculations are provided in the sys:em 
design outline for Module 5 (Appendix A). These equations describe dose via 
inhalation and exposure to contaminated air, irradiation by contaminated 
surfaces and soils, and ingestion of local farm products. Note that, for 
this phase of the code deve 1 apment, the formu 1 ati ons imp i y that a 11 foods 
other than milk are produced in the census tract in wilich they are consumed. 

3.15 
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MODULE 6: INDIVIDUAL EXPOSUA~ & DOSE 
:ue:: 10getner oe:;.a:,~se ona"'.ou_. o:nsumcuon rates~ oou :a.:=ors .. ,u tle c:crrel<lltt:: oy aQe,se~] 

-

L 

For s~ecllteC locaotons :. 

For spectfieCI montns rr. 

For soeofied aQ&IS&X rang£s 

generic 01e! ca:a 
~ :rem Tas1-. 06 

I 

SeteC::: mges:1on •ates 
Selec: ex:::csure parame!ers 

~ soec:fic 01&! oa:a '·om 
_ ~h~.;t:en::er 

S-.1ect age e. sex-spec:fic ccse fa~or::. 

Contmue 

For eac.'1 exposure :::a:hway specified 

For each radionudida 

Select z. d. A, MO, M1, M2, C 
as a;=~plicable 

Dose • Coneantration • Rata "OF 

Store Dose: need to determine if we need tc 
report totals only, or if breakdowns 0y 
nuclide/pathway are 1'8QUired! 

Prccsss Dose Into parameterized distribution 

Distri!:luticns of oose by momh 

gener1c exocsure ca;a 
soec:flc ex:::cswre ca:a 

I 
d 
A 
MO 
Ml 
M2 
" 

distn:::l:JtJon 
ot QF 

Optional summation 

I 
l 

TOT ALDOSE 

F1GURE 3.9. Proposed logic 7or .f.!cdule 6: rndividual :::xposure and Dose 

2. :s 
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•or certain individuals, this practice will tend to overestimate the dose, 

while for others it may tend to underestima:o. The magnitude of the error in 
estimation will be evaluated as the project progresses, and revised 
formulations (similar to the milk: distribution model) may be used . 

Because the results of Module 6 may be required to support projects 

other than HECK (e.g., the CDC thyroid morbidity study), the input to 

Module 6 should be structured such that at a later time, a simpie interactive 

driver may be developed for ease of use. This will simplify the calculation 
cf large numbers of individual doses. 

The dose calculations shown in ~igure 3.9 do not fully reflect the 

number of calculations required. Oases must be provided for a number of 
internal organs, as must a weighted effective dose equivalent, which will 
require looping on the actual dose calculation once the radionuclide 

exposures are known. Thus, consideration must be given to convenient storage 
of multiple outputs. 

The anticipated distributions of input and output parameters are iisted 
in Table 3.5. 

3.2 SURFACE WATER RELEASE MODEL 

ihe HEDR Phase I dose model for surface water release is sepa;ate from 
the at.;;.Jspheric release dose model. The surface water model is based- much 
more on measured data than is the atmospheric model. However, its structure 
is modular (see Figure 3.2), in a fashion similar to that for the atmospheric 
release model. 

Unlike data for the early atmospheric releases, detailed effluent data 
are available for the releases from the operating production reactors during 
the period 1964-1966. In many instances, these data were available on a 
daily or weekly basis. This information was used directly as source term 
in~ut to the surface water transport calculation without recourse to model­
in;. Thus, estimation cf surface water concentration from Hanford releases 
in the mid-1960s was straightfOI"'Nard. A simpie routing model .,.,as applied '.::J 

the effluent data, ac:ounting for dilution in the time-vary1ng flow of the 

3.:i 
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TABLE 3.5. Anticipated Parameter Distribution Types for Module 6 

Parameter Distribution Tvoe of Data Inout 

E1 Unifonn .. 
E2 Unifonn 

DFs Constant 

DFG Constant 

DFHa. DF'Ia Lognonna 1 
BRa Constant 
K Constant 

Dsm Calculated histogram 

DGm Calculated histogram 

DHm Calculated histogram 
RVma Triangular 

RPma Tri angu 1 ar 
ffva Tri angu i ar 

ffpa T!"i angu 1 ar 

ffma Triangular 
Month·of·Harvest Fixed 
Holdup Times Constant 
fo, f!, fz De·, ta functions, Phase 

Sum z 1.0 for specific 
OJ, Calculated histogram 

Dip Calculated histogram 

D!m Calculated histogram 

.. 

j.lS 
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~iver as well as decay for the various associated travel times of raCio­

nuclides to the locations of interest. The results of this model compare 

excellently to the measured values. The variability in the surface water 
estimates is derived from the upper and lo~er measured values found for each 

raoionuclide at each sampling location and time. This database provides the 

in~ut to the surface ,.;ater dose model. With limited exceptions (e.g., FT7r 

visitor's center), ground water at the Hanford Site is not now and has not 

been used for any purposes by members of the genera~ offsite public. Based 

on current understanding, radi onuc 1 i'de sources within the 200 Area did not 

cor:tribute significantly to concentra~tior.s in the Columbia River ~ntil th~ 

early l9i0s. Secause of the proximity of the 100 and 300 Areas to the river, 
operations in these areas may have contributed more radionuclides to the 
rher via the groundw~ter pathwcy. These addition:~ are ac::o~.;nted for in the 

monitoring data and, thus, add to the variability of the estimates for 
Phase r. 

The various stretches of the river can De conveniently associated with 

the census divisions used in the atmospheric release dose model. This is 
because the census tracts tend to use geographical divisions, such as t~ibu­

taries to the Columbia River, as dividing lines. A memo from B. A. ~apier 

defining the stretches of the river in relation to the census divisions is 
provided as Appendix F. 

3.2.1. Modular Accroach 

As described above, modeling is not required for surface water concen­
trations. However, the measured cata include parameterization of uncer­

tainty, which must be included in the subsequent steps of the calculati~n. 
This includes monitored data for flsh caught in the Columbia River. Fish 
concentration data have also been extensively monitored, and calculations are 
necessary only for interpolation ~etween measurements. The availability of 

fish concentration data is reflec:ed in the logic diagram for Module 1 of the 
surface water code (se~ Figure 3.2). Fish concentrations are calculated only 
if such data are not available from the database. A bioaccumulation model is 
to be used. 

Module 2 is used simply to account for the quantities of fish that were 

caught at various locations of :he dver and consumed. It is similar in 

3.19 
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~once~t to the milk Cistri~ution model described in Section 3.1.4, but the 
input is from a database from the Demographics, Agriculture, and Food Habits 
Task.. 

Module 3 accounts for the fact that drinking water is almost entirely 

processed prior to human consumption, and that processing can remove radio­
nuclides found in the untreated river water. At this time, it has net ~een 
decided whether or not to include irrigated foods as an explicit exposure 
;athway, or whether it is of sufficiently minor importance that a sirr.j:lle 
"transfer factor" apprcach may be adequate. Addi!:ional sensitivity studies 
with simpler mo;:els will be perfor:ned before the final structure is 
oetermi ned. 

Module 4 parallels ,"todule 6 of the atmospheric release model. Calcula­
tions are required fer both reference and specific individuals. The age 
groups, lifestyles, and dose factors are the same as those defined for the 
atmospheric release model. 

3.2.2 Models and Parameters 

The equations to be used in the surface water model are listed with 
Module 6 in Appendix A. The structure is similar to the more complex mode1 
described for atmospheric releases, but the equations are generally much 
simpler. The anticipated parameter distributions are listed in Table 3.5. 
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r;.aLE 3. 5. Anticipated P~rameter Distributior.s for the Surface 
Water Release Medel 

Parameter Distribc~ Tvoe of Data lnout .. 
~/m 1 Triangular 
sTm Tria!'lgu1ar 

• CFlms~ Calc.ula-.:ed histogram 

flst Triangular 

CF2mst Calculated histogram 

OWCF Uniform 

tw Triangular 

DWmJ Calculated histogram 

DFra Lognorma 1 

RF ami Triangular 

RWaml Triangular 
E3 Uniform 

E4 Uniform 
CFw Constant 
DF!SH,a,l Ca 1 cu 1 a ted histogram 

DWATEK,a,l Calcula:ed histogram 

DswiM, a, 1 Calculated histogram 

DBQAi,a, 1 Calculated histogram 

" 

.. 
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APPENDIX A 

EQUAT:!ONS FOR SYSTEM DESIGN MOOUL:S 
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Module 1 

EQUATIONS FOP. CALCULATION OF 

AIR CONCENTRATION ··Xm 
AVERAGE DEPOSITION RATE -"dm 
END-OF-MONTH SOIL CONCENTRATION ·dm 
(for each locatton) 

Xm" (XiO'm) • Om 
·dm • a;,·( d!o·m) 
dm,. om·( d/0~) + dm-1 e·Ar t 

Q'm - Ci/month 

;c/O'm- Ci -sec/m3 per Ci/month 

.a;O~ ... Citm2 -sec per Cilmanth 

d/O'm'"" Cilm2 per Ci/month at end of month 

x • time-integrated air concentra!icn, Ci -sec'm3 • 
m 

·Cm= average cepositian rate, c:::-n2 -sec 

dm"" month end soil concentration, Citm 2 • 

t"' 1 month 

• Alternatively from Monitoring Data 
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Module 2 

EQUATIONS FOR CALCULATION OF 
·VEGETATION CONCENTRATION 
(at i=)roduC:ion, for each location I & vegetatJon tyiJe T) 

Creat.m = Tp [dm 'm c(l.r+~+_C_;m::.·::.'_•_·(_l._r•_l._w\t 
Ym ~+Aw ~ Yrr/Ym-1 

p 

Cm = C1ea1.m +Croot.m 

rm = 1-e·kY m; interception fraction 

k = functior. of plant type 

Y m .. Biomass for month m for this plant type, kg/m2 

from a file (need to account for harvesting} 
(will be function of growing season: function of location) 

iJ, Aw =radiological & weathering decay constants, day·~ 

t = number of days in current month 

P = soil surface density - 240 kgtm2 

Bv .. concentration ratio for plant type 

Note: if plant cut or harvested in month m_1, then Cm.1/(Y rrfY m-l) term 
should go to zero 

T p = leave-to-edible-part translocation; T P a 1.0 for pasture & leafy 
vegetation, alfalfa, ensilage, sagebrush 

*Cm altematively ~rem :-:-tonitaring data 
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Macule 3 

EQUATION FOR CALCULA .. ON OF ANIMAL PRODUCT CONCENTRATIONS 
(AT PRODUCTION FOR EACH LOCATION AND MONTH) 

For each nu::l ide r and each animal product: 
For each location and month m, compute: 

Am] • 
m L T ml ml e~l\r (:n-j) 
" z l: f·k ... QFt c jkt FM 

j•l k·l t•l J " 

• 
I Over . ,. 

"' ' 
feed types 

I 
Over all locations ' that supp 1 y feed to locat~on 

Over a 11 months prior to and including c'Jrrent 

m • current month (when feed was eaten by animal) 
1 • current location (where feed was eaten by animal) 
l • total number of locations (census divisions) in study area 
i • total number of feed types 
j • month in which feed was harvested 
k • location where feed was grown and harvested 

• man~., m 

• nuclide concentration in animal product produced at location 1 dur~ng 
month m (Ci/1 milk or Ci/kg meat and eggs). Calculated histogram. 

f ml 
jkt • frac~ion of feed of type t eaten by animal at iocation 1 during 

month m that was harvested at location k during month j (from feed 
source/transport data). The sum of these fractions over all j and 
k for a given feed type t for the curr~nt location "1 and mon~h m 
must equal 1.0. Triangular distribution. 

QF~1 .. ct.:antity of feed of type t that animal at location eats d:.:ring 
month m (kg/day dry weight). This is f'"om the data on distrlbuticn 
of feeding regimes to census divisions (Ward;DarNin/Seck). 
Triangular distribution. 

radionuclide concentraticn (Ci/kg) in feed of type t harvested in 
month j at location k (from Module 2). Calculated histogram. 

FM • intake-to-product transfer factor, days/1 milk or days/kg meat or 
eggs. Triangular distribution. 

2 radioactive decaY constant for nuciide r 
• 0.693/(half·life .. ). Constant. 

• 1 
(months ·). 

(m·j) - decay corr"ection time for feeds not consumed fresh (months). 

""-· 3 
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Modules 4 & 5 

EQUATIONS FOR CALCULATION OF 
·MILK CONCENTRATION AT CONSUMPTION 
(for each month m and location L) 

1) Backyard Cow: 

2) Specific Creamery 

L c 
MAcm =: .fLAmL 

L~1 
•• h 

M1 em= MAcme-"'r 2 

3) Grocery Milk at location L 

C L ._.h 
M2mL"" r F MAcm e·A.r 3 

Ca1 C 

McbmL = Ci/1 from family cow at consumption in location L 

MAcm == Ci!L at specific creamery Cat accumulation (no decay) 

Mi c:n = Ci/! from specific creamery C at consumption 

M2mL = Ci/! from groceries at location L at consumption 

t, ""generic holdup, milking-to-consumpticn; tami!y cow 

~=generic holdup, milking-to-consumprion; creamery 

t3 =generic holdup, milking-to-consumption; grocery 

f L c =fraction of milk at creamery C from source location L 

F cL =fraction of milk at groceries in location L from creamery C 

AmL =milk concentration at produe.ion, Ci/1, at location I for me nth m 

. . , ..• -
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Module 6 

EQUATIONS FOR CALCULATION OF 

SUEf~ERS!ON DOSE 

GROUNOSH!NE DOSE 

• INHALATION DOSE 

~) .:..ir submersi:::n doses, by mon<:.h at location 1 for lifes':.yle or specific 

Dsm "Xml • El • DFs • K 

El"' exposure time, hr/mor.th for lifestyie or specific 

DFs " submersion dose rate factor, rem/hr per Ci/m3 

K =constant unit conversion, mo/sec 

2) Groundshine doses, by month at location 1 for !.Lifestyle or specific 

DGm " dme • E2 • DFG 

E2 = exposure time, hr/month 

DFG " groundshine dose rate factor, rem/hr per Ci/m2 

3) Inhalation acses, by month at location for l~festyle or specific 

DHm " Xml • El • (DFHa • BRa] • K 

DFHa = inhalation dose factor, rem/Ci by age group a 

BRa 2 breathing rate for age group a, m3(hr 

.:.. 5 
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Module 6 (contd) 

EQUATIONS FOR CALCULATION OF 

• INGESTION DOSE 

1) Yegeta:, 1 es, for each vegetab 1 e type, age group, 1 i festy 1 e, 1 ocat ion 

0
1
." • DF 1 R' [ff C I + (1 • ff ) C e·Ar(H-m)J • a ma vm m vm HI 
al 

2) Meat and eggs, for each age group, lifestyle, location 

3) Milk 

Ra,m - ingestion rate, kg/month, 
(also probably lifestyle) 

fresh fraction 

for each age group 

OF],a • dose factor, rem/Ci, by age group 

fo,fl,f2 • fractions of milk for each ~ource (probably deita function) 

' -..... :J 
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SURFACE YiATER MODULES 

EQUATIONS FOR CALCULATION OF 

• FISH CONCENTRATION 

• DRINKING i.'ATER CONSUMPTION 

1) At catch, if not using measured values, for each of Ted's "River 
stretches," 1, for each month, for each fish type 

CFlmast= Wml • Brm 

Yims = ,.,ater concen:ration at r" .. er lccation ! for month m, 
Ci/1 

aim • bioaccumulation factor for fish type T f:!"' montt-1 m 
(under development bv Ted) 

2) At consumption 

CF2mLT '" t 
l 

fraction of fish of type T consumed at 
caught at river stretch s (this is the 
transport model•) 

3) Drinking water 

owml ,. w ml· OWCF • e·Artw 

location l. 
"fish 

OWCF ,. drinking water cleanup fac!:r, ~~ac!ion removed by 
treatment facilities 

tw ,. time i:. drinking water distribution system 

' . 
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Surface 'Water Modules 

• FlSH CONSUMPTION DOSE 

• DRINKING WATER. DOSE 

• S'riiMMING/BOATlNG DOSES 

1) F!SH CONSUMPTION, by age group, lifestyle, etc., a: 1ocatjon L 

°F. h ' • 1 s , a,_ t R~mT o CF2mLT o DF:a 
1 

<. 1 DR!NK:IIG ·w.:..TER, by age group 

0 t L • RFaml • OF!a • OWml wa er,a, 

3) SW!f<M!NG 

o . L • ElmA • wml • OFw sw1m, a, 

4) BOATING 

E3m ~exposure time, hr/month spent swimming, a function 
of age and lifestyle 

DFw ~ swimming dose factor rem/hr per Ci/L 

D • boat,a,L 

E4ma ~ exposure time boating, hr/month, a func!ion 
of age and lifestyle 
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TECHNIOU:S FOR SELECTING REALIZATIONS 
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by 

A. M. L iebetrau 

January 15, 1990 

Hanforc Environmental Dose Reconstruc:ian Project 

Pacific Nor~hwest Laboratory 
Richland, WA 99;52 

The purpose of this report is to document algorithms for generating sam­
ples from the probability distributions that are being, or may be, used in 
the calculation of dose estimates and uncertainties. Algorithms are pre­
sented for generating realizations of random variables with the following 
distributions: 

• U(a,b) 

• LU(o,p) 

• T(a,b,c) 

LN(e,r') 

a uniform distribution over the interval (a,b), a< b 

a loguniform distribution over the interval (a,~), a< p 

a triangular distribution over the interval (a,c) with mode 
at b, a ::s b ::s c 

a normal (Gaussian) distribution with mean ~ and 
variance c-2 

a iognormal distribution with mean e and nr~ance -:-<: 

~ach aigor4~nm r~qui:--es the generation of random nun:tle:--s or vaiues f':"'o;n 
a L(O.l) distributjon. It is an:icipated that (pseudo) random numbers wi1l 
be ge!'lerated using currently available system routines. Because ra!'ldam 
nun:cers are crucial to the generation of realizations from any distribution, 
an alternative algorithm is presented in Section 4.0 for generating (pseudo) 
rar.dom numbers in case the system random number generator proves unaccaptabie 
for some reason . 

' . 
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2.0 GENER~l MET~QQS FOR UNIVAK!ATE DISTRIBUTIONS 

A fundamen~a1 method that theoretical1y works for any univariate distri­
bu':.ion is the Inversion Method. This method, which requires the inversion of 
t:,e cumu 1 at i ve dis: ri but ion func~ i en ( ctf}, is based on the fo 11 owing theor::::~ 
of prob.o.bility (see ~load, Grajbill, and Sees 1974, ;J. 202): 

If X i~ a random variable w~th cumulative distribution function F, then 
the random variaJle U, defined by U • F(X), has a uniform dis~ribut~on 
over the i nterva 1 { 0, 1) . 

In oract;ce, reali:at;ons are obtained by generat1ng a ;::seudo-random nu;;;ber u 
(a reali:a~io~ of a U(O.l) random variable), setting this number e~ual to IJ 
in the aoove theo;am, and solving for X. For each realization u, this pro· 
cedure yieid~ the realization x • F·l;u) of the random var~able X. The 
rnvers~on ,\iethod is shown schematically in Figure l. The utility cf the 

F(x) 

X 

AS912159.8 

~1GUR; ;. The Inversion Method of Generating Realizations from the 
Cumulative Distribution Function F: xis the realization 
:hat corresponds to the random number u. 

B.56 

.. 

• 



"' 

-. ·- - - . ,_ __ ,,.., .- .. __ .. _ --- -

Inversion Method is liri:i":.ed by the difficulty of ctl:aining F-1; -=onsequentiy, 
al:ernative methods are preferable for many distributions whose cdfs are 
difficult to invert. ihe !r.version Method is used to generate realizations 
fr~~ uniform ar.d trian;~lar d:stribwtions. 

T.:cnnlCal tlct.:· If F 1S not conttnuous, then there exis-.. values cf 
u for which F-l(u) is not well defined. In this case, x sr.ou:d be 
taken as the hrgest value to x0 such that F(x) ~ u. i.e., 
x0 ~ supx F(x) s u. 

A second method for generating real i:ations of sf)ecified aistributions 
is :v mear.s of transfor:::ations. If Y is outa:neC by transfom.atio~ from the 
var-i'a~le X, say Y "'g(X_), the!l '"ealizaticns of Y ca:-1 be otl:ai:-1ed by a;:Jp1:-'::"lg 
tn: transformation g to realizations of X. Transfo~ations are used to 
ae1e:-ate ioounifor::: variates from uniforn varlates and locncrrr;a' va:-ia:es 
-,,.~'!'! nor.nal-variates. Transfor.nations may also be used :0 generate U(a.b) 
variates from U(O,l) variates and N(_u,a-2) variates from tl(O,l) variates. 

In addition to the two general methods identified above, special methods 
exist that are efficient for specific distribu'tions. The Sox-~"'uller 
a 1 ~ori thm given in Sec't ion 3. 4 is a special method for the generation of 
s:andard nornal variables [e.g., N{O,l) variabies]. 

ihe algorithms obtained by applying the methods in this section to the 
distributions listed in Section 1.0 are given in Se:tion 3.0. A good 
overview of methods for generation of realizations from univariate distri­
butions is g1ven in Chapter ·z of Johnson (1987); a more ex:ensive discussion 
is found in Chapter 5 of Bratley, Fox, and Schrage (1983). 

: . .; 
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3.0 ALGOR!i'HI-'S FOR S£LECTEQ D!SiR!5UT!ONS 

3.1 ihe Urifq,.., Oist:riQutiOI"I 

i'r.e Inv<:!"sion !·1ethod is 'JSed to obtain U(a.J) variates fro~ psee~Co-
ra~aom variates. If X h~s a U(a,b) distribution, then the cdf of X is 

{ 
0' x -s a 

fu(x) • (X • a)/(b - a), a :s: x ! b 

I ' X .<!. b 

In the interval a < x < b, Fu(x) • (x · a)/(b - a), so F~l is given by 

x • fu(x) (b - a) + a 

iherefore, we obtain the following algorithm for generating a realization x 
from a U{a,b) distribution. 

A1nor~thm 

Step 1 Generate a pseudo-random number u from the U(O,l) distribution. 

Step 2. Compute x • u (b - a) + a. 

!man and Shortencarier (1984, p. 28) 
Mood, Graybill, and Boes (1974, p. 105) 
Any standard statistics textbook. 

3.2 ihe loouniform Oistr~bution 

Log uniform variates are obtained by transforming un1rorm variates. By 
definition, the random variable Y has a loguniform distribution over the 
interval (a, /3), a< /3, a> 0, f3 > 0, if, and only if, the random variabie X 
,. in Y has a uniform distribution over the interval (a, b), ·~here a • ln a and 
b .. '1n {3. Frcm this defini':.icn, i':. fo11ows that 

or 

Fu(x) • (x - in o)/(in ~ - in o) 

- ' :. -
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x .. Fu{x){ln !3- ln a:)- ln a 

for In a:.$ x 5 In {5. 7her~fore, we o::ai:-1 the foliowing algoritnm for 
:;er1era':i~g a r;al izat;on X fro::: a l'..!(c:. e) distribution. 

Alccri:.1~ 

Ste~ 1. G~nerate a pseudo- random number u fror.. a U ( 0, 1) d i stri but ion. 

Ste~ 2. Compute y .. ex: [u (1n e- ln c:) + ln a}. 

lmar and Shor:;ncarier (lSa<!, p. 19) 

3.3 ihe irianoular Distribution 

The Inversion Method is used to obtain realizations from a triancuiar 
distribution. If X has a triangular distribution over the interval (i,c) 
with mode b, then the cdf of X is 

0, 

(x- a) 2 1 [(c a)(b- a)], 

F;(x) • ll.....:...l 
c - • 

J,.( X'-;-;";-"-0--;-~2~CJ,Ji(.ox';:7-_lbll.), b ::; X :S: C 
(c a)(c- b) 

1' 

Note that at x .. b, fr(x) .. t=r(b) .. (b - a)/(c - a). 
t~e foilowing aiscri~hm fer generating a realiza~ion 
distribution with parameters a, b, and c, a::: b :s: c. 

A1ccr"ithm 

X <!: C 

Inverting Fr(x) yieics 
x from a triangular 

Ste~ 1. Generate a pseudo-random number u from a U(O,l) distribution. 

Ste~ 2. If u ::: (b - a)j(c - a) 

Set u • Fj(X) .. (x a)Z/[(c - a)(b - a)] 

Compute x • a ... [u(c- a)(b- a)]1/Z 

3 • .: 
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Set u'" F_(x) 
' 

lL..:...l 
:: - a 

lx ... b-2cllx-b) 
(c a I I c • b I 

Corr.out;: x .. c- [(b- c) 2 .;. (::- a)(c- b) - u(c- a)(c- b;rn 

Iman and Short;ncarier (1984, p. 20) 
Johnson and Katz (~970) 

3.4 the Ncrmal Ois;~ibution 

The 1nverse of the cCf of a normally distribut;d random variabie X 
cannot be expressed in closed form, so the inversion method is not the method 
of choice for generating normal variates. The method used to generate normal 
variates, which is due to Sax and Muller (1958), involves transformation of a 
pair of pseudo-random numbers to obtain a pair of s:andard normal variates. 
These are further transformed to obtain a pair of realizations from a normal 
distribution with mean~ and variance aZ. 

The Box-Muller algorithm is an efficient method for generating simpie 
random samoles of normal variates, but it may not be as efficient far Latin 
Hypercube Sampling, which involves partitioning the range of the simulated 
variables. To generate normal variates using Latin Hypercube S~ling, it is 
desirable to use an algorithm that generates specifieC percentag~ polnts of a 
normal distribution. The algorithm cited below, due to Beasley a"ld Spr~01]er 
(19ii), is used for this purpose. 

Step 1. Generate i~dependent pseudo-random numbers u1 and uz from the 
U(O,l) distribution. 

Step a. Compute 

Step 3. Compute 

g1 • (-2 ln u,) 112 cos(Z1r u2 ) 

g
2 

... (-2 ln u1 ) 1 12 sin(21r u2 ) 

ihe quantities x. and \:. are independent reai izations frcrn a normal 
distribution with mean~ and variance~. 

" . :.::: 
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Step 4. {o;Jtiona:) If 

<:.""~ corc:w:ec! for some -'· ·1 ~ p ~ l, the,., J· 
stc.ncarc' bivariate (JJ. • 0. ~ • 0. a, 2 

• l, 
with correlation coefficient p. 

y2 are real ~zat"ior.s frcm a 
.. l) normal distriJution 

Eox and Muller (1953) 
d S '1""0 '"") Abr amcwi :z an tegun 1 :=' , p. • :J~ 

Jo~nsan (1987, p. 29) 

Alcorithm for Comoutina Percentaae Points of the Normal Distribution 

A 1 gori thm AS II I, due to Beasley and Springer ( 19ii"' , is used to ca 1· 
culate percentage points of the normal Oistribu~ion in connection wit~ Latin 
Hypercube Sampling methods. The algorithm is fast, numerically accurate, and 
portable without modification. FORTRAN code for implementing Algorithm 
AS III is given in the reference cited. 

3.5 The loonormal Distribution 

Log normal variates are obtained by transferring normal variates. By 
definition, the random variable Y has a lognormal distribution with mean e 
and variance r' if, and only if, the random variable X .. ln Y has a normal 
di stri but ion with mean Jl and variance a2 , where 

f..J. • in [ e' I J e2 
" r

2 i 
0 

and c:' "' l;, (:) 

This definition yields the following algorithm for generating a realiza~ion y 
fro~ a lognormal distribution with mean e and variance rZ. 

Ala:>rithm 

Ste:> 1. Generate a realization x from a normal distribution with 
mean ~and variance al, where~ and aZ are computed using 
Equation (1} above. (See aigorithms in Sect:an J.~ for 
generating normal realizations.) 

Steo 2. Compute y • exp (x). :nen y is a realjzat~on from a 
lognormal distribution with means and variance r'. 

' -
0. 
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!man and Shortencarier (1S84 p. lT) 
Crow and Shimizu (1SE8) 
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Each alcori":.hm in Section 3.0 requires the generation of va1"Jes from ~ 
'J(J,l) c~stribution. Tt is anticipated tho.t the pseudo-random nur::ber gene!"'· 
at~r ava:la:;le on -.he Pr;t_ V.t...X ne!worK will prove aoeouate f::r :-tEJR Project 
dcsc calcu~.:tions anC relatad uncertainty ana~yses. In case the :ystem 
ge"'e;-ai.or proves inadec;uate for some reason, and for the sake of 
co:r.ple:eness. a pseudo-random number generator is giver. here. ihe seiec:ec 
oe'ierator is due to Wichmann and Hill (1982) and produces U(O,l) realization~ 
by combining the results of three multiplicat1ve congruential generators. 
ihe a1garit!'1m is short. reasonably fast, statistically sound, and machine 
indeper:C:ent. A :=oRiRfl.,'l 1mpie~entatian is given beiow. On machin~s tna-.. use 
o:1iy 23 bits for represcntatic.n of the frac:ior.ai part of a real .'1urr.b::·. i: 
is pc~sible for th~s algo-:-ithrr: to produce exact :e~os beca~:;e of rou:-~d'c.:: 
ercor; see t1cLeod (19E..S) for a c;~scussion of this orobiem and poss:1ble ~ 
mo·d:f;cations. 1-n extensive discussion of uniform random numbec aenecato!'"'s 
in:·luCing the algorithm preseMted here, is found in Chapter 6 of Sratley, ' 
Fox, and Schrage (l9S3) . 

. AlJor~tnrn AS 183 (Wichmann :md Hill) 

REAL I'IJNCT!CII RANCC!1C'..l 

' C ALGOit!TltM AS 11D .>.PPL. STATIST. (1982l ~L.Jt, '· tS! 

' t ~!i:T\IRN$ A PSEIJOO·R.UIDOM ~BElt ~ECT!I.IIGI.IL!I.RU Oisnt!BUTEil 
;;r;".'el( 0 AltC1. 

' : :x, IT ANO !Z SHOJLC BE SET TO INTEW VALUES BE'Nall 
c 1 AlCD JOOOO SEFORE FlitST EIITr.'. 

C iNT::Ga AAITI!METIC IJP 70 3a3Z3 [$ !I.ECI.IIRE!l. 

' 

' 

' ' ' ' ' ' ' ' ' : 
: 

:::Mo"ON /RAllO/ IX, r'l', IZ 
lX s 171 • i'ICO(lX, tn) • Z • (lX I 1i7") 
IT • :i'Z • I"C:(!T, :7.!1) • 35 • (lY I 176) 
!Z • 170 • i'!COC!Z, 17Sl • QJ • liZ 17!1 

IF c:x Ol IX • :x • 302.69 
!i' (!~ .L~. Ol I':" • !':" • J0307 
:l' CZ .Lr. Ol !Z • IZ • 30323 

il' INTEc;$1: A!l!THM!':'::: uP TO S212~2 IS AV!I.ll.Ait.:, 
7HE P~ECEIIIIG 6 STATEI!EIITS MAY BE WLAm BT 

lX • l'!aiC111 "' lX, 302.69) 
;y • l'!alc;n:" IT, J(!JC7) 
:z • l'!aiC170 ~ IZ, 303Z3) 

01 SO'!~ ""'C!IHIES, TillS MAY SLlGi!TLT lllcaEASE 
1'1!E SPEEt'l. 1'HE ~ESIJLTS \.IILL BE ICENTlW. • 

~ANC~ : AA~CRC:..T(:XJ I 3'0269.0 • i'L::AiCln I 30C7.0 • 
;l,.C:,TC::J I 3'03z;:i.~, ~.:) 

s. s: 
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'7'ne es:;,;:-.at;.cn of dose es:imate 1.mcer:a:nties will involve simulating 
re!.li:a:fons of araoa:lili':.y dist:-::uticns. The dis:l"'i!:lutior.s may be tt'le~re:icai 
(i.e., e:x:Jressed in a func:ional form) or empirical (estima:ed from real data or 
qe!'lera:e:! :y simulation from a hypct~.e':.ical distl"'~b'..!tion). The dis: .. ibuti::ns 
rnav be usee :o de:cribe ':.he distr~bution of input ;Jarameters :o ':.he dose :r~cde1 
cr-t!'le variaoility of submodel ou:;Jut variable(s). 

ihe foilowino aloorithm can be used to approximate a given distr~Cution function 
re~ardless of whether it is theoretical or enmirical. ihe notation used in i::q. 
(1) beiow is illus~rated in the attached figure. 

Step (b): 

Divide the range of the distribution into k inte~als. For Phase I 
calculations, a maximum of k ~ ZD inter1als will be used. 

The interval boundaries (denoted by x's) and the c~muiative proba­
bilities (denoted by h's) associated with the rign~-nana endpoints 
of the k intervals are: 

Whe:-e v ~ .. .... ., .~ ~~e minimum value of the variabie and xh is the maximum value. 
v 

ihe inte~ais defined by Eq. (1) defined a ~-segment piecewise linear appr:xi­
mation to the actual input distribution. A maximum of k • 20 inte~als ~ill be 
used for Phase I calculation. A smaller value of k mav be used in cases where 
an adequate approximation to the actual input distribution does not require 20 
intervals. Note that when the distribution is expressed in cumulative fo~. 
both the x's and the h's are nondec~asinq sequences of numbers. It is conven­
ient to choose the representation in Eq. (1} so :hat either the x's or the h's 
are eoually spaced. For the Phase I study, we will •Jse equal spacing of the x's. 

After a distribution such as that in Step (b) has been assigned to a oarticular 
input variable, :hen reali:ation of the variable may be gene:ated from the 
assigned distribution as follows: 

Step l: G~ne;ate a oseudo-random nurnbe!'", from the •Jnifor.n ciist!"i~ution o·•er 
~he intervai (0,1)). Oeno~e :he vaiue of ::tis number jy h, ·,.ne:-e 
O<h<l. 

8.66 



.. 

., 

JT Ca~ 1 incer 
..:u:~e 25, i989 
?a;e Z 

S ~e;J 2: De:e~ine ~he ir.cex i, i = ., 

Ste;J 3: 
h . 

c--:c'~-:!..' Comcu:e x "'xi-l + h,. 
ni-l 

h 

2, ••• , k, SUC:'I e·,at h; l < h <h., 
'- ' 

(X . - X. , ) 
1 1-.L 

(
_, 
"' 

7!'te cwa:'l"':;t: x c:::ained Jy (2) is the reali:a:ion of a ranCcr:1 ·1ar~able x ... r.ose 
c:~ ~s ;;~ve!'1 by (:). Ste~s l-3 can be re:ea:ed, as necessary, to genera:e :he 
ces~rea r.(.:;;;De: of :ealiza:icns 'fro::~ :he gi·•en -::!~S!:"~:u:ion . 

.. ~I~L/ s 1 c 

- --. .:. 
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F'il ei L5 

:· .. al.:a:~cn of :~e a::::::s;oheric ':.:"'ans:;:or: and. de~csi:icn cf rationuc;ices en 
sail and veceta:'ion is one of the major under-:akings of the HEDR projec:. 
ir.e initial.sensit~vi-:.v studies, as ment~oned in tile Se~r:e:nber l9SS Wc:-k~la!'l 
::::!'leiS?, perfor::1ed by Dennis Strenge and. Bruce Na~ier for the iodine air­
cow-milk pathway, indicated that the parameterization cf deoosition and 
vecetation uptake 'l'las one of the most important to the final result. In 
aaOition, the demar~ation betwe~n the Environmental Transpo~ Task and the 
E~viror.mental Pat~ways ar.d Dose Est~mates Task comes at the point of de;os~tio~. 
Van Ramsdell and I have had many discussions on the appropr~ate method of 
doing th~s and have r!ached a working agreement. 

Deposit~on and interception have ~een widely studied. They seem to be 
correlated with at.ilospheric cor.dit~ons (such as wind speed, turt:ulence), type 
of surface (measured in tenns of a "friction velocityq or a ''surface 
roughn;.ss"), as well as wi:h type and state of vegetation. Most studies ha··e 
a::emoted to lump many parameters into a ~:eposition veloc~tyu (e.g., Heinemann 
and Vogt 1980). Often, the deposition velocity also includes the inter:epticn 
fraction (i.e., vg is deposition onto grass rather than onto the soil). 

DtSCUSSION 

~·,e cri g~ !";a 1 Ha!"lforc' 1':'1ode 1 fo .. Ce~os i :ion/ i r.:e:":e~:: c!"' ~ ncot?ora:ed a 
"jeocsition velocity" ter;,; wi<:.h a constant i."lter~e~ti.:.j fr-a:::ion (Selda: and 
Harr 1971). Co~~ined with a feed-to-miik transfer fac:or, this model previded 
a fairly accurate predictior. of miik concentrations for the Hanford environ~ent. 
Recent results cf :he Siospheric Model Val !dation Study (3IO!>lOVS), preser.ted 
at the VII Workshop in Tokai, Japan, November 7·10, 1988, but yet unpublished, 
i~aicate that this formulation tends to underoredict the concentrations on 
t.;e grass, but to cveroredict the transfer frOm grass to milk, ar.d therefore 
t.ie final answer is in the right range. The observation of undertlrediction 
o·f deposition/inter~ept"ion is repeated by Pinde:--, McLeod, and Adriano (1589). 
ihe current Hanford model (Napier et al. 1988) uses a variable interce~tion 
f-action that is a function of veoetation biomass. The interceotion fraction 
i:; based on the model of Chambe:-ldin (:970). !t ge:'leraliy resu.its in a highe!"' 
v,! 1 ue cf i nte:-:e~: ion than the o i der CO:'!Stant frac:i on. 7he O:amberl a in mod: 1 
is a~ emoirical fit to a iarge amount of data, relating to both ioaine and 
~<!r"':'!C:.:late radior:uc1ides. 

J. ~ 

8.69 



Dis::-i~u":ion 

~"n 25. :sag 
0 age 2 

c:-:ar.:~er1ain's a.,:;::rcac:'l is d 7i1t.:-at.~on :r.odel cf -;.;-,e fer::~ r" l - '!-,.2, · ... r.ere 
r is ":.he int:!"::e:::":.:cn f!"ac:~cn, ~ js an er.:oir~::~1 c~ns:ant, ar: S is :!"te 
bi::mc.ss. The c~r.stant ~ a:1d :.he var~able 3 are :.:sua11y cefine:: :.~ :e ir: :.er:::s 
of cry !:Jic:nass. 

! performed a review of c:.:rrent :nocel i:-tg aocroa:::-tes tc ':he ):l"Ob1e!l'l of 
ce~cs'o:.ion/inte:-ception. Sei'lmel (l:O~) ~rc~iaes ar: ex:ensive over·•iew cf 
i:eocsiticn veloc'i:ies. but aces not d.i7feren::ate !:Jetweoe!'l deposition en soils 
ar.d sur7a::es and on veo:et~tion (wi'lich is imocr:an: ~e::ause aepcs~::on veic:'i::es 
OiltO ve-;etat:on may i:'lC:r:Jorate an inter::eoticn "rac:~cn imolicit1y). T"ce 
I..:..£), Safety Series 57 0982) suggests t~a: for forage, ':!'le C'JC':ient of the 
inte-r::e:::ion fra:::ion anc t.'le ary >"~ei;n: of :he bic:::ass be heiC. a c::-:s':an:, 
and for food crops tnat ':he intercept~on frac':ion ;;e held at a cor.stan'- ·"aiL:e 
of 0.20. Use of a cons:ant value of ':he quc:ien': ... as inves-:ig:a':ed. by :."le 
Nevada dose rec:::nstruc-:icn and used. in the Nevac:a "Sheep Sbdy." Holding :.~e 
quotie~t of inter-:eption to biomass, a constant is eGui·talent to using: a series 
expansion of the Chamberlain model truncated at the first te~ - it gives 
roughly equivalent results for low biomass. ihe IAEA position is a restat:men: 
of the recommendations given in several C.:.k Ridge ~la':ional laboratory documer.:s 
(e.a., Hoffman and Saes 1979, Miller et al. 1980). ihe newer ORNL code iE;R~ 
(3aes et al. 1985) uses the Chamberlain formulation for interception cy hay 
and pasture grasses, -and an ad hoc variant with the same mathematicai form 
for other vegetation. The British code FOOD-MARC (Linsley, Simmonds, and 
Haywood 1982) uses a constant interception fraction aoproach. The G~rman 
code ECOSYS (Prahl, Friedland, and Paretzke 1985) uses the Chamberlain 
7ormulation, in particular for iodine. The PAiHWAY model used ~y the ORERP 
study (Whicker and Kirchner 1987) uses the Chamber 1a in interception fracti .: .. 
model. The most recent literature on the topic by Pinder (Pinder, Ciravolc, 
and Bowling 1988; Pinder, Mcleod, and Adriano 1989) also recommend the 
Chamberlain formulation, with very minor revisions to the empirical c~nstants. 
It appears th~t. over the past decade, most researchers have ciete~ined ':hat 
the Chamberlain filtration approach provides the most adequa~e met~od of 
pred.ict~ng t!".e inter-::ep:~cn fraction. 

Rece:n1y declassifieC Han-:'ard information from early 1946 indicates ":hat the 
ccnce~trations of radioiodine measured on veoetation from Hanfori releases 
varie~ from species to species by about a faC:or of eight (all measureoents 
were acne on the basis of activity per unit mass as collected~ i.e., wi":hout 
dr;ing). One~gram samcles were spread on a sur7ace and counted. 0~1 grass 
and weeds were found to be more ac:tive (pe:-- unit mass as collected) than li·'e 
vegetation. Reproducibility of these measurements was said to be about plus 
or minus 30% (Healy 1946). This indicates to me that if these had been 
normalized to dry weight, the variabiiity would have been less. A model using 
the interception fraction described bv Chamberlain and corrected fer t~e 
moisture content of the vecetation as· a function of t~me of vear woulC a~ve a 
var~abili":y t~e same as se;n i:-: ':hese crig~na1 Hanford measui-e!:!ents. ~ 
(Chamoeriain (1970) also reports a variable weathe!"ing half-time, one t!'lat is 
1onoe!" in the win':er. This seems also to Je SUD:Jor-:.ed ~n t!le Hanfora 
me:Sureme!'l:s.) 
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we ::-::cse :.o use a ':'HO~oar': cesc:-ip~iar. of Ge::oos~:ion and ir.te!"'Ce::: :r:. 7he 
:n:al fhx of racioac:ive ma:e!"'ial cut cf :he Passi:1g at:nosur.eric pu .; is 
neecec by Van Ramsdei1 in :!'le at:ncsphe:-ic dispersion mocel '::J mai:1:a :1 a mass 
:a:ance anc pr~~e:- 1.y accz·..:n: for ;Jiu:ne de?let'.on. Van p':"oposes :o use a ~.oc;:i 
::,a: accoun:s fer atmcs~heric conaitions ana -radicnuclice prope::ies 
:~ar':~:::.~ia:e vs. r.cole sas v~. iodine) to ::or::vide t.':e :'le': wee. and Cry flux 
ou: of ::,e oiume. I orcocse to use t:"le C!1amce:1ain filt:-a:icn mcC:e1 :o ac::::..:~: 
fer fn:e!"'::ec:icn of ti1"is fl:.Jx on :;,e vecetation. 7his t'No~par': a::przac.'l .,.,.;11 
allow ccn·,e!':ie!':': da:a transfe:- be:· .... een ~ne tasks. ,ne a:::c~::ac:'l is essen:~ai~y 
::;e sa~e as that used for da:a transfer in the ORERP projec:. 

:"he mcCel for in:e:::eptjcn frac':ion .,.,.;n be made ·1ariabie as a fur:c:icn o7 ~ian~ 
:liomass and moisture content, which means it will be a function of crcp type 
and time of year. This model should explain most of the variability see~ in 
the hi s:cri ca 1 e:wi ronmenta 1 measurements . 

. ~dd'ftional sensitivity S't:.tdies will be possible once_ this system Oecomes 
operational. This will allow us to investigate whether wind~tunnei exper~men:s 
with iodine~l3l or field experiments wi:h iodine-129 from PUREX will aad 
appreciable data to our study in the nex~ fiscal year. 
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J;.; 3rc::le!"S 
r:\0 Gi ibe~ 
ii.!. Haerer 
AM Liebe::"au 
3 Sacar 

''"'"' 
UL S~rence 
P!":je::: Cf-=i::e 
Fi1e/L3 

Har.dhr:o C:::rrelatians in Ccmole!Tie!"'tarv ~rac-:~c:-s 

:n seve!"al of t~e caic~la:io!"'s :::: t:e ~e:""'f:;;;:ed -:"cr t;:e :-:~:;:: :J'":ase : a;;a1~~~~s. 
c. se-:-·.es of frac:".cns must ':le seiec:e~ from inct.r: ~~~::-~:.:.~:~ens. ::=c:; of 
:::es: :'"rac:icns has i:s own :is:hbu:1cn. ihe cesu~:s of :~e se1ec:~cn 
process of the frac'tions must, howeve!"", su::~ to one, · ... nic;, implies a 
cor:-eia:ion struc::.zre. A :echnique is nee':ieC to handle :he c::r:-e1aticns 
bet:Neen the varioL:s frac:ions. 

O:SC!JSS!CN 

Seve!"al options are avaiiable. We could use a simple n.:le to adjust tMe 
ranCcmiy drawn fractions, or we couid draw the f~actions fro~ a ~ultivaria~e 
distribution with an assumed correlation structure. 

In general, the fractions are being generated via ex-::le:""t: op1n1on. IOe!"'e is 
considerable uncertainty about many of them. No information is curre~tly 
available on correlations bet·~een the constituent parts of the sum desired, 
other than that it is constrained to add to unity. The structure of the 
pr~posed comouter imolementaticn also does not le~d itse·f to i~cor?ora~ing 
large correlation matrices. · 

ihe question of how to handle these 
Naoier,_ Al Liebe't:"au, Cick Gilber-:, 
1~89. 

c::lNct..us: J~ls 

correlations was discussed bv B~JCe 
and Sudhi Sagar at a mee~~ng.on July ~1, 

rt was concluded that for Phase 1, at least, a simo1e aCjust~ent rule wouid 
be adequate, given the lack of strcno information on corre:ations. ihe 
various fractions should be d~awn inCependently from their dlstributions, =~= 
then the sum of the results should be used to normali:e each value so t~at 
the t:tal then adds to one. 
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~rom 

H.:.. rL:e:-e:-
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~C ~~~!'l:::cnc 
P:-ojec: Office 
File/l3 

~·~:::-1 ::f t!ie PI-Ja::a ~ e7f::::-: 1as gc!"le in:::: -::efi:-:~r:g :a;ame-:ers :::: ·.:se fc':" ::-.e 
i!::::os;;ne-:-ic d~s::~e:-sior. ~=-rti:::ns cf :he HESR ca;c:..:~at~cns. Prcpor:~cna1'; 
1 ess effcrt Mas :;een expe!'lcec. 0:1 the surface wa-.e:- path• ... ays. Hcweve:"', 
:efini':ic:1 of the various locations of pote!'ltial ex::osure :o :.~e ri·re:- O:"' tc 
rive!"-re1a:ed prcduc:s (water, fish, irrigate':! foocs) is also necessa:-:;. 

DISCUSSiON 

ied Poston, who was asked to acc•o~mulate and evaluate da~a on radionucllcie 
c:::nc.:!':trations of fish in t!'!e Coium.Cia River for 1964-1966, devised a 
convention for collecting data based on sampling locations. ihese areas 
are (memo, T. M. Posten to Di~tribution, June 12, 1989, ~Location of Fish 
Sampling Sitesu): 

Pr1 es-.: R.ap i os 
Hanfor"d 
Coyote Rapids 
Rinoold 
Richland 
Island View 
Sur~ank 
Mc~lar; 

Aco:""ox"imate Riv~!"' .~ne 
3 0 
355 
383 
354 
345 
3:!5 
""? '"-29.! 

ihe first three of these locatic:'ls a!"'e inside of t.I-Je Hanfo!"'d Site, and thus 
of minimal impor":ance for pub 1 i c exposure cons ide rat i ens. The ot.hers:, 
however, are stret::nes of the river for which pub1ic ac:ess is available. 

CCNCU.!S !ONS 

: have c:::muared Ted's river stretches to our HEDR census subdivisions on the 
mao. There is a very convenient correspondence for the puoiicly available 
locat'ions, as follows: 

R.1n0010 
Ridiiano 
Island 'l~e~ ... 
.Su:-:anl< 
!-\ct:ary 
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/Jo~e tha~ e=ch stl"'e:ch of the r-ive:- touches t'NO sub...,ivisicr.~. cne en eit.her­
!;ice, if some minor ovel"'iaos are io!"!or~'!. (ihe 8en~on Count·1 side of the 
.=:::~~:ld st:-e::h is s:ill H.anforo Site). Given t.:Oe inexac:. nat:Jre cf tt"le 
seie:::.ions, :.!':~s ... culd seem:: :Je re:!.scnable. 

ihese divisions should be used fcl"' the ::-a~spor:, demog-aphy, end dose 
ca~c:..:lations reouireo for Phase 1. 

a.:..~l: ::s 
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APPENDIX C 

TABULATION OF BIOMASS AND INTERCEPTION FRACTION 

This appendix includes the monthly biomass (Y) used for each vegetation 
type, and the resultant interception fraction (r) . 

C.l 



Plant 
~ 

I Leafy Vegetables 

2 Other Vegetables 

3 Grain 

Meat: Grain 

Poultry & Eggs: Grain 

4 Fruit 

5 Meat: Forage/Hay 

Milk: Hay 

6 Milk: Fresh Forage 

7 Milk: Ensilage 

8 Sagebrush 

" 

" 
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Biomass (dry weight) ( kgjm2) 
Plant I Month y 

I 2 3 4 5 6 7 8 9 10 II 12 Type 

I .04 . I .2 .2 .2 .16 . I 

2 .05 .25 .4 .5 .5 .4 .25 

3 .014 .029 .058 .086 .115 .144 .072 

4 .27 .27 .27 .324 .378 .54 .54 .54 .432 .324 .27 .27 

5 .05 . I .15 .15 . 15 . 15 .15 

6 .03 .03 .06 .15 .27 .27 .27 .27 .24 . 15 .06 .03 

7 .03 .09 .15 . 21 .3 .15 

8 .01 .02 .03 .04 .04 .04 .01 • OJ .01 .01 . 01 .01 

Plant I 
Interception Fraction 

Month r 
I 2 3 4 5 6 7 8 9 10 I I 12 

I .II .252 .44 .44 .44 .371 .252 

2 .165 .593 .763 .835 .835 .763 .593 

3 .041 .08 .154 .222 .284 .341 .188 

4 .622 .622 .622 .689 .744 .857 .857 .857 .789 .689 .622 .622 

5 .135 .252 .353 .353 .353 .353 .353 

6 .083 .083 .16 .353 .543 .543 .543 .543 .501 .353 .16 .083 

7 .083 .23 .353 .456 .581 .353 

8 .035 .069 .102 .134 .134 .134 .035 .035 .035 .035 .035 .035 

• 
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APPENDIX D 

DOSES BY CENSUS DIVISION, AGE GROUP, YEAR, AND EXPOSURE PATHWAY 

The following 98 tables present summaries of the thyroid doses calcu­
lated for Phase I of the HEDR Project. All doses presented in these tables 
are in units of thyroid dose (rad) [essentially equivalent to thyroid dose 
(rem)]. Each table presents the results of calculations for a single census 
division. The census divisions are illustrated in Figure 2.5. Within each 
census division, the results are presented as annual summaries for 1945, 
1946, and 1947 and as the cumulative dose that would have been received by 
an individual who lived in the division over the entire 3 years. 

Doses are presented by exposure pathway. Those 1 abe ll ed n Extern a 1" 

include contributions from air submersion and from material deposited on the 
ground. The doses labe 11 ed 11 Inha 1 at ion 1' are from bre?thi ng the contaminated 
air at the given location for the whole year. Doses from consumption of 
cow 1 s milk are presented for a number of possible situations, including milk 
from four potential feeding regimes for family ("backyard") cows and two for 
commercial sources. The feeding regimes, which are defined in the main 
report, are the following: 

Feeding Regime I (BYCow Regime 1): A diet consisting of grain, stored 
alfalfa hay, fresh irrigated pasture, and ensilage, similar to that of 
commercial dairy farms. 

Feeding Regime 2 {BYCow Regime 2): A diet consisting of grain, stored 
alfalfa hay, and fresh irrigated pasture, similar to that of commercial 
dairy farms. 

Feeding Regime 3 (BYCow Regime 3): A diet consisting of grain and 
alfalfa hay only, with no fresh pasture, similar to that of small family 
farms without irrigation . 

Feeding Regime 4 (BYCow Regime 4): 
hay only, similar to that of small 

A diet consisting of grain and grass 
family farms without irrigation . 

:ommercial milk consisted of two sources, rural and urban. Milk 
collested by various creameries was redistributed to grocery stores, thus 
makin'J commercially available milk at any one location a potential blend from 

D.! 



many sources. To illustrate the model capabilities, doses from milk availa­
ble in rural groceries were calculated for each census division. For a few 
locations that were essentially entirely urban, doses from milk available in 
larger stores were also calculated. 

Not all of these sources are listed for each census division. If a 
source was not considered to be applicable (e.g., milk from irrigated pasture 
in divisions in which irrigation was not practiced in the mid-1940s}, no 
entry is shown. 

Doses presented for consumption of fruits and vegetables are based on 
the assumption that the entire diet of fresh fruit and vegetables was sup­
plied by local sources (i.e., sources from within the subject census divi­
sion). This is a highly conservative assumption for all people except those 
with large private gardens. 

Doses are presented for two 
in age from birth to I year old. 
old. 

age groups, 
Adults are 

infant and adult. Infants range 
assumed to be more than 20 years 

For both groups, only doses to males were estimated, because the only 
differences between males and females dosimetrically is that their consump­
tion rates for the various food types differ and that males tend to eat 
somewhat more than females. 

The complete calculations performed for Phase I generated distributions 
of doses for each of the categories described above. The fifth percentile, 
median {fiftieth percentile), and ninety-fifth percentile thyroid doses from 
each distribution are presented in the tables. Because of the nature of the 
Monte Carlo calculation process, the uncertainty in doses outside of these 
ranges is large enough to invalidate their usefulnesses. The fifth and 
ninety-fifth percentiles define a range in which ninety percent of the 
potentially exposed population would fall, and are best used for comparative 
purposes. 
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---------------------------------- Adams County Census Division 01 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.001 0.013 0.000 0.001 o.oo8 
1945 Inhalation 0. 009 0.035 0,193 0.008 0.027 0.178 

1945 Milk from BYCow Regime 3 0.020 0.183 1. 924 0,001 0,015 0.169 
1945 Milk from BYCow Regime 4 0,001 0.019 0.584 0.000 0.002 0.051 
1945 Commercial Milk (Rural) o.ooo o.ooo 0. 000 0.000 o. 000 o.ooo 

1945 Fruit and Vegetables• 0. 315 1.515 9. 747 0.248 1.092 6. 379 

1946 External o.ooo 0.000 0.001 0.000 0. 000 0.001 
1946 Inhalation 0.002 0.007 0,034 0,002 0.005 0.027 • 
1946 Milk from BYCow Regime 3 0.002 0.024 0.249 0,000 0,002 0.019 
1946 Milk from BYCow Regime 4 0.000 0,005 0,082 0.000 0.000 0.006 
1946 Commercial Milk (Rural) o.ooo 0.000 0.000 0.000 0,000 0. 000 

1946 Fruit and Vegetables* 0.045 0.220 1.172 0. 035 0.151 1.059 

1947 External o.ooo 0.000 0.000 0.000 0.000 0.000 
1947 Inhalation 0.001 0.002 0.009 0.001 0.002 0.006 

1947 Milk from BYCow Regime 3 0.001 0,006 0.065 0.000 0.001 0.006 
1947 Milk from BYCow Regime 4 0.000 0,001 0.035 0.000 0,000 0. 004 
1947 Commercial Milk (Rural) 0.000 o.ooo 0.000 0 .000 0.000 0.000 

1947 Fruit and Vegetables* 0.008 0.041 0.246 0.007 0.031 0.193 

!945-1947 External 0,001 0.002 0.015 0,001 0.002 0.011 
1945-1947 Inhalation 0.018 0.050 0.221 0.014 0.038 0.197 

1945-1947 Milk from BYCow Regime 3 0. 053 0.270 2.635 0.003 0.022 0.218 
1945-1947 Milk from BYCow Regime 4 0.006 0.048 0. 721 0.000 0.004 0.055 
1945-194'1 Commercial Milk lRural) 0.000 0.000 0.000 o.ooo 0.000 0. 000 

1945-194" Fruit and Vegetables* 0. 602 1. 989 11.065 0. 451 1.480 6. 816 

~ Dose from the fruit and vegetables pathway assumes that 100% of diet comes f::om local sources 

" 
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---------------------------- Adams County Census Division 02 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External o.ooo 0.001 0.004 0.000 0.001 0.004 
1945 Inhalation 0.012 0.044 0.230 0.010 0.035 0.170 

1945 Milk from BYCow Regime 3 0.029 0.227 1. 693 0. 002 0.018 0.139 
1945 Milk from BYCow Regime 4 0.001 0.029 0.802 o.ooo 0,003 0.045 
1945 Commercial Milk (Rural) o.ooo 0. 000 0.000 0.000 0. 000 0.000 

1945 Fruit and Vegetables• 0.445 1. 865 10.162 0.327 1. 282 6.979 

1946 External 0.000 o.ooo 0.001 o.ooo 0. 000 0.001 
1946 Inhalation 0.003 0.009 0.052 0. 002 0.007 0.039 • 
1946 Milk from BYCow Regime 3 0.003 0.033 0.287 0.000 0. 002 0.023 
1946 Milk from BYCow Regime 4 0.000 0.004 0.132 0,000 0. 000 0.006 
1946 Commercial Milk (Rural) 0.000 0.000 0.000 0. 000 o.ooo 0.000 

1946 Fruit and Vegetables• 0.061 0.258 1. 576 0.045 0.193 1.351 

1947 External 0.000 0.000 0.000 0.000 0.000 0.000 
1947 Inhalation 0.001 0. 003 0.026 0.001 0.002 0.015 

1947 Milk from BYCow Regime 3 0.001 0.007 0. 076 0. 000 0.001 0 .010 
1947 Milk from BYCow Regime 4 0.000 0.002 0. 029 0. 000 0.000 0. 002 
1947 Commercial Milk (Rural) 0.000 0.000 o.ooo 0.000 0. coo 0.000 

1947 rruit and Vegetables• 0.010 0.047 0.269 0.010 0.042 0.233 

1945-1947 External 0.001 0.002 0.006 0.001 0.002 0.006 
1945-1947 Inhalation 0. 025 0.067 0. 343 0.020 0. 051 0.238 

1945-1947 Milk from BYCow Regime 3 0. 062 0.314 1. 861 0. 005 0. 025 0.165 
1945-1947 Milk from BYCow Regime 4 0.007 o.o58 0. 711 0.001 0.005 0.045 
1945-1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945-1947 rruit and Vegetables• 0. 786 2. 520 :.I. 398 0.570 1. 741 7.837 

• Dose from the fruit and vegetables pathway assumes that 100\ of diet comes !'rom local sources 

• 



--------------------------- Adams County Census Division 03 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.002 0.007 0.001 0.002 0.007 
1945 Inhalation 0,016 0.055 0.263 0. 014 0.04.5 0.185 

194.5 Milk from BYCow Regime 3 0.033 0.296 2.708 0,002 0.025 0.222 
1945 Milk from BYCow Regime 4 0.001 0.04.4. 0. 773 0.000 0. 003 0.045 
194.5 Commercial Milk (Rural) 0.000 o.ooo 0.000 0.000 0.000 0.000 

194.5 Fruit and Vegetables• 0. 503 2.14.3 12.455 0.361 1. 617 8.816 

1946 External 0.000 o.ooo 0.007 0.000 0,000 0.005 
194.6 Inhalation • 0,004. 0.013 0.153 0. 003 0.010 0.127 

1946 Milk from BYCow Regime 3 0.003 0.030 0.252 o.ooo 0.003 0.028 
194.6 Milk from BYCow Regime 4 o.ooo 0 .006 0 .071 0.000 0,000 0.011 
194.6 Commercial Milk (Rural) 0 .ooo o.ooo o.ooo 0.000 o. ooo- 0.000 

1946 Fruit and Vegetables• 0.068 0.278 1. 74.7 0.051 0. 215 l. 092 

194.7 External 0,000 0.000 0.003 0.000 0.000 0.003 
1947 Inhalation 0.001 0.004 0.077 0.001 0. 003 0.064 

1947 Milk from BYCow Regime 3 0.001 0.006 0.105 0.000 0.001 0.010 
1947 Milk from BYCow Regime 4 o.ooo 0.002 0.050 0.000 0.000 0.002 
1947 Commercial Milk (Rural) o.ooo 0.000 0.000 0.000 o.ooo 0.000 

1947 Fruit and Vegetables• 0.012 0.053 0.263 0.009 0.04.2 0.265 

1945-1947 External 0.001 0.003 0. 020 0.001 0,003 0.015 
1945-1947 Inhalation 0.033 0.069 0.571 0.027 0.073 0.454 

1945-1941 Milk from BYCow Regime 3 0. 071 0. 399 3.214. 0.006 0.034 0.191 
1945-1947 Milk from BYCow Regime 4 0.009 0.081 0. 946 0.001 0.005 0.042 
1945-1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0,000 0.000 

~945-1947 Fruit and Vegetables• 0.860 2.753 12.956 0. 658 2.091 10.355 

* Dose from the fruit and vegetables pat!1way assumes that 100-%- of diet comes from local sources 

" 
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------------------------------ Adams County Census Division 04 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.002 0.006 0,001 0.002 0.006 
1945 Inhalation 0.024 0.076 0.279 0.021 0.059 0.250 

1945 Milk from BYCow Regime 3 0.045 0.437 4 .126 0.003 0,030 0.286 
1945 Milk from BYCow Regime 4 o. 004 0.068 1.216 o. 000 0. 005 0.182 
1945 commercial Milk (Rural) 0.000 0.000 o.ooo 0.000 0.000 0. 000 

1945 Fruit and Vegetables* 0.795 3.199 15.669 0.576 2.106 10.009 

1946 External 0.000 0.001 0.003 0.000 0.000 0.002 
1946 Inhalation 0. 005 0.017 0.105 0.005 0.013 0,079 • 
1946 Milk from BYCow Regime 3 0.005 0.048 0.455 0.000 0,004 0.034 
1946 Milk from BYCow Regime 4 0.000 0.011 0 .262 o.ooo 0.001 0.012 
1946 Commercial Milk (Rural) o.ooo 0.000 0.000 0. 000 0. 000 0,000 

1946 Fruit and Vegetables* 0.097 0.453 2. 430 0.080 0. 319 1. 652 

1947 External 0.000 0.000 0.001 o.ooo 0.000 0.001 
1947 Inhalation 0.001 0.005 0.056 0.001 0.004 0. 039 

1947 Milk from BYCow Regime 3 0.001 0.015 0.156 o.ooo 0.001 0. 011 
1947 Milk from BYCow Regime 4 0.000 0.004 0.128 0.000 0.000 0.006 
1947 Commercial Milk IRurall 0.000 0. 000 0. 000 0. 000 0.000 0. 000 

1947 Fruit and Vegetables* 0.019 0.080 0.426 0.016 0.065 0. 280 

1945-1947 External 0.002 0.003 0. 009 0. 002 0. 003 0.009 
1945-1947 Inhalation 0,041 0.117 0. 435 0.038 0. 090 0. 361 

1945-1947 Milk from BYCow Regime 3 0.112 0.618 4. 711 0,008 0.041 0.289 
1945-1947 Milk from BYCow Regime 4 0.012 0.125 1. 510 0.001 0.008 0.129 
1945-1947 Commercial Milk (Rural) 0.000 0,000 0.000 0.000 0.000 0. 000 

1945-1947 Fruit and Vegetables* 1. 318 4. 083 i6.465 0. 976 2. 791 11.932 

• Jose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

.. 
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---------------------------------- Adams County Census Division OS -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0 .001 0.002 0.008 0. 001 0,002 0.007 
1945 Inhalation 0,022 0.077 0.361 0.019 0.060 0,249 

1945 Milk from BYCow Regime 3 0.055 0.435 4.135 0.003 0. 029 0.263 
1945 Milk from BYCow Regime 4 0.003 0.087 1. 319 0.000 0.006 0.087 
1945 Commercial Milk (Rural) 0,000 o.ooo 0.000 0.000 0.000 o.ooo 

1945 Fruit and Vegetables* 0.847 3.271 16.307 o. 605 2.345 11.214 

1946 External 0.000 o.ooo 0.003 0,000 0. 000 0.002 

• 1946 Inhalation 0.005 0.016 0.069 0.004 0.013 0.060 

1946 Milk from BYCow Regime 3 0.006 0.061 0.541 0.001 0,004 0.044 
1946 Milk from BYCow Regime 4 0.000 0.008 0.277 o.ooo 0.001 0.011 
1946 Commercial Milk (Rural) 0.000 0.000 0.000 o.ooo 0.000 o.ooo 

1946 Fruit and Vegetables• 0.122 0.483 2. 340 0.089 0.344 1. 743 

1947 External 0. 000 o.ooo 0.000 0.000 0.000 0.001 
1947 Inhalation 0.001 0.005 0.020 0.001 0,004 0. 016 

1947 Milk from BYCow Regime 3 0.002 0.014 0.171 0.000 0.001 0.010 
1947 Milk from BYCow Regime 4 0.000 0.003 0.062 0,000 0.000 0.007 
1947 Commercial Milk (Rural) 0.000 o.ooo 0.000 0.000 0,000 0. 000 

1947 Fruit and Vegetables* 0.020 0.081 0.445 0. 017 0.069 0. 378 

1945-1947 External 0.001 0.003 0. 009 0.001 0. 003 0.010 
1945-1947 Inhalation 0.044 0.107 0.397 0.035 0. 084 0, 313 

1945-1947 Milk from BYCow Regime 3 0.116 0.595 3. 809 0.009 0.041 0.325 
1945-1947 Milk from BYCow Regime 4 0.015 0.134 1. 543 0.001 0. 009 0.090 
1945-1947 Col!tl!l€rcial Milk (Rural) 0.000 0.000 0.000 0.000 0. 000 0.000 

1945-194"1 Fruit and Vegetables* 1 .467 4.388 17.541 1. 096 3.147 12.623 

• Dose f:::om the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

,. 



------------------------------- Adams County Census Division 06 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'(ear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0,002 0,008 0.001 0.002 0.007 
1945 Inhalation 0.019 0,065 0. 909 0.017 0. 053 0.485 

1945 Milk from BYCow Regime 3 0.046 o. 378 2. 715 0.003 0.024 0.259 
1945 Milk from BYCow Regime 4 0.003 0.067 1. 414 0.000 0,004 0.120 
1945 commercial Milk (Rural) 0,000 0.000 o.ooo 0.000 0,000 0.000 

1945 Fruit and Vegetables* o. 682 2.492 10.393 0.481 1. 839 9.242 

1946 External 0. 000 0.000 0,006 0.000 0,000 0.006 
1946 Inhalation 0.004 0,014 0, 380 0,004 0. 011 0.176 

1946 Milk from BYCow Regime 3 0.006 0.043 0.363 0.000 0. 003 0. 023 
1946 Milk from BYCow Regime 4 0,000 0,009 0.079 0,000 0.001 0.014 
1946 commercial Milk (Rural) 0,000 0,000 0.000 0. 000 0.000 0,000 

1946 Fruit and Vegetables* 0. 089 0.349 1. 709 0. 067 0.268 1. 228 

1947 External 0.000 0.000 0.001 0.000 0,000 0.001 
1947 Inhalation 0.001 0,004 0.039 0. 001 0,003 0.030 

1947 Milk from BYCow Regime 3 0,001 0.010 0.105 0.000 0. 001 0. 011 
1947 Milk from BYCow Regime 4 0.000 0.003 0,061 0.000 0. 000 0. 003 
1947 commercial Milk (Rural) 0.000 0,000 0.000 0.000 0,000 0.000 

1947 Fruit and Vegetables* 0.016 0. 069 0.315 0. 014 0. 056 0.255 

1945-1947 External 0,001 0.003 0.020 0.001 0.003 0.022 
1945-1947 Inhalation 0.038 0,106 1.669 0. 029 0,079 1.239 

1945-1947 Milk from BYCow Regime 3 0.098 0,498 3.113 0.007 0. 037 0.208 
1945-1947 Milk from BYCow Regime 4 0.013 0.114 1. 386 0.001 0. 008 0.140 
1945-1947 commercial Milk (Rural) 0.000 0.000 0,000 0,000 0 < 000 0,000 

1945-1947 Fruit and Vegetables• 1.140 3.237 11.544 0,801 2.351 9. 728 

* ~ose from the fruit and vegetables pathway assumes that 100\" of diet comes from local sources 

8 



---------------------------------- Adams County Census Division 07 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.002 0.006 0,001 0,001 0.006 
1945 Inhalation 0.017 0.057 0.301 0. 014 0.045 0. 210 

1945 Milk from BYCow Regime 3 0.042 0.363 2.967 0.003 0.034 0.295 
1945 Milk from BYCow Regime 4 0.001 0.056 1. 093 o.ooo 0. 004 0.113 
1945 Commercial Milk (Rural) o.ooo 0.000 0.000 0.000 o.ooo 0.000 

1945 Fruit and Vegetables• 0.568 2.284 11.073 0.474 1. 752 8.828 

1946 External 0.000 o.ooo 0. 002 0.000 o.ooo 0.003 

• 1946 Inhalation 0.004 0.013 0.087 0,003 0.009 0.077 

1946 Milk from BYCow Regime 3 0.006 0.040 0.369 o.ooo 0.005 0.030 
1946 Milk from BYCow Regime 4 o.ooo 0.007 0.139 o.ooo 0.001 0.017 
1946 Commercial Milk (Rural) o.ooo 0.000 0.000 0,000 0.000 o. 000 

1946 Fruit and Vegetables• 0.083 0.324 1.671 0. 065 0.264 1.300 

1947 External o. 000 0.000 0.001 o.ooo 0. 000 o. 001 
1947 Inhalation 0.001 0.004 0.045 0.001 0,003 0.037 

1947 Milk from BYCow Regime 3 0.001 0.009 0.103 0.000 0,001 0.007 
1947 Milk from BYCow Regime 4 0.000 0.002 0.076 0.000 o.ooo 0.004 
1947 Commercial Milk (Rural) 0.000 0,000 0.000 0.000 0 .000 o. 000 

1947 Fruit and Vegetables• 0.014 0.058 0. 311 0.012 0,047 0.220 

1945-194"' External 0.001 0.002 0.010 0.001 0.002 0.011 
1945-194"' Inhalation 0. 033 0.086 0. 479 0.028 0.070 0. 450 

1945-194'7 Milk from BYCow Regime 3 0.108 0.495 3.408 0.008 0,046 0.328 
1945-194'7 Milk from BYCow Regime 4 0.010 0.101 1.259 0. 001 0.007 0.107 
1945-194-;' Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945-1941 Fruit and Vegetables• 1.019 2,933 11. 638 o. 773 2.312 9.886 

* Dose fr-om the fruit and vegetables pathway assumes that 100'11 of diet comes from local sources 

,. 
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------------------------------- Adams County Census Division 08 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.002 0,009 0.001 0,002 0 .007 
1945 Inhalation 0. 026 0,080 0. 334 0.021 0.062 0.222 

1945 Milk from BYCow Regime 3 0.051 0. 531 4.599 0. 004 0.042 0. 360 
1945 Milk from BYCow Regime 4 0,002 0.065 1.280 0. 000 0. 004 0.124 
1945 Commercial Milk (Rural) o.ooo 0,000 0.000 0. 000 0.000 o.ooo 

1945 Fruit and Vegetables* 0,877 3.521 16.646 0.694 2.618 12.736 

1946 External 0. 000 0.001 0.002 0.000 0.001 0.002 
1946 Inhalation 0.006 0. 017 0.079 0.005 0.013 0.051 • 

1946 Milk from BYCow Regime 3 0.008 0,075 0. 582 0. 001 0,005 0.076 
1946 Milk from BYCow Regime 4 0,001 0.016 0 ,360 0 .000 0.001 0.034 
1946 Commercial Milk (Rural) 0,000 0.000 0,000 0.000 0. 000 0.000 

1946 Fruit and Vegetables* 0.130 o. 509 2.412 0. 096 0. 379 1.830 

1947 External 0.000 0.000 0.001 0. 000 0.000 0.001 
1947 Inhalation 0.002 0.005 0.024 0. 001 0,004 0.017 

1947 Milk from BYCow Regime 3 0.002 0.014 0.118 0.000 0.001 0.014 
1947 Milk from BYCow Regime 4 0.000 0.004 0.039 0.000 0. 000 0.011 
1947 Commercial Milk (Rurall 0.000 0.000 0 ,000 0.000 0. 000 0.000 

1947 Fruit and Vegetables* 0. 023 0. 091 0. 430 0. 019 0.072 0. 323 

1945-1947 External 0.002 0. 003 0.010 0.002 0.003 0.009 
1945-1947 Inhalation 0,048 0.114 0.400 0.040 0.088 0.254 

1945-1947 Milk !rom BYCow Regime 3 0.121 o. 686 5.993 0.012 0,056 0.374 
1945-1947 Milk from BYCow Regime 4 0,016 0.145 l. 761 0,002 0. 012 0.160 
1945-1947 Commercial Milk (Rural) 0.000 0,000 0,000 0.000 0.000 0. 000 

1945-1947 Fruit and Vegetables* 1.511 4. 441 18.424 1.214 3. 313 13.689 

~ Dose from the fruit and vegetables pathway assumes that 100\ of diet comes ~rom local sources 

., 
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---------------------------------- Adams County Census Division 09 -----------------------------------

Year 

1945 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

1947 

1945-194~ 

1945-194.., 

Dose Pathway 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

FI'l,lit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables* 

External 
Inhalation 

1945-194~ Milk from BYCow Regime 3 
1945-1947 Milk from BYCow Regime 4 
1945-1947 Commercial Milk (Rural) 

1945-1947 Fruit and Vegetables• 

Infant Dose Percentiles 
5th 50th 95th 

0.002 
0.048 

0,108 
0. 003 
0,000 

1. 691 

0,000 
0.011 

0,014 
0.001 
0,000 

0.214 

0.000 
0. 003 

0.003 
0,000 
0.000 

0.043 

0,003 
0.087 

0.259 
0.025 
0.000 

2. 793 

0.004 
0.153 

1.131 
0.130 
0.000 

6.302 

0.001 
0.031 

0.107 
0.019 
0.000 

0.853 

0.000 
0.008 

0.028 
0.008 
0.000 

0.171 

0.006 
0.210 

1. 357 
0.273 
0.000 

a .1a2 

0.013 
0. 627 

8.098 
3.143 
0. 000 

28,201 

0.002 
0.124 

1.200 
0.391 
o.ooo 

4. 349 

0. 001 
0.034 

0.193 
0.220 
0.000 

0. 798 

0,014 
0. 715 

8.473 
2. 629 
o.ooo 

30,641 

Adult Dose Percentiles 
5th 50th 95th 

0,002 
0.041 

0.007 
0.000 
0. 000 

1.263 

0.000 
0.009 

0.001 
0.000 
0.000 

0.171 

0.000 
0.002 

0.000 
0. 000 
0.000 

0.034 

0.003 
0. 072 

0.019 
0 .002 
0.000 

2.078 

0. 004 
0.115 

0.069 
0.012 
0.000 

4. 993 

0,001 
0.025 

0,009 
0.001 
0. 000 

0.653 

o.ooo 
0.007 

0.002 
0.001 
0,000 

0.133 

0.006 
0.160 

0.104 
0.020 
0,000 

6,234 

0. 013 
0.404 

0. 589 
0.188 
0.000 

26.944 

0.002 
0.078 

0,086 
0 .025 
0.000 

2. 879 

0. 001 
0. 025 

0.024 
0. 019 
0.000 

0. 734 

0. 014 
0. 462 

0. 683 
0.201 
o.ooo 

28.223 

~ Jose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 



---------------------------------- Adams County Census Division 10 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

!945 External 0.003 0 .007 0.031 0.003 0.007 0.033 
1945 Inhalation 0.076 0.246 1. 420 0. 066 0.201 0.992 

1945 Milk from BYCow Regime 3 0.147 l. 459 15.088 0. 013 0.113 l. 046 
1945 Milk from BYCow Regime 4 0.007 0.182 2.832 0. 001 0.019 0.465 
1945 Commercial Milk (Rural) 0.304 1. 932 18.166 0.024 0.183 2.096 

1945 Fruit and Vegetables* 2. 644 10.695 48.307 2.035 7.538 38.742 

1946 External 0. 001 0.002 0.007 0. 001 0. 002 0,007 
1946 Inhalation 0.018 0.055 0.292 0. 015 0.044 0.171 

1946 Milk from BYCow Regime 3 0.019 0.158 2. 457 0.001 0. 013 0.126 
1946 Milk from BYCow Regime 4 0 .001 0.027 0.554 0.000 0.002 0.039 
1946 Commercial Milk (Rural) 0.060 0.365 3.131 0.004 0.025 0.218 

1946 Fruit and Vegetables* 0. 330 1. 424 7.152 0. 255 l. 023 5. 262 

1947 External 0.000 0.001 0.002 0.000 0.001 0.002 
1947 Inhalation 0. 005 0.016 0.073 0.004 0.012 0.049 

1947 Milk from BYCow Regime 3 0.004 0.037 0.347 0. 000 0.003 o. o:n 
1947 Milk from BYCow Regime 4 0.000 0.012 0.225 0. 000 0. 001 0.017 
1947 Commercial Milk (Rural) 0,016 0.151 2.024 0.001 0. 011 0.122 

1947 Fruit and Vegetables* 0,061 0.252 1.249 0.052 0.203 0.988 

1945-1947 External 0.005 0.010 0. 033 0.005 0.011 0.042 
1945-1947 Inhalation 0.150 0.367 1. 775 0.121 0.285 1. 359 

1945-1947 Milk from BYCow Regime 3 0.413 2.063 16.663 0.030 0. :so 1. 060 
1945-1947 Milk from BYCow Regime 4 0.043 0.357 3.840 0.004 0.034 0. 527 
1945-1947 commercial Milk (Rural) 0. 781 3.202 20.397 0.061 0. 255 2. 644 

1945-1947 Fruit and Vegetables• 4. 371 1,3. 406 51.376 3.314 9. 742 42.054 

~ Dose from the fruit and vegetables pathway assumes that 100\ of diet comes f!:om local sources 

,, 

" 

J.:z 



------------------------ Benton county Census Division 01 --------------------------------

Infant Dose Percentiles AdUlt Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.008 0.020 0,061 0. 008 0.020 0.064 
1945 Inhalation 0.176 0.575 2. 879 0.153 0.483 2.062 

1945 Milk from BYCow Regime 1 15.754 103.117 680,336 1.159 7. 091 58.231 
1945 Milk from BYCow Regime 2 13.506 84.308 543.274 1.019 8.109 63.145 
1945 Milk from BYCow Regime 3 0.242 2.566 29.954 0.031 0.224 1. 401 
1945 Milk from BYCow Regime 4 0.038 0.463 9, 705 0.009 0. 084 1.114 
1945 Commercial Milk (Rural) 22.267 111.559 404.105 1.607 8.090 29.233 

1945 Fruit and Vegetables• 6, 075 26.054 113.725 4.314 16.713 76.452 

• 1946 External 0.002 o.oos 0. 014 0.002 0. 005 0.014 
1946 Inhalation 0.048 0.142 0. 564 0.039 0.117 0. 453 

1946 Milk from BYCow Regime 1 2. 434 12.841 63,721 0.155 1.053 6,400 
1946 Milk from BYCow Regime 2 2.186 13.127 77.639 0.147 1.017 a .203 
1946 Milk from BYCow Regime 3 0,042 0. 346 3.264 0.005 0.038 0. 321 
1946 Milk from BYCow Regime 4 0.007 0.077 2. 490 0.001 0,010 0. 085 
1946 Commercial Milk CRural) 3.492 14.095 56.267 0.264 1.179 5,984 

1946 Fruit and Vegetables* 0.644 3. 609 20,784 0.651 2. 333 11. 573 

1947 External 0.001 0.001 0.004 0.001 0.002 0.005 
1947 Inhalation 0. 013 0.042 0.203 0. 011 0,034 0.156 

1947 Milk from BYCow Regime 1 0. 612 3.769 23,360 0.045 0.335 l. 858 
1947 Milk from BYCow Regime 2 o. 731 3. 928 22.779 0,042 0.248 l. 768 
1947 Milk from BYCow Regime 3 0. 015 0.122 l. 686 0,002 0.011 0.119 
1947 Milk from BYCow Regime 4 0,001 0.021 0. 462 0,000 0.003 0.031 
1947 Commercial Milk (Rural) 0. 922 3. 717 19.114 0.079 0. 360 1. 083 

1947 Fruit and Vegetables• 0.155 0.615 3.196 0.125 0.460 2. 524 

1945-194'7 External 0.014 0.028 0.075 0. 014 0.028 0.070 
1945-1947 Inhalation 0. 353 0.674 3.248 0. 302 0.690 2. 373 

1945-194'7 Milk from BYCow Regime 1 34.298 129.060 686.048 2. 593 9. 864 66.659 
1945-1947 Milk from BYCow Regime 2 30.082 120. 993 582.833 2. 385 11.045 65.364 
1945-1947 Milk from BYCow Regime 3 0.809 4.085 33.200 0.080 0.308 1. 722 
1945-1947 Milk from BYCow Regime 4 0.125 0.922 8.570 0.026 0.121 1.156 
:945-1947 Commercial Milk \Rural) 39,607 !34.590 408.022 2. 915 9.836 32. 936 

1945-1947 Fruit and Vegetables* 10.938 34.556 130. 957 7. 714 21.660 88.812 

• Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

" 
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--------------------------------- Benton County Census Division 03 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway Seh 50th 95th SOh 50th 95th 

1945 External 0.013 0.031 0. 088 0.014 0.030 0,082 
1945 Inhalation 0.339 0.961 3.633 0.281 0. 757 2. 561 

1945 Milk from BYCOW Regime 1 24.844 155.935 673.061 2.147 13,903 66.469 
1945 Milk from BYCow Regime 2 23.609 142. 973 728.004 2.046 11.869 68.538 
1945 Milk !rom BYCOW Regime 3 0.324 3.675 44.586 0. 047 0. 402 3.842 
1945 Milk from BYCow Regime 4 0.040 0. 620 18.188 0. 012 0.106 1.421 
1945 Comercial Milk (Rural) 34,816 164.178 635,036 2.467 12.169 43,033 
1945 Commercial Milk (Urban) 57.488 197.874 784.783 2. 504 11.096 43.829 

1945 Fruit and Vegetables* 9.362 37.595 178.622 7.110 25.507 107.973 
• 

1946 External 0.004 0.008 0.018 0.004 0,008 0.017 
1946 Inhalation 0,089 0.243 0.878 0.078 0.191 0. 620 

1946 Milk !rom BYCow Regime 1 4.235 22.610 138.124 o. 382 1. 824 9,589 
1946 Milk !rom BYCow Regime 2 3.328 23.280 153.316 0.265 2.077 12.161 
1946 Milk !rom BYCOW Regime 3 0.082 0.655 5.892 0.009 0. 060 0.656 
1946 Milk from BYCow Regime 4 0.008 0.128 1. 898 0. 002 0.017 0.181 
1946 Commercial Milk (Rural) 5. 360 23.079 77,478 0.508 2.102 8, 772 
1946 Commercial Milk (Urban) 7.517 30.543 113.219 0. 354 1.636 7.847 

1946 Fruit and Vegetables* 1.374 s. 448 24. S17 1. 006 3. 565 15.!61 

1947 External 0.001 0.002 0.006 0.001 0.002 0.007 
1947 Inhalation 0.024 0.073 0.311 0.021 o .ass 0.230 

1947 Milk from BYCow Regime 1 1.164 6.961 36.4S7 0.109 0. 541 3.063 
1947 Milk from BYCow Regime 2 1.243 5.800 29. sao 0.102 0. 527 3.020 
1947 Milk !rom B'fCOw Regime 3 0.023 0. 203 2.071 0.002 0. 014 0.115 
1947 Milk from 8YCOW Regime ' 0.002 0.034 0. 463 o.ooo 0. 004 0. 056 
1947 Commercial Milk (Rural) 1.110 3. 757 14. 305 o.oss 0.357 1.293 
1947 Commercial Milk (Urban) 1.246 4. 932 19.199 0. 071 0. 2S4 1.232 

1947 Fruit and Vegetables* 0.240 0. 910 4 .24S :J.1S1 0.683 3.664 

1945-1947 External 0. 023 0,043 0.101 0.023 0.043 0.095 
1945-1947 Inhalation 0. 651 l. 447 4. 343 0.516 l. 096 3.090 

1945-1947 Milk from BYCow Regime 1 61.070 209.050 762.789 4.315 16.782 74.443 
1945-1947 Milk from BYCow Regime 2 51,399 198.004 871.563 4. 667 17.986 71.910 
1945-1947 Milk from BYCow Regime 3 1.203 6.602 ~6.031 :J .123 0. 581 4.047 
1945-1947 Milk from BYCOW Regime ' 0.179 1.155 16.402 0. 033 0.164 l. 314 
1945-1947 Commercial Milk (Rural I 58.645 205.878 671.565 4.948 16.378 49.524 
1945-1947 Commercial Milk (Urbani 93.894 258.026 951.247 4. 416 14.354 50,263 

1945-1947 Fruit and Vegetables* 15,761 48.403 189.696 11.516 31.629 114.674 

~ Dose from the fruit and vegetables pathway assu~es that !00\ cf diet comes from local sources 

" 



-------------------------- Benton County Census Division 04 --------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.010 0.022 0,064 0,010 0. 021 0. 064 
1945 Inhalation 0.235 0. 689 2. 475 0.203 0. 530 1. 788 

1945 Milk from BYCow Regime 1 23.622 118.840 674.846 1.655 10.404 75.012 
1945 Milk from BYCow Regime 2 15,793 107.019 879.343 1.165 8.039 44.703 
1945 Milk from BYCow Regime 3 0.295 3,346 32. 937 0,043 0.323 2.690 
1945 Milk from BYCow Regime 4 0,052 0,644 10,428 0,010 0. 093 0.697 
1945 Commercial Milk (Rural) 40.113 163.258 769.131 2.696 12.644 42.393 

1945 Fruit and Vegetables* 7.388 28.204 156.356 5.504 19.778 92.052 

• 
1946 External 0.003 0.005 0,013 0,003 0.005 0.012 
1946 Inhalation 0.063 0.171 0. 554 0.055 0.134 0. 425 

1946 Milk from BYCow Regime 1 2. 901 18.733 113.505 0.301 1.558 9. 512 
1946 Milk from BYCOW Regime 2 2.589 18.615 110.582 0.213 1.248 8. 376 
1946 Milk from BYCow Regime 3 0,071 0,481 3,869 0. 006 0.038 0.342 
1946 Milk from BYCow Regime 4 0.006 0.073 1.933 0.002 0.015 0.134 
1946 Commercial Milk (Rural) 5.448 23.795 102.257 0.455 2.139 7. 712 

1946 Fruit and Vegetables* 1. 029 4.185 21.420 0. 734 2. 705 12. 630 

1947 External 0.001 0.002 0.004 0.001 0.002 0.004 
1947 Inhalation 0. 018 0.052 0.199 0.014 0.040 0.151 

1947 Milk from BYCow Regime 1 1.217 5. 960 30.861 0.060 0.381 2.563 
1947 Milk from BYCow Regime 2 0. 975 5,149 31.163 0.065 0. 433 2.606 
1947 Milk from BYCow Regime 3 0.020 0.167 1.382 0,002 0.016 0.187 
1947 Milk from BYCow Regime 4 0.002 0.027 0,572 0,001 o. 004 0.030 
1947 Commercial Milk (Rural) 1. 584 7. 632 26.798 0.131 o. 522 2.178 

1947 Fruit and Vegetables* 0.182 0, 751 3. 571 0,141 0. 525 2.306 

1945-1947 External 0 .017 0.031 0.073 0. 017 0.029 0.073 
:945-1947 Inhalation 0,446 0. 992 2. 852 0. 372 0. 762 2. 054 

1945-1947 Milk from BYCow Regime 1 47.261 160.407 744.781 3.113 12.769 67.653 
1945-1947 Milk from BYCow Regime 2 39.700 155.017 IH8.839 3.079 11.781 52. 725 
1945-1947 Milk from BYCow Regime 3 1. 023 5.012 41.012 0.100 0. 458 2. 651 
1945-1947 Milk from BYCow Regime 4 0.157 1. 257 13.523 0,031 0.139 0. 949 
i945-1947 Commercial Milk (Rural) 72.826 206.692 763.043 5.689 17.402 50.394 

1945-1947 Fruit and Vegetables• 12. 677 36.859 158.245 9. 029 25.381 104.336 

* Dose f:::om the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

,, 
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--------------------------------- Benton County Census Division OS -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0,002 0.008 0. 069 0.002 0.008 0. 073 
1945 Inhalation 0.049 0.219 2. 764 0. 039 0.160 2. 429 

1945 Milk rrom BYCow Regime 1 4.453 34.044 216.915 0. 431 2. 622 21.662 
1945 Milk from BYCow Regime 2 4.425 30. 925 252.496 0. 426 2.764 18.609 
1945 Milk from BYCow Regime 3 0.107 0. 962 12.458 0.010 0. 091 o. 933 
1945 Milk from BYCow Regime 4 0.018 0. 337 7.724 0.003 0.036 0.429 
1945 Commercial Milk !Rural) 3.629 24.064 174.369 0. 288 2.041 11.176 

1945 Fruit and Vegetables* 2.062 9. 760 69.625 1.678 6. 715 36,701 

• 
1946 External 0,001 0. 002 0.015 0.001 0.002 0,015 
1946 Inhalation 0.012 0.049 0. 453 0.010 0. 039 0.335 

1946 Milk from BYCow Regime 1 o. 622 4.330 37.128 0.072 0.512 3,484 
1946 Milk from BYCow Regime 2 0.771 5.933 38.881 0.045 0,337 2.561 
1946 Milk from BYCow Regime 3 0.013 0.131 1.253 0.002 0.013 0.095 
1946 Milk from BYCow Regime 4 0. 002 0.043 0.837 0.000 0,005 0. 086 
1946 Commercial Milk (Rural) 0. 617 3.812 27.947 0. 042 0.280 1.813 

1946 Fruit and Vegetables* 0.298 1.277 6, 736 0.239 0.946 4.497 

1947 External o.ooo 0.001 0.004 0.000 0.001 0.004 
1947 Inhalation 0.003 0.014 0.138 0.003 0.012 0.128 

1947 Milk from BYCow Regime 1 0.213 1. 437 8.879 0.013 0.102 0.656 
1947 Milk from BYCow Regime 2 0.232 1. 444 9.383 0.014 0.092 o. 711 
1947 Milk rrom BYCow Regime 3 0.004 0.049 0.672 0. 000 0.004 0.038 
1947 Milk from BYCow Regime 4 o.ooo 0.007 0.191 0.000 0. 001 0.015 
1947 Commercial Milk (Rural) 0.170 1.048 5. 913 0.012 0.080 0.609 

1947 Fruit and Vegetables* 0.056 0.249 1. 442 0.043 0.184 1.071 

1945-1947 External 0.005 0.012 0.084 0. 005 0,012 0.094 
1945-1947 Inhalation 0.111 0.367 3. 500 0.088 0.277 3. 774 

1945-1947 Milk from BYCow Regime 1 11.337 48.974 261.390 0. 902 3.565 26.247 
1945-1947 Milk from BYCow Regime 2 11.019 45.306 312.118 0.841 3.528 l7. 465 
1945-1947 Milk from BYCow Regime 3 0.252 1. 425 11.867 0. 029 0.129 1. 053 
'-945-1947 Milk from BYCow Regime 4 0.062 0.551 6.049 0.009 0. 055 0.541 
1945-1947 Commercial Milk !Rural) 8.969 35.999 177.290 0. 669 2.946 ~1.309 

1945-1947 Fruit and Vegetables• 3.890 12. 554 70 261 2.877 8.556 39.053 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

., 
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---------------------------- Benton County Census Division 06 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0 .001 0.004 0.027 0.001 0.004 0.019 
1945 Inhalation 0.024 0.102 0.871 0.020 0.079 0. 890 

1945 Milk from BYCow Regime 1 3.233 21.456 144.883 0.170 1.413 8.516 
1945 Milk from BYCow Regime 2 3.009 20.621 137.078 0.213 1. 575 11.451 
1945 Milk from BYCOW Reqime 3 0.056 0. 526 7.256 0.007 0.056 0.529 
1945 Milk from BYCOW Regime 4 0.015 0.179 3,082 0.003 0.031 0.470 
1945 Commercial Milk (Rural> 3.480 29.072 192.386 0.263 J. 968 15.150 
1945 Commercial Milk (Urban) 6. 871 35.292 242.167 0.382 1.894 9. 648 

1945 Fruit and Vegetables• 1.208 5.482 33,012 0. 940 3. 703 17.112 

1946 External o.ooo 0,001 0.005 0.000 0. 001 0.005 
1946 Inhalation 0.005 0.023 0.357 0,005 0.018 0.261 

1946 Milk from BYCow Reqime 1 0.546 3.460 28.656 0.037 0.248 1. 719 
1946 Milk from BYCow Reqime 2 0. 374 2. 635 29.077 0.028 0.208 1.827 
1946 Milk from BYCow Reqime 3 0.009 0.097 0.774 0.001 0,009 0.105 
1946 Milk from BYCow Regime 4 0,001 0.024 0.455 o.ooo 0.003 0.041 
1946 Commercial Milk (Rural) 0.543 3. 680 21.787 0.041 0.281 2. 085 
1946 Commercial Milk (Urban) 0.888 3. 811 20.539 0.051 0.232 1.173 

1946 Fruit and Vegetables* 0.169 0.828 5.241 0.134 0. 519 2. 439 

1947 External 0.000 0.000 0. 002 0.000 0,000 0.002 
1947 Inhalation 0.002 0.007 0.088 0.001 0,006 0.047 

1947 Milk from BYCow Regime 1 0.137 0.870 7.242 0.009 0.058 o. 383 
1947 Milk from BYCow Regime 2 0.103 0.662 3.615 0.010 0.068 0.429 
1947 Milk from BYCOW Regime 3 0,003 0.027 0.272 o.ooo 0,003 0.028 
1947 Milk from BYCow Regime 4 0.000 0.005 0.125 o.ooo 0.001 0,006 
1947 Commercial Milk (Rural) 0.181 1. 014 5.556 0.014 0,076 0.395 
1947 Commercial Milk (Urbani 0.309 1.177 5.585 0.012 0.060 0.293 

1947 Fruit and Vegetables* 0.029 0.136 0. 754 0.027 0.104 0. 595 

1945-194- External 0.002 0,006 0,037 0.002 0,006 0.025 
1945-194'' Inhalation 0.052 0.171 l. 627 0.043 0.135 1. 408 

1945-194- Milk from BYCow Regime 1 8. 392 33.246 154.022 0.506 2. 020 10.071 
1945-194- Milk !rom BYCow Reqime 2 7.149 29.403 143.653 0.492 2. 388 11.891 
1945-194'' Milk from BYCow Reqime 3 0.172 0,842 5.923 0.019 0,084 0.552 
1945-194~· Milk from BYCOW Regime 4 0.037 0.296 3.138 0.007 0,043 o. 428 
1945-194'' Commercial Milk (Rural) 8.888 36.856 203.842 0. 629 2. 711 17.017 
1945-194~' Commercial Milk (Urban) 13.704 44.302 214. 933 o. 707 2,573 9,925 

1945-194~ Fruit and Vegetables• 2.246 7. 419 36.907 l. 628 4.888 19.913 

• Dose from the fruit and vegetables ?athway assumes that 100% of diet comes !rom local sources 
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---------------------------- Benton county Census Division 07 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.023 0.050 0.140 0. 023 0. 050 0.130 
1945 Inhalation 0. 586 1. 746 6.506 0.485 1.350 4. 606 

1945 Milk from BYCow l'eqi~ 1 45.343 249.192 1534.472 3. 705 21.827 121.847 
1945 Milk from BYCow Regime 2 42.776 279.042 1541.111 3.029 20.153 123.607 
1945 Milk from BYCow .... ~ J 0.471 6. 062 43.702 0.047 0.481 6. 309 
1945 Milk from B'tCow l'eqime ' 0.046 1. 375 29.080 0.005 0.110 2.216 
1945 Commercial Milk CRural) 3.091 18.571 144.203 0.244 1. 449 12.883 
1945 Commercial Milk COrban) 4.234 25.530 214.052 0.221 1. 327 9.877 

1945 Fruit and Vegetables* 16.345 66. 668 271.969 12.191 44.116 169.410 

1946 External 0.006 0.013 0. 029 0. 006 0.013 0.030 
1946 Inhalation 0.149 0.407 1.472 0.123 0. 320 o. 971 

1946 Milk from BYCow l'eqime 1 9.572 45.894 249.715 0. 641 3. 646 22.179 
1946 Milk from BYCow Reqime 2 7.522 40.327 258.398 0.477 3.211 16.929 
1946 Milk from BYCow l'eqime J 0.125 1.300 9.963 0. 009 0. 086 0.863 
1946 Milk from BYCow Regime 4 0,003 0.131 2. 649 0. 001 0.014 0.251 
1946 Commercial Milk CRural) 0. 378 2. 675 20.518 0.040 0.224 1. 445 
1946 Commercial Milk COrban) 0.467 3.116 23.933 0.030 0.188 1.269 

1946 Fruit and Vegetables* 2.297 9.249 45. 556 1. 846 6. 722 29.014 

1947 External 0,002 0,004 0. 011 0. 002 0.004 0.010 
1947 Inhalation 0. 041 0.126 0,501 0,033 0.095 0.357 

1947 Milk from BYCow Regime 1 2.232 12.110 53.403 0,152 0. 809 4. 731 
1947 Milk from BYCow Regime 2 2.161 11.258 83,979 0.187 0. 'H 7 5.707 
1947 Milk from BYCow Regime 3 0.034 0.336 2.830 0.002 0. 028 0.440 
1947 Milk from BYCow Regime 4 0,002 0. 037 1. 432 0. 000 0. 004 0.067 
1947 Commercial Milk CRural) 0.094 0. 623 3.999 0.010 0.061 0.333 
1947 Commercial Milk COrban) 0.162 0.952 6.634 0.006 0. 044 o. 308 

1947 Fruit and Vegetables* 0 .401 1. 535 6.524 0.309 1.166 6.057 

1945-1947 External 0.039 0. 071 0.162 0.040 0.072 0.160 
!945-1947 Inhalation 1.100 2.446 7.196 0.925 1. 918 5.678 

1945-1947 Milk from BYCow Regime 1 104.553 351.325 1644.674 7.640 32.213 :19.260 
1945-1947 Milk from B'fCow Regime 2 102,946 394.415 1736.697 8.035 27.229 118.270 
1945-1947 Milk from BYCow Regime 3 1. 700 9.381 53.725 0.147 0. 890 6. 395 
1945-1947 Milk from BYCow Regime ' 0.235 2. 093 29.064 0.020 0.165 2. 711 
1945-1947 Commercial Milk (Rural) 6.661 27.837 153,569 0. 489 1,933 11.035 
1945-1947 Commercial Milk COrban) 8.832 34 .978 207.718 0.505 1.829 9. 811 

1945-1947 Fruit and Vegetables* 28.255 87,078 291.353 20.751 59.809 208.838 

• Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

• 
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----------------------------- Benton County Census Division 08 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0.008 0.056 0.002 0.007 0.051 
1945 Inhalation 0. 041 0.199 2.349 0.036 0.155 1. 703 

1945 Milk from BYCow Reqime 1 4.953 29,450 267.620 0.359 2. 494 24.562 
1945 Milk from BYCow Reqime 2 3.500 35.725 247.072 0.302 2,145 17.678 
1945 Milk !rom BYCow Reqime 3 0.086 0.821 7.350 0.018 0.106 1.150 
1945 Milk from BYCow Reqime < 0.021 0.204 2.508 0.006 0,046 0. 352 
1945 Commercial Milk (Rural) 27.700 113.484 425.294 2.356 8. 927 33.606 

1945 Fruit and Vegetables* 1. 743 8.936 63.115 1. ]53 6.007 42.032 

• 
1946 External 0.001 0.002 0. 039 0.001 0.002 0.040 
1946 Inhalation 0,010 0.052 0.881 0.008 0,041 0. 853 

1946 Milk !rom BYCow Reqime 1 0.664 4.556 38.117 0,053 0. 363 3.100 
1946 Milk from BYCow Regime 2 0. 645 4. 697 30.920 0.040 0,340 4,053 
1946 Milk from BYCow Regime 3 0.018 0.102 1. 566 0.003 0.016 0,101 
1946 Milk !rom BYCow Regime 4 0.002 0.023 0.330 0,001 0,006 0,047 
1946 Commercial Milk <Rural) 3.498 15.798 sa .670 0 .281 1.261 5,352 

1946 Fruit and Vegetables* 0.239 1.201 8. 921 0.202 0.848 6.341 

1947 External 0.000 0,001 0. 009 0.000 0.001 0.009 
1947 Inhalation 0.003 0.014 0. 345 0,002 0. 011 0.260 

1947 Milk from BYCow Reqime 1 0.205 1. 416 14.924 0.015 0.103 0.687 
1947 Milk from BYCow Regime 2 0.222 1. 613 11.422 0. 016 0.101 0. 757 
1947 Milk from BYCow Regime 3 0.005 0.043 0.435 0.001 0.005 0.041 
1947 Milk from BYCow Regime 4 0,001 o.oo8 0.216 0.000 0.002 0.018 
1947 Commercial Milk <Rural) 1. 010 3,964 14. 307 0.098 0. 386 1. 456 

1947 Fruit and Vegetables* 0.047 0.235 1.614 0.037 0.158 0. 840 

'.945-1947 External 0.005 0.014 0.121 0.005 0.014 0.104 
1945-1947 Inhalation 0.104 0. 385 4.219 0. 083 0,290 3.339 

1945-1947 Milk from BYCow Regime 1 9. 702 44.688 272.649 0. 860 3. 716 28.949 
1945-1947 Milk from BYCow Regime 2 10.438 49.242 309.909 0. 722 ]. 549 23. 983 
1945-1947 Milk from BYCow Regime 3 0.257 1. 208 8,074 0.039 0 .151 1 .062 
1945-1947 Milk from BYCow Regime 4 0.050 0. 313 J. 484 ~.015 0,068 0. 488 
1945-1947 Commercial Milk (Rural) 47.322 151.999 448.543 3. 411 12.017 38. 380 

~945-1947 Fruit and Vegetables* 3.378 11.838 70.449 2.372 7. 859 41.852 

* Dose fr:Jm the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

" 
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------------------------------- Benton County Census Division 09 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0 .011 0.026 0.074 0.011 0. 027 0.078 
1945 Inhalation 0.250 0.767 3.051 0.216 0. 613 2.065 

1945 Milk from BYCow Regime 1 23.050 135.586 764.820 1.783 10.459 66.468 
1945 Milk from BYCow Regime 2 16.875 117.308 897.344 1. 669 11.040 64.134 
1945 Milk from BYCOW Regime 3 0,388 3. 769 44.207 0.040 0,311 4. 799 
1945 Milk from BYCOW Regime 4 0,032 o. 475 8.816 o. 009 0.096 1. 597 
1945 Commercial Milk {Rural) 24.314 105.245 353.268 1.835 8,421 27.601 

1945 Fruit and Vegetables• a .176 31.164 145.561 6. 064 20,958 108.301 

1946 External 0.003 0.007 0.018 0. 003 0. 007 0.017 
1946 Inhalation 0,070 0.206 0. 769 0.057 0.156 0.571 

1946 Milk from BYCOW Regime 1 3.398 19.124 86.741 0.249 1.538 10.852 
1946 Milk from BYCOW Regime 2 2. 509 15.652 91.264 0.228 1.222 6. 401 
1946 Milk from BYCow Regime 3 0. 069 0. 587 3. 633 0. 009 0.060 0. 389 
1946 Milk from BYCOW Regime 4 0.004 0.072 1. 637 0.001 0. 008 0.14.4 
1946 Commercial Milk (Rural) 3.390 13.980 65,364 0.296 1.164 5.126 

1946 Fruit and Vegetables* 1.054 4.318 24.687 o. 779 2,868 13,745 

1947 External 0.001 0.002 0.006 0.001 0. 002 0.006 
1947 Inhalation 0.019 0,062 0,275 0.016 0. 048 0.224 

1947 Milk from BYCow Regime 1 0.866 5,497 30.918 0.073 0,425 2. 583 
1947 Milk from BYCow Regime 2 1.154 5. 888 26.838 0.076 0.463 3,005 
1947 Milk from BYCow Regime 3 0.021 0.183 2. 347 0. 002 o. 013 0.114 
1947 Milk from BYCOW Regime 4 0,002 0.021 0.393 0. 000 0.::103 0. 025 
1947 Commercial Milk. (Rural) 0. 976 3. 779 16.494 0.082 0. 311 1.271 

1947 Fruit and Vegetables* 0.195 0. 791 4.182 0.153 0. 599 2. 945 

1945-1947 External 0.020 0.037 0.088 0. 020 0,037 0,088 
1945-1947 Inhalation 0. 520 1.172 3.680 0. 430 0. 921 2. 400 

1945-1947 Milk from BYCow Regime 1 52.895 177.231 799.446 3.908 14.764 74.948 
1945-1947 Milk from BYcow Regime 2 39.879 155.621 855,390 3.516 13.922 65.614 
1945-1947 Milk from BYCow Regime 3 1. 047 5.575 46.314 0.102 0,504 5.658 
1945-1947 Milk from BYCow Reqime 4 0.125 0. 932 :o. 642 0. 024 0.133 l. 780 
1945-1947 Commercial Milk (Rural) 44. 487 128.426 402.016 3.339 9,970 29,298 

1945-1947 Fruit and vegetables* 13. 694 41.529 165.356 9. 552 27.762 113.728 

• Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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--------- - Franklin county census Division 01 ----------------------------------

Infant Dose J.>ercentiles Adult Dose Percentiles 
'fear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.007 0.017 0.065 0,007 0.018 0.077 
1945 Inhalation 0.173 0. 609 2. 690 0.153 0. 469 2.168 

1945 Mille from BYCow Regime 1 23.853 128.773 839.428 1. 381 8. 588 60.387 
1945 Milk from BYCow Regime 2 20.105 135.794 1345.038 1. 515 9,753 64.399 
1945 Milk from BYCow Regime 3 0.253 2. 624 26.866 0. 044 0. 370 4.563 
1945 Milk from BYCow Regime 4 0,037 o. 610 15.987 0.010 0.081 1. 450 
1945 Commercial Milk (Rural) 33.650 143.702 614.072 2.196 10.246 37.712 

1945 Fruit and Vegetables* 5. 945 26.154 156,054 4. 748 19.380 95.810 

1946 External 0.002 0.004 0. 012 0,002 0.004 0.013 
1946 Inhalation 0,040 0.131 0. 546 0.034 0,105 0.432 

1946 Milk from BYCow Regime l 2,883 19.866 113.619 0.216 1. ]05 9.891 
1946 Milk from BYCow Regime 2 3. 019 15.965 105.023 0.256 1.628 10.064 
1946 Milk from BYCow Regime 3 0.097 0.811 8. 992 0.006 0. 050 0. 627 
1946 Milk from BYCow Regime 4 0. 006 0.107 2. 885 0.001 0.014 0.130 
1946 Commercial Milk (Rural) 4. 946 19.389 79.231 0. 388 2,000 7. 946 

1946 Fruit and Vegetables* 0.843 3. 727 18.550 0.632 2. 720 14.891 

1947 External 0.000 0.001 0.004 0.000 0,001 0.004 
1947 Inhalation 0. Oll 0.036 0.149 0.009 0.030 0.136 

1947 Milk from BYCow Regime 1 1. 097 5. 995 46.817 0.065 0. 499 3.854 
1947 Milk from BYCow Regime 2 0,804 5.407 42.348 0.086 0. 463 3.055 
1947 Milk from BYCow Regime 3 0.014 0.156 1. 626 0.002 0.020 0.198 
1947 Milk from BYCow Regime 4 0,001 0.024 0. 687 0,000 0.004 0.043 
1947 Commercial Milk (Rural) 0. 986 3.878 16.794 0. 077 0,306 l. 428 

1947 Fruit and Vegetables* 0.146 0.587 3. 065 0.119 0.513 3.123 

1945-1947 External 0.012 0.024 0. 068 0.012 0. 025 0.081 
1945-1947 Inhalation 0.337 0.848 2.922 0.280 0. 677 2.463 

1945-1947 Milk from BYCow Regime l 46.362 165.192 876.968 2. 856 12. 948 64. 661 
1945-1947 Milk from BYCow Regime 2 45.290 199.758 1273.091 3.503 13.817 75.442 
1945-1947 Milk from BYCow Regime 3 1.084 5. 792 30.559 0.116 0.563 4. 347 
1945-1941 Milk from BYCow Regime 4 0.146 1. 310 20.443 0.027 0,134 l. 562 
1945-1947 Commercial Milk (Rural) 58.363 188.820 673,472 4. 561 14.016 42.183 

1945-1947 Fruit and Vegetables* 11.172 34. 620 158,591 8. 480 24. 522 101.622 

• Dose f:::-om the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

,, 
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----------------------------- Franklin County census Division 02 ---------------------------------

Infant Dose Percentiles Adult ~ose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.004 0.010 0.040 0.004 0.010 0.035 
1945 Inhalation 0. 093 0. 325 1. 590 0.081 0.263 1.128 

1945 Milk from BYCow Regime 3 0.197 2.026 21.237 o. 019 0,222 3.468 
1945 Milk !rom BYCOW Regime 4 0.018 0.298 4.923 0.006 0.056 1. 057 
1945 Commercial Milk (Rural) 9. 906 45.510 184.056 0.880 4,115 21.481 

1945 Fruit and Vegetables* 3.754 16,422 78.970 2. 926 12.080 67.357 

1946 External 0.001 0.002 0.007 o. 001 0.002 0.008 
1946 Inhalation 0.020 0.066 0.324 0.018 0.055 0.222 

1946 Milk from BYCow Regime 3 0.037 0.434 3, 762 0.004 0. 030 0.240 
1946 Milk from BYCOw Regime 4 0.002 0.038 0.855 0. 001 0. 006 0. 089 
1946 Commercial Milk (Rural) 1. 626 6.928 28.314 0.133 0. 545 2.256 

1946 Fruit and Vegetables* 0. 531 2.415 13.332 0. 440 1. 685 a .043 

1947 External 0.000 0.001 0.002 0.000 0,001 0,002 
1947 Inhalation 0. 005 0.020 0.101 0.005 0.015 0. 068 

1947 Milk !rom BYCOW Regime 3 0.012 0.116 1.313 0.001 0,008 0. 099 
1947 Milk from BYCow Regime 4 0.001 0.015 0.409 0.000 0. 002 0.030 
1947 Commercial Milk (Rural) 0.483 1. 827 7.229 0.041 0.178 0. 568 

1947 Fruit and Vegetables* 0.098 0.444 2. 761 0.077 0. 349 2.072 

1945-1947 External 0. 006 0.013 0.046 0. 007 0.014 0.040 
1945-1947 Inhalation 0.178 0.470 1. 772 0.144 0.364 1.309 

1945-1947 Milk from BYCow Regime 3 0.573 3.382 25.509 0.061 0. 352 3,991 
1945-1947 Milk from BYCow Regime 4 0.066 0. 573 5,979 0. 016 0. 083 1.232 
1945-1947 Commercia! Milk (Rural) 20.056 61.141 196.976 1. 760 5.129 21.712 

1945-1947 Fruit and Vegetables* 6. 605 21.450 84.197 4.863 16.009 79.858 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

" 
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-------------------------------- franklin County Census Division 03 --------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th Sth 50th 95th 

1945 External 0.015 0.032 0.088 0.015 0,033 0,090 
1945 Inhalation 0.374 1.081 4.230 0.301 0.813 2. a38 

1945 Milk from BYCow !IBq1me 1 39.156 1a2.593 1217.709 2.423 13.672 62.261 
1945 Milk from BYCow Reg!~ 2 27.879 157.105 1124.925 2.338 14,088 76.111 
1945 Milk !rom BYCow Regime 3 0.393 4.255 54.666 0.040 0.393 4.310 
1945 Milk from BYCow Regime 4 0. 025 0.814 23.656 0. 002 0.056 0. 950 
1945 Commercial Milk {Urban) 56.500 212.253 730.926 2. 478 10.254 4a. 438 

1945 Fruit and Vegetables• 12.165 46.a37 224.091 8.4a4 30. 5Sa 126.382 

1946 External 0.004 0.008 0.020 0,004 0,008 0.020 
1946 Inhalation 0.098 0.266 1.034 o.oa2 0,208 0. 584 

1946 Milk from BYCow Regime 1 5.512 34.069 229. 63a 0.399 2. 422 16.a37 
1946 Milk from BYCow Regime 2 4. 618 25.165 154.045 0. 3al 2.132 12.535 
1946 Milk from BYCow Regime 3 O.Oa4 o. 729 6.330 0.007 0.060 o. 503 
1946 Milk from BYCow Regime 4 0.002 0.111 2.437 0.000 0. 008 0,173 
1946 Commercial Milk {Urban) 7.430 2a. ass 117,648 0.353 1. 646 a. ss4 

1946 Fruit and Vegetables* l. 518 5. 990 24. 72a 1.147 4 .217 19.557 

1947 External 0.001 0.002 0.006 0.001 0.002 0.007 
1947 Inhalation 0.026 o.o7a 0.314 0.021 o.osa 0.217 

1947 Milk from BYCow Regime 1 l. 674 a. 572 43.299 0.106 0.634 3. a 55 
1947 Milk from BYCow Regime 2 l. sa a a. 346 38.561 0.125 0.579 3. 443 
1947 Milk from BYCow Regime 3 0.02a 0.267 3.133 0.003 0,022 0,1a4 
1947 Milk from BYCow Regime 4 0.002 0. 039 0. 9aa 0,000 0.004 0.063 
1947 Commercial Milk {Rural) 0. 657 2.659 12.310 0.051 0,220 0.715 
1947 Commercial Milk !Urban) 1.134 4.145 13,744 0. 056 0.255 0. a37 

1947 Fruit and Vegetables* 0.2a6 1.151 s. 948 0.227 0. 871 4 .2a3 

1945-194"7 External 0.026 0.045 0.096 0.026 0.046 o,o9a 
1945-1941 Inhalation 0. 727 1. 581 5.212 0. 562 1.148 3,176 

1945-1941 Milk from BYCow Regime 1 77.675 263.617 1277.392 5.805 20. 979 67,161 
1945-194i Milk from BYCow Regime 2 65.547 218.268 1347.190 5.392 20.411 87 ,008 
1945-1941 Milk from BYCow Regime 3 1. 424 7. 440 52.244 0.114 0. 588 4.291 
1945-1947 Milk from SYCow Regime 4 0.153 l. 656 26,942 0.015 0.114 1.215 
1945-1947 Commercial Milk (Rural) 0. 672 2. 660 11.335 0.045 0.219 0.871 
1945-1947 Commercial Milk (Urban) 75.320 269.119 811. 7a1 4. 757 13.320 4a. 518 

1945-1947 Fruit and Vegetables* 20 .272 58.196 226.816 14.039 38. 670 135,084 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 



-------------------------------- Franklin County Census Division 04 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.017 0.041 0.124 0.017 0.041 0.124 
1945 Inhalation 0.448 1. 443 6.205 0. 345 1. 025 4.133 

1945 Milk from BYCow Regime 1 53.667 374.062 2333.612 4.228 24.537 158,372 
1945 Milk from BYCow Regime 2 44.880 331.324 2422.336 3. 748 25.599 184.824 
1945 Milk from BYCow Regime 3 1.022 11.383 96.287 0,065 0.626 5,527 
1945 Milk from BYCow Regime 4 0.032 1.245 46.328 0,009 0,123 1. 631 
1945 Commercial Milk (Rural) 11.220 57.517 271.159 1. 019 5. 062 24.984 

1945 Fruit and Vegetables• 16.127 68.403 376.078 12.065 45,992 225.894 

1946 External 0.004 o. 009 0.022 0. 004 0. 009 0.022 
1946 Inhalation 0.092 0.281 1. 039 o. 080 0.222 0. 773 

1946 Milk from BYCow Regime 1 7.633 47.328 330.601 0,540 3. 507 22.859 
1946 Milk from B'I'Cow Regime 2 6,614 42.366 263.523 0,447 3.494 24.484 
1946 Milk from BYCow Regi~ 3 0.173 1. 643 12. 614 0.014 0.127 1. 403 
1946 Milk from BYCow Regime ' 0.005 0.149 5,372 0.001 0.017 0. 361 
1946 Commercial Milk (Rural) 1.655 7.502 37.542 0.156 0. 702 2.904 

1946 Fruit and Vegetables• 2.089 9.310 55.574 1. 626 6. 717 39.140 

1947 External 0.001 0.003 0.008 0. 001 0.003 0.007 
1947 Inhalation 0. 025 0.079 0. 364 0.022 0,061 0.236 

1947 Milk from BYCow Regime 1 2.184 12.616 77. 950 0.149 0.996 6.078 
1947 Milk from BYCow Regime 2 2.627 13.387 103.772 0.182 1,208 6.921 
1947 Milk from BYCow Regime 3 0.035 0.359 4.146 0. 003 0.031 0.368 
1947 Milk from BYCow Regime 4 0.003 0.054 1.149 0.001 0,006 0.112 
1947 Commercial Milk (RuralJ 0.599 2.472 10.913 0.048 0,183 0. 638 

1947 Fruit and Vegetables• 0. 380 1. 604 9.495 0. 322 1,291 7.443 

1945-1947 External 0. 029 0.055 0.137 0.028 0.054 0.139 
1945-1947 Inhalation 0. 809 1. 967 6, 746 0. 628 1. 432 4.500 

1945-1947 Milk from BYCow Regime 1 119.807 5]7. 761 2947,060 8. 591 34.404 185.385 
1945-1947 Milk from BYCow Regime 2 124.682 464.733 2746.339 9. 219 34.859 179.974 
1945-1947 Milk from BYCow Regime 3 2. 834 14. 662 100.953 0.201 1 .126 8.415 
1945-1947 Milk from BYCow Regime ' 0. 239 2.542 25.229 0.036 0.221 1. 709 
1945-1947 Commercial Milk (Rural) 21. 683 74.580 258.258 1. 950 5. 865 26.162 

1945-1947 Fruit and Vegetables* 28.345 90.045 423.116 20. 686 61.266 242.647 

~ Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

0.14 



-------------------------------- Franklin County Census Division OS --------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Do~ Pathway 5th 50th 95th "" 50th 95th 

1945 External 0.026 0. 056 0.144 0. 026 0.057 0.149 
1945 Inhalation 0.638 l. 943 7.163 0. 544 1.457 5. 011 

1945 Milk from BYCow Regime 1 65.276 310.059 1868.696 4.553 33.424 220.642 
1945 Milk from BYCow Regime 2 63.081 364.338 1838.439 3. 776 25.794 192.846 
1945 Milk from BYCow Regime 3 1.182 10.664 101.203 0. 089 0. 931 8.386 
1945 Milk from BYCow Regime 4 0.073 2.126 38.254 0. 009 0.169 2.674 
1945 Commercial Milk <Rural) 15.122 61.327 229.403 1.116 4.632 18.827 

1945 Fruit and Vegetables• 22.199 92.155 454.014 16.708 58.348 240.638 

1946 External 0.006 0.013 0.029 0.006 0.013 0.032 
1946 Inhalation 0.146 0. 389 1. 361 0.127 0.317 l. 001 

1946 Milk '"'"' BYCow Regime 1 10.379 57.979 400.299 0. 764 3.892 24.505 
1946 Milk from BYCow Regime 2 B. 793 60.526 284.780 0.756 4.517 27.974 
1946 Milk from BYCow l>eqime 3 0.199 1. 577 12.136 0.016 0.141 1. 397 
1946 Milk from BYCow Regime 4 0.014 0.307 5. 720 0.002 0.021 0. 388 
1946 Commercial Milk {Rural) 2.071 8.570 35.549 0.170 0.685 2.811 

1946 Fruit and Vegetables• 3.266 12.867 66.262 2.365 8. 706 40.089 

1947 External 0.002 0.004 0.010 0.002 0. 004 0.010 
1947 Inhalation 0.039 0.118 0.479 0. 036 0.090 0. 331 

1947 Milk from BYCow Regime 1 2. 614 16.322 81.725 0.233 1. 431 a. 715 
1947 Milk from BYCow Regime 2 2.852 15.118 72.671 0.185 1.100 8. 371 
1947 Milk from BYCow Regime 3 0.054 0.479 4.288 0.005 0.045 0.443 
1947 Milk from BYCow Regime 4 0.003 0.054 0.921 0.000 0.007 0.142 
1947 commercial Milk <Rural) 0.511 2.176 6.229 0.051 0.193 0.629 

1947 Fruit and Vegetables• 0. 505 2.120 12.000 0.416 1.511 6. 796 

1945-194"7 External 0.043 0.077 0.163 0.043 0.077 0.173 
1945-1947 Inhalation 1.168 2. 631 8.287 0. 929 2. 023 5. 704 

1945-194"7 Milk from BYCow Regime 1 124.362 461.842 2038.864 9.956 44.946 229.134 
1945-194"1 Milk from BYCow Regime 2 140.578 507.568 1817.477 10.102 38.215 205.350 
1945-194"1 Milk from BYCow Regime 3 3.948 16.069 102.952 0. 255 1.322 10.294 
:945-194"1 Milk from BYCow Regime 4 0. 390 4.067 41.989 0. 035 0.272 3. 030 
:945-194"1 commercial Milk (Rurall 25.755 84.905 245.912 l. 823 5.381 19.237 

1945-194"7 Fruit and Vegetables• 37.188 llB.455 487.382 27.761 73.975 251.070 

• Dose f.:-om the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

" 
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---------------------------- Grant County Census Division 01 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'!ear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External o.ooo 0.001 0. 011 0.000 0.001 0.013 
1945 Inhalation 0.004 0.018 o. 432 0.004 0. 015 0.203 

1945 Milk from BYCow Reqlme 3 0.006 0.092 0. 760 0. coo 0. 005 0. 087 
1945 Milk from BYCow Regime 4 o.ooo 0.015 0.281 0.000 o. 001 0.020 
1945 Commercia! Milk. (Rural) 0.000 0.005 0.071 0. 000 o.ooo 0. 006 

1945 Fruit and Vegetables* 0.136 0. 697 9.384 0.097 0.491 4. 511 

1946 External o.ooo 0.000 0.002 0.000 o.ooo 0. 002 
1946 Inhalation 0.001 0.004 0.045 0.001 0. 003 0.034 

1946 Milk from BYCow Regime 3 0.001 0.010 0.200 0.000 0.001 o.ooa 
1946 Milk from BYCow Regime 4 o.ooo 0.001 0.026 0.000 o.ooo 0.002 
1946 Commercial Milk (Rural) o.ooo 0.001 0.009 0.000 0. 000 0.001 

1946 Fruit and Vegetables* 0.018 0.102 0.944 0.014 0.067 0. 743 

1947 External o.ooo 0.000 0.000 0. ODD 0.000 0.000 
1947 Inhalation o.ooo 0.001 0.008 0.000 0.001 0.007 

1947 Milk from BYCow Regime J o.ooo 0.004 0.045 0,000 o.ooo 0.007 
1947 Milk from BYCow Regime 4 0.000 o.ooo 0.012 0. 000 0.000 0.001 
1947 Commercial Milk (Rural) o.ooo 0.000 0.006 0.000 0.000 0.000 

1947 Fruit and Vegetables* 0.003 0. 019 0.211 0.003 0. 013 0.151 

1945-1947 External 0 .000 0.001 0. 017 0.000 0.001 0. 020 
1945-1947 Inhalation 0.009 0.029 0. 426 0. 008 0.024 0.239 

1945-1947 Milk from BYCow Regime 3 0.021 0.122 0. 760 0.002 0. 009 0.085 
1945-1947 Milk from BYCow Regime 4 0.002 0.025 0.359 0.000 0.002 0. 022 
1945-1947 Commercial Milk (Rural) 0.001 0.010 0.093 !). 000 0. 001 0. 006 

1945-1947 Fruit and Vegetables* 0. 258 0.996 10.762 0.190 0.687 5.208 

• Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

J. 2 6 



---------------------- Gr-ant County Census Division 02 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'tear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.001 0. 011 0.000 0.001 0.010 
1945 Inhalation 0.004 0.017 0.275 0.003 0.014 0. 380 

1945 Milk from BYCow Regime 3 0.006 0.072 0. 985 o.ooo 0.005 0.061 
1945 Milk from BYCow Reqime 4 o.ooo 0.006 0.132 0.000 0.001 0.018 
1945 Commercial Milk (Rural) 0.001 0,006 0.093 o.ooo 0.000 0,006 

1945 Fruit and Veqetables* 0.139 0.715 7.414 0.097 0.504 6.548 

1946 External 0.000 o.ooo 0.002 o.ooo 0. 000 0.004 
1946 Inhalation 0.001 0.004 0.053 0.001 0,003 0. 033 

1946 Milk from BYCow Reqime 3 0.001 0.009 0.141 0.000 0.001 0. 009 
1946 Milk from BYCow Regime 4 0.000 0.001 0.017 o.ooo 0.000 0.002 
1946 Commercial Milk (Rural) 0.000 0.001 0.015 o.ooo 0.000 0.001 

1946 Fruit and Vegetables• 0.018 0.106 1. 674 0.013 0.071 1. 086 

1947 External 0,000 0.000 o.ooo 0.000 0.000 o.ooo 
1947 Inhalation 0.000 0.001 0.010 0.000 0.001 0.006 

1947 Milk from BYCow Regime 3 0.000 0,002 0.023 0.000 0.000 0. 001 
1947 Milk from BYCow Reqime 4 0.000 0.000 0.008 0.000 0.000 0.001 
1947 commercial Milk (Rural) 0.000 0.000 0.002 0. 000 0.000 0.000 

1947 Fruit and Vegetables* 0.003 0.017 0.197 0.003 0.013 0.110 

1945-194~ External 0.000 0.001 0.019 0. 000 0. 001 0.013 
1945-194- Inhalation 0. 009 0.030 0.366 0.007 0,023 0. 390 

1945-194~' Milk from BYCow Regime 3 0.019 0,106 1.103 0.001 0,007 0. 068 
1945-1947 Milk from BYCow Reqime 4 0.001 0.014 0.135 0.000 0.001 0.024 
1945-1947 Commercial Milk (Rural) 0.002 0.010 0.095 0.000 0.001 0.008 

1945-1947 Fruit and Vegetables* 0.269 l. 041 10.869 0.189 0. 708 a .198 

* Dose from the fruit and vegetables ?athway assumes that 100% of diet comes from local sources 

" 
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--------------------------- Grant County Census Division 03 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'fear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External o.ooo 0.001 0,010 0.000 0.001 0. 009 
1945 Inhalation 0.008 0.030 0.248 0. 006 0.022 0.165 

1945 Milk !:'rom BYCow Regime 3 0.020 0.162 1. 492 0. 001 0. 008 0. 098 
1945 Milk from BYCow Regime 4 0.000 0.016 0. 484 0.000 0.002 0. 035 
1945 Commercial Milk (Rural) 0,004 0. 039 0. 558 0,000 0. 004 0. 071 

1945 Fruit and Vegetables* 0.255 1.294 10.966 0.186 0. 784 s. 348 

1946 External 0.000 0.000 0.002 0.000 o.ooo 0.002 
1946 Inhalation o. 002 0.007 0.047 0. 002 0. 005 0,040 

1946 Milk !:'rom BYCow Regime 3 0,002 0.019 0,162 0. 000 0.001 0.010 
1946 Milk from BYCow Regime 4 0.000 0.003 0.054 0.000 o.ooo 0.005 
1946 Commercial Milk (Rural) 0.001 0. 006 0,059 0.000 0.000 o.oo8 

1946 Fruit and Vegetables* 0.034 0.161 l. 203 0.026 0.106 0.642 

1947 External 0.000 0.000 0.000 o.ooo o.ooo 0.001 
1947 Inhalation 0.001 0. 002 0.028 0.000 0. 002 0.017 

1947 Milk from BYCow Regime 3 0.000 0.004 0. 036 0.000 0.000 0.002 
1947 Milk from BYCow Regime 4 0.000 0.001 0.009 0.000 o.ooo 0.001 
1947 Commercial Milk (Rural) 0.000 0.003 0.024 0.000 0.000 0.002 

1947 Fruit and Vegetables* 0. 006 0.027 0.144 0.005 o. 019 0.100 

1945-1947 External 0.001 0.002 0.013 0.001 0.002 0.015 
1945-1947 Inhalation 0. 017 0.048 0. 316 0. 014 0.037 0.266 

1945-1947 Milk from BYCow Regime 3 0.039 0.212 1. 713 0.002 0.012 0. 095 
1945-1947 Milk from BYCow Regime 4 0.003 0 .029 0. 434 0.000 0. 003 0.040 
1945-1947 Commercial Milk (Rural) 0. 013 0.065 0. 756 0.001 0.006 0.083 

1945-1947 Fruit and vegetables* 0.443 1. 689 11.907 0.333 1. 056 5. 890 

• 'Jose !':-:-om the fruit and vegetables pathway assumes that 100\ of diet comes from 2.ocal sources 

; . 28 



----------------------------- Grant County Census Division 04 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
tear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0,002 0.007 0. 001 0.002 0.007 
1945 Inhalation 0.017 0.058 0,333 0.014 0,045 0.224 

1945 Milk !rom BYCow Regime 3 0.031 0.274 1. 712 0.003 0.027 0.214 
1945 Milk !rom BYCow Regime 4 0.002 0.041 0,578 0.000 0. 006 0.086 
1945 Commercial Milk (Rural) 0.413 3.337 51.820 0. 027 0.201 3.155 

1945 Fruit and Vegetables• 0.520 2.331 13.461 0.387 1. 681 9.100 

1946 External 0.000 0.000 0. 003 0.000 0.000 0,004 
1946 Inhalation 0.004 0.014 0.105 0. 003 0. 011 0. 093 

1946 Milk from BYCow Regime 3 0.004 0.033 0.315 0.000 0.003 0. 025 
1946 Milk from BYCow Regime 4 o.ooo 0. 006 0. 096 0.000 0. 001 0.011 
1946 Commercial Milk (Rural) 0.070 0.485 3.597 0. 008 0.046 0. 324 

1946 Fruit and Vegetables• 0.077 o. 332 1. 770 0. 053 0.219 1.235 

1947 External 0.000 0.000 0. 002 0.000 0.000 0.002 
1947 Inhalation 0.001 0.004 0.042 0.001 0.003 0.034 

1947 Milk from BYCow Regime 3 0.001 0.007 0.067 0.000 0,001 0 .006 
1947 Milk from BYCow Regime 4 0.000 0,003 0.043 0.000 0. 000 0,004 
1947 commercial Milk !Rural) 0.029 0.224 4.637 0.002 0.016 0.211 

1947 Fruit and Vegetables• 0.012 0.054 0 .275 0.010 0.042 0.247 

1945-194"7 External 0,001 0. 003 0.012 0.001 0.003 0.013 
1945-1947 Inhalation 0.034 0.094 0.572 0.028 0.073 0. 505 

1945-1947 Milk from BYCow Regime 3 0.083 0.383 1. 938 0. 007 0,034 0.240 
1945-1947 Milk from BYCow Regime 4 0.009 0,075 0. 726 0.001 0.009 0.082 
1945-1947 Conunercial Milk (Rural) 1.181 5.184 58.745 0.082 0. 374 3,677 

1945-1947 Fruit and Vegetables* 0. 903 2. 990 14. 677 0. 685 2. 074 9.633 

• Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

.29 



------------------------------ Grant County Census Division 05 -----------------------------------

Infant Dose Percentiles Adult Dose ?ercentiles 
Year Dose Pathway SCh 50th 95th 5th 50th 95th 

1945 External 0.001 0.002 0.007 0 .DOl 0 .002 0 .007 
1945 Inhalation 0.018 0. 060 0.269 0.014 0.045 0.218 

1945 Milk from BYCow Regime 3 0.028 0.260 2.901 0.002 0.019 0.281 
1945 Milk. from BYCow Regime 4 0,002 0.032 o. 721 0.000 0.005 0.097 
1945 Commercial Milk {Rural) 0.211 1. 408 16.194 0.016 0.135 1.146 

1945 Fruit and Vegetables• 0. 519 2.249 12.451 0.393 l. 676 8. 952 

1946 External 0.000 o.ooo 0.003 0.000 0.000 0.003 
1946 Inhalation 0.004 0.012 0,068 0.003 0.010 0.046 

1946 Milk from BYCow Regime 3 0. 003 0.037 0.542 0.000 0.003 0.036 
1946 Milk !rom BYCow Regime 4 0.000 0.005 0.136 0. 000 0,001 0.009 
1946 commercial Milk <Rural) 0.045 0.306 3.507 0.003 0,024 0.295 

1946 Fruit and Vegetables• 0.072 0. 325 2.004 0. 060 0,256 l. 514 

1947 External 0.000 0. 000 0.001 o.ooo 0. 000 0. 001 
1947 Inhalation 0.001 0.003 0.028 0.001 0. 003 0.016 

1947 Milk from BYCow Regime 3 0. 001 0.017 0.137 0.000 0,001 0.017 
1947 Milk from BYCow Regime 4 0.000 0.002 0.025 0. 000 0. 000 0. 004 
1947 Commercial Milk {Rural) 0.015 0.122 1.191 0.001 0.008 0.092 

1947 Fruit and Vegetables* 0. 013 0.053 0.289 0.010 0. 044 0.276 

1945-1947 External 0.001 0. 003 0.016 0. 001 0. 003 0.012 
!945-1947 Inhalation 0.032 0.088 0. 398 0. 026 0. 067 0,306 

1945-1947 Milk from BYCow Regime 3 0.074 0.350 2.899 0. 007 0.031 0.311 
1945-1947 Milk from BYCow Regime 4 0. 006 0.063 0. 777 0.001 0.009 0.106 
1945-1947 Commercial Milk (Rural) 0. 623 2.340 22.711 0.046 0.211 1. 435 

1945-1947 Fruit and Vegetables• 0.888 3.028 13.779 0.709 2 .244 9. 822 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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------------------------------ Grant county Census Division 06 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0 .001 0.002 0 ,032 0.001 0.002 0.034 
1945 Inhalation 0.012 o.058 0.848 0,009 0.045 0.535 

1945 Milk from BYCow Roq!me 3 0.020 0.219 2,075 0.002 0.018 0.221 
1945 Milk from BYCow Regime 4 0.001 0. 026 0.984 0,000 0. 003 0,064 
1945 Comrnercial Milk (Rural) 0.191 1. 630 24. 615 0.013 0.112 1.232 

1945 Fruit and Vegetables* 0.393 1. 902 11.925 0. 309 l. 363 8.568 

1946 External 0.000 0.001 0.010 0.000 0.001 0.010 
1946 Inhalation 0,003 0.012 • 

0,264 0.002 0,010 0.160 

1946 Milk from BYCow Regime 3 0,003 0.039 o. 445 0.000 0,004 0.050 
1946 Milk from BYCow Regime 4 0,000 0.004 0,152 0.000 0.001 0.014 
1946 Comrnercial Milk (Rural) 0,049 0.399 4.597 0.005 0. 030 0.609 

1946 Fruit and Vegetables* 0.055 0.293 2.112 0.042 0.211 1. 466 

1947 External 0.000 0.000 0.002 0.000 0.000 0. 002 
1947 Inhalation 0.001 0,004 0. 072 0.001 0. 003 0. 049 

1947 Milk from BYCow Regime 3 0,001 0.011 0.117 0.000 0.001 0.015 
1947 Milk from BYCow Regime 4 0.000 0,001 0.023 0.000 0.000 0.003 
1947 Commercial Milk (Rural) 0.016 0.119 1. 358 0.001 0.008 0. 082 

1947 Fruit and Vegetables* 0. 011 0.054 0.343 0.009 0,040 0.247 

1945-1947 External 0,001 0.004 0. 056 0. 001 0.004 0,053 
1945-1947 Inhalation 0.026 0.102 1. 202 0.022 0.080 0.946 

1945-1947 Milk from BYCow Regime 3 0.078 0.388 2.268 0. 006 0.034 0.267 
1945-194' Milk from BYCow Regime 4 0.006 0.050 1.200 0.001 0. 006 0.062 
1945-1947 Commercial Milk {Rural) 0. 609 3.076 24.056 0.048 0.219 2. 007 

:945-194~ Fruit and Vegetables• 0. 770 2. 627 12.572 0.574 1.953 9.885 

• Dose f::om the fruit and vegetables pat:hway assumes that 100% of diet comes from local sources 
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---------------------------------- Grant County Census Division 07 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'tear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.003 0.010 0.001 0. 003 0.010 
1945 Inhalation 0.037 0.119 0. 512 0.031 0. 090 0.327 

1945 Milk frOJI\ BYCow Regime 3 0.064 0. 507 3.053 0.005 0.037 0.349 
1945 Milk from BYCcw Regime 4 0. 003 0.091 1.653 o. 001 0.010 0.145 
1945 Commercial Milk (Rural) o. 383 2. 796 65.906 0.029 0.244 4. 317 

1945 Fruit and Vegetables., 1.119 4. 616 21. 965 0.821 3.126 14.215 

1946 External 0.000 0.001 0.002 0.000 0.001 0.002 
1946 Inhalation 0.008 0.025 0.101 0.007 0. 019 0.069 

1946 Milk from BYCcw Regime 3 0.008 0. 078 1. 026 0.001 0.006 0.048 
1946 Milk frC!II BYCow Regime 4 o.ooo 0.014 0.232 0. 000 0. 002 0. 033 
1946 Commercial Milk (Rural) 0.102 0.669 4. 711 0.008 0. 055 o. 755 

H46 Fruit and Vegetables., 0.163 0. 613 3.111 0.117 0. 455 2.311 

1947 E.xternal 0.000 o.ooo 0.001 0.000 0.000 0.001 
1947 Inhalation 0.002 0.007 0. 032 0. 002 o. 006 0,025 

1947 Milk from BYCow Regime 3 0,002 0.018 0.175 0. 000 0. 001 0.009 
1947 Milk from BYCow Regime 4 0.000 0.004 0. 072 0.000 o.ooo 0. 009 
1947 Commercial Milk (Rural) 0,029 0.199 3.128 0. 002 0.016 0. 226 

1947 Fruit and Vegetables., 0,028 0.113 0.542 0.021 0.081 0. 409 

1945-1947 External 0.002 0.005 0.012 0.003 0. 005 0.012 
1945-1947 Inhalation 0. 069 0.166 0. 578 0.058 0.126 0.346 

1945-1947 Milk from BYCow Regime 3 0.157 0.834 3. 415 0.014 0. 057 0. 405 
1945-1947 Milk from BYCow Regime 4 0.021 0.150 1. 715 0.002 0.016 0.180 
1945-1947 Commercial Milk (Rural) 1. 321 5. 502 86.814 0. 087 0. 432 4. 832 

1945-1947 Fruit and Vegetables., 1.899 5.887 24.432 1,3]5 4.123 14.867 

" :)ose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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---------------------------------- Grant County Census Division 08 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'tear Dose Pathway S<h 50th 95th S<h 50th 95th 

1945 External 0.001 0.002 0 .008 0.001 0.002 0.008 
1945 Inhalation 0.020 0.064 0.296 0.017 0,052 0.256 

1945 Milk from BYCow Regime 3 0.038 0. 349 2.933 0. 004 0. 030 0. 306 
1945 Milk from BYCow Regime 4 0.004 0.054 0. 947 0. 000 0.005 0. 094 
1945 Commercial Milk (Rural) o. 425 2.958 35.517 0.031 0. 322 3. 661 

1945 Fruit and Vegetables* 0.636 2.514 12.588 o. 465 1.811 10.178 

1946 External 0.000 0.001 0.005 0.000 0. 001 0.006 
1946 Inhalation 0,004 0.015 0. 096 0.004 0,012 0. 064 

1946 Milk from BYCow Regime 3 0.005 0.043 0.316 0.000 0,003 0.032 
1946 Milk from BYCow Regime 4 0.000 0.007 0.241 0.000 0. 001 0. 016 
1946 Commercial MilX (Rural) 0.101 0.669 5.994 0.006 0.051 0. 695 

1946 Fruit and Vegetables* 0.073 0,350 1. 942 0. 063 0.238 1. 455 

1947 External 0.000 0.000 0.002 0,000 0.000 0.001 
1947 Inhalation 0.001 o. 005 0.054 0.001 0.003 0.029 

1947 Milk from BYCow Regime 3 0.001 0.010 0.089 0.000 0. 001 0.008 
1947 Milk from BYCow Regime 4 0. 000 0.002 0. 037 0.000 0,000 0.006 
1947 Commercial Milk (Rural) 0.032 0.211 2.586 0.003 0.018 0.118 

1947 Fruit and Vegetables* 0.014 0.061 0.332 0.012 0,047 0.261 

1945-1947 External 0.001 0.003 0.016 0.001 0,003 0.016 
1945-1947 Inhalation 0.038 0.099 0.472 0. 033 0.079 0. 485 

1945-1947 Milk from BYCow Regime 3 0.090 0,452 3.118 0.008 0.038 0.285 
1945-1947 Milk from BYCow Regime 4 0. 011 0.083 0. 942 0.001 0.009 0.084 
1945-194.., Commercial Milk (Rural) 1.160 5, 833 36.823 0.105 0. 516 3.647 

1945-1947 Fruit and Vegetables* 1.070 3,275 14.151 o. 779 2,358 11.693 

* Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 
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------------------------------- Grant County Census Division 09 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0.004 0.013 0,002 0 .004 0.013 
1945 Inhalation 0.045 0,138 0. 509 0. 038 0.109 0.370 

1945 Milk from BYCow Regime 3 0.084 o. 622 5.619 0.006 0. 057 0,514 
1945 Milk from BYCow Regime 4 0.005 0.112 l. 916 0.001 0. 015 0.377 
1945 Commercial Milk (Rural) 0.442 2.675 43.515 0.034 0.278 2.283 

1945 Fruit and Vegetables• 1. 427 6,006 30.233 1.004 3.857 16.758 

1946 External 0.000 0,001 0,002 0.000 0. 001 0.003 
1946 Inhalation 0.011 0.031 0.120 0.009 0. 025 0.083 

1946 Milk from BYCow Regime 3 0. 011 0.105 0. 899 0.001 0.008 0.081 
1946 Milk from BYCow Regime 4 0,001 0.018 0.483 o.ooo 0. 002 0.030 
1946 Commercial Milk {Rural) 0.104 0.720 El.238 0.007 0.046 0.447 

1946 Fruit and vegetables* 0.179 0. 764 4.022 0.144 0.574 3.052 

1947 External 0.000 0,000 0.001 0.000 0.000 0.001 
1947 Inhalation 0,003 0.010 0 .039 0. 003 0. 008 0.028 

1947 Milk from BYCow Regime 3 0.003 0.026 0.294 0.000 0. 002 0. 019 
1947 Milk from BYCow Regime 4 o.ooo 0.008 0.114 0,000 0.001 0.011 
1947 Commercial Milk (Rural) 0. 033 0.216 1. 597 0.002 0.015 0.240 

1947 Fruit and Vegetables* 0.032 0.145 0. 715 0.026 0.104 0. 511 

1945-1947 External 0.003 0.006 0.015 0.003 0.006 0.016 
1945-1947 Inhalation 0.084 0.194 0. 621 0.071 0 .156 0,442 

1945-1947 Milk from BYCow Regime 3 0.216 0. 944 5. 585 0.016 0.083 0. 523 
1945-1947 Milk from BYCow Regime 4 0.026 0.222 2.235 0.003 0.023 0,326 
1945-1947 Commercial Milk {Rural) 1. 315 5.901 62.769 0.089 0.402 3,239 

1945-1947 Fruit and vegetables* 2. 429 7,658 33.417 l. 747 4. 966 18.862 

• Dose from the fruit and vegetables path.way assumes that 100% of diet comes from local sources 
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---------------------------------- Grant County Census Division 10 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0.004 0,013 0.002 0,004 0.013 
1945 Inhalation 0.050 0.152 0. 573 0,043 0.127 0.459 

1945 Milk from BYCow Regime 3 0. 092 0.810 7. 646 0.008 o.o8s 0.874 
1945 Milk from BYCow Regime 4 0.007 0.147 2.759 0.001 0,011 0. 341 
1945 Commercial Milk {Rural) 0,312 2.691 33.174 0. 033 0.295 3. 762 

1945 Fruit and Vegetables* 1. 521 6.608 31.873 1.175 4. 661 22.520 

1946 External 0.000 0.001 0,003 0.000 0,001 0.003 
1946 Inhalation 0.011 0.033 0,121 0.010 0. 026 0.086 

1946 Milk from BYCow Regime 3 0.010 0.095 0.858 0.001 o. 009 0. 068 
1946 Milk from BYCow Regime 4 0.002 0.027 0,395 0.000 0.002 0.032 
1946 Commercial Milk (Rural) 0.096 0,649 6.398 0,009 0.050 0. 823 

1946 Fruit and Vegetables* 0. 211 0. 941 5.019 0.171 0.661 3.410 

1947 External 0.000 0.000 0.001 0.000 0,000 0.001 
1947 Inhalation 0,003 0.010 0.048 0. 003 0.008 0,031 

1947 Milk from BYCow Regime 3 0.002 0.024 0.182 o.ooo 0.002 0.020 
1947 Milk from BYCow Regime 4 0.000 0,007 0.212 0.000 0.001 0.010 
1947 Commercial Milk {Rural) 0.033 0.226 3.334 0,002 0. 021 0.319 

1947 Fruit and Vegetables* 0. 039 0.148 0. 784 0.030 0.117 0.572 

1945-1947 External 0.003 0.006 0.015 0.003 0.006 0.015 
1945-1947 Inhalation 0.095 0.216 0. 617 0.076 0,176 0.502 

1945-1947 Milk from BYCow Regime 3 0.196 1. 041 7. 493 0. 020 0.113 0. 811 
1945-1947 Milk from BYCow Regime 4 0.030 0.264 3.172 0.003 0.023 0.350 
1945-1947 Commercial Milk !Rural) 1. 248 5. 413 38.784 0. 092 0.463 5.282 

1945-1947 Fruit and Vegetables* 2. 608 8.567 35.592 1.993 6.066 24. 910 

~ Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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---------------------------------- Grant County Census Division 11 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'tear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0,005 0.041 0.002 0. 005 0. 060 
1945 Inhalation 0.039 0.172 2.022 0. 034 0.139 l. 528 

1945 Milk from BYCow Regime 3 0. 065 0. 691 10.404 o.oos 0.053 0.544 
1945 Milk from B't'Cow Regime 4 0.005 0.101 1. 739 0.001 0. 008 0.191 
1945 Commercial Milk (Rural) 0. 381 3, 260 85.456 0.035 0.231 2.106 

1945 Fruit and Vegetables• 1. 323 6.118 40.527 0.965 3.956 21.990 

1946 External 0,000 0.001 0 .014 o.ooo 0.001 0. 011 
1946 Inhalation 0.009 0.037 0.492 0. 008 0. 028 0.330 

1946 Milk. from BYCow Regime 3 0,010 0.083 0. 711 0. 001 0.008 0.085 
1946 Milk. from BYCow Regime 4 0,000 0.016 0.655 0.000 0.001 0.025 
1946 Commercial Milk (Rural) 0,109 0. 709 6. 952 0. 007 0. 052 0. 396 

1946 Fruit and Vegetables* 0.199 0.841 4. 642 0.145 0. 608 3.261 

1947 External 0.000 0.000 0. 003 0.000 o.ooo 0.003 
1947 Inhalation 0.002 0.010 0.095 0. 002 0.008 0.067 

1947 Milk from BYCow Regime 3 0.002 0.023 0.294 0.000 0. 002 0.018 
1947 Milk from B't'Cow Regime 4 0.000 0.006 0.164 0.000 0.001 0. 016 
1947 commercial Milk (Rural) 0,031 0.216 2.144 0.002 0. 016 0.238 

1947 Fruit and Vegetables* 0.034 0.132 a. 740 0. 026 0.112 0. 586 

1945-1947 External 0.003 0.009 0.061 0.003 0 .. 009 0.091 
1945-1947 Inhalation 0. 086 0.279 3.187 0.071 0.214 1. 722 

1945-1947 Milk. from BYCow Regime 3 0.180 l. 045 7.210 0. 014 0. 075 0.513 
1945-1947 Milk from B't'Cow Regime 4 0,022 0.207 2.847 0,003 0. 018 0.214 
1945-1947 Commercial Milk (Rural) 1.189 5.888 55.505 0.101 0. 388 2.295 

1945-1947 Fruit and Vegetables* 2. 562 8.247 44.048 1. 724 5. 311 22.643 

• Dose from the fruit and vegetables pathway assumes that 100%' of diet comes ~rom local sources 
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----------------------------- Grant County Census Division 12 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0 .004 0.013 0.124 0.004 0.013 0.133 
1945 Inhalation 0. 099 0,404 4.833 0.079 0.313 2. 724 

1945 Milk from BYCow ... !me 3 0.125 1.143 13.638 0.012 0.122 1.222 
1945 Milk !rom BYCow Regime 4 0.006 0.165 6,362 0. 001 0,021 0.505 
1945 Commercial Milk (Rural) 0.360 2. 717 41.997 0.032 0.237 3.949 

1945 Fruit and Vegetables* 3.471 14.994 85.626 2.286 9. 656 57,857 

1946 External 0.001 0. 004 0,039 0.001 0,004 0.065 
1946 Inhalation 0.021 0.098 1. 091 0.017 0,067 0. 654 

1946 Milk !rom BYCow Regime 3 0.022 0.191 2.032 0.002 0.018 0.190 
1946 Milk !rom BYCow Regime 4 0,001 0.035 1.074 0.000 0,004 0.110 
1946 commercial Milk (Rural) 0,083 0. 602 11.518 0.007 0,044 0.898 

1946 Fruit and Vegetables* 0.436 2. 004 1.2.494 0.359 1. 454 7.879 

1947 External 0.000 0.001 0. 011 0.000 0,001 0.009 
1947 Inhalation 0.006 0.027 0.267 0.005 0,020 0.215 

1947 Milk from BYCow Regime 3 0.005 0.050 0. 723 0.000 0,005 0.074 
1947 Milk from BYCow Regime 4 0.000 0. Oll 0,283 0.000 0. 001 0.032 
1947 Commercial Milk (Rural) 0.031 0.243 3.230 0.002 0.018 0. 255 

1947 Fruit and Vegetables* 0,082 0.335 1. 751 0.067 0.267 1. 708 

1945-1947 External 0,008 0.022 0.197 0.008 0. 023 0.219 
1945-1947 Inhalation 0.2ll 0. 683 6, 693 0.166 0. 520 4.297 

1945-1947 Milk from BYCow Regime 3 0. 349 1.9ll 15.039 0. 036 0.192 1.148 
1945-1947 Milk from BYCow Regime 4 0.047 0.378 7,392 0.006 0. 046 0.638 
1945-1947 Commercial Milk (Rural) 1.158 6.140 54.325 0.086 0.415 5.200 

1945-1947 fruit and Vegetables* 6. 046 19.098 91.842 4.190 12.784 63.472 

~ Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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------------------------------- Grant County Census Division 13 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0,009 0. 029 0.261 0.009 0.031 0. 349 
1945 Inhalation 0.190 o. 902 7. 717 0.167 0,681 5.296 

1945 Milk from BYCow Regime 3 0.318 3.387 50.021 0.020 0.240 3.071 
1945 Milk from BYCow Regime 4 0,024 0. 529 15,050 0.002 0.047 1.369 
1945 Commercial Milk (Rural) 0. 405 3.287 30.255 0.033 0.244 3.282 

1945 Fruit and Vegetables* 7.580 33.758 205,059 5.160 22.095 126.201 

1946 External 0.002 0.009 0.093 o. 002 o.ooa 0.118 
1946 Inhalation 0,048 0.212 1.791 0.041 0.161 1.175 

1946 Milk from BYCow Regime 3 0.046 0. 456 3.914 0.003 0. 037 0. 316 
1946 Milk from BYCow Regime 4 0,003 0.064 1. 668 0.000 0. 006 0,180 
1946 Commercial Milk (Rural) 0.089 0.660 6.875 0.008 0. 053 0.378 

1946 Fruit and Vegetables* 0.996 4.446 28.894 0. 751 3.120 15.736 

1947 External 0. 001 0.002 0. 023 0.001 0.002 0.023 
1947 Inhalation 0.013 0. 056 0.446 0. 011 0.048 0.425 

1947 Milk !:rom BYCow Regime 3 0,013 0.127 1. 952 0. 001 0.010 0.189 
1947 Milk from BYCow Regime 4 0,001 0.026 0. 678 0.000 0.002 0.040 
1947 Commercial Milk {Rural) 0.027 0.204 3. 254 0. 002 0.018 0.200 

1947 Fruit and Vegetables* 0.171 0. 728 3. 550 0.140 0. 547 3.090 

1945-1947 External 0.019 0,052 0.441 0.019 0.053 0.643 
1945-1947 Inhalation 0.457 1. 448 10.711 0. 353 1. 092 7.270 

1945-1947 Milk from BYCow Regime 3 0. 897 4. 833 42.150 0. 068 0.411 3.248 
1945-1947 Milk from BYCow Regime 4 0. 090 l. 039 15.251 0. 009 0.077 1.007 
1945-1947 Commercial Milk (Rural) 1.204 5.538 34.260 0.097 0.405 3.103 

1945-1947 Fruit and Vegetables~ 23.208 44.630 209.932 9.299 29.815 131.675 

* Dose from the fruit and vegetables pathway assumes that 100' of diet comes from local sources 

.. 
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------------------------------- Grant County Census Division 14 -----------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.001 0.006 0.001 o. 002 0.006 
1945 Inhalation 0.015 0.051 0.252 0,012 0.041 0.171 

1945 Milk from B't'Cow Regime 3 0. 013 0.236 4. 329 0,002 0.020 0,392 
1945 Milk 1'rom BYCow Regime 4 0.001 0.031 0. 619 0.000 0.002 0.080 
1945 Commercial Milk (Urban) 0,348 1.987 20.417 0. 014 0.117 1. 389 

1945 Fruit and VE!9E!tables• 0.488 2.009 11.679 0. 368 1.596 9. 341 

1946 External 0. 000 o.ooo 0.003 0.000 0.000 0. 003 
1946 Inhalation 0.003 0. 011 0,074 0. 003 0,009 0.045 

1946 Milk from B't'Cow Regime 3 0,004 0.051 0. 391 0.000 0,003 0.046 
1946 Milk from BYCow Regime 4 0,000 0. 005 0.091 0.000 0.000 0.008 
1946 Commercial Milk (Urban) 0,090 0.541 6. 021 0.003 0. 025 0.194 

1946 Fruit and Vegetables* 0,067 0.292 1. 719 0. 050 0.211 1.003 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.001 0.003 0.022 0.001 0.003 0.018 

1947 Milk from BYCow Regime 3 0.002 0.014 0.173 0,000 0.001 0.013 
1947 Milk from BYCow Regime 4 0.000 0,002 0. 060 0,000 0.000 0.004 
1947 Commercial Milk (Urban) 0.019 0.163 2.242 0. 001 0.010 0.142 

1947 Fruit and Vegetables* 0,012 0.049 0,248 0.009 0.037 0.193 

1945-1947 External 0.001 0.002 0.012 0. 001 0.002 0.014 
1945-1947 Inhalation 0.029 0.077 0.365 0.024 0.060 0.251 

1945-1947 Milk from BYCow Regime 3 0.070 0. 446 4.195 0.006 0.038 0. 324 
!945-1947 Milk from BYCow Regime 4 0.007 0.070 0.789 0.000 0.004 0. 071 
1945-1947 Commercial Milk (Urban) 0.888 3. 729 21.803 0.049 0 .213 1. 469 

1945-1947 Fruit and Vegetables• 0.840 2.635 12.278 0.660 1. 987 9.336 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from :ocal sources 
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-------------------------------- Kittitas County census Division 01 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External o.ooo 0.003 0.063 0.000 0.003 0. 048 
1945 Inhalation 0. 005 0. 065 1. 561 0.004 0. 055 1. 499 

1945 Milk from Bi'Cow Regime 1 0.393 6.121 :.76.947 0 .023 0.509 12.337 
1945 Milk from Bi'Cow Regime 2 0.263 4. 708 ~41.827 0.020 0. 397 11.003 
1945 Milk from BYCow Regime 3 0.012 0. 320 23.972 0.001 0.022 1. 063 
1945 Milk from BYCOW Regime 4 0.001 0,060 6.509 0,000 0 < 006 0.339 
1945 Commercial Milk (Rural) o. 384 5.806 230.324 0.028 0. 453 10.291 

1945 Fruit and Vegetables* 0.239 2.261 44.772 0.175 1. 671 45.310 

1946 External 0.000 0.001 0.023 0.000 0.001 0.024 
1946 Inhalation 0.001 0.017 0. 700 0.001 0.014 0 .475 

1946 Milk from BYCow Regime 1 0.066 1.023 36.425 0.005 0.084 2.574 
1946 Milk from BYCow Regime 2 0. 063 0. 740 38.198 0.004 0.096 3.046 
1946 Milk from Bi'Cow Regime 3 0.002 0,031 0. 624 0. 000 0.003 0.114 
1946 Milk from Bi'Cow Regime 4 0.000 0.008 0.203 0.000 0 < 001 0. 023 
1946 Commercial Milk {Rural) 0.067 0. 787 11.189 0. 005 0.056 3.077 

1946 Fruit and Vegetables* 0.036 0.332 6.594 0. 028 0. 262 4. 929 

1947 External 0.000 0 .000 0.005 0.000 0.000 0.006 
1947 Inhalation 0.000 0.005 0.178 0.000 0,004 0.156 

1947 Milk from BYCow Regime 1 0. 017 0.272 7. 387 0.002 0,027 0 .550 
1947 Milk from Bi'Cow Regime 2 0.022 0. 440 8.971 0.001 0.023 0.516 
1947 Milk from Bi'Cow Regime 3 0.000 0.005 0.101 0.000 0.001 0.012 
1947 Milk from BYCow Regime 4 o.ooo 0.002 0,076 0. 000 o. ::lOa 0.005 
1947 Commercial Milk (Rural) 0.016 0,210 5.222 0.001 0. 017 o. 334 

1947 Fruit and Vegetables* 0.006 0. 068 1.055 0.005 0.057 1.237 

1945-1947 External 0.001 0.007 0.099 0.001 0.007 0.092 
:945-1947 Inhalation 0.021 0.172 2.709 0. 019 0.133 2.960 

1945-1947 Milk from BYCow Regime 1 1.522 12.937 259.068 ::1.124 1.151 17.635 
1945-1947 Milk !rom Bi'Cow Regime 2 1. 464 11.791 154.393 0. 095 0.844 26.830 
1945-1947 Milk from BYCow Regime 3 0.044 0. 511 32.895 0.005 0.048 1.150 
1945-1947 Milk from BYCow Regime 4 0.009 0.104 3.503 0.001 0. 011 0. 247 
1945-1947 Commercial Milk (Rural) 1.252 9.693 238.984 0.113 o. 724 10.109 

1945-1947 Fruit and Vegetables• o. 677 4. 029 55.936 0. 487 2.940 51.341 

* Dose from the fruit and vegetables pathway assumes that lOOt of diet comes from local sources 

• 



-------------------------------- Kittitas County Census Division 02 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External o.ooo 0.000 0 .010 0.000 0.000 0,019 
1945 Inhalation 0.001 0.006 1. 021 0.000 0.005 2.220 

1945 Milk from BYCow Regime 3 o.ooo 0.008 0,252 0. 000 0.001 0.024 
1945 Milk from BYCow Regime 4 0.000 0.002 0.165 0.000 0,000 0.017 
1945 Commercial Milk (Rural) 0.016 0.261 13.186 0.001 0. 033 1.803 

1945 Fruit and Vegetables• 0.012 0.149 11.913 0.010 0.106 5. 777 

1946 External 0.000 o.ooo 0. 006 0.000 0.000 0.006 

" 
1946 Inhalation o.ooo 0.002 0.614 0.000 0.001 0.421 

1946 Milk from BYCow Regime 3 0,000 0.002 0.186 0.000 o.ooo 0.010 
1946 Milk from BYCow Regime 4 0.000 0.000 0 .017 0.000 0,000 0.003 
1946 Commercial Milk (Rural) 0.003 0. 063 1.571 0.000 0.005 0.344 

1946 Fruit and Vegetables• 0.002 0.016 0. 549 0. 002 0. 017 1. 064 

1947 External o.ooo 0.000 0. 003 0.000 0.000 0.004 
1947 Inhalation 0.000 0.001 0.228 0.000 0.001 0.146 

1947 Milk from BYCow Regime 3 0.000 o.ooo 0.102 0.000 o.ooo 0.012 
1947 Milk from BYCow Regime 4 0.000 0.000 0.011 0.000 0.000 0.001 
1947 Commercial Milk (Rural) 0.001 0.014 1. 598 0.000 0.001 0.256 

1947 Fruit and Vegetables• o.ooo 0.005 0.447 0.000 0.004 0.356 

1945-1947 External 0.000 0.001 0.042 0. 000 0. 001 0.041 
1945-1947 Inhalation 0.002 0.029 8.973 0,002 0.024 7.363 

1945-1947 Milk from BYCow Regime 3 0.002 0.024 0. 603 o.ooo 0.003 0. 055 
1945-1947 Milk from BYCow Regime 4 0.000 0.005 0.196 0.000 0.001 0.020 
1945-1947 Commercial Milk (Rural) 0.078 o. 793 18.024 0.007 0. 085 2. 589 

1945-1947 Fruit and Vegetables* 0.037 0.287 15.439 0.029 0.244 9. 713 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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-------------------------------- Kittitas County Census Division 03 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 o.ooo 0.007 0. 000 0. 000 0. 014 
1945 Inhalation 0.001 0.007 0. 585 0.000 0,006 0.732 

1945 Milk. from BYCow Regime 3 0.000 0.010 0. 388 0.000 0.001 0.040 
1945 Milk from BYCow Regime 4 0.000 0.002 0.064 o.ooo 0. 000 0.015 
1945 Commercial Milk {Rural) 0.013 0.297 25.249 0,001 0.024 4.425 

1945 Fruit and Vegetables* 0. Oll 0.134 8. 906 0.010 O,ll7 8.457 

1946 External 0.000 o.ooo 0.008 0,000 0.000 0,006 
1946 Inhalation o.ooo o. 002 0.580 0. 000 0. 002 0.570 

1946 Milk. from BYCow Regime 3 0.000 0.002 0.100 0.000 0. 000 0,017 
1946 Milk from BYCow Regime 4 0. 000 o.ooo 0,016 0. 000 0.000 0.002 
1946 Commercial Milk {Rural) 0.004 0.053 1. 931 0.000 0.004 0.204 

1946 Fruit and Vegetables• 0.002 0.019 1.051 0.001 0.016 1. 057 

1947 External 0,000 0.000 0.003 0.000 0.000 0,003 
1947 Inhalation 0.000 0.001 0.672 0. 000 0. 001 0.178 

1947 Milk from BYCow Regime 3 0.000 o.ooo 0 .034 0.000 0,000 0.008 
1947 Milk from BYCow Regime 4 0.000 o.ooo 0.004 0.000 0. 000 0.001 
1947 Commercial Milk {Rural) 0.001 0.014 6.985 0. 000 0.001 :J.095 

1947 Fruit and Vegetables* 0. 000 0.005 0.182 0.000 0.004 0. 294 

1945-1947 External 0. 000 0.001 0. 025 0. 000 0. 001 0.030 
1945-1947 Inhalation 0,003 0.030 4. 361 0,002 0. 023 4.120 

1945-1947 Milk from BYCow Regime 3 0.002 0.032 0.511 0.000 0.003 0.079 
:945-1947 Milk. from BYCow Regime 4 0.000 0. 004 0.125 0.000 0. 001 0. 020 
1945-1947 COIMI.ercial Milk {Rural) 0. 089 0. 793 41.945 0.006 0. 068 5. 510 

1945-1947 Fruit and Vegetables* 0.034 0 .257 11.868 0. 029 0.257 13.112 

~ Dose f::"om the fruit and vegetables patl'.way assumes that 100%- of diet comes from local sources 
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---------------------------- Kitt:itas County Census Division 04 ----------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

'tear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.001 0. 011 0. 000 0,001 0.012 
1945 Inhalation 0,001 0.012 0.482 0. 001 0. 009 0. 331 

1945 Milk rrom BYCow Regime 3 0.001 0,023 1. 452 0,000 0.003 0.128 
1945 Milk from BYCow Regime 4 0.000 0.010 1. 570 o.ooo 0.001 0,050 
1945 Commercial Milk (Rural) 0.015 0.426 12.694 0.001 0.020 1.528 

1945 Fruit and Vegetables• 0.064 0.714 18.791 0. 056 0.571 21.140 

1946 External 0.000 0.000 0.003 0.000 o.ooo 0.003 

" 
1946 Inhalation 0,000 0.002 0.116 0.000 0.003 0.130 

1946 Milk from BYCow Regime 3 o.ooo 0.007 o. 753 0.000 o.ooo 0.020 
1946 Milk from BYCow Regime 4 o.ooo 0.001 0.226 0.000 o.ooo 0,008 
1946 commercial Milk (Rural) 0.003 0.051 1. 593 0.000 0.004 0.217 

1946 Fruit and Vegetables* 0,010 o.o88 1. 968 0.007 0. 069 1. 638 

1947 External 0.000 o.ooo 0. 001 0.000 0.000 0,001 
1947 Inhalation o.ooo 0.001 0.047 0,000 0.001 0.034 

1947 Millt from BYCow Regime 3 0.000 0.002 0.115 0. 000 0.000 0.009 
1947 Milk from BYCow Regime 4 0.000 o.ooo 0.019 0.000 0.000 0.003 
1947 Commercial Milk (Rural) 0,001 0.021 1. 287 0.000 0,001 0.101 

1947 Fruit and Vegetables• 0.002 0.019 0,504 0.002 0.017 0. 433 

1945-194" External 0,000 0.001 0.016 0. 000 0.001 0.019 
1945-194-;' Inhalation 0.004 0.031 o. 731 0.003 0,025 0. 567 

1945-194-;' Milk from BYCow Regime 3 0.007 0,086 2. 321 0.001 0.007 0.214 
1945-194i Milk rrom BYCow Regime 4 0.002 0.030 1. 056 0.000 0.003 0.048 
1945-194i Commercial Milk {Rural) 0. 097 0.955 16.737 0.006 0. 055 1. 561 

:945-1947 Fruit and Vegetables* 0.178 1.137 20.902 0.151 0. 998 23.436 

• Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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-------------------------------- Kit~itas County Census Division 05 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway S<h 50th 95th S<h 50th 95th 

1945 External o.ooo 0.000 0.014 0.000 0. 000 0.022 
1945 Inhalation 0.000 0.007 0. 557 0.000 0.005 0. 764 

1945 Milk from BYCow Regime 3 0,001 0.036 2.118 0.000 0. 003 0.554 
1945 Milk from BYCow Regime ' 0.000 0.006 0.159 0.000 Oo 001 0.038 
1945 Commercial Milk (Rural) 0,017 0.299 13.850 0.002 0.022 1,993 

1945 Fruit and Vegetables• 0.024 0.293 12.457 0.021 0.222 14.974 

1946 External 0.000 0.000 0.012 0. 000 0.000 0. 014 
1946 Inhalation 0.000 0.002 0. 629 0.000 0.002 0.199 ,, 

1946 Milk from BYCow Regime 3 0,000 0.005 0. 568 0.000 0,000 0.030 
1946 Milk from BYCow Regime 4 0.000 0.001 0.035 0.000 0.000 0.005 
1946 Commercial Milk (Rural) 0.004 0. 064 2.282 0.000 0. 004 0.227 

1946 Fruit and Vegetables• 0. 003 0.036 2.194 0,003 0. 030 1.683 

1947 External 0.000 o.ooo 0. 002 0. 000 0. 000 0. 002 
1947 Inhalation 0.000 0.001 0.138 0.000 0,001 0.126 

1947 Milk from BYCow Regime 3 0.000 0. 001 0,062 0.000 0. 000 0. 016 
1947 Milk from BYCow Regime 4 0.000 0.000 0,008 0. 000 0.000 0,001 
1947 Commercial Milk (Rural) 0.001 0.012 4.517 0.000 0. 001 0.437 

1947 Fruit and Vegetables• 0.001 0.008 0,232 0.001 0,007 0. 364 

1945-1947 External 0.000 0.001 0.044 0.000 0. 001 0. 063 
1945-1947 Inhalation 0.002 0.026 3.874 0.002 0. 021 5.117 

1945-1947 Milk from BYCow Regime 3 0,005 0.083 3.446 0.001 0.014 1.267 
1945-1947 Milk from BYCow Regime 4 0.001 0.012 0.228 0.000 0.002 0.050 
1945-1947 Commercial Milk (Rural) 0. 082 0. 837 26.473 0. 006 0. 064 2. 021 

1945-1947 Fruit and Vegetables• 0. 066 0.585 18.368 0.058 0. 458 18,811 

• Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

• 
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-------------------------------- Kittitas County Census Division 06 ----------------------------------

Infant Dose Percentiles Adult :lose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 o.ooo 0.025 0.000 0,000 0.017 
1945 Inhalation 0.000 0.007 1.077 0.000 0.005 0. 550 

1945 Milk !rom BYCow Regime 1 0. 029 0. 967 175.513 0.002 0,086 11.553 
1945 Milk !rom BYCow Regime 2 0.022 0.826 80,051 0.002 0.048 3,306 
1945 Milk !rom BYCow Regime ) 0,001 0.017 0.739 0,000 0.002 0. 063 
1945 Milk !rom BYCow Regime 4 0,000 0.003 0.199 0,000 0.001 0.022 
1945 Commercial Milk (Rural) 0. 035 o. 641 28.395 o. 003 0. 066 2. 086 

1945 Fruit and vegetables• 0.023 0.261 10.883 0.020 0.218 19.804 

1946 External 0.000 0,000 0.013 0.000 0,000 0. 009 
1946 Inhalation 0.000 0.002 0.217 o.ooo 0.001 0.195 

1946 Milk from BYCow Reqi~ 1 0.006 0.148 15.469 0.000 0.011 0.399 
1946 Milk !rom BYCow Regime 2 0.004 0,122 6,591 0.000 0,009 0.207 
1946 Milk !rom BYCow Reqi~ ) o.ooo 0.003 0.199 0. 000 0.000 0,017 
1946 Milk !rom BYCow Regime 4 o.ooo 0.001 0.067 0,000 0.000 0,004 
1946 Commercial Milk (Rural) 0.006 0,097 3.056 0.000 0,006 0.365 

1946 Fruit and Vegetables• 0.003 0.035 1. 660 0.002 0,027 1. 712 

1947 External 0.000 0.000 0.002 o.ooo 0. 000 0,003 
1947 Inhalation 0.000 0.001 0.154 0.000 0,001 0.164 

1947 Milk !rom BYCow Regime 1 0.001 0,049 6. 260 0,000 0.003 0. 391 
1947 Milk from BYCow Regime 2 0.001 0.033 6.436 0,000 0.003 0,541 
1947 Milk from BYCow Regime 3 0.000 0,001 0.194 0,000 0.000 0,012 
1947 Milk !rom BYCow Regime 4 0.000 0.000 0.025 0. 000 0.000 0. 002 
1947 Commercial Milk (Rural) 0.001 0. 023 11.743 0. 000 0. 003 0,283 

1947 Fruit and Vegetables• 0.001 0.010 0,454 0.001 0,008 0.843 

1945-194"7 External 0.000 0,001 0.078 0.000 0.001 0. 072 
1945-194"7 Inhalation 0.002 0,029 6.235 0.002 0.020 2,134 

1945-194"7 Milk from BYCow Regime 1 0.166 2. 883 200,071 0.013 0.206 11.046 
1945-194"7 Milk from BYCow Regime 2 0.153 2.125 159.720 0. 011 0.161 5. 458 
1945-194"7 Milk from BYCow Regime ) 0.004 0.050 1.221 0.001 0. 004 0.072 
1945-194"7 Milk !rom BYCow Regime 4 0.001 0.010 0.263 0.000 0,001 0.032 
1945-194"7 Commercial Milk {Rural) 0.155 l. 750 55.180 0. 014 0,141 2.113 

1945-194~ Fruit and Vegetables* 0.069 0. 574 19.765 0.056 0,497 25.678 

* Dose fr·orn the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

• 
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----------------------------- K1 t tit as county Census Division 07 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External o.ooo 0.000 0.014 0.000 0. 000 0.011 
1945 Inhalation 0. 000 0.006 1. 264 0. 000 o. 006 1. 404 

1945 Milk from BYCow Regime 1 0.030 0.858 134.019 0.003 0 .076 5 .247 
1945 Milk from BYCow Regime 2 0.026 0. 880 77.151 0.002 0. 086 7,041 
1945 Milk from BYCow Regime 3 0.001 0,044 8. 097 0. 000 0.007 0. 918 
1945 Milk from BYCow Regime 4 0.000 o. 011 0.413 0. 000 0.002 0. 055 
1945 Commercial Milk (Rural) o. 349 5.191 160,808 0.029 0.367 19.071 

1945 Fruit and Vegetables• 0. 023 0,269 17.451 0.019 0.218 16.119 

1946 External o.ooo 0.000 0. 007 0. 000 o.ooo 0.010 
1946 Inhalation o.ooo 0.002 0. 575 0.000 0.002 0.557 

1946 Milk from BYCow Regime 1 0. 006 0.173 15.906 0.001 0.012 1.172 
1946 Milk from BYCow Regime 2 0.006 0.136 24.714 0. 001 0.011 0. 777 
1946 Milk from BYCow Regime 3 o.ooo 0.008 0 .968 0.000 0.001 0,044 
1946 Milk from BYCow Regime 4 o.ooo 0.001 0.028 0.000 0.000 o.oo8 
1946 Commercial Milk (Rural) 0.052 0. 631 16,899 0. 004 0. 055 1.188 

1946 Fruit and Vegetables* 0.003 0.038 1. 546 0. 003 0. 034 2.221 

1947 External 0.000 0.000 0.004 0. 000 0.000 0.005 
1947 Inhalation o.ooo 0. 001 0.114 0,000 o.ooo 0.112 

1947 Milk from BYCow Regime 1 0.002 0.049 2.380 o.ooo o. 003 0.200 
1947 Milk from BYCow Regime 2 0.002 0.039 4. 991 0.000 0. 004 0. 497 
1947 Milk from BYCow Regime 3 0. 000 0,001 0.087 0.000 0.000 0.007 
1947 Milk from BYCow Regime ' 0.000 0.000 0.015 o.ooo o.ooo 0.002 
1947 Commercial Milk (Rural) 0.019 0.189 4 .295 0.001 0.013 0. 293 

1947 Fruit and Vegetables* 0.001 0,008 0.294 0.001 0.008 0. 591 

1945-1947 External 0.000 0,001 0. 039 0. 000 0.001 0.049 
1945-1947 Inhalation 0.002 0,032 4.427 0.002 0.028 6. 046 

1945-1947 Milk from BYCow Regime 1 0.215 2. 314 138.123 0.016 0.205 8. 640 
1945-1947 Milk from BYCow Regime 2 0.170 2.388 138.637 0.013 0.197 7. 679 
1945-1947 Milk from BYCow Regime 3 0.007 0.116 13.220 0.001 0 < 014 0 .803 
1945-1947 Milk from BYCOW Regime 4 0.002 0.018 0.291 0. 000 0. J04 0. 063 
1945-1947 Commercial Milk (Rural) 0.926 8.415 126.357 0. 088 0. 689 25.902 

1945-1947 Fruit and Vegetables* 0 .065 0.543 25.591 0.058 0.482 24.010 

* Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 
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-------------------------- Kittitas County Census Division 08 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0 ,006 0.131 0.001 0,006 0.112 
1945 Inhalation 0.010 0.116 4. 718 0,008 0. 097 3.291 

1945 Milk !rom BYCow Reg!~ 1 0. 715 13.875 369.249 0.060 0.933 26.025 
1945 Milk !rom BYCow Regime 2 0. 710 10.295 166.163 0,066 1. 030 23,029 
1945 Milk !rom BYCow Regime 3 0.042 o. 824 17.241 0.003 0,044 1. 627 
1945 Milk !rom BYCow Regime 4 0.003 0,099 4.542 0. 000 0,012 0.492 
1945 Commercial Milk (Rurall 0.371 4.878 129.458 0.030 0,373 8.037 

1945 Fruit and Vegetables* 0. 727 5,668 111.064 0. 531 4.243 66.887 

" 1946 External 0.000 0.001 0.026 0.000 0,002 0.046 
1946 Inhalation 0.003 0.031 0. 942 0. 002 0.024 0. 711 

1946 Milk from BYCow Regime 1 0.108 l. 436 29.678 0.012 0,150 2.656 
1946 Milk !rom BYCow Regime 2 0.123 2. 383 52.240 0,008 0.137 3.161 
1946 Milk from BYCow Regime 3 0.004 0,076 2.631 0,000 0.007 0.119 
1946 Milk !rom BYCow Regime 4 0.000 0. 013 0. 702 o.ooo 0. 002 0.028 
1946 Commercial Milk (Rurall 0.040 0.667 25,019 0.004 0,042 0.876 

1946 Fruit and Vegetables* 0.097 o. 784 12.356 0.076 0. 545 7. 292 

1947 External 0,000 0.000 0.014 0.000 0,000 0. 014 
1947 Inhalcl.tion 0.001 0.007 0.237 0.001 0.006 0.221 

1947 Milk !rom BYCow Regime 1 0.032 0.516 9,655 0. 002 0.046 1. 644 
1947 Milk !rom BYCow Regime 2 0.039 0.477 14.193 0.003 0,036 0. 511 
1947 Milk from BYCow Regime 3 0.001 0,015 0.285 o.ooo 0.001 0.036 
1947 Milk from BYCow Regime 4 0.000 0.003 0.144 0.000 0.000 0. 011 
1947 Commercial Milk (Rural) 0.013 0,164 5. 753 0. 001 0.015 0. 352 

1947 Fruit and Vegetables* 0.018 0.167 2.144 0.015 0.127 2.376 

1945-1947 External 0.002 0.012 0.182 0.002 0.012 0.181 
1945-1947 Inhalation 0. 041 0.284 5. 313 0.035 0.234 4. 406 

1945-1947 Milk from BYCow Regime 1 2.865 24.269 464.113 0.284 l. 891 26.062 
1945-1947 Milk from BYCow Regime 2 2. 612 23.014 257.489 0.213 1. 590 22.198 
1945-1947 Milk from BYCow Regime 3 0. ~58 1. 440 23.410 0.010 0.082 1. 688 
:.945-1947 Milk from BYCow Regime 4 0.013 0.223 5,800 0.002 0.023 0.430 
1945-1947 Commercial Milk !Rural) 1.145 8.863 :51.610 0.101 0. 765 9. 752 

1945-1947 Fruit and Vegetables* l. 674 8.900 140.317 1. 309 6. 747 71.077 

~ Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

• 

".47 



---------------------------- K1 tti tas County census Division 09 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'tear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0. 000 0.001 0. 020 0.000 0. 001 0. 026 
1945 Inhalation 0.001 0.012 0.311 0.001 0.011 0. 409 

1945 Milk from B'tCow Reqime 1 0,079 l. 419 76.289 0. 007 0.108 3. 387 
1945 Milk from B'tCow Re<Jime 2 0.093 1. 774 43.229 0.006 0.126 a. 640 
1945 Milk from BYCow Regime 3 0,004 0.084 4. 697 0.001 o. 010 1.100 
1945 Milk from BYCow Regime 4 0 .001 0.021 1.359 0.000 0,004 0.105 
1945 Commercial Milk (Rural) 0.270 4.388 245.295 o. 025 0.353 6, 508 

1945 Fruit and Vegetables• 0.066 0. 687 13,294 0. 062 0,593 17.092 

" 
1946 External o.ooo 0.000 0.002 o.ooo 0. 000 0.004 
1946 Inhalation 0.000 0. 003 0.127 0.000 0.002 0.067 

1946 Milk from BYCow Regime 1 0.013 0.225 14.580 0. 001 0. 014 0. 562 
1946 Milk from BYCow Regime 2 0.014 0.197 18,335 0.001 0. 021 l. 027 
1946 Milk from BYCow Regime 3 0.001 0.012 1.065 o.ooo 0,001 0.037 
1946 Milk from BYCow Regime 4 0.000 0. 003 0.135 0.000 0. 001 0.012 
1946 Commercial Milk (Rural) 0.054 0.952 44.806 0.004 0.048 1.677 

1946 Fruit and Vegetables* 0.009 0. 093 1. 655 0,008 0. 079 3. 030 

1947 External 0.000 o.ooo 0.001 0.000 0,000 0.002 
1947 Inhalation 0.000 0.001 0.063 0.000 0. 001 0. 053 

1947 Milk from BYCow Regime 1 0.005 0.115 1. 885 o. 000 0,009 0.382 
1947 Milk from BYCow Regime 2 0.005 0.090 4.009 o.ooo 0. 006 0.283 
1947 Milk from BYCow Regime 3 0.000 0.002 0.230 0.000 0.000 0.020 
1947 Milk from BYCow Regime 4 0.000 0.001 0.043 o.ooo 0.000 0.004 
1947 Commercial Milk (Rural) 0.017 0.156 3.566 0.001 0.016 0. 324 

1947 Fruit and Vegetables* 0.002 0.019 0. 686 0,002 0.019 0.496 

1945-1947 External 0.000 0.001 0. 036 0. 000 0. JOl 0.035 
1945-1947 Inhalation 0.004 0. 033 0.636 0.004 0. 029 0.683 

1945-1947 Milk from BYCow Regime 1 0.396 3. 947 128.743 0.033 0.300 6.134 
1945-1947 Milk from BYCow Regime 2 0.353 3. 586 86.422 0. 036 0. 316 11.038 
1945-1947 Milk from BYCow Regime 3 0.016 0.194 5,679 0.002 0.024 ;, .189 
1945-1947 Milk from BYCow Regime 4 0,004 0.055 l. 989 0.001 0.008 0.120 
1945-1947 Commercial Milk (Rural) 1.243 9. 744 337,011 0.080 0. 750 8. 214 

1945-1947 Fruit and Vegetables• 0.185 1.222 ~7.400 0.158 0. 994 26.392 

* Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

• 
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-------------------------------- Kittitas County Census Division 10 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.001 0.010 0.000 0.001 0 .013 
1945 Inhalation 0.001 0. 013 0.484 0.001 0.010 0.540 

1945 Milk. from BYCow Regime 1 0.081 1. 690 44.607 0.007 0,109 5.477 
1945 Milk. from BYCow Regi~ 2 0.100 1.871 114.118 0.006 0.097 3.524 
1945 Milk from BYCow Regime 3 0.005 0.097 4. 957 0.001 0.010 0.232 
1945 Milk from BYCow Reg~' 0,001 0.015 0.632 o.ooo 0.002 0,059 
1945 Commercial Milk (Rural) 0,303 4.556 127.786 0.027 0. 453 11.418 

1945 Fruit and Vegetables• 0,070 0.669 16.623 0.057 0. 513 12. 585 

1946 External 0.000 0.000 0.003 0.000 0,000 0.004 
1946 Inhalation 0.000 0,003 0.162 0.000 0,002 0.080 

1946 Milk from BYCow Regime 1 0,016 0.288 16.249 0.001 0.020 1. 524 
1946 Milk from BYCow Regime 2 0. 013 0.233 6.532 0. 001 0. 023 0.662 
1946 Milk from BYCow Regime 3 0.001 0. Oll 0,356 0.000 0.001 0,043 
1946 Milk from BYCow Regime 4 0.000 0. 003 O,ll2 0.000 0.000 0,014 
1946 Commercial Milk (Rural) 0.045 0. 527 12.599 0.004 0.046 1.141 

1946 Fruit and Vegetables* 0.008 0.078 1. 567 0.008 0,074 1.840 

1947 External 0.000 0.000 0,001 0.000 0.000 0.001 
1947 Inhalation 0.000 0,001 0.032 0,000 0.001 0.034 

1947 Milk from BYCow Regime 1 0.004 0,072 5.131 o.ooo 0.006 0.160 
1947 Milk from BYCow Regime 2 0.004 0.061 2.195 0.000 0.007 0.331 
1947 Milk. from BYCow Regime 3 0.000 0. 003 0.137 o.ooo 0.000 0. 011 
1947 Milk from BYCow Regime 4 0.000 0.001 0. 018 0.000 0.000 0. 003 
1947 Commercial Milk (Rural) 0. 014 0.197 4.125 0.001 0.012 0. 304 

1947 Fruit and Vegetables* 0,002 0.019 0.445 0.002 0.019 0.563 

1945-1947 External o.ooo 0.001 0.014 0.000 0.001 0.023 
1945-1947 Inhalation 0,004 0.033 0.847 0.003 0.026 0.801 

1945-1947 Milk from BYCow Regime 1 0.424 3.955 57.371 0.027 0. 229 6.130 
1945-1947 Milk from BYCow Regime 2 0.333 4.038 119.592 0.032 0. 234 3. 926 
1945-194 7 Milk from BYCow Regime 3 0.020 0 .187 7. 938 0.002 0. 020 0. 389 
1945-194 7 Milk from BYCow Regime 4 0.004 0. 031 0. 758 0.001 0.005 0. 092 
1945-1947 Commercial Milk (Rural) 1.256 8. 954 124.663 0.075 0. 597 ::o. 373 

1945-1947 Fruit and Vegetables• 0.187 1.161 21.080 0.153 0.939 17. 404 

* Dose f ~om the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 
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-------------------------- K1 tti tas County Census Division 11 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.001 0.010 0.000 0,001 0.010 
1945 Inhalation 0.001 0.012 0. 506 0.001 0,011 o. 304 

1945 Milk from BYCow Regime 1 0.119 2.259 134.451 0.007 0,142 3.261 
1945 Milk from BYCow Regime 2 0.042 1. 885 154.504 0. 005 0.093 4. 394 
1945 Milk from BYCow Regime 3 0.002 0.062 2. 496 0.000 0.004 0.525 
1945 Milk from BYCow Regime 4 o.ooo 0.012 1.184 o. 000 0.001 0.090 
1945 COJnmercial Milk (Urban) 0.865 6.892 156.185 0.046 0.490 9.223 

1945 fruit and Vegetables• 0.074 0. 661 17.232 0. 061 0. 537 18.228 

" 
1946 External o.ooo 0.000 0.003 0.000 0. 000 0.004 
1946 Inhalation 0.000 0. 003 0.120 0.000 0. 003 0. 095 

1946 Milk from BYcow Regime 1 0.016 0.255 7. 786 0.001 0. 024 1.307 
1946 Milk from BYCow Regime 2 0.011 0.221 15.918 0.001 0 .. 027 1. 474 
1946 Milk from BYCow Regime 3 0.000 0.010 0,614 0.000 0.001 0.032 
1946 Milk from BYCow Regime 4 0.000 0,002 0.247 0.000 0" 000 0.011 
1946 Commercial Milk (Urban) 0.139 1.185 20.251 0. 007 0" 083 1.028 

1946 fruit and Vegetables• 0.010 0.098 1. 763 0.010 0. 089 2" 564 

1947 External 0.000 0.000 0.001 0.000 o.ooo 0.001 
1947 Inhalation 0.000 0.001 0.041 0.000 0.001 0.038 

1947 Milk from BYCow Regime 1 0.005 0.086 2.135 0.000 0.008 0.353 
1947 Milk from BYCow Regime 2 0,003 0.094 4.573 0.000 0. 006 0. 730 
1947 Milk from BYCow Regime 3 0,000 0.002 0.133 0.000 0. 000 0.014 
1947 Milk from BYCow Regime 4 o.ooo 0. 001 0.036 0.000 0.000 0.003 
1947 Commercial Milk (Urban) 0.046 0. 333 3.957 0. 002 0. 025 0. 332 

1947 fruit and Vegetables* 0.002 0. 023 0. 535 0.002 0.017 0. 557 

1945-1947 External 0.000 0.001 0.018 0.000 0. 001 0. 021 
1945-1947 Inhalation 0.004 0. 033 0. 752 0,004 0. 031 1. 014 

1945-1947 Milk from BYCow Regime 1 0. 500 4 .268 83.113 0. 033 0 .291 6. 717 
1945-1947 Milk from BYCow Regime 2 0.409 4.885 112.074 0. 025 0. 260 5.962 
:945-1947 Milk from BYCow Regime 3 0.014 0.153 7.909 0.001 0.012 0.493 
:945-1947 Milk from BYCow Regime 4 0.002 0.039 !. 984 0.000 0.002 0.090 
l945-1947 Commercial Milk (Urban] 2. 396 10. 977 112.349 0.135 ::J. 779 10.220 

1945-1947 fruit and Vegetables* 0.196 1.170 19.249 0.166 l. 019 23.518 

* Dose from the fruit and. vegetables pathway assumes that lOOt of diet comes from local sources 

• 
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-------------------------------- Klickitat county Census Division 01 ---------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

'tear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.001 0.018 0. 000 0.001 0,018 
1945 Inhalation 0,001 0,015 0.431 0.001 0.011 0. 323 

1945 Milk from BYCow Reqime 3 0,003 0.057 1.484 o.ooo 0.005 0.193 
1945 Milk from BYCow Reqime 4 0.000 0.014 1. 529 0.000 0.002 0.074 
1945 Commercial Milk (Rural) 0.001 0. 011 0.280 0.000 0.001 0.022 

1945 Fruit and Vegetables* 0.126 1. 092 15.583 0.077 0. 554 9.002 

1946 External o.ooo o.ooo 0.004 0.000 0. 000 0.004 

" 1946 Inhalation 0.000 0.004 0.112 0.000 0.003 0.099 

1946 Milk from BYCow Regime 3 0.000 0.008 0.321 0.000 0. 000 0.015 
1946 Milk from BYCow Regime 4 o.ooo 0.003 0.167 0.000 o. ooo 0.008 
1946 commercial Milk (Rural) o.ooo 0.002 0.029 o.ooo 0.000 0.003 

1946 Fruit and Vegetables* 0.016 0.136 1.800 0.012 0.086 1.465 

1947 External 0.000 o.ooo 0.001 o.ooo 0.000 0.001 
1947 Inhalation 0.000 0.001 0.030 o.ooo 0.001 0.023 

1947 Milk from BYCow Regime 3 0,000 0.001 0.063 0.000 0.000 0. 003 
1947 Milk from BYCow Regime 4 0.000 0.001 0. 037 0.000 0. 000 0.004 
1947 Commercial Milk (Rural) o.ooo 0.001 0.042 0.000 0.000 0.002 

1947 Fruit and Vegetables* 0.003 0.027 0.440 0.003 0.019 0.297 

1945-1947 External o.ooo 0.002 0.024 0.000 0,002 0.023 
1945-1947 Inhalation 0.005 0.032 0.576 0.004 0.027 0. 577 

1945-1947 Milk from BYCow Regime 3 0.011 0.126 1.950 0. 001 0.008 0.237 
1945-1947 Milk from B'l'Cow Regime 4 0.003 0.045 1. 759 0.000 0.004 0.061 
1945-1947 Commercial Milk (Rural) 0.003 0.022 0.591 o.ooo 0.002 0.025 

1945-1947 Fruit and Vegetables* 0.304 1. 650 16.131 0.192 0.973 10.873 

* Dose from the fruit and vegetables pathway assumes that 100\- of diet comes from local sources 
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-------------------------------- Klickitat County Census Division 02 ---------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0. 001 0.015 0. 000 0 .. 001 0.017 
1945 Inhalation 0.002 0.017 0.511 0.001 0.012 o. 391 

1945 Milk !rom BYCow Regime 3 0.004 0.075 2.396 0.000 0.006 0.135 
1945 Milk from BYCow Regime 4 0.001 0.015 0.886 o.ooo 0.002 0.076 
1945 Commercial Milk CRural) 0.001 0.015 0.336 0.000 0. 001 o. 025 

1945 Fruit and Vegetables* 0.132 1. 066 13.710 0. 098 0. 714 9.753 

1946 External 0.000 o.ooo 0.007 0.000 0.000 0. 008 
1946 Inhalation 0,000 0.004 0.146 0. 000 0,004 0.130 " 
1946 Milk from BYCow Regime 3 0,001 0.007 0.195 o. 000 0.001 0.015 
1946 Milk !rom BYCow Regime 4 0.000 0.003 0.106 0,000 0.000 0,005 
1946 Commercial Milk {Rural) 0. 000 0.002 0.035 0. 000 0. 000 0,004 

1946 Fruit and Vegetables* 0.021 0.183 2,900 0. 016 0.123 1. 503 

1947 External o.ooo 0.000 0.001 0. 000 0. 000 0.002 
1947 Inhalation 0,000 0.001 0.042 0.000 0,001 0.036 

1947 Milk !rom BYCow Regime 3 0.000 0,003 0.125 0.000 0,000 0,004 
1947 Milk !rom BYCow Regime 4 0.000 0.001 0.027 0. 000 0. 000 0.003 
1947 Commercial Milk {Rural! 0.000 0.000 0.016 0.000 0.000 0.001 

1947 Fruit and Vegetables* 0.004 0.035 0. 441 0.003 0.022 0.346 

1945-1947 External 0.000 0.002 0. 029 0.000 0.002 0.031 
1945-1947 Inhalation 0.006 0.041 0. 977 0. DOS 0.031 0. 749 

1945-1947 Milk from BYCow Regime 3 0.016 0.146 2.028 0. 001 0.011 0.143 
1945-1947 Milk from BYCow Regime 4 0,004 0.041 0. 718 0.000 0.004 0.185 
1945-1947 Commercial Milk (Rural) 0.003 0.027 0.356 0.000 0. 002 0.030 

1945-1947 Fruit and Vegetables* 0.345 1. 736 13, 70S 0. 244 1.152 11.887 

• oose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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-------------------------------- Klickitat County Census Division OJ ---------------------------------
Infant Dose Percentiles Adult Dose Percenc:.las 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 E:xternal 0.000 0.000 0,003 0. 000 0.000 0. 002 
1945 Inhalation 0.000 0,003 0.083 0.000 0,002 0.070 

1945 Milk from BYCow Regime 3 0,001 0.011 0. 378 o.ooo 0.001 0.024 
1945 Milk from BYCow Regime 4 0.000 0,003 0.172 0.000 0.000 0,016 
1945 Commercial Milk (Rural) o.ooo 0.001 0. 051 0. 000 o.ooo 0. 004 

.. 1945 
• 

Fruit and Vegetables* 0.028 0.223 5,977 0.018 0.131 2. 562 

1946 E:xterna1 0.000 0.000 0,001 0.000 0.000 0.001 
1946 Inhalation 0.000 0,001 0. 023 0.000 0.000 0.016 .. 
1946 Milk from BYCow Regime 3 0.000 0.002 0.037 0.000 0.000 0,004 
1946 Milk from BYCow Regime 4 0,000 0.000 0.009 0.000 0.000 0,001 
1946 commercial Milk (Rural) 0.000 0,000 0.007 0.000 0.000 0.001 

1946 Fruit and Vegetables* 0.004 0,037 0,832 0.003 0.022 0. 474 

1947 E:xternal 0.000 0.000 0. 000 0. 000 0.000 0.000 
1947 Inhalation 0.000 0.000 0.005 0.000 0.000 0,004 

1947 Milk !rom BYCow Regime J 0.000 0,000 0.010 0. 000 0.000 0,001 
1947 Milk from BYCow Regime 4 0.000 0.000 0,007 0. 000 0.000 0.000 
1947 Commercial Milk (Rural) 0.000 0.000 0.002 0.000 0,000 0.000 

1947 Fruit and Vegetables* 0.001 0.006 0.105 0.000 0.004 0.065 

1945-1947 E:xternal 0.000 0,000 0.005 0.000 0.000 0.004 
1945-1947 Inhalation 0.001 0.006 0.128 0.001 0,005 0.090 

1945-1947 Milk from BYCow Regime J 0.003 0.025 0. 355 0.000 0.002 0.024 
1945-1947 Milk from BYCow Regime 4 0.001 0.005 0.151 0.000 0.000 0. 019 
1945-1947 Commercial Milk (Rural I 0. 000 0.003 0.056 0.000 0.000 0.004 

B-45-1947 Fruit and Vegetables* 0. 069 o. 383 6. 486 0.041 0.215 3.239 

• Dose f:::om the fruit and vegetables path'.-<ay assumes that 100% of diet comes from :ocal sources 
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-------------------------------- Klickitat County census Division 04 ---------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

'!ear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 o. 000 0,002 0. 000 0.000 0.002 
1945 Inhalation 0.000 0,003 0.044 0.000 0.002 0. 043 

1945 Milk from BYCow Regime 3 0,001 0.016 0.216 0.000 0.001 0. 020 
1945 Milk from BYCow Reqime 4 0,000 0.003 0.118 a. ooo o.ooo 0.020 
1945 commercial Milk (Rural) 0.000 0.002 0.044 0.000 0. 000 0. 005 

1945 Fruit and Vegetables• 0. 029 0.187 1. 921 0.019 0.119 1.179 

1946 External 0,000 0.000 0,000 0 .000 0 .000 0.000 
1946 Inhalation 0.000 0. 000 0. 011 0.000 o.ooo 0.005 " 
1946 Milk from BYCow Regime 3 o.ooo 0.002 0.039 0.000 0. 000 0,004 
1946 Milk from BYCow Regime 4 0.000 0.001 0 .015 0 .000 0 .000 0. 001 
1946 Commercial Milk (Rural) 0,000 0.000 0.006 0.000 0.000 0.000 

1946 Fruit and Vegetables* 0.004 0.025 0.249 0.003 0.016 0.169 

1947 External 0.000 0.000 0.000 0.000 0.000 0. 000 
1947 Inhalation 0.000 0.000 0,002 0.000 0.000 0.002 

1947 Milk from BYCow Regime 3 0.000 0.000 0.010 o.ooo o.ooo 0.000 
1947 Milk from BYCow Regime 4 0.000 0.000 0.002 0. 000 o.ooo 0.000 
1947 Commercial Milk (Rural) 0.000 o.ooo 0.003 0.000 0. 000 0. 000 

1947 Fruit and Vegetables• 0.001 0.005 0. 056 0.000 0.003 0.031 

1945-1947 External 0 .000 0.000 0,003 0.000 o.ooo 0. 003 
~945-1947 Inhalation 0.001 0.005 0.066 0.001 0. 004 0. 063 

1945-1947 Milk from BYCow Regime 3 0.003 0.023 0.231 0.000 0.002 0.016 
:945-1947 Milk from BYCow Regime 4 0 .000 0.007 0.135 0.000 0.000 0.013 
1945-1947 Commercial Milk (Rural) 0,000 0.004 0.065 0.000 o.ooo 0.006 

~945-1947 Fruit and Vegetables• 0.062 0.267 1. 945 0.038 0.171 1. 363 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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-------------------------------- Klickitat County Census Division OS ---------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

:fear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.000 0.005 0.000 0.000 0.004 
1945 Inhalation 0,000 0.003 0.142 0.000 0. 002 0.069 

1945 Milk from BYCow Regime 1 0. 036 0.569 18.231 0. 003 0,032 0.660 
1945 Milk from BYCow Regime 2 0.024 0.324 6.381 0.002 0.030 0.553 
1945 Milk from BYCow Rttgime 3 0.001 0.015 0.420 0.000 0.001 0.053 
1945 Milk from BYCow Regime 4 0.000 0.004 0.177 o.ooo 0.000 0.022 
1945 C01m1ercial Milk (Rural) 0,008 0.160 2. 694 0.001 0,010 0.168 

l'J45 Fruit and Vegetables* 0,027 0.235 6. 009 0.019 0,149 2.485 

" 1946 External 0.000 0.000 0. 001 0,000 0.000 0,001 
1946 Inhalation 0.000 0.001 0.012 0.000 0,000 0.010 

1946 Milk from BYCow Regime 1 0.005 0,077 1. 561 0.000 0.005 0.173 
1946 Milk. from BYCow Regime 2 0.004 0.065 2.870 0.000 0.004 0.111 
1946 Milk from BYCow Regime 3 0,000 0.002 0,092 0.000 0.000 0.008 
1946 Milk from BYCow Regime 4 o.ooo 0.000 0. 032 0.000 0.000 0.003 
1946 Commercial Milk (Rural) 0.002 0.019 0. 394 0.000 0,002 0.053 

1946 Fruit and Vegetables* 0.004 0,034 0. 823 0,003 0.018 0. 340 

1947 External 0.000 0.000 0,000 0.000 0.000 0.000 
1947 Inhalation 0.000 0.000 0.003 0.000 0,000 0.004 

1947 Milk from BYCow Regime 1 0.001 0.020 0. 682 0.000 0,001 0.035 
1947 Milk from BYCow Regime 2 0.001 0.019 0.378 0.000 0.002 0.031 
1947 Milk from BYCow Regime 3 0,000 0.000 0.015 0,000 0. 000 0. 001 
1947 Milk from BYCow Regime 4 0.000 0,000 0.007 0.000 0. 000 0.001 
1947 Commercial Milk (Rural) 0,000 0.005 0.121 0,000 0. 000 0. 014 

1947 Fruit and Vegetables* 0.001 0.006 0.089 0,000 0.004 0.067 

1945-1947 External 0,000 0.000 0.007 0,000 0.000 0. 005 
1945-1947 Inhalation 0.001 0.006 0.184 0. 001 0.004 0.084 

1945-1947 Milk from BYCow Regime 1 0.101 0. 971 15,089 0.008 0 .065 1.092 
1945-194' Milk from BYCow Regime 2 0.095 0.659 7. 799 0.007 0. 056 0. 707 
1945-1947 Milk from BYCow Regime 3 0.003 0.031 0. 476 0,000 0. 003 0. 053 
1945-1947 Milk from BYCow Regime 4 0.001 0.008 0.286 0.000 0.001 0.024 
1945-194~' Commercial Milk (Rurall 0.034 0.282 3.296 0.002 0.017 0.214 

1945-194~' Fruit and Vegetables* 0.068 0. 395 8.541 0.044 0.233 2. 710 

* Dose fz·om the fruit and vegetables pathway assumes that 100' of diet comes from local sources 

' 
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-------------------------------- Klickitat County Census Division 06 ---------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway "h 50th 95th 5th 50th 95th 

1945 External o.ooo 0. 000 0.005 0. 000 0. 000 0. 004 
1945 Inhalation 0. 000 0.003 0.097 0.000 0.002 0.074 

1945 Milk from BYCow Regime 1 0.026 0.395 7.273 0.002 0. 033 0.868 
1945 Milk from BYCow Reqi~ 2 0. 023 0.454 19.261 0.002 0.027 0. 790 
1945 Milk from BYCow Regime 3 0. 001 0.016 o. 445 0.000 0,001 0.062 
1945 Milk from BYCow Regime 4 0.000 0. 003 0.264 0. 000 :J.ooo 0 .018 
1945 Conmercial Milk <Rural) 0. 011 0.180 5. 086 0.001 0.011 0. 680 

.. . 
1945 Fruit and Vegetables* 0.027 0.237 4.435 0. 019 'J .153 2. 697 

" 1946 External o.ooo 0.000 0.001 0. 000 0.000 0,001 
1946 Inhalation 0. 000 0.001 0.021 0.000 0. 000 0.010 

1946 Milk from BYCow Regime 1 0.005 0. 077 1. 324 0.000 0.004 0.130 
1946 Milk from BYCow Regime 2 0.004 0.052 1.235 0.000 0.003 0. 060 
1946 Milk from BYCow Regime 3 0.000 0.002 0.043 0.000 0.000 0.006 
1946 Milk. from BYCow Regime 4 o.ooo 0.001 0.035 0.000 0 .coo 0. 002 
1946 commercial Milk (Rural) 0.001 0.015 0.244 0.000 0.002 0.034 

1946 Fruit and Vegetables* 0.004 0.033 0.652 0.003 0.022 0.362 

1947 External o.ooo 0.000 o.ooo 0.000 0.000 0.000 
1947 Inhalation 0.000 0.000 0.003 0. 000 0. 000 0. 002 

1947 Milk from BYCow Regime 1 0.001 0. 014 0. 306 0,000 0.001 0.019 
1947 Milk from BYCow Regime 2 0.001 0.018 0. 326 0.000 0.001 0. 027 
1947 Milk from BYCow Reql~ 3 0.000 0.000 0. 011 0.000 0.000 0,001 
1947 Milk from BYCow Regime 4 0.000 o.ooo 0.014 0,000 0.000 0.001 
1947 commercial Milk (Rural) 0.000 0.005 0.149 0.000 0. 000 0.012 

1947 Fruit and Vegetables* 0.001 0.005 0.070 0. 000 0.004 0. 071 

1945-1947 External o.ooo 0.000 0.008 0.000 0. 000 0.005 
1945-1947 Inhalation 0.001 0.006 0.152 8.001 0.004 0. 090 

l945-1947 Milk from BYCow Regime 1 0.095 0. 666 7. 805 0.007 0. 054 1.159 
1945-1947 Milk from BYCow Regime 2 0.087 0. 727 20.511 0.007 0. 049 0. 707 
1945-1947 Milk from BYCow Regime 3 0.003 0.027 0.637 0.000 0.003 0. 062 
1945-1947 Milk from BYCow Regime 4 0.001 0.009 0.225 0.000 0.001 0.021 
1945-1947 Commercial Milk (Rural) 0.026 0.247 4. 564 0. 003 0. 022 0. 729 

1945-1947 Fruit and Vegetables* 0.064 0.375 5. 673 0.043 0. 249 2. 735 

* Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 
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-------------------------------- Klickitat county Census Division 07 ---------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

19-45 External 0.000 0.000 0.00-4 0.000 0. 000 0.006 
19-45 Inhalation 0.000 0.002 0.083 0.000 0.002 0.073 

19-45 Milk. from BYCow Regime 3 0. 001 0.011 0.243 o.ooo 0.001 0. 039 
19-45 Milk from BYCow Regime -4 o.ooo 0.003 0.093 0.000 0.000 0. 023 
19-45 Commercial Milk (Rural) 0.000 0.002 0.0-45 0.000 0.000 0.00-4 

19-45 Fruit and Vegetables* 0. 026 0.233 -4.765 0.018 0 .1-42 2.915 

1946 External 0.000 o.ooo 0.001 0.000 o.ooo 0.001 
1946 Inhalation o.ooo 0.001 0.020 0 .ooo 0.000 0.012 

" 
19-46 Milk. from BYCow Regime 3 0.000 0.002 0. 072 o.ooo o.ooo 0.002 
19-46 Milk from BYCow Regime 4 0.000 o.ooo 0.032 0.000 0.000 0 .002 
1946 Commercial Millt <Rural) 0.000 0.000 0.008 0.000 0.000 0.001 

1946 Fruit and Vegetables* 0.004 0.032 0. 640 0.003 0.018 0.334 

1947 External o.ooo 0.000 0.000 0.000 0. 000 0.000 
1947 Inhalation 0.000 o.ooo 0.004 0.000 0.000 0.003 

1947 Milk from BYCow Regime 3 0.000 0.000 0.005 o.ooo 0.000 0. 001 
1947 Milk from BYCow Regime 4 0.000 o.ooo 0. 006 0.000 0.000 0.001 
1947 Commercial Milk (Rural] 0.000 0.000 0.005 o.ooo 0.000 0.000 

1947 Fruit and Vegetables• 0.001 0.005 0.126 0. 001 0.004 0.056 

:945-194.1 External o.ooo 0.000 0. 005 0.000 o.ooo 0.009 
1945-1947 Inhalation 0.001 0.006 0.115 0.001 0.004 0.083 

1945-19-47 Milk from BYCow Regime 3 0.003 0.020 0.294 o.ooo 0.002 0.043 
1945-19-47 Milk from BYCow Regime 4 o.ooo 0.008 0.156 0.000 0.001 0.020 
1945-1947 Commercial Milk {Rural) 0.000 0.003 0.048 0.000 0.000 0. 004 

:945-194 7 Fruit and Vegetables* 0.069 0.410 6.169 0 .042 0.217 3.101 

• Jose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

,, 
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------------------------------ Klickitat County Census Division 08 ---------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.000 0,005 0.000 o.ooo 0.006 
1945 Inhalation 0.000 0.003 0.095 0.000 a. 002 0.078 

1945 Milk from BYCow Regime 3 0. 001 0.013 0.485 0. 000 0. 001 0.022 
1945 Milk from BYCow Regime 4 0,000 0.002 0.133 o.ooo o.ooo 0.008 
1945 Commercial Milk (Rural) 0.000 0.002 0,045 0. 000 o.ooo 0.004 

1945 Fruit and Vegetables* 0.026 0.227 3,576 
.. 

0.018 0.132 2.250 

1946 External 0.000 0.000 0.001 0.000 0. 000 0. 001 
1946 Inhalation 0.000 0.000 0.012 0.000 o.ooo 0.010 " 
1946 Milk from BYCow Regime 3 0.000 0.002 0.063 o. 000 0.000 0.003 
1946 Milk from BYCow Regime 4 0.000 o.ooo 0.026 0.000 o.ooo 0.001 
1946 Commercial Milk {Rural) 0.000 0.000 0. 006 0. 000 0. 000 0.001 

1946 Fruit and Vegetables* 0,003 0.030 0. 597 0. 003 0.019 0.287 

1947 External 0,000 0.000 0,000 0.000 0.000 0.000 
1947 Inhalation 0.000 0.000 0.003 0.000 0.000 0.002 

1947 Milk from BYCow Regime 3 0.000 o.ooo 0. 004 0. 000 o.ooo 0.001 
1947 Milk from BYCow Regime 4 0.000 0.000 0.007 0.000 0.000 0.000 
1947 Commercial Milk (Rural) 0.000 0. 000 0.003 0.000 0. 000 0. 000 

1947 Fruit and Vegetables* 0. 001 0.006 0,077 0. 001 0.004 0,054 

1945-1947 External 0.000 o.ooo 0.005 o.ooo o.ooo 0. 006 
1945-1947 Inhalation 0.001 0.005 0.126 0,001 0. 004 0.104 

1945-1947 Milk from BYCow Regime 3 0,003 0.021 0. 564 0.000 0.002 0.026 
1945-1947 Milk from BYCow Regime 4 0.000 0.006 0.164 0. 000 o.ooo 0.012 
1945-1947 Commercial Milk (Rural) 0.000 0.004 0.059 0.000 o.ooo 0.005 

1945-1947 Fruit and Vegetables* 0.060 0.353 4. 329 0.040 0. 213 2. 408 

~ Uose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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-------------------------------- Klickitat County Census Division 09 ---------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th Sth 50th 95th 

1945 External 0.000 0.000 0 .003 0 .000 0.000 0.003 
1945 Inhalation 0.000 0.003 0.102 0. 000 0.002 0. 096 

1945 Milk from BYCow Regime 3 0.001 0.011 0.170 0.000 0.001 0.024 
1945 Milk from BYCow Regime 4 o.ooo 0.003 0.196 0.000 o.ooo 0.012 
1945 Commercial Milk (Rural) o.ooo 0.002 0.041 0.000 o.ooo 0. 005 

1945 Fruit and Vegetables* 0. 025 0.220 3.659 0.016 0.124 2.307 

1946 External o.ooo 0.000 0.001 0.000 o.ooo 0. C01 

" 
1946 Inhalation c.coo 0.001 0.016 c.ooo o.ooo C.C13 

1946 Milk from BYCow Regime 3 c.coo 0.001 0.038 c.ooo c.coo 0.003 
1946 Milk from BYCow Regime 4 0.000 c.ooo 0.018 c.coo 0. coo 0. C03 
1946 Commercial Milk (Rural) 0.000 0.000 0.009 0.000 0. coo o.ooo 

1946 Fruit and Vegetables• 0.004 C.C35 1. 451 0.002 0. C21 0.713 

1947 External o.ooo 0.000 0,000 0.000 0.000 0.000 
1947 Inhalation 0.000 0.000 0.006 0.000 0. 000 0.002 

1947 Milk from BYCow Regime 3 o.ooo 0.001 0.009 0. coo 0.000 0.001 
1947 Milk from BYCow Regime 4 0.000 o.ooo 0.013 0.000 0.000 0.001 
1947 Commercial Milk (Rural) o.ooo 0.000 0.002 0.000 0.000 0,000 

1947 Fruit and Vegetables• 0.001 0.006 0.092 0.000 0.004 0.067 

1945-1947 External 0.000 o.ooo 0.004 o.ooo 0.000 0.003 
1945-1947 Inhalation 0.001 0.005 0.131 0.001 0.004 0.102 

1945-194' Milk from BYCow Regime 3 0.003 0.019 0.184 0.000 0. 002 0.026 
:945-194' Milk from BYCow Regime 4 0.000 0.007 0.204 0.000 0.000 0.016 
~945-194"' Commercial Milk (Rural) 0.000 0.003 0.047 0.000 0.000 0.005 

~945-194"' Fruit and Vegetables* 8.065 0.401 6.255 0.040 0.212 3.525 

* Dose fr.om the fruit and vegetables pathway assumes that 100\ of diet comes from local soucces 

• 
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------------------------------ Kl i ck.i tat County Census Division 10 ---------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 o.ooo 0.003 o.ooo 0. 000 0.003 
1945 Inhalation 0 < 000 0.002 0.089 a·. ooo o. 002 0. 081 

1945 Milk from BYCow Regime 3 0.001 0.012 0.171 o.ooo 0.001 0. 020 
1945 Milk fr0111 BYCow Regime 4 0.000 0,002 0.093 o.ooo 0. 000 0.015 
1945 Commercial Milk (Rural) o.ooo 0.001 0.068 0.000 0.000 0. 003 

1945 Fruit and vegetables* 0.025 0.222 5.056 0.017 0.127 1.860 

1946 External o.ooo 0.000 0.001 0.000 0. 000 0.001 
1946 Inhalation o.ooo 0. 001 0.017 0. 000 o.ooo 0.012 " 
1946 Milk from BYCow Regime 3 0.000 0,002 o. 031 0.000 0. 000 0.003 
1946 Milk from BYCow Regime 4 o.ooo 0. 000 0. 019 0. 000 0.000 0 .002 
1946 Commercial Milk (Rural) o.ooo 0.000 0.008 0.000 0 .. 000 0,001 

1946 Fruit and Vegetables• 0.004 0.037 0. 670 0.003 o. 020 0.421 

1947 External o.ooo 0.000 0.000 0. 000 0.000 o.ooo 
1947 Inhalation 0.000 0.000 0.004 0.000 0.000 0. 003 

1947 Milk from BYCow Regime 3 o.ooo 0.000 0.007 o.ooo o.ooo 0.001 
1947 Milk from BYCow Regime 4 0.000 0.000 0.007 0.000 0. coo 0. coo 
1947 Commercial Milk (Rural) o.ooo 0.000 0.003 0.000 o.ooo 0.000 

1947 Fruit and Vegetables* 0.001 0.006 0.101 o.ooo 0.004 0.069 

1945-1947 External 0.000 o.ooo 0.005 0.000 0.000 0.004 
1945-1947 Inhalation 0.001 0.005 0.126 0.001 0.004 0.108 

1945-1947 Milk from BYCow Regime 3 0.003 0.020 0.240 0.000 0. 002 0.021 
1945-1947 Milk from BYCow Regime 4 0.000 0.006 0.130 0.000 0.001 0.013 
1945-1947 Commercial Milk (RuralJ 0.000 0.004 0.129 0.000 o.ooo 0.005 

1945-1947 Fruit and Vegetables* 0.060 0.383 5.312 0.040 0.215 2.132 

* Dose from the fruit and vegetables pathway assumes that 100% ·Jf diet comes from :ccal sources 

• 
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--------------------------------- Morrow County Census Division 01 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.002 0. 019 0.000 o. 002 0.017 
1945 Inhalation 0. 009 0.044 0. 680 0. 008 0.040 0.469 

1945 Milk from B'fCow Regime 1 1.104 10.292 129.015 0.082 o. 687 9.386 
1945 Milk from BYCow Regime 2 0. 926 9,335 91.555 0.085 0.845 12.468 
1945 Milk !rom BYCow Regime 3 0.020 0.269 3.644 0,003 0.029 o. 420 
1945 Milk from BYCow Regime 4 0.003 0.054 1.582 0. 001 0.011 0.133 
1945 Commercial Milk (Rural) 1.010 7.045 86.334 0.073 0.548 6.630 

1945 Fruit and Vegetables* 0. 587 3.440 37.597 0.431 2. 095 21.366 

" 1946 External 0,000 0.000 0. 005 0. 000 0.001 0.007 
1946 Inhalation 0.002 0. 011 0.166 0,002 0,009 0.148 

1946 Milk !rom BYCow Regime 1 0.158 1. 337 10.902 0.014 0.117 0. 948 
1946 Milk !rom BYCow Reqirne 2 0.155 1. 449 14.093 0.014 0.106 1. 353 
1946 Milk from BYCow Regime 3 0.005 0.055 0.663 0.001 o.oos 0.045 
1946 Milk from BYCow Regime 4 0.000 0.006 0.160 0.000 0.001 0.013 
1946 Commercial Milk (Rural) 0.141 0.933 6.992 0.013 0.083 0. 665 

1946 Fruit and Vegetables* 0,075 0,455 4. 649 0,063 0,308 4. 667 

1947 External 0,000 0.000 0.002 0,000 0.000 0.002 
1947 Inhalation 0.001 0.003 0.098 0.000 0.002 0.042 

1947 Milk !rom BYCow Regime 1 0.055 0.359 2. 920 0.004 0. 034 0. 574 
1947 Milk from BYCow Regime 2 0.046 0.397 2.612 0.004 0.035 0. 385 
1947 Milk from BYCow Regime 3 a. 001 0.016 0.236 0.000 0.001 0.013 
1947 Milk from BYCow Regime 4 0.000 0.001 0.035 0. 000 . o.ooo 0.006 
1947 Commercial Milk <Rural) 0. 039 0.256 1. 945 0.004 0.022 0.144 

1947 Fruit and Vegetables* 0.015 0.084 0. 694 0.013 0.061 0.485 

1'145-1947 External 0.001 0.004 0.028 0.001 0.003 o. o:n 
1'145-1947 Inhalation 0.022 0.088 1.194 0.018 0.071 0. 786 

1945-1947 Milk from BYCow Regime 1 3.148 16.305 223.673 0.248 1.107 8.441 
1945-1947 Milk from BYCow Regime 2 2. 647 11.710 72. 632 0.261 l. 398 11.306 
1945-1947 Milk from BYCow Regime 3 0.089 0. 509 4.442 0.008 0.043 0.444 
1945-1947 Milk from BYCow Regime 4 0.010 0.110 2.290 0.002 0.015 0.149 
1945-1947 Commercial Milk (Rural) 1.977 9.200 76.954 0.175 :::.767 10. 914 

1945-1947 Fruit and Vegetables* 1.173 4.889 43.552 0.837 3.097 33.766 

* Dose fr:om the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

,, 

J.5l 



--------------------------------- Morrow County Census Div:slon 02 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.002 0.008 0.001 0.002 0.008 
1945 Inhalation 0.011 0.042 0.337 0.009 0. 032 0.182 

1945 Milk from BYCow Regime 1 1.130 7.225 66.275 0.082 0. 561 4.571 
1945 Milk tram BYCow Regime 2 1.052 6.991 43.385 0. 063 0.554 3.895 
1945 Milk from BYCow Regime 3 0.030 0.187 1.352 0. 003 0.018 0.162 
1945 Milk from BYCow Regime 4 0. 003 0.059 1.190 0.001 0.007 0. 075 
1945 Commercial Milk (Rural) o. 377 2.704 19.109 0.026 0,177 1.490 

1945 Fruit and Vegetables• 0.542 2.320 14.029 0.382 l. 548 7. 859 

" 1946 External 0.000 o.ooo 0.002 0. 000 0.000 0.003 
1946 Inhalation 0.002 0.008 0. 059 0.002 0.007 0.048 

1946 Milk from BYCow Regime 1 0.168 1.269 10.500 0,017 0.094 0. 738 
1946 Milk from BYCow Regime 2 0.166 0.969 6. 526 0.014 0.097 0,695 
1946 Milk from BYCOW Regime 3 0.004 0.030 0.251 0. 000 0,003 0.019 
194.6 Milk from BYCow Regime 4 0.001 0.011 0.188 0.000 0,001 0,009 
1946 Commercial Milk {Rural) 0.059 0.425 3.230 0.004. 0. 031 0.266 

1946 Fruit and Vegetables• 0.078 0,361 2.647 0,056 0.250 1. 723 

1947 External o.ooo 0.000 0.001 0.000 0.000 0. 001 
1947 Inhalation 0.001 0.002 0. 025 0.001 0.002 0.017 

1947 Milk from BYCow Regime 1 0.044 0. 324 2.263 0.005 0. 029 0.215 
1947 Milk from BYCow Regime 2 0.048 0 .327 2.121 0.004 0.027 0.159 
1947 Milk from BYCow Regime 3 0.001 0,009 0.100 0.000 0. 001 0.008 
1947 Milk from BYCow Regime 4 o.ooo 0,003 0.054 0.000 0,000 0.005 
1947 Commercial Milk {Rural) 0.016 0.110 1.029 0.001 o.no 0.080 

1947 Fruit and Vegetables• 0. 013 0.069 0.407 0.012 0.048 0.270 

1945-1947 External 0.001 0.002 0.012 0,001 0.002 0,013 
:945-1947 Inhalation 0.022 0.064 0.405 0.018 0.048 0.318 

':.945-1947 Milk from BYCow Regime 1 2. 605 10.842 61. 320 0. 211 0. 872 3.877 
1945-1947 Milk from BYCow Regime 2 2.570 10.089 51. 385 0.198 0. 847 4. 788 
1945-1947 Milk from BYCow Regime 3 0.076 0.296 1. 681 0. 006 0. 029 0.179 
:945-1947 Milk from BYCow Regime 4 0. 014. 0.-:.12 l. 039 0.002 0. 011 0,077 
1945-1947 Commercial Milk (Rural) 0. 958 3. 771 20.136 0. 071 0. 304 1. 974 

1945-1947 Fruit and Vegetables" 0. 979 3.233 15.725 0.692 2 .164 9.025 

.. Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

• 

J.5Z 



--------------------------------- Morrow County Census Division 03 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway S<h 50th 95th S<h 50th 95th 

1945 External 0.000 0,002 0.031 0.000 0.002 0.022 
1945 Inhalation 0.006 0. 033 0. 609 0. 005 0,028 0. 456 

1945 Milk. from Bi'Cow Regime 1 0.724 5,582 56.107 0.059 0.486 7,516 
1945 Milk !rom BYCow Regime 2 0.587 5. 749 76,852 0.044 0. 434 5.201 
1945 MilK from BYCow Reg!~ 3 0.021 0.203 2.107 0.002 0.016 0.167 
1945 Milk from BYCow Regime 4 0.003 0.045 1. 437 0.000 0.006 0.082 
1945 Commercial Milk. (Rural) 0.270 2. 384 26.744 0.020 0.173 2.154 

1945 Fruit and Vegetables* 0. 402 2.113 28.995 0.298 1. 406 13.231 

" 1946 External 0.000 0,000 0.010 0.000 0. 000 0.010 
1946 Inhalation 0.001 0.007 0.322 0.001 0.006 0.180 

1946 Milk. from BYCow Reg!~ 1 0.103 0.767 19.728 0.008 0. 056 0.632 
1946 Milk. from BYCow Regime 2 0. 099 0.813 10.294 0. 008 0.069 0. 798 
1946 Milk. from BYCow Reg!~ 3 0,003 0.021 0.253 0. 000 0,002 0.019 
1946 Milk. from BYCow Regime 4 o.ooo 0.008 0.100 0.000 0.001 0. 011 
1946 Commercial Milk. (Rural) 0.032 0.253 2.446 0. 003 0,022 0.311 

1946 Fruit and Vegetables* 0.056 0.307 3. 929 0.036 0,200 2. 510 

1947 External 0.000 0.000 0,005 0.000 0. coo 0.005 
1947 Inhalation o.ooo 0.002 0.083 0.000 0,002 0.047 

1947 Milk. from Bi'Cow Regime 1 0.028 0.234 2. 461 0,003 0.021 0. 202 
1947 Milk from BYCow Regime 2 0.029 0.249 2.311 0,003 0.025 0 .279 
1947 Milk. from BYCow Regime 3 0,001 0.005 0,055 0.000 0. 000 0.006 
1947 Milk from BYCow Regime 4 0,000 0.003 0.044 0.000 0. 000 0,008 
1947 Commercial Milk <Rural) 0. 011 0.077 1.109 0.001 0. 006 0.052 

1947 Fruit and Vegetables* 0.010 0. 059 0. 523 0.008 0.046 0,440 

1945-1947 External 0.001 0,003 0.085 0,001 0.003 0.059 
1945-1947 Inhalation 0.016 0.065 1. 644 0. 013 0.055 1. 319 

1945-194'1 Milk from Bi'Cow Regime l 1. 917 7.984 69.349 0.131 0.680 7. 698 
~945-1947 Milk from BYCow Regime 2 l. 493 7. 405 60.981 0.135 0. 767 8. 684 
l945-1947 Milk from BYCow Regime 3 0.050 0.293 2. 814 0.005 0. 024 0,177 
:945-1947 Milk from BYCow Regime 4 0 .013 0.093 1.018 0,001 0.009 0.078 
:945-1947 Commercial Milk (Rural) 0.608 3, 068 27,403 0.054 0.240 2. 438 

1945-1947 Fruit and Vegetables* 0. 784 3.185 38. 608 0.562 2. 066 16.537 

~ Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from .i.ocal sources 

• 

J.53 



-------------------------------- Umatilla county Census Division 01 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.003 0,005 0.014 0.003 0.006 0.015 
1945 Inhalation 0.062 0.185 0.665 0.054 0.148 0,503 

1945 Milk from BYCow Regime 1 7.364 45.923 230.356 0. 483 3.159 12.987 
1945 Milk from BY<:ow Regime 2 7.661 41.733 226.333 0.461 2.817 14.446 
1945 Milk from BY<:ow Regime 3 0.148 1. 473 14.175 0.015 0.103 1. 418 
1945 Milk from BYCow Regime 4 0.015 0.211 4.262 o. 003 0.025 0,298 
1945 Commercial Milk (Rural) 9.271 37,338 114.822 0. 715 2.572 9.223 

1945 Fruit and Vegetables* 2.382 9. 344 44.364 1. 614 5.832 25.861 

1946 External 0. 001 0.001 0.003 0. 001 0.001 0. 003 
1946 Inhalation 0.014 0.041 0.156 0.013 0.031 0.100 

1946 Milk from BY<:ow Regime 1 1.065 5.961 38.543 0. 095 0.512 2. 607 
1946 Milk from BYCOW Regime 2 1.100 6.193 33.303 0. 079 0.458 2. 305 
1946 Milk from BYCow Regime 3 0. 026 0.217 2.280 0.002 0.016 0.097 
1946 Milk from BYCow Regime 4 0.002 0.040 0.542 0.001 0.005 0.048 
1946 Commercial Milk {Rural) 1. 356 6. 286 16.171 0.116 0.420 1.267 

1946 Fruit and Vegetables* 0.321 1.158 5.342 0.240 0. 860 3,870 

1947 External o.ooo 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.004 0.012 0.054 0.003 0.009 0.037 

1947 Milk fr~ BYCow Regime 1 0. 333 1. 828 10.276 0. 025 0.134 0.996 
1947 Milk from BYCow Regime 2 0 .330 1.866 16.517 0.028 0.161 0. 755 
1947 Milk from BYCow Regime 3 0.007 0.049 0.438 0.001 0. 005 0.031 
1947 Milk from BYCow Regime 4 0.001 0.008 0.169 0.000 0.001 0.013 
1947 Commercial Milk {Rural) 0.451 1. 646 5. 796 0.034 0 .120 0 .482 

1947 Fruit and Vegetables* 0.056 0.213 0.914 0.042 0.171 o. 746 

1945-1947 External 0.004 0,008 0.017 0.004 o.oo8 0.017 
1945-1947 Inhalation 0.115 0.260 o. 758 0.097 0.206 0. 561 

1945-1947 Milk from BYCow Regime 1 15.845 61. 603 244.861 1.185 4. 578 15.263 
1945-1947 Milk from BYCow Regime 2 17.000 56.686 277. 984 1.100 3. 563 15.974 
1945-1947 Milk from BYCow Regime 3 0.415 2.243 19.620 0.036 0.152 1. 566 
1945-1947 Milk from BYCow Regime 4 0.047 0. 380 6.886 0. 009 0.043 0.341 
1945-1947 CommeJ:"cial Milk (Rural) 16.734 46.171 131.171 1. 246 3.398 9. 709 

:945-1947 Fruit and Vegetables* 3. 768 11. 723 48.666 2. 739 7 .557 26.450 

.- Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

" 

• 

0.54 



----------- ----------- Umatilla County Census Division 02 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th SOh 50th 95th 

1945 External 0.002 0.005 0.014 0.002 0. 005 0. 014 
1945 Inhalation 0.064 0.182 0. 688 0.051 0.139 0.460 

1945 Milk from BYCow Regime 1 7.179 42.235 215.978 0.612 3. 627 23.602 
1945 Milk from BYCow Regime 2 7. 499 41.770 188.629 o. 732 4.303 19.473 
1945 Milk from BYCow Regime 3 0.165 1.360 12.566 0.019 0 .135 1.478 
1945 Milk from BYCow Regime 4 0.014 0,207 6.283 0.004 0.034 o. 463 .. 1945 Commercial Milk (Rural) 11.632 55.640 177.815 1.002 4.274 12.946 

1945 Fruit and Vegetables* 2. 348 8. 902 42,593 1.628 6.129 26.174 

.. 1946 External 0.001 0,001 0. 003 0.001 0,001 0.003 
1946 Inhalation 0.013 0.035 0.113 0.012 0.030 0. 090 

1946 Milk from BYCow Regime 1 1. 310 6.187 29.018 0.115 0. 649 3. 625 
1946 Milk from BYCow Regime 2 1. 373 7.360 53.208 0. 095 0.590 3. 661 
1946 Milk from BYCow Regime 3 0.022 0.221 2.730 0.003 0,018 0.147 
1946 Milk from BYCow Regime 4 0.003 0.029 0.834 0.001 0,006 0.068 
1946 Commercial Milk (Rural) 2.123 8.838 31.051 0,164 0. 652 2. 301 

1946 Fruit and Vegetables* 0.340 1.246 5,489 0.263 0.940 3.965 

1947 External 0.000 0.000 0. 001 0.000 0.000 0.001 
1947 Inhalation 0.004 0.011 0.042 0.003 0,008 0.030 

1947 Milk from BYCow Regime 1 0.364 2,100 12.987 0.028 0.157 1. 005 
1947 Milk from BYCow Regime 2 0.350 1. 980 11.121 0.023 0,137 0. 912 
1947 Milk from BYCow Regime 3 0.006 0.061 o. 713 0.001 0.005 0.041 
1947 Milk from BYCow Regime 4 0.001 0.009 0.227 0.000 0.001 0.010 
1947 Commercial Milk (Rural) 0.571 2,274 6. 665 0.051 0.184 0. 627 

1947 Fruit and Vegetables* 0.059 0.233 1.103 0.050 0.190 l. 014 

1945-194' External 0.004 0.007 0. 016 0.004 0.007 0.017 
"i945-194' Inhalation 0.112 0.249 0. 737 0.088 0.190 0.534 

1945-194' Milk from BYCow Regime 1 17.107 58.340 228.244 1. 322 5.046 26.377 
1945-194~ Milk from BYCow Regime 2 :7.093 59.225 234.636 1. 304 5.214 17.724 
1945-194~ Milk from B'!Cow Regime 3 0. 462 2.263 14.583 0.044 0.206 1. 564 
1945-194~ Milk from BYCow Regime 4 0 .052 0.364 8.297 0.012 0.052 0. 638 
l945-194"' Commercial Milk (RuralJ 23.649 67.738 !95.368 1. 776 5. 482 13.294 

1945-194" Fruit and Vegetables* 3.840 ll-375 44.117 2. 802 8.037 29.798 

• Dose from the fruit and vegetables ?athway assumes that 100% of diet comes from local sources 

.. 

• 
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-------------------------------- Dmatilla County Census Div.!_sion 03 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0.004 0.014 0.002 0. 004 0. 015 
1945 Inhalation 0.040 0.129 0. 583 0.034 0.101 0.415 

1945 Milk from BYCOW Regime 1 3. 761 21.291 142.917 0.288 2.154 14.498 
1945 Milk from BYCow Regime 2 3.261 23.897 185.316 0.247 1.899 12.548 
1945 Milk 1'rorn BYCOW Reg!~ 3 0.094 0.870 6. 813 0.008 0' 061 0. 474 
1945 Milk from BYCow Regime 4 0.010 0.170 3.436 0.002 0.017 0.217 .. 
1945 Commercial Milk {Rural) 2.508 13.242 90.469 0.201 1.133 6.578 

1945 Fruit and Vegetables* 1. 454 6.221 29.803 1.072 4.126 21.272 

.. 
1946 External o.ooo 0.001 0.003 0. 000 0.001 0,003 
1946 Inhalation 0.009 0.027 0.100 0.008 0.021 0.076 

1946 Milk from BYCow Regime 1 0.547 2.946 15.940 0. 037 0. 240 1. 745 
1946 Milk from BYCow Regime 2 0. 538 3.274 17.961 0.035 0.257 1. 567 
1946 Milk from BYCow Regime 3 0.009 0.082 0. 791 0.001 0 .007 0 .054 
1946 Milk from BYCow Regime 4 0.002 0. 023 0' 500 0. 000 0. 003 0.035 
1946 commercial Milk {Rural) 0. 405 2.037 11.781 0. 033 0.159 1. 504 

1946 Fruit and vegetables* 0.213 0.824 4.220 0.157 0.572 2.646 

1947 External o.ooo 0.000 0.001 0.000 o.ooo 0.001 
1947 Inhalation 0.003 0.008 0. 033 0. 002 0. 006 0. 026 

1947 Milk from BYCow Regime 1 0.136 1.017 8.274 0.012 0. 075 0.391 
1947 Milk from B'(Cow Regime 2 0.155 0.867 5.693 0. 010 0. 062 0.397 
1947 Milk from BYCow Regime 3 0.003 0.022 0.284 0,000 0.002 0.019 
1947 Milk from BYCow Regime 4 o.ooo 0.006 0. 096 0. 000 0.001 0.009 
1947 Commercial Milk lRUralJ 0.107 0.584 3 .100 0.008 0 .046 0.256 

1947 Fruit and Vegetables* 0.038 0.139 o. 706 0.030 0.114 0. 521 

1945-1947 External 0.003 0.006 0. 017 0.003 O,J06 0.017 
1945-1947 Inhalation 0.074 0.176 0. 643 0.064 0.141 0.461 

1945-1947 Milk from BYCow Regime 1 8.111 29.995 169.071 0. 622 2.800 ~5.389 

'-945-1947 Milk from BYCOW Regime 2 7. 949 31.020 U2. 663 0.653 2. 563 13.196 
l945-1947 Milk from BYCow Regime 3 0.230 l.072 5.668 0. 019 0,082 0.457 
1945-1947 Milk from BYCow Regime 4 0.042 0.288 3.965 0.005 D.027 0. 226 
1945-1947 Commercial Milk (Rura1J 5.868 20. 671 1.:.3. 480 0. 389 l. 521 6.447 

1945-1947 Fruit and Vegetables• 2.572 7.925 30.309 1.817 5.225 22. 787 

* Dose from the fruit and vegetables pathway assumes that 100'5 of diet comes from local sources 

• 

• 
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-------------------------------- Umati~la County Census Division 04 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.003 0.007 0.019 0. 003 0.007 0.019 
1945 Inhalation 0.074 0.220 o. 742 0.065 0.181 0.586 

1945 Milk. from BYCow Regime 3 0.108 1.114 12.250 0.007 0.076 0. 637 
1945 Milk from SYCow Regime 4 0.008 0.260 5. 977 0.001 0,016 0.367 
1945 Commercial Milk (Rural) 0. 704 3.973 36.053 0.045 0.295 3.398 

.. 1945 Fruit and Vegetables* 2.425 10.173 45.079 1. 716 6.500 32.661 

1946 External 0.001 0,002 0.004 0.001 0.002 0.004 
1946 Inhalation 0.019 0,054 0.174 0,017 0.043 0.134 

" 
1946 Milk from SYCow Regime 3 0.016 0.189 1. 531 0.001 0.012 0.078 
1946 Milk from BYCow Regime 4 0,001 0.028 0 .623 0.000 0.002 0 .041 
1946 Commercial Milk (Rural) 0.105 0.580 4.002 0.008 0,038 0.230 

1946 Fruit and Vegetables* 0.343 l. 337 6, 733 0. 268 0. 987 4.195 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.005 0.016 0. 065 0.005 0.013 0,046 

1947 Milk from SYCow Regime 3 0,005 0.053 0.335 0.000 0.004 0.041 
1947 Milk from SYCow Regime 4 0.000 0.009 0.163 0,000 0.001 0.022 
1947 Commercial Milk (Rural) 0.031 0.169 1. 037 0.002 0.013 0,065 

1947 Fruit and Vegetables* 0. 059 0.230 1. 027 0.047 0.166 0. 699 

1945-1947 External 0,005 0. 009 0.023 0.005 0.010 0.021 
1945-1947 Inhalation 0.144 0.315 0.871 0.120 0.257 0,686 

1945-1947 Milk from SYCow Regime 3 0.298 1. 735 12.652 0.022 0.106 0. 700 
1945-1947 Milk from BYCow Regime 4 0.038 0,420 6. 325 0.004 0.033 0. 387 
1945-1947 Commercial Milk (Rural) 1. 350 5.366 35.371 0.105 0.404 3. 525 

1945-1947 Fruit and Vegetables"" 4.034 12.559 48.504 3.075 8.447 35,884 

~ Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

" 

• 
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-------------------------------- Umatilla county Census Division OS ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway SOh 50th 95th 5th 50th 95th 

1945 External 0.002 o.oa4 a.012 0. oa2 0.004 0.012 
1945 Inhalation 0. 055 0.164 0. 605 0.046 0.126 0.409 

1945 Milk from BYCow Regime 3 0.133 1.117 9.926 o.a09 0.091 l.a2S 
1945 Milk from BYCow Regime 4 a.oos 0 .16a 4.246 o.ooa 0.012 0.567 
1945 Commercial Milk IOrbanJ 17.306 65.692 212.094 o. 823 3.616 11.185 

1945 Fruit and Vegetables* 2.101 7.535 35,827 1.saa 5 .273 22.369 

1946 External o.ooo 0.001 o. 003 0.000 0. oa1 0. 003 
1946 Inhalation a.012 0,033 0.1a9 0.01a 0. 026 0.087 • 
1946 Milk from BYCow Regime 3 0. 025 0.180 1. 879 a. 001 0. 014 0.153 
1946 Milk from BYCow Regime 4 0.001 a.a26 0.414 o.aoa 0.002 0.048 
1946 Commercial Milk (Urban) 2. 61a 10,270 28.271 0.158 0. 577 1. 865 

1946 Fruit and vegetables* 0.298 1.105 4.836 0.210 0. 825 3.561 

1947 External 0.000 0.000 0.001 0.000 o.aoo 0. oa1 
1947 Inhalation 0.003 a.010 a .049 o.a03 0. 008 o. 030 

1947 Milk from BYCow Regime 3 0.004 0.042 0.475 0.001 0,004 0. 039 
1947 Milk !rom BYCow Regime 4 o.ooo 0. 007 0.220 a. coo 0. 001 a. 015 
1947 Commercial Milk. (Orban) a. 756 2. 579 8.564 0.040 0.165 0.687 

1947 Fruit and Vegetables* 0.052 0.207 l. 088 0.041 0.152 a. 745 

1945-1947 External 0. 003 0.006 0.014 0.003 0 .aa6 0. 014 
1945-1947 Inhalation 0.098 0.226 0. 706 0.082 0.175 0.466 

1945-1947 Milk from BYCow Regime 3 0.32a 1. 660 11.615 0. a3a a.l34 0.953 
1945-1947 Milk from BYCow Regime 4 0.031 0.284 3.647 0.002 0. :J21 a. 529 
1945-1947 Commercial Milk. (Urban) 30 .267 78.022 236.069 1. 626 4. 640 11. 931 

1945-1947 Fruit and Vegetables• 3. 547 9.866 39.367 2.465 6. 772 23.296 

• Dose from the fruit and vegetables pathway assumes that lOOt of diet comes from local sources 

• 

J.58 



--------------------------- Umatilla County Census Division 06 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

19<15 External 0 .002 0.005 0.012 0.002 0,005 0.014 
19<15 Inhalation 0.052 0.152 0. 600 0. 043 0.117 0.419 

1945 Milk from BYCow Regime 3 0.105 0.806 5.378 0. 009 0.074 0.547 
1945 Milk from BYCow Regime 4 0.004 0.146 3.544 0.000 0.014 0.279 
1945 Commercial Milk (Orban) 6.230 24.725 91.725 0. 303 1. 309 5.259 

.. 1945 Fruit and Vegetables* 1. 753 6,891 30.679 1.318 4. 610 21.682 

1946 External 0.001 0.001 0. 003 0.001 0.001 0.003 
1946 Inhalation 0.013 0.037 0.123 0. 011 0.028 0.079 • 
1946 Millt from BYCow Regime 3 0.014 0.104 1. 016 0.001 0.009 0.065 
1946 Milk from BYCow Regime 4 0.001 0.021 0.610 0,000 0.002 0.038 
1946 Commercial Milk {Orban) 0. 918 3.666 14.189 0.044 0.203 0, 730 

1946 Fruit and Vegetables* 0.239 0.891 4. 693 0.185 0.656 2. 690 

1947 External 0.000 0.000 0.001 0.000 0.000 0,001 
1947 Inhalation 0.004 0. 011 0.047 0.003 0. 009 0.031 

1947 Milk from BYCow Regime 3 0.003 0.024 0.172 0.000 0. 002 0.016 
1947 Milk from BYCow Regime 4 o.ooo 0.006 0.121 0. 000 0.001 0. 011 
1947 Commercial Milk (Urban) 0.269 0.990 3.937 0.015 0.057 0.258 

1947 Fruit and Vegetables* 0.043 0.171 0. 884 0.034 0.128 0.652 

1945-1941 External 0.00<1 0.007 0.014 0.004 0.007 0.015 
1945-1941 Inhalation 0. 096 0.215 0. 652 0.081 0.168 0. 470 

1945-1947 Milk from BYCow Regime 3 0.215 1.168 5. 565 0. 020 0.096 0.653 
:945-1947 Milk from BYCow Regime 4 0.032 0.269 3. 439 0.003 0.025 0. 296 
:945-1947 Commercial Milk (Urban) 12.298 31.356 87.524 0.629 1. 729 9.096 

:945-1947 Fruit and Vegetables• 2. 970 a. 786 32.489 2.175 5. 784 22.969 

• Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

• 

• 



-------------------------------- Umatilla County Census Division 07 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.002 0 .007 0.001 o. 002 0.009 
1945 Inhalation 0.021 0.067 0.290 0.018 0.054 0.190 

1945 Milk from BYCow Regime 1 1. 534 10.016 64.882 0.141 0. 914 7. 084 
1945 Milk from BYCow Regime 2 1.712 11.278 72.251 0.122 0.878 5.754 
1945 Milk from BYCow Regime 3 0.051 0. 411 3. 458 0.005 0. 037 0. 298 
1945 Milk from BYCow Regime 4 0. 006 0.090 2.293 0. 001 0. 012 0.193 
1945 Commercial Milk (Rural) 1.874 10.403 51.673 0.126 0.658 3. 754 ·-
1945 Fruit and Vegetables• 0. 857 3,432 17. 623 0. 629 2.365 9.636 

• 
1946 External o.ooo 0.001 0.002 0.000 0.001 0. 002 
1946 Inhalation 0.005 0.016 0. 069 0.004 0.012 0.046 

1946 Milk from BYCow Regime 1 0.306 1.652 11.160 0.024 0.152 0. 985 
1946 Milk from BYCow Regime 2 0.253 1. 537 7.787 0.018 0.121 0.859 
1946 Milk from BYCow Regime 3 0.007 0.047 0. 361 0.001 0 .. 004 0.034 
1946 Milk from BYCow Regime 4 0.001 0.014 0.331 0.000 0.002 0.032 
1946 Commercial Milk (Rural I 0. 302 1. 261 5.457 0.021 0.107 0. 564 

1946 Fruit and Vegetables• 0 .123 0.481 2.414 0,087 0. 345 l. 624 

1947 External o.ooo 0,000 0.001 0 .000 0.000 0.001 
1947 Inhalation 0.001 0.004 0. 023 0.001 0.003 0.017 

1947 Milk from BYCow Regime 1 0.077 0. 451 2.842 0.005 0.040 0.239 
1947 Milk from BYCow Regime 2 0. 098 0. 543 2.965 0. 007 0. 043 0.280 
1947 Milk from BYCow Regime 3 0.002 0. 011 0.085 0.000 0.001 0. 009 
1947 Milk from BYCow Regime 4 o.ooo 0.004 0.108 0.000 0. 000 0.010 
1947 Commercial Milk (Rural) 0.079 0.402 1.921 0 .006 0.031 0.128 

1947 Fruit and Vegetables• 0.021 0.087 0.461 0. 017 0. 066 0. 307 

1945-1947 External 0.002 0.003 0.009 0.002 0.003 0.010 
1945-1947 Inhalation 0.041 0.098 0.358 0. 033 0.077 0.227 

1945-1947 Milk from BYCow Regime 1 4. 045 14.287 75.597 0. 356 1.307 7. 975 
1945-1947 Milk from BYCow Regime 2 3. 727 16.147 99.204 0. 319 1.246 6. 568 
1945-1947 Milk from BYCow Regime 3 0.117 0.580 3. 645 0.012 0. 051 0.290 
1945-1947 Milk from BYCow Regime 4 0.024 0.178 2.206 0.003 o.n9 0.183 
1945-1947 Commercial Milk (Rural) 3.580 12.627 52.043 0.277 0. 934 4.S2l 

1945-1947 Fruit and Vegetables• 1. 487 4 .520 18.736 1.142 2 993 10.470 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

• 
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----------- ------------ Umati~la County Census Division 08 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

19-45 External 0.002 0.00-4 0.009 0.002 0.004 0.010 
19-45 Inhalation 0.041 0.123 0. 460 0.037 0,098 0.299 

1945 Milk from BYCow Regime 3 0.078 0. 715 5. 909 0.006 0,060 0.550 
1945 Milk from BYCow Regime 4 0. 005 0.157 3.030 0.001 0,014 0.198 
1945 Commercial Milk (Rural) 0.541 3.033 17,087 0.034 0.202 1.292 

.. 1945 Fruit and Vegetables• 1.50-4 5.511 25.049 1.065 3.918 18.312 

1946 External 0.000 0,001 0.002 0,000 0.001 0.002 
1946 Inhalation 0.010 0.029 0.097 0.009 0.023 0. 065 

• 
19-46 Milk from BYCow Regime 3 0.014 0.082 0. 505 0.001 0,007 0.066 
1946 Milk from BYCow Regime 4 0.001 0.018 0.396 0,000 0.002 0.028 
19-46 Commercial Milk {Rural) 0. 072 0.451 2. 681 0. 006 0.030 0.163 

1946 Fruit and Vegetables* 0.202 0. 761 3. 716 0,163 0. 560 2. 757 

1947 External 0.000 0.000 0.001 0,000 0.000 0.001 
1947 Inhalation 0.003 0. 009 0.032 0. 002 0.007 0.027 

1947 Milk from BYCow Regime 3 0,002 0.023 0.154 0.000 0. 002 0. 013 
1947 Milk from BYCow Regime 4 0,000 0.007 0.127 0.000 0.001 0.010 
1947 Commercial Milk (Rurall 0.019 0.117 0.699 0.002 0,009 0.054 

1947 Fruit and Vegetables'* 0.039 0.145 0. 664 0.031 0,115 0.495 

1945-1947 External 0.003 0.005 0.010 0.003 0,005 0.012 
19-45-1947 Inhalation 0.078 0.177 0,537 0.066 0.137 0. 358 

1945-1947 Milk from BYCow Regime 3 0.201 0.920 6,441 0.016 0.083 0. 578 
1945-1947 Milk from BYCow Regime 4 0.028 0.234 2.368 0,003 0. 021 0. 260 
1945-1947 Commercial Milk {Rural) l.OlO 3. 790 18.157 0.084 0.281 1. 389 

1945-1947 Fruit and Vegetables• 2. 411 7.178 27. 948 1. 794 5.084 19.675 

k Dose !:"om the fruit and vegetables ?athway assumes that 100% of diet comes from local sources 

" 
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----------------------------- Umatilla County Census Division 09 ----------------------------------

Irifant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.003 0.010 0.001 0 .003 0.009 
1945 Inhalation 0.026 0.086 0.400 0.022 0.064 0. 314 

1945 Milk from BYCow Regime 1 2.988 16.981 88.182 0.185 1. 323 9.373 
1945 Milk from BYCow Regime 2 2. 343 14.380 91.610 0.224 1.282 10.600 
1945 Milk from BYCow Regime 3 0.055 0.576 5.462 0.007 0.049 0.452 
1945 Milk from BYCow Regime ' 0. 011 0.138 2.559 0.002 o. 019 0.239 
1945 Commercial Milk (Rural) 1. 945 9,973 60 .287 0.163 1. 029 7. 504 ·-
1945 Fruit and Vegetables* 1.025 4.323 23.013 0. 796 3.022 15.839 

1946 External o.ooo 0.001 0.002 0.000 0. 001 0,002 
1946 Inhalation 0. 006 0.018 0. 075 0. 005 0.014 0. 048 

1946 Milk from BYCow Regime 1 0.444 2. 435 17.573 0. 028 0.177 1. 089 
1946 Milk from BYCow Regime 2 0.363 2. 413 16.241 0.024 0,172 1.148 
1946 Milk from B'iCow Regime 3 0.008 0.057 0. 398 0.001 0.006 0.046 
1946 Milk. from BYCow Regime 4 0.001 0.017 0. 658 o.ooo 0,002 0.030 
1946 Commercial Milk (Rural) 0.278 1. 729 11.965 0. 022 0.122 0. 788 

1946 Fruit and Vegetables* 0.150 0,617 3.379 0.124 0.451 2.236 

1947 External 0. 000 0.000 0.001 0. 000 O.JOO 0 .001 
1947 Inhalation 0.002 0.005 0. 026 0.001 O.J04 0.018 

1947 Milk from BYCow Regime 1 0.109 0. 691 4. 998 0,007 0.049 0. 365 
1947 Milk from BYCow Regime 2 0 .094 0. 638 4. 698 0.007 0.040 0.216 
1947 Milk from BYCow Regime 3 0.002 0.016 0.157 0.000 0.002 0.011 
1947 Milk from BYCow Regime 4 o.ooo 0.008 0.173 0.000 0.001 0.015 
1947 Commercial Milk (Rural) 0.080 0.391 2.126 0.006 0.037 0 .227 

1947 Fruit and Vegetables* 0. 026 0.111 0.587 0.022 0,080 0.358 

1945-1947 External 0.002 0.004 0. 011 0.002 0.804 0.011 
1945-1947 Inhalation 0.049 0.126 0. 469 0. 039 0.090 0.351 

1945-1947 Milk from BYCow Regime 1 5. 274 24.947 104.916 0. 434 l. 764 8.321 
1945-1947 Milk from BYCow Regime 2 5.500 22.214 95.209 0.478 1. 708 10. 342 
1945-1947 Milk from 8YCow Regime 3 0.137 0. 731 5. 759 0.014 0.067 0. 450 
1945-1947 Milk from BYCow Regime 4 0.037 0.265 2' 728 0.005 0. 025 0.348 
1945-1947 Commercial Milk (Rural) 4.192 15.431 69.460 0.359 1. 356 ~0. 701 

1945-1947 Fruit and Vegetables* 1. 737 5. 489 24.726 1.350 3. 942 16.895 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

• 
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----------------------------- llmatilla County census Division 10 --------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway SCh 50th 95th SCh 50th 95th 

1945 External 0.001 0,003 0.007 0,001 0.002 0 .006 
1945 Inhalation 0.027 0.082 0.349 0.024 0. 063 0.211 

1945 Milk from BYCow Regime 3 0,064 0. 504 4. 749 0.005 0.046 o. 561 
1945 Milk from BYCow Req!me 4 0.004 0. 096 1.255 0.001 0,006 0.110 
1945 Commercial Milk (Rural) 0.591 3.292 27.371 0.039 0.245 1.759 

1945 Fruit and Vegetables• 1.097 3.961 18.434 0.735 2.785 12.444 

1946 External 0.000 0,001 0.001 0.000 0,001 0.002 
1946 Inhalation 0,006 0.017 • 

0,058 0.005 0. 014 0,045 

1946 Milk from BYCow Regime 3 0.009 0,059 0.497 0.001 0.004 0. 035 
1946 Milk from BYCow Regime 4 0.001 0 .015 0,379 0.000 0.001 0,033 
1946 Commercial Milk (Rural) 0. 072 0.489 3.534 0,008 0.045 0.229 

1946 Fruit and Vegetables• 0.141 0. 570 2.736 0.106 0.399 1. 921 

1947 External 0.000 o.ooo 0.000 0.000 0.000 0.000 
1947 Inhalation 0.002 0.005 0.024 0.001 0.004 0.015 

1947 Milk from BYCow Regime 3 0.002 0.016 0.138 0.000 0.002 0.018 
1947 Milk from BYCow Regime 4 0.000 0.005 0.077 0. 000 0.000 0.006 
1947 Commercia! Milk (Rural) 0.027 0.155 1.129 0.002 0,012 0,072 

1947 Fruit and Vegetables* 0. 024 0,094 0.421 0.020 0.077 0.327 

1945-1947 External 0.002 0.003 0,008 0.002 0.003 0.007 
1945-1947 Inhalation 0.050 0.111 0. 391 0.042 0.090 0.260 

1945-1947 Milk from BYCow Regime 3 0.148 o. 708 4. 665 0.012 0. 056 0.458 
:945-1947 Milk from BYCow Regime 4 0.020 0.170 l. 693 0. 002 0. 013 0.145 
1945-1947 Commercial Milk (Rural) 1.214 5.372 38,428 0.094 0.330 1. 945 

1945-1947 Fruit and Vegetables• l. 768 5.159 19.948 1. 261 3.467 12. 998 

* Dose from the fruit and vegetables pat~way assumes that 100\ of diet comes from local sources 

• 
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-------------------------------- Umatilla County Census Divisicn 11 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway SOh 50th 95th 5th 50th 95th 

1945 External 0.003 0. 006 0.015 0. 003 0. 006 0.015 
1945 Inhalation 0.070 0.208 0. 703 0,058 0.160 0,565 

1945 Milk from BYCow Regime 1 8. 631 47.430 266.519 0.552 3. 631 19.963 
1945 Milk from BYCow Regime 2 8.553 40.012 255,990 0.542 3,219 22.083 
1945 Milk from BYCow Regime 3 0.219 1.635 15.334 0 .023 0.157 1. 517 
1945 Milk from BYCow Regime 4 0.015 0.222 4. 760 0.004 0,034 0. 542 
1945 Commercial Milk (Rural) 12.710 41.894 172.762 0. 929 4,324 13.453 

1945 Fruit and Vegetables• 2.420 10.092 45.108 l. 863 6, 366 28.967 

1946 External 0.001 0.001 0.003 0.001 0.001 0.003 
1946 Inhalation 0.016 0.044 0.151 0.013 0. 033 0.105 

1946 Milk from BYCow Regime 1 l. 478 8.393 59,013 0.100 0. 553 3.068 
1946 Milk from BYCow Regime 2 l. 421 7.635 40.673 0.103 0. 592 2,964 
1946 Milk from BYCow Regime 3 0.029 0.259 2. 467 0,003 0.022 0.224 
1946 Milk from. BYCow Regime 4 0,003 0. 035 0. 564 0.001 0. 005 0,052 
1946 Commercial Milk (Rural) 2 .266 8 .165 31.894 0.181 0. 622 2. 375 

1946 Fruit and Vegetables• 0.354 1. 419 7.356 0.268 0.979 4 .129 

1947 External 0,000 0.000 0.001 0,000 0.000 0.001 
1947 Inhalation 0.004 0. 013 0.050 0.003 0.010 0.033 

1947 Milk from BYCow Regime 1 o. 443 l. 939 8.665 0.041 0.240 l. 644 
1947 Milk from BYCow Regime 2 0. 437 2,201 12 .188 0.028 0. '..91 1. 960 
1947 Milk from BYCow Regime 3 0.010 0. 086 1.176 0.001 0. 006 0.055 
1947 Milk from BYCow Regime 4 0.001 0.010 0.177 0. 000 0. 002 0.018 
1947 Commercial Milk (Rural) 0. 585 2.601 7.261 0.043 0.188 o. 788 

1947 Fruit and Vegetables• 0.065 0.253 1. 290 0.052 0.191 0. 876 

1945-1947 External 0.004 0.008 0.018 0,005 :J.OOS 0.017 
:i.945-1947 Inhalation 0.128 0. 292 0.811 0.100 0.216 0.631 

1945-1947 Milk from BYCow Regime 1 19.225 68.349 290.392 l. 608 5.100 19.842 
~945-1947 Milk from BYCow Regime 2 19.309 62.038 266.945 1.289 4. 713 22. 995 
1945-1947 Milk from BYCow Regime 3 0.494 2. 440 17.311 0.051 0.221 1. 639 
1945-1947 Milk from BYCow Regime 4 0.046 0. 398 5. 400 0. 011 0 .C52 0.640 
1945-1947 Commercial Milk (Rural) 24.458 59.174 191.765 1. 791 5. 411 14.814 

1945-1947 Fruit and Vegetables• 4.251 12.889 47,980 3.141 8.188 29.854 

~ Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

• 
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-------------------------------- Umatilla County Census Division 12 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway S<h 50th 95th S<h 50th 95th 

1945 External 0.002 0,004 0.014 o. 002 0.004 0.015 
1945 Inhalation 0.040 0.132 0. 563 0.034 0. 097 o. 401 

1945 Milk !rom BYCow Regime 1 3.607 22.836 142.605 0. 364 1. 964 15.395 
1945 Milk from BYCow Regi~ 2 3.404 21.936 101.051 0.260 1. 771 12.092 
1945 Milk from BYCow Regime 3 0.067 0,665 6.905 0.008 0,077 0. 606 
1945 Milk from BYCow Regime 4 0.009 0.189 4. 945 0.001 0.013 0.220 
1945 CO!mlercial Milk (Rural) 2.596 13.983 98.428 0.257 1. 376 14.752 

1945 Fruit and Vegetables* 1. 414 5. 924 28.802 1.130 4.174 21.056 

.. 1946 External o.ooo 0.001 0.003 o.ooo o. 001 0.003 
1946 Inhalation 0.009 0.028 0.116 0.008 0.022 0,080 

1946 Milk !rom BYCow Regime 1 0,737 3.935 21.739 0.043 0.251 1. 286 
1946 Milk from BYCow Regime 2 0. 479 3.437 26.648 0. 039 0.264 1. 895 
1946 Milk from BYCow Regime 3 0.013 0.119 1.050 0.001 0.012 0.129 
1946 Milk from BYCow Regime 4 0.001 0.013 0.417 0.000 0.002 0.030 
1946 Commercial Milk (Rural) 0.423 2,296 15.568 0.030 0.171 1. 055 

1946 Fruit and Vegetables* 0.206 0.842 4.500 0.158 0.584 2. 500 

1947 External 0.000 o.ooo 0. 001 0.000 0.000 0. 001 
1947 Inhalation 0.003 0.008 0.034 0.002 0.006 0.028 

1947 Milk from BYCow Regime 1 0.194 1. 062 6. 315 0.012 0.086 0.535 
1947 Milk from BYCow Regime 2 0.188 l. 024 6.495 0.015 0.070 0. 525 
1947 Milk from BYCow Regime 3 0.005 0.034 0.202 0. 000 0.003 0.029 
1947 Milk from BYCow Regime 4 0.000 0.006 0.144 0.000 0.001 0.007 
1947 Commercial Milk (Rural) 0.127 0. 607 3.659 0.008 0.040 0.206 

1947 Fruit and Vegetables* 0.039 0.161 0. 748 0. 031 0.117 0. 510 

i945-l947 External 0.003 0.006 0. 016 0.003 0.006 0.017 
1945-1947 Inhalation 0.078 0,188 0. 659 0.061 0.142 0. 456 

:945-1947 Milk from BYCow Regime 1 8.522 34.283 173.025 0. 724 2. 498 14.966 
:945-1947 Milk from BYCow Regime 2 8.230 31.528 99.941 0.639 2.543 13.248 
:945-1947 Milk from BYCow Regime 3 0.203 1.042 8.175 0.020 0.110 0. 635 
:945-1947 Milk from BYCow Regime 4 0.029 0.312 5.334 0.004 0. 021 0.260 
1945-1947 Commercial Milk (Rural) 5.539 19.180 99.044 0.466 l. 886 13.488 

1945-1947 Fruit and Vegetables* 2.358 7.385 28. 907 l. 899 5.254 21.209 

~ Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

" 
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-------------------------------- Umatilla County Census Division 13 ----------------------------------

Infant Dose Percentiles AdUlt Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0,002 0.004 0,010 0.002 0,004 0.010 
1945 Inhalation 0.049 0.145 0.600 0.042 0.114 0.379 

1945 Milk from BYCow Reqime 3 0.135 1.025 a. 645 0.014 0. Oa3 0.703 
1945 Milk from BYCow Regime 4 0.018 0 .21a 4. 414 0,003 0.031 0.346 
1945 Commercial Milk (Rural) a .112 34.387 96,769 0.595 2.774 a .529 

1945 Fruit and Vegetables* 1.922 7.31a 33.573 1. 400 5. 087 22.180 

1946 External 0,000 0.001 0.002 0. 000 0,001 0. 002 
1946 Inhalation 0.011 0.029 0.107 0.006 0.022 0. 072 .. 
1946 Milk from BYCow Regime 3 0.016 0.125 1.202 0.002 0.012 0.053 
1946 Milk from BYCow Regime 4 0.002 0.040 0. 778 0,001 0.005 0.026 
1946 commercial Milk (Rural) 1. 561 5. 453 16.750 0.108 0. 390 1. 623 

1946 Fruit and Vegetables* 0.273 1. 051 4. 830 0. 218 0,753 3.193 

1947 External 0. coo 0.000 0. 001 0.000 0.000 0.001 
1947 Inhalation 0.003 0.007 0.030 0.002 0.006 0. 023 

1947 Milk from BYCow Reqime J 0.004 0. 029 0.274 0.000 0. 003 0.028 
1947 Milk from BYCow Regime 4 0.001 0. 011 0.136 0,000 0.001 0.019 
1947 Commercial Milk (Rural) 0. 371 1.527 4. 813 0.032 0,133 0.441 

1947 Fruit and Vegetables• 0.047 0.183 0.854 0.038 0.147 0. 735 

1945-1947 External 0.003 0.005 0.012 0.003 0,005 0.012 
1945-1947 Inhalation o.oa7 0.202 0.676 0.069 0.152 0.421 

1945-1947 Milk from BYCow Regime 3 0.286 1.360 9.392 0.028 0.109 0. 748 
1945-1947 Milk from BYCow Regime 4 0.066 0.401 3.540 0.011 0.046 0.357 
1945-1947 Commercial Milk (Rural) 15.001 44.166 110.111 1.202 3.464 9.080 

1945-1947 Fruit and Vegetables* 3.214 9.541 37.553 2.352 6.678 25.034 

• 
~ Jose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

" 
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-------------------------------- Umatilla County Census Division 14 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway Sch 50th 95th SOh 50th 95th 

1945 External 0.002 0.003 0. 009 0.001 0,003 0.009 
1945 Inhalation 0.038 0.115 0.449 0. 033 0.094 0.322 

1945 Milk from BYCow Regime 3 0.088 0. 745 7.321 0. 011 0.064 0.562 
1945 Milk from BYCow Regime 4 0.013 0.177 3.399 0.004 0.025 0.221 
1945 Commercial Milk (Rural) 7.684 34 ,177 93.559 0.564 2.505 8.175 

.. 1945 Fruit and Vegetables* 1. 398 5.132 23.153 1.095 4. 029 16.561 

1946 External 0.000 0.001 0.002 o. 000 0.001 0.002 
1946 Inhalation 0.008 0.023 0.090 0.007 0.018 0. 057 .. 
1946 Milk. from BYCow Regime 3 0. 011 0.075 0,665 0.001 0. 008 0.049 
1946 Milk from B'!Cow Regime 4 0.001 0.019 0.469 0.000 0,004 0.044 
1946 COII'llllercial Milk (Rural) 1. 423 s. 594 21.161 0.107 0.422 1.294 

1946 Fruit and Vegetables* 0.207 0. 786 3.287 0.151 0. 513 2.496 

1947 External 0.000 o.ooo 0. 001 0.000 0.000 0.001 
1947 Inhalation 0.002 0.007 0.029 0.002 0.005 0.022 

1947 Milk. from BYCow Regime 3 0.003 0. 021 0.155 0.000 0.002 0.014 
1947 Milk. from BYCow Regime 4 0.000 0.008 0.129 o.ooo 0.001 0.012 
1947 Commercial Milk. (Rural) 0.439 l. 623 s. 265 0.031 0.129 0.421 

1947 Fruit and Vegetables* 0.034 0.134 0.614 0.028 0.105 0.463 

1945-1947 External 0.002 0,004 0.010 0.002 0.004 0.010 
1945-1947 Inhalation 0.070 0.158 0.489 0.058 0.124 0. 347 

1945-1947 Milk. from BYCow Regime 3 0.180 0. 945 7.107 0.023 0.091 0. 547 
1945-1947 Milk. from BYCow Regime 4 o.oso 0.327 4.881 0.008 0.039 0. 373 
1945-1947 Commercial Milk. (Rural) 15.579 45.966 108.179 1.145 3.261 8.222 

1945-1947 Fruit and Vegetables* 2.350 6.689 24.969 1. 749 4. 966 17.627 

* Dose fr.Jm the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

., 
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------------------------------- Walla Walla County Census Division 01 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0.005 0.013 0.002 0.005 0.014 
1945 Inhalation 0.048 0.150 0.663 0.043 0.120 0. 452 

1945 Milk. from BYCow Reqime 3 0,106 l. 018 10,098 0.012 0.076 0.939 
1945 Milk from BYCow Reqime 4 0. 006 0.189 3.602 0.002 0. 017 0. 359 
1945 Commercial Milk {Rural) 2.522 10.657 38.925 0.221 0.837 3.328 

1945 Fruit and Vegetables• l. 891 7. 724 35, 967 l. 486 5. 435 26.753 
,. 

1946 External 0.000 0.001 0.003 0,000 0.001 0.002 
1946 Inhalation 0,010 0. 029 0.102 0.009 0. 024 0,079 

1946 Milk from BYCow Regime 3 0.016 0.152 1. 528 0.002 0. 014 0.138 
1946 Milk from BYCow Reqime 4 0.002 0.037 0.515 0.000 0 ,003 0.077 
1946 Commercial Milk (Rural) 0. 469 l. 862 7. 253 0.040 0.172 0. 459 

1946 Fruit and Vegetables• 0.266 1.102 5. 427 0.200 0. 807 3. 712 

1947 External o.ooo 0.000 0,001 0.000 0.000 0.001 
1947 Inhalation 0.003 0.009 0.040 0.003 0.007 0.027 

1947 Milk from BYCow Regime 3 0,003 0,044 0. 534 0. 000 0. 003 0.032 
1947 Milk from BYCow Regime 4 0,000 0. 009 0,142 0.000 0 .. 001 0. 015 
1947 Commercial Milk (Rural) 0.138 0.519 2.143 0.010 0. 041 0.164 

1947 Fruit and Vegetables• 0. 050 0.198 l. 042 0. 042 0.164 0.840 

1945-1947 External 0.003 0.006 0.015 0.003 0.006 0. 016 
1945-1947 Inhalation 0. 089 0. 205 0.741 0,074 0.165 0.485 

1945-1947 Milk from BYCow Regime 3 0.299 1.429 10.098 0. 028 0.122 0. 941 
1945-1947 Milk from BYCow Regime 4 0. 045 0.382 3,995 0.005 0.031 0. 319 
1945-1947 Commercial Milk {Rural) 5.350 14.744 43,970 0.421 1.138 3.570 

1945-1947 Fruit and Vegetables• 3.185 9.538 36.579 2. 484 7.086 29.463 

• Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

, . 
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------------------------------- Walla Walla County Census Division 02 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.005 0. 011 0.028 0. 005 0.011 0.031 
1945 Inhalation 0.133 0,380 l. 479 0.107 0.290 1.048 

1945 Milk from BYCow Regime 3 0.317 2.004 15.936 0.036 0.213 1.558 
1945 Milk from BYCow Regime 4 0.041 o. 481 11.103 0,008 0,069 0. 793 
1945 COITDI'IE!rcial Milk !Rural) 16.946 78.401 281.513 1.547 6.297 22.497 

1945 Fruit and Vegetables~ 4.845 19.076 80.523 3.576 13.094 56.854 ., 

1946 External 0,001 0.002 0.006 0,001 0.002 0. 006 
1946 Inhalation 0.028 0.080 0.281 0.023 0.058 0.194 .. 
1946 Milk from BYCow Regime 3 0,038 0.302 3, 089 0.004 0.028 0.235 
1946 Milk from BYCow Regime 4 0.006 0.095 l. 834 0.001 0.012 0.140 
1946 C~rcial Milk (Rural) 3.222 11.415 47.384 0.239 0,910 3.238 

1946 Fruit and Vegetables~ 0. 677 2. 656 11.385 0,569 2.067 8.234 

1947 External 0.000 0.001 0.002 0.000 0,001 0.002 
1947 Inhalation 0.007 0,022 0.090 0.006 0. 017 0.067 

1947 Milk from BYCow Regime 3 0.008 0. 095 0.887 0.001 0.007 0,065 
1947 Milk from BYCow Regime 4 0,001 0.022 0. 526 0.000 0.003 0.034 
1947 Commercial Milk (Rural) 0. 910 3.329 15.136 0.079 0.292 l. 398 

1947 Fruit and Vegetables* 0.124 0. 466 1.883 0. 099 0. 353 1.611 

1945-1947 External 0.008 0.014 0. 032 0. 008 0.015 0.035 
2945-1947 Inhalation 0.238 0.533 1.695 0.181 0.390 1.043 

1945-1947 Milk from BYCow Regime 3 0. 643 3,043 16.165 0.071 0.295 1. 673 
1945-1947 Milk from BYCow Regime 4 0.128 1. 006 12.412 0. 023 0.121 0.940 
1945-1947 Commercial Milk (Rural) 37.566 101.897 306,174 2. 632 8.090 24.086 

1945-1947 Fruit and Vegetables* 8.084 23.180 85.392 6.137 16.805 63.259 

• Dose fr:Jm the fruit and vegetables patl'.way assumes that 100% of diet comes from local sources 
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------------------------------- Walla Walla County Census Division OJ --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

tear Dose Pathway "h 50th 95th 5th 50th 95th 

1945 External 0.007 0,016 0 .044 0.007 0.016 0,043 
1945 Inhalation 0.194 o. 564 2. 002 0.160 0.433 1. 474 

1945 Milk from BYCow Regime 3 0.302 2.889 22.469 0.042 o. 307 2.931 
1945 Milk from BYCow Regime 4 0.064 0.596 6.379 0.011 0.098 1.251 
1945 Commercial Milk (Rural) 27.870 135,803 441.484 2. 320 10.805 40.833 

1945 Fruit and Vegetables• 6. 833 25.484 113.132 4.504 16.972 83.557 
,. 

1946 External 0.002 0,004 0.009 0.002 0.004 0. 009 
1946 Inhalation 0.044 0.125 0.408 0. 037 0.095 0.285 .. 
1946 Milk from BYCow Regime 3 0.037 0.371 3.094 0.006 0.043 0.488 
1946 Milk from BYCow Regime 4 0,007 0 .103 1.709 0.002 0.014 0.168 
1946 Commercial Milk (Rural) 4. 590 19.514 81.440 0. 362 1.435 5.994 

1946 Fruit and Vegetables• 0.851 3.253 16.048 0. 650 2.380 10.703 

1947 External 0.001 0. 001 0.003 0.001 0.001 0.003 
1947 Inhalation 0.012 0.034 0.156 0.010 0. 028 0,103 

1947 Milk from BYCow Regime 3 0. 017 0.156 1.240 0.002 0.013 0.107 
1947 Milk from BYCow Regime 4 0.002 o. 024 0.858 0. 001 0.005 0.069 
1947 Commercial Milk (Rural) 1.270 5.355 17.420 0.111 0.474 2. 337 

1947 Fruit and Vegetables• 0.164 0.654 3.473 0.128 0. 477 2.044 

1945-1947 External 0. 012 0.022 0.050 0.012 0.022 0. 051 
1945-1947 Inhalation 0. 351 0. 777 2.298 0 .280 0.603 1.763 

1945-1947 Milk from BYCow Regime 3 0.881 4. 341 30.509 0.102 0.421 3. 004 
1945-1947 Milk from B'tCow Regime 4 0.197 1.158 6. 716 0. 032 0.154 1.120 
1945-1947 Commercial Milk (Rural) 55.105 168.669 445.292 4. 052 12. 676 42.776 

1945-1947 Fruit and Vegetables• :1.348 33.381 :20.556 7. 694 21.347 87.577 

~ Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

.. 

• 
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------------------------------- Walla Walla County Census Division 04 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.004 0.010 0. 025 0.004 0.009 0.023 
1945 Inhalation 0.109 0.326 1.185 0. 093 0.250 0. 791 

1945 Milk from BYCOW Regime 1 11. 653 60.342 311.884 o. 975 5,585 29.638 
1945 Milk from BYCow Regillle 2 12.339 62.493 406.724 0.841 5.689 25.542 
1945 Milk from BYCow Regime 3 0.195 1.577 11.011 0.022 0.166 0.976 
1945 Milk from BYCow Req!me 4 0.034 0.530 6,530 o. 008 0.057 o. 841 

., 1945 Commercial Milk (Rural) 14.174 54.173 165.491 1.204 4.611 18.717 

1945 Fruit and vegetables* 4.167 15.352 73.492 2. 979 10,665 41.638 

• 1946 External 0.001 0.002 o. 005 0.001 0.002 0.005 
1946 Inhalation 0.025 0.070 0.237 0.021 0,054 0.171 

1946 Milk ftom BYCow Reqime 1 2. 026 10.298 61.717 0.149 0. 918 5. 464 
1946 Milk from srcow Req!me 2 1. 866 9.120 48.241 0.130 0. 716 3.802 
1946 Milk from gyeow Reqi~ 3 0.037 0.313 2,390 0.004 0. 029 0.176 
1946 Milk from BYCow Req!me 4 0.003 0. 053 1.190 0.001 0.007 0.104 
1946 Commercial Milk (Rural) 2. 455 10.559 32.023 0.205 0,842 2.169 

1946 Fruit and Vegetables• 0. 559 2. 308 11.664 0.395 1.499 6.696 

1947 External 0.000 0.001 0.002 0.000 0.001 0.002 
1947 Inhalation 0.007 0.021 0. 090 0.006 0.015 0.062 

1947 Milk from BYCow Regime 1 0.575 2.846 17.207 0.047 0.262 1. 643 
1947 Milk from BYCow Regime 2 0 .542 2 .666 17 .212 0.046 0.219 1.230 
1947 Milk from BYCow Regime 3 0.008 0.070 0. 750 0.001 0.007 0.087 
1947 Milk from BYCow Regime 4 0. 001 0.020 0. 524 0.000 0. 002 0. 067 
1947 Commercial Milk (Rural) 0. 720 2. 782 11.028 0.047 0.218 0. 608 

1947 Fruit and Vegetables• 0.107 0. 420 2. 050 0.084 0.307 l. 413 

1945-1947 External 0.007 0. 013 0.029 0.007 0. 013 0.028 
1945-1947 Inhalation 0.202 0.455 1. 396 0.159 0. 341 0.876 

1945-1947 Milk from BYCOW Regime 1 23.623 87. 910 399.690 2. 311 8.424 35.215 
1945-1947 Milk from BYCow Regime 2 26.698 s9. sao 417.777 2. 026 7,330 26.448 
1945-1947 Milk from BYCow Reqime J 0.625 2. 797 13.471 0. 052 0.241 1. 551 
1945-1947 Milk from BYCow Regime 4 0.109 0. 817 6. 959 0.017 0.098 1. 302 
1945-194"1 Commercial Milk (Rural) 26.989 73.040 189.459 2.219 5.571 19.152 

1945-194"1 Fruit and Vegetables• 6.889 19.406 75.225 4.881 13.516 44.272 

* Dose tl:om the fruit and vegetables pathway assumes that lOOt of diet comes from local sources 

" 

•• 
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----------------------------- Walla Walla county Census Div~sion DS --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.003 0. 006 0.017 0. 003 0.007 0.018 
1945 Inhalation 0.072 0.221 0.800 0. 060 0.171 0.536 

1945 Milk from BYCow Regime 3 0.148 1.280 10.078 0.015 0.102 0.780 
1945 Milk from BYCow Regime 4 0. 023 0.293 8. 976 0. 005 0.050 0. 598 
1945 Commercial Milk (Rural) 14.500 58.614 158.603 1.146 4.569 12.841 

1945 Fruit and Vegetables* 2. 838 11.224 41.839 2.191 7. 992 39.502 ,. 

1946 External 0.001 0.001 0. 003 0. 001 c. 001 0.003 
1946 Inhalation 0.015 0,043 0.141 0.013 0.034 0, 103 

1946 Milk from BYCow Regime 3 0.021 0.182 1. 754 0. 003 0.022 0.167 
1946 Milk from BYCow Regime 4 0.003 0,042 0.585 0.001 0. 007 0 .069 
1946 Commercial Milk (Rural) 2. 382 9.499 31.373 0.173 0.733 2.674 

1946 Fruit and Vegetables* 0.393 1. 626 7.085 0.290 1.123 5, 082 

1947 External o.ooo 0.000 0.001 o.ooo o. 000 0.001 
1947 Inhalation 0.004 0.012 0.047 0. 004 0 .010 0.032 

1947 Milk from BYCow Regime 3 0.008 0.074 0. 599 0.001 0. 006 0. 054 
1947 Milk from BYCow Regime 4 0.001 0.014 0.236 0.000 0.002 0.017 
1947 Commercial Milk (Rural) 0.692 2.705 a. 970 0.057 0.203 0. 603 

1947 Fruit and Vegetables* 0.072 0. 309 l. 440 0. 061 0.230 l. 003 

1945-1947 External 0,005 0.008 0. 020 0. 005 0. 009 0.020 
1945-1947 Inhalation 0.128 0.295 0.923 0.103 0.226 0. 605 

1945-1947 Milk from BYCow Regime 3 0. 426 1. 914 10. 679 0. 053 0.180 0. 785 
1945-1947 Milk from BYCow Regime 4 0.081 0.563 9.439 0. 014 0' 075 0. 640 
1945-1947 Commercial Milk (Rural) 25.415 77.314 '..78.712 2 .030 5.622 13.956 

1945-1947 Fruit and Vegetables* 4.830 14.414 46.512 3.582 10.388 42.584 

• 
• Dose from the fruit and vegetables patr.way assumes that 100% of diet comes from J..ocal sources 

• 
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------------------------------- Walla Walla County Census Division 06 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0. 005 0.013 0.002 0.005 0.015 
1945 Inhalation 0.050 0.160 0.656 0.046 0.134 0.576 

1945 Milk from BYCow Regime 3 0. 096 0.817 16.404 0.015 0.096 0. 604 
1945 Milk from BYCow Regime 4 0.019 0.264 5.115 0.004 0. 033 0. 459 
1945 Commercial Milk <Rural) 14.428 61.193 163.992 1.100 4.206 14.116 

1945 fruit and Vegetables• 2. 092 7. 684 34.194 1. 546 5. 759 24.265 .. 
1946 External 0.000 0.001 0.002 0.000 0.001 0.002 
1946 Inhalation 0.010 0.030 0.126 0.009 0.024 0.092 

., 
1946 Milk from BYCow Regime 3 0.019 0.188 1. 904 0.003 0.016 0.133 
1946 Milk from BYCow Regime 4 0. 003 0.036 0.845 0.001 0.005 0.047 
1946 commercia! Milk (Rural) 2. 737 10.974 28.538 0.195 0. 761 2.578 

1946 Fruit and Vegetables• 0.285 1. 092 5.135 0.217 o. 796 3.615 

1947 External 0. 000 0.000 0.001 0.000 o.ooo 0. 001 
1947 Inhalation 0.003 0.009 0.033 0.002 0. 007 0.024 

1947 Milk from BYCOW Regime 3 0.006 0.054 0.676 0.001 0.006 0.039 
1947 Milk !rom BYCOW Regime 4 0.001 0.009 0.193 o. 000 0,002 0.017 
1947 Commercial Milk (Rural) 0. 797 2. 869 7. 507 0 .054 0.204 o. 736 

1947 fruit and Vegetables• 0.056 0.215 1. 001 0.045 0.167 0. 749 

1945-1947 External 0.003 0.006 0.015 0.003 0,006 0.017 
1945-1947 Inhalation 0.090 0.220 0. 739 0.078 0.178 o. 707 

1945-1947 Milk from BYCow Regime 3 0. 313 l. 455 15.000 0.036 0.134 0.662 
1945-1947 Milk from BYCow Regime 4 0.054 0.414 5.420 0.011 0.054 0.483 
1945-1947 Commercial Milk (Rural) 27.030 75.522 189.009 2.024 5.358 15.982 

1945-1947 fruit and Vegetables• 3. 414 10.025 36.957 2.584 7.208 25.126 

• Dose ~rom the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

•• 
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------------------------------- Walla Walla County Census Oivision 07 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0.004 0.011 0. 002 0.004 0.012 
1945 Inhalation 0.044 0.146 0. 691 0. 036 0.107 0.450 

1945 Milk fro:n BYCow Regime 3 0.111 0. 606 5.494 0. 015 0.082 0. 604 
1945 Milk from BYCow Regime 4 0.018 0.253 6. 742 0.005 0. 028 0.222 
1945 Commercial Milk (RuralJ 15.598 59,592 214.612 1.234 4.066 15.486 

1945 Fruit and Vegetables* l. 849 6.599 30.094 l. 378 5.034 22.451 •: 

1946 External o.ooo 0.001 0.002 o.ooo 0.001 0.002 
1946 Inhalation 0.009 0. 026 0,106 0.007 0.019 0.073 

1946 Milk from BYCow Regime 3 0.016 0.106 0.857 0.002 0.014 0.094 
1946 Milk fro:n BYCow Regime 4 0.003 0.046 0. 643 0.001 0 ,005 0. 046 
1946 Commercial Milk (Rurall 2. 305 9.948 29,569 0.191 o. 760 2.317 

1946 Fruit and Vegetables* 0.258 1. 057 5.097 0.209 0. 751 3.248 

1947 External 0.000 0.000 0. 001 o. 000 o.ooo 0,001 
1947 Inhalation 0.002 0. 007 0.028 0.002 0. 005 0.019 

1947 Milk from BYCow Regime 3 0.004 0.039 0,470 0.001 0. 003 0. 019 
1947 Milk from BYCow Regime 4 0,001 0.010 0.211 0.000 0.002 0.009 
1947 Commercial Milk (RuralJ 0. 734 2.566 10.264 0. 045 0" 200 0. 582 

1947 Fruit and Vegetables• 0,046 0.179 0. 906 0. 037 o. 146 0. 677 

1945-1947 External 0.003 0.005 0.013 0. 003 0. 005 0.014 
1945-1947 Inhalation 0.076 0.197 0. 737 0.064 0.143 0.531 

1945-1947 Milk from BYCow Regime 3 0. 305 1.182 6.903 0.033 0.110 0. 644 
1945-1947 Milk from BYCow Regime 4 0,069 0.496 7.402 0. 011 0.042 0.258 
1945-1947 Commercial Milk (Rural) 29.254 75,857 214.087 2.221 5. 799 16.359 

1945-1947 Fruit and Vegetables* 3.026 8. 734 31.543 2.291 6. 529 24.008 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

• 
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------------------------------- Walla Walla CoW'lty Census Division 08 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway S<h 50th 95th 5th 50th 95th 

1945 External 0._002 0.005 0.012 0,002 0.005 0.013 
1945 Inhalation 0.060 0.171 0.633 0,049 0.138 0.448 

1945 Milk from BYCOW Regime l 7. 663 48.633 254.161 0. 549 3.300 19.960 
1945 Milk from BYCow Regime 2 8.292 41.152 273.290 0. 466 3.210 22.346 
1945 Milk from BYCOW Regime 3 0.138 1.435 15.508 o. 020 0.111 0. 690 
1945 Milk from BYCow Regime 4 0,018 0.259 3.453 0,006 0.043 0,476 
1945 Commercial Milk (Rural) 11.534 45.871 162.513 0.968 3,628 14.260 

:. 
1945 Fruit and Vegetables• 2. 355 8.553 34.463 1.721 6.274 28.833 

• 1946 External 0,000 0.001 0.003 0.000 0,001 0,003 
1946 Inhalation 0.012 0.034 0.124 0,010 0,027 0.086 

1946 Milk from BYCow Reqime l 1. 034 6. 628 49.989 0.088 0,504 2.314 
1946 Milk from BYCOW Regime 2 1.121 6,280 40.443 0.094 0.656 3.654 
1946 Milk from BYCow Reqime 3 0,035 0.224 l. 816 0.003 0,020 0.132 
1946 Milk from BYCow Regime 4 0.001 0.024 0. 545 0. 001 0. 005 0.102 
1946 Commercial Milk (Rural) 2.007 8,652 25.190 0.162 0.672 2. 598 

1946 Fruit and Vegetables• 0. 330 1.278 6.113 0.253 0. 902 3,969 

1947 External 0. 000 0.000 0.001 o.ooo 0.000 0.001 
1947 Inhalation 0.003 0.010 0.037 0. 003 0,008 0. 029 

1947 Milk from BYCow Regime l 0.319 1. 981 12.798 0.026 0.157 0. 779 
1947 Milk from BYCOW Regime 2 0.365 2.168 15.206 0.024 0.152 1. 049 
1947 Milk from BYCow Regime 3 0.008 0.078 0. 587 0.001 0,006 0,045 
1947 Milk from BYCOW Regime 4 0,001 0.011 0.236 o.ooo 0.002 0.017 
1947 Commercial Milk (Rural) 0. 586 2.177 8.304 0.046 0.169 0.656 

1947 Fruit and Vegetables* 0.062 0.245 1.141 0.049 0.192 0. 792 

1945-1947 External 0.004 0.007 0. 015 0.004 0.007 0.015 
1945-1947 Inhalation 0.106 0.230 0. 695 0.082 0.181 0. 478 

1945-1947 Milk from BYCow Regime l 15.771 63.168 293. 903 1. 384 4. 455 22.168 
1945-1947 Milk from BYCow Regime 2 15.671 58.837 307.992 1.193 5.010 22.447 
:945-1947 Milk from BYCow Regime 3 0. 410 2.140 14.560 0.045 0.166 0. 648 
1945-1947 Milk from BYCow Regime 4 0.052 0.390 3.852 0. 011 0.061 0.551 
1945-1947 Commercial Milk (Rural) 24. 640 64. 487 175.394 1. 794 4.819 13.996 

1945-1947 Fruit and Vegetables* 3.918 11.006 38.081 2. 823 8.067 31.144 

* Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

•• 
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------------------------------- Walla Walla county Census Division 09 --------------------------------
Infant :Jose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.003 0.006 0.017 0.003 0. 006 0.016 
1945 Inhalation 0.076 0.228 0.827 0. 062 0.166 0. 537 

1945 Milk from BYCow Reqi~ 1 9. 245 47.565 248.857 0. 754 3. 836 22.576 
1945 Milk from BYCow Regime 2 9.813 58.405 319.694 0.558 3. 373 14.983 
1945 Milk from BYCow Reqi~ 3 0.153 1.:318 19.496 0.018 0.127 0. 784 
1945 Milk from BYCow Reg~' 0.017 0.264 7.843 0. 005 0 .037 0 .502 
1945 CO!I'II!Iercial Milk {Rural) 14.211 55.398 196.899 1.129 4.841 17.292 ': 

1945 Fruit and Vegetables• 2. 861 10.667 52.550 2.157 7.660 34.328 

1946 External 0.001 0.001 0.004 0.001 0. 001 0.003 
1946 Inhalation 0.017 0.046 0.144 0.013 0.035 0.106 

1946 Milk from BYCow Regime 1 1.462 7. 745 49.437 0.106 0. 625 3.382 
1946 Milk from BYCow Regime 2 1. 330 8. 305 48.366 0.100 o. 618 3.418 
1946 Milk from BYCow Regime 3 0,034 0.284 2. 835 0.004 0. 025 0.239 
1946 Milk from BYCow Regime 4 0.002 0.029 0.542 0.001 0.005 0 .055 
1946 Commercial Milk {Rural) 2.157 8. 641 29.936 0.189 0.670 2.652 

1946 Fruit and Vegetables• 0.386 1. 424 6.601 0.290 1.045 4. 951 

1947 External o.ooo 0.000 0. 001 0. 000 0.000 0.001 
1947 Inhalation 0.004 0. 013 0.058 0.004 0. 010 0. 035 

1947 Milk from BYCow Regime 1 0.488 2.273 ~4.643 0.029 0.185 0. 977 
1947 Milk from BYCow Regime 2 0. 468 2.167 :4.509 0. 032 0.179 0.956 
1947 Milk from BYCow Regime 3 0.009 0. 071 0. 677 0.001 0.007 0.058 
1947 Milk from BYCow Regime 4 0.001 0.011 0 .240 0.000 0' 001 0.017 
1947 CO!IIlllercial Milk {Rural) 0. 680 2.453 8.817 0.047 0.195 0. 791 

1947 Fruit and Vegetables• 0.067 0.292 1. 399 0.058 0. 219 1.079 

1945-1947 External 0.005 0.009 0.020 0.005 0.008 0.019 
1945-1947 Inhalation 0.139 0. 311 0.956 0.109 0.228 0. 600 

1945-1947 Milk from BYC;JW Regime 1 lB.391 69.346 241.773 l. 683 5.486 25.008 
1945-1947 Milk from BYCow Regime 2 19.424 71.453 308.233 1. 383 4.867 17.686 
1945-1947 Milk from BYCow Regime 3 0. 515 2.205 24.557 0,043 0,201 0,980 
1945-1947 Milk from BYCow Regime 4 0.056 0 .464 8.273 0.012 0. 057 0.442 
1945-1947 Commercial Milk !Rural) 24.164 72.179 222.889 2.071 6. 326 17.454 

1945-1947 Fruit and Vegetables* 4.826 lJ. 489 57. 671 3. 621 9. 735 35.380 

• Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

• 
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--------------------- Walla Walla County Census Division 10 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0,002 0.005 0.014 0.002 0.005 0. 014 
1945 Inhalation 0. 063 0.185 0. 650 0.051 0.140 0.440 

1945 Milk from BYCOW Regime 1 7.314 41.593 284.734 0.554 3.308 21.877 
1945 Milk from BYCow Reqime 2 7.347 41.989 223.377 0. 640 3,274 18.659 
1945 Milk from BYCOW Regime 3 0.148 1.244 14.404 0.008 0. 098 1.105 
1945 Milk from BYCow Reqime • 0.009 0.209 6,216 0.001 0,020 0. 780 
1945 Commercial Milk (Urban) 22.188 69.049 198.440 1.021 3.920 12.813 

1945 Fruit and Vegetables* 2.432 9.198 39.161 1. 831 6.584 29.834 

' 1946 External 0.001 0.001 0,002 0.001 0.001 0. 003 
1946 Inhalation 0. 013 0.036 0.113 0. 011 0.028 0,094 

1946 Milk from BYCow Regime 1 1. 496 5. 632 28.305 0.088 0. 502 3.154 
1945 Milk from BYCOW Reqime 2 1.170 6. 389 38.025 0.084 0. 546 2. 789 
1946 Milk from BYCOW Regime 3 0.022 0.185 1. 823 0.002 0.016 0.142 
1946 Milk from BYCOW Regime 4 0.000 0.028 0. 764 o.ooo 0.002 0.042 
1945 Commercial Milk (Urban) 3.442 11.700 31.399 0.152 0. 757 2,052 

1945 Fruit and Vegetables* 0.348 1. 418 7. 774 0.280 l. 018 4.205 

1947 External 0.000 0,000 0.001 0. 000 0,000 0,001 
1947 Inhalation 0.003 0. 011 0.045 0.003 0,009 0.032 

1947 Milk from BYCOW Regime 1 0. 355 2.140 10.819 0. 025 0.175 1.085 
1947 Milk from BYCow Regime 2 0. 377 2.208 14.445 0. 025 0.144 0,783 
1947 Milk from BYCOW Regime 3 0.009 0.058 0.619 0.001 0.005 0.064 
1947 Milk from BYCOW Regime 4 0.000 0.008 0.099 o.ooo 0.001 0.010 
1947 Commercial Milk (Orban) 0. 889 3.186 a. 902 0.052 0.196 o. 773 

1947 Fruit and Vegetables* 0.057 0.232 1.296 0.046 0.176 0,868 

1945-1947 External 0.004 0.007 0.016 0.004 0,007 0. 016 
1945-1947 Inhalation 0.111 0. 251 0. 718 0. 091 0.188 0.487 

1945-1947 Milk. from BYCow Regime 1 16.957 55.369 272.129 1.146 4. 728 26.343 
1945-1947 Milk from BYCow Regime 2 16.816 64.072 231.542 1. 254 4. 597 19.785 
1945-1947 Milk from BYCOw Regime 3 0.431 2.002 13.263 0. 033 0.174 l. 235 
1945-1947 Milk from BYCow Regime 4 0. 036 0. 409 6.923 0.003 :).033 0.705 
1945-1947 Commercial Milk (Urban) 35.523 84.725 216.080 l. 707 5.404 14.950 

1945-1947 Fruit and vegetables* 4. 036 11.840 43.457 3.168 8. 988 33.331 

• Dose from the fruit and vegetables pathway assumes that 100' of diet comes from local sources 

,. 
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------------------------------- Walla Walla county census Division 11 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5ch 50th 95th 

1945 External 0,002 0. 005 0.013 0.002 0.005 0.014 
1945 Inhalation 0.061 0.190 0,733 0.052 0.137 0. 446 

1945 Milk from BYCow Regime 1 7. 720 44.814 225.865 0.517 3.398 22.556 
1945 Milk !rom BYCow Regime 2 7.849 42.807 236,336 0.515 3,006 17.640 
1945 Milk from BYCow Regime 3 0.124 1.371 11.701 0. 009 0. 094 0.768 
1945 Milk from BYCow Regime 4 o.oo8 0. 379 8 .334 0 .001 0.024 0.416 
1945 Commercial Milk. (Urban) 19.644 73.411 177,311 0. 819 3.823 12.585 . ; 

1945 Fruit and Vegetables* 2.414 9.595 42.553 1. 884 6.568 27.923 

1946 External 0.001 0.001 0. 003 0. 001 0.001 0.003 
1946 Inhalation 0.013 0.036 0.117 0.011 0. 028 0. 083 

1946 O!llk from BYCow Regime 1 1.214 6. 675 36.505 0.081 0.470 2. 505 
1946 Milk from BYCow Regime 2 0. 977 5,802 32.023 o. 089 0. 485 2. 624 
1946 Milk from BYCow Regime 3 0.026 0.244 1. 989 0.001 0.013 0.194 
1946 Milk from BYCow Regime 4 0.001 0 ,030 0.588 0. 000 0.001 0.040 
1946 Commercial Milk (Urban) 3,390 13.166 33.669 0.173 o. 786 2. 410 

1946 Frult and Vegetables* 0. 347 l. 385 6. 331 0.257 0,954 4.309 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.004 0.010 0.039 0.003 0. 008 0. 029 

1947 Milk from BYCow Regime 1 0.362 1. 905 10.091 0. 022 0.141 0. 965 
1947 Milk from BYCow Regime 2 0.382 2.221 14.045 0. 026 0.163 0.810 
1947 Milk from BYCow Regime 3 0,008 0.072 0,845 0.001 0.006 0.049 
1947 Milk from BYCow Regime 4 0.000 0.008 0.146 0.000 0.001 0.012 
1947 Commercial Milk (Urban) 0.850 3.039 8.268 0. 049 0.183 0.635 

1947 Fruit and Vegetables* 0.068 0.250 1.214 0.050 0.187 0.895 

1945-1947 External 0.004 0.007 J. 015 0.004 0.007 0.016 
1945-1947 Inhalation 0.110 0.253 0. 811 0.088 0.191 0.504 

1945-1947 O!llk from BYCow Regime 1 16.676 • 57.844 283.012 1.152 4.485 23.806 
1945-1947 Milk from BYCow Regime 2 16.633 57.782 249.045 1.307 4.501 19.847 
1945-1947 Milk from BYCow Regime 3 0.407 2.116 12. 987 0.027 0.149 0. 780 
1945-1947 Milk from BY Cow Regime 4 0,041 0.508 7. 025 0,003 0.036 0.411 
1945-1947 Commercial Milk (Urban) 34.124 87.023 202.229 ! . 719 5. 045 l4 .008 

1945-1947 Fruit and vegetables• 4.126 12.399 44.592 3.060 8. 551 31.003 

* Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

• 
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-------------------------- Yakima county census Division 01 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 £xternal 0.001 0.006 0.144 O.(JOl 0.006 0,097 
1945 Inhalation 0.008 0.104 3.112 0.007 0. 099 5.164 

1945 Milk fr0111 BYCow Reqime 3 0.024 0.312 7.539 0. 003 0.045 1. 732 
1945 Milk from BYCOW Regime 4 0.005 0.070 4.274 0. 001 0.008 0.164 
1945 Commercial Milk (Rural) 2.155 11.464 93.758 0.156 0.990 8,996 

• 1945 Fruit and Vegetables* 0.574 5. 724 178.704 0.419 4.021 126.297 

1946 External 0.000 0.002 0.060 0. 000 0.002 0.065 
1946 Inhalation 0.002 0.031 1. 669 0. 002 0. 023 2.044 

·• 
1946 Milk from BYCOW Regime 3 0.003 0.051 2.102 o.ooo 0.005 0. 351 
1946 Milk from BYCow Regime 4 0.000 0.008 0.375 0.000 0.001 0.053 
1946 Coll'll!lercial Milk (Rural) 0.260 1. 366 9.510 0.022 0.120 0. 607 

1946 Fruit and Vegetables* 0. 071 0.596 11.171 0.058 0.489 9.956 

1947 External 0.000 0.000 0.015 0.000 0.000 0. 011 
1947 Inhalation 0.001 0.007 0.174 0.000 0. 006 0.162 

1947 Milk from BYCow Regime 3 0.001 0.014 0.260 o.ooo 0.001 0.034 
1947 Milk from BYCow Regime 4 0.000 0.003 0.102 0.000 0,000 0. 017 
1947 Commercial Milk (Rural) 0.108 0,431 2. 276 0. 008 0.041 0.228 

1947 Fruit and Vegetables* 0.012 0.122 1. 980 0.011 0.101 2.223 

1945-194/ External 0.002 0.015 0.273 0.002 0. 014 0.238 
1945-1947 Inhalation 0.035 0. 268 6.881 0. 031 0.247 7. 789 

1945-1947 Milk from B'tCOw Regime 3 0.096 0. 712 10.605 0.009 0.090 1. 968 
1945-1947 Milk from BYCow Regime 4 0.016 0.174 4.487 0.003 0. 016 0. 251 
1945-1947 Commercial Milk (Rural) 4.081 14.884 85.227 0 .345 1.343 9.285 

:945-1947 Fruit and Vegetables* l. 382 8. 620 181.683 1. 009 6. 490 137.064 

* Dose from the fruit and vegetables ?athway assumes that 100% of diet comes from local sources 

•• 
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------------------------------ Yakima County Census Division 02 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0. 001 0.020 0.000 0.001 0.016 
1945 Inhalation 0.001 0. 014 0.517 0. 001 0. 011 0.420 

1945 Milk from BYCow Regime 3 0.007 0.112 3. 680 0.001 0.012 0.300 
1945 Milk from BYCow Regime 4 0.001 0.010 0. 576 0. 000 0. 003 0.0•!7 
1945 Commercial Mil)( (Rural) 1. 391 8.006 80.669 0.117 0.588 4.667 

1945 Fruit and Vegetables• 0. 079 0. 731 17.531 0.063 0.643 12.331 •: 

1946 External 0.000 o.ooo 0.005 0. coo o.ooo 0. 005 
1946 Inhalation 0.000 0. 003 0.136 o.ooo 0.002 0.109 l· 

1946 Milk from BYCow Regime 3 0.001 0.014 0.244 0.000 0.001 0.016 
1946 Milk from BYCow Regime 4 0.000 0.001 0.145 0.000 0.000 0.006 
1946 Commercial Milk (Rural) 0.207 0,969 5.245 0. 016 0. 079 0.665 

1946 Fruit and Vegetables• 0.010 0. 098 2. 975 0.009 o.085 1. 747 

1947 External 0.000 0.000 0.001 o.ooo 0.000 0.001 
1947 Inhalation 0.000 0.001 0.033 0.000 0.000 0.020 

1947 Milk from BYCow Regime 3 0.000 0.003 0.063 0. 000 0.000 0.006 
1947 Milk from BYCow Regime 4 0.000 0.001 0. 023 0.000 0.000 0.004 
1947 Commercial Milk (Rural) 0.049 0.254 1 .805 0.004 0.023 0.110 

1947 Fruit and Vegetables• 0.002 0.024 0.611 0.002 0.020 0.436 

1945-1947 External 0.000 0. 001 0.031 0.000 0,001 0. 023 
1945-1947 Inhalation 0.004 0.032 0. 846 0.003 0. 024 o. 640 

1945-1947 Milk from BYCow Regime 3 0.027 0.204 3.841 0. 003 O.:J19 0.412 
1945-1947 Milk from BYCow Regime 4 0.003 0.023 0. 729 0.001 0.005 0.058 
1945-1947 Commercial Milk (Rural) 2. 764 10.413 d0.266 0.198 0. 805 4.883 

1945-1947 Fruit and Vegetables• 0. 216 1.313 21.413 0.165 1. 063 14.791 

~ Dose from the fruit and vegetables pat.'lway assumes that 100\ of diet comes from 2_ocal sources 
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--------------------------------- Yakima County Census Division 03 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.001 0. 013 o.ooo 0,001 0.012 
1945 Inhalation 0.001 0.014 0.612 0. 001 0. 011 0.385 

1945 Milk from BYCow Regime 1 0.108 1.528 42.349 0.010 0,121 6.533 
1945 Milk from ByCow Regime 2 0.083 1.569 80.611 0. 007 0.154 6. 864 
1945 Milk from BYCOW Regime 3 0.007 0.100 1. 981 0.001 0.010 0. 328 
1945 Milk from BYCow Regime 4 0.001 0. 011 0. 781 0.000 0. 003 0.086 
1945 Commercial Milk (Rural) 0. 957 5. 374 48.070 0.060 0 ,406 3.652 

1945 Fruit and Vegetables* 0.071 0.697 23.289 0.074 0. 677 20.396 

' 1946 External 0.000 0.000 0.004 0.000 0. 000 0.005 
1946 Inhalation 0.000 0.002 0.255 0.000 0,002 0.114 

1946 Milk from BYCow Regime ' 0.019 0.307 8. 420 0. 002 0.020 0.556 
1946 Milk from BYCow Regime 2 0.014 0.205 10.415 0.001 0.017 0.283 
1946 Milk from BYCOW Regime 3 0.001 0.010 0.252 0.000 0.001 0. 029 
1946 Milk from BYCOW Regime ' 0.000 0.002 0.166 0.000 0.000 0.004 
1946 Commercial Milk (Rural) 0.160 0.862 7. 990 0.009 0.072 0.566 

1946 Fruit and Vegetables* 0.010 0 .130 4.382 0.009 0. 096 2.874 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.000 0.001 0.027 0.000 0,000 0.014 

1947 Milk from BYCow Regime 1 0.005 0.074 2. 029 0. 000 0.005 0.136 
1947 Mille from BYCow Regime 2 0.005 0,078 2. 889 0.000 0.007 0.156 
1947 Milk from BYCow Regime 3 0.000 0.003 0. 055 0.000 0.000 0.006 
1947 Milk from BYCOW Regime 4 0.000 0.001 0.032 0.000 0.000 0.009 
1947 Commercial Milk <Rural) 0. 039 0.243 2.129 0.003 0.018 0.152 

1947 Fruit and Vegetables* 0.002 0.024 0. 540 0.002 0. 020 0.440 

1945-1947 External 0.000 0.001 0.037 0. 000 0.001 0.029 
1945-1947 Inhalation 0.004 0.035 1.252 0.003 0. 024 0. 782 

1945-1947 Milk from BYCow Regime 1 0.449 3.159 45.110 0.030 0,242 8.097 
1945-1947 Milk from BYCow Regime 2 0.370 3. 833 113.559 0.032 0.267 4.804 
1945-1947 Milk from BYCow Regime 3 0. 017 0.179 1. 917 0. 002 0.017 0.357 
:945-1947 Milk from BYCow Regime ' 0.003 0.034 1. 424 0. 001 0.006 0.117 
~945-1947 Commercial Milk <Rural) 2.072 8.179 53.270 0.141 0.638 3.241 

1945-194" Fruit and Vegetables* 0.202 1. 401 28. 320 0.181 1.141 22.348 

• ~ose !17om the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

•• 
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--------------------------------- ~akima County Census Division 04 -----------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

~ear Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.000 0.020 0.000 0. 000 0.015 
1945 Inhalation 0 .COl 0.007 0.222 0. COl 0. 006 0.223 

1945 Milk from BYCow ... ime 1 0.114 1. 489 68.153 0.010 0.118 4.080 
1945 Milk from BYCow Regime 2 0.082 1. 540 63,370 0.007 0,101 2.371 
1945 Milk from BYCow Regime 3 0,006 0.070 2.792 0,001 0. 010 0.137 
1945 Milk from BYCow Regime 4 0,001 0.013 0,477 o.coo 0.003 0.050 
1945 Commercial Milk (Rural) 1. 814 9.257 88.295 0.157 0.827 9.015 '· 
1945 Fruit and Vegetables* 0.058 0. 662 29,611 0.054 0. 542 24.554 

1946 External 0.000 o.ooo 0.003 0. 000 0.000 0.005 
1946 Inhalation 0.000 0.001 0.035 0.000 0.001 0. 025 

1946 MilK fr~ BY Cow Regime 1 0. 014 0.199 8, 731 0,002 0. :J14 0.562 
1946 Milk from BYCow Regime 2 0.015 0.255 10.771 0.001 0. 018 0.472 
1946 Milk from BYCow Regime 3 0,001 0. 009 0,177 0.000 0,001 0.030 
1946 Milk from BYCow Regime 4 0,000 0.002 0,057 0. 000 0,001 0,005 
1946 Commercial Milk (Rural) 0.271 1. 392 8.302 0.018 0.106 0. 623 

1946 Fruit and Vegetables* 0.008 0.097 4 .166 0.007 0.069 2.557 

1947 External 0.000 0.000 0.001 0.000 0. 000 0.001 
1947 Inhalation 0.000 0.000 0.010 0.000 0,000 0.005 

1947 MilK from BYCow Regime 1 0.004 0.046 l. 460 0.000 0.005 0.134 
1947 Milk from BYCow Regime 2 0.004 0.063 4. 946 0.000 0. 005 0.125 
1947 Milk from BYCow Regime 3 0.000 0.002 0.054 0.000 0,000 0.006 
1947 Milk from BYCow Regime 4 0.000 o.ooo 0.014 0. 000 0.000 0.002 
1947 Commercial Milk (Rural) 0,089 0.393 3,051 0.006 0. 035 0.226 

1947 Fruit and Vegetables* 0.002 0.022 0.686 0.001 0.016 0. 683 

:945-1947 External 0.000 0.001 0.032 0.000 0. 001 0. 042 
1945-1947 Inhalation 0.002 0.014 0.484 0. 002 0. 011 0. 332 . 
1945-1947 Milk from BYCow Regime 1 0.353 3.116 87. 966 0. 034 0,240 4.806 
1945-1947 Milk from SYCow Regime 2 0.310 2.973 71.312 0.028 0. 213 3. 072 
1945-1947 Milk from BYCow Regime 3 0.015 0.107 2. 705 0. 003 0. 017 0.136 
1945-1947 Milk from BYCow Regime 4 0.003 0.022 0. 882 0.001 0.005 0.057 
1945-1947 Commercial Milk (Rural) 3, 750 13. 791 69.113 0.296 1. C65 7. 780 

1945-1947 Fruit and vegetables• 0.170 l. 312 46.521 0.142 1. 007 32.532 

• Dose from the fruit and vegetables pathway assumes that 100'11 of diet comes from local sources 

• 
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--------------------------------- Yakima County Census Division OS -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.000 0.020 o.ooo 0.000 0. 013 
1945 Inhalation 0.001 0. 006 0,209 o. 001 0.006 0.186 

1945 Milk fr= BYCow Regime 1 0.125 1,301 31.943 0.009 0. 096 1.875 
1945 Milk from BYCow Regime 2 0.087 1.127 25.306 0. 007 0.103 3.203 
1945 Milk from BYCOW Regime 3 0.006 0.065 1. 325 0.001 0.009 0.156 
1945 Milk from BYCOW Regime 4 0.001 0.013 0.833 o.ooo 0.004 0.136 

.. 1945 Commercial Milk (Rural) 2 .052 9.331 61.562 0.162 1. 051 7.933 

1945 Fruit and Vegetables• 0.062 0. 649 22.711 0.055 0. 552 15.859 

,, 
1946 External 0.000 o.ooo 0. 003 o.ooo 0.000 0. 002 
1946 Inhalation 0,000 0.001 0.037 0.000 0.001 0.039 

1946 Milk from BYCow ... !me 1 0.015 0.284 10.464 0.001 0. 016 0.380 
1946 Milk from BYCOW 

'""""' 2 
0. 011 0.209 6.853 0. 001 0. 017 0. 692 

1946 Milk from BYCOW Regime 3 0.001 0.008 0.190 0.000 0.001 0.020 
1946 Milk from BYCOW ... !me 4 0.000 0.002 0.088 0.000 0. 000 0.012 
1946 Commercial Milk (Rural) 0. 329 1. 653 11.704 0.025 0.131 0. 640 

1946 Fruit and Vegetables* 0.009 0.109 3.699 0.008 0.091 3.871 

1947 External 0.000 0.000 0.000 0. 000 0.000 0.000 
1947 Inhalation 0.000 0.000 0.012 0.000 0.000 0.006 

1947 Milk from BYCOW Regime 1 0.005 0.061 1. 699 0.000 0.006 0.277 
1947 Milk from BYCow Regime 2 0.004 0.058 2.549 0.000 0.006 0.189 
1947 Milk from BYCow Regime 3 0.000 0.002 0.046 0.000 o.ooo 0. 004 
1947 Milk from BYCow Regime 4 0.000 0. 000 0.017 0.000 0.000 0.005 
1947 Commercial Milk (Rural) 0. 094 0.407 2.109 0.007 0,030 0.153 

1947 Fruit and vegetables* 0.002 0,021 1. 053 0.002 0.018 0. 700 

:945-1947 External 0.000 0. 001 0.028 0.000 0,001 0.022 
1945-1947 Inhalation 0.002 0.012 0. 410 0.002 0. 011 0.312 

1945-1947 Milk from BYcow Regime l 0.425 3.094 39.029 0.027 0.198 2. 483 
1945-1947 Milk from BYCow Regime 2 0. 297 2.616 41.705 0. 026 0.190 4. 537 
1945-1947 Milk from BYCow Regime 3 0.016 0.123 l. 402 0.002 0. 015 0.149 
1945-1947 Milk from BYCOW Regime 4 0.003 0 .022 0. 797 0.001 0.006 0.107 
1945-1947 commercial Milk (Rural) 4.309 13.810 76.077 0.380 1. 404 9.232 

1945-1947 Fruit and Vegetables* 0.169 1.278 32.520 0.145 1.100 27.133 

* Dose fr,Jm the fruit and vegetables pathway assumes that lOO'Ir of diet comes from local sources 
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--------------------------------- Yakima County Census Division 06 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th seth 95th 

1945 External 0.001 0.010 0.218 0.001 0.010 0.318 
1945 Inhalation 0.017 0.199 9. 423 0. 016 0.154 4. 558 

1945 Mil< from B'iCow Regime 1 2.127 28.541 569,757 0.127 l. 639 32.771 
1945 Milk from B'iCow Regime 2 l. 369 19.018 469.741 0.096 l. 781 41.096 
1945 Milk from B'iCow Regime 3 0.041 0. 626 20.028 0.005 0. 068 8. 504 
1945 Milk from BYCow Regime 4 0. 006 0.109 3.760 0. 001 o. 016 o. 570 
1945 Commercial Milk (Rural) 2.628 20.067 234.385 0.224 1. 673 25.920 '· 

1945 Fruit and Vegetables* 1.100 10,800 284.426 0.895 6.990 117.825 

1946 External 0.000 0.004 0.149 o. 000 0.003 0.237 
1946 Inhalation 0.004 0.053 3.115 0.003 0. 039 1. 972 

1946 Milk !rom BYCow Regime 1 0.280 3.463 73.171 0.020 0. 300 4.202 
1946 Milk from B'iCow Regime 2 0.231 3. 482 1:)8 .189 0. 019 0. 243 4.858 
1946 Milk !rom B'iCow Regime 3 0.005 0.081 1.682 0.001 0. 009 0.191 
1946 Milk !rom BYCow Regime 4 0.001 0.018 0. 640 0.000 0.002 0. 059 
1946 Commercial Milk (Rural) 0,462 2.755 26.281 0.034 0,248 2.801 

1946 Fruit and Vegetables* 0.157 1. 334 28.721 0.118 0, 912 18.473 

1947 External 0.000 0.001 0.033 0.000 0.001 0.043 
1947 Inhalation 0.001 0.012 o. 622 0,001 0.010 0.402 

1947 Milk from B'iCow Regime 1 0. 093 1. 074 21.332 0. 006 0,088 l. 499 
1947 Milk fr-om B'iCow Regime 2 0.061 0.919 :5.520 0. 005 0. 079 1.201 
1947 Milk from B'iCow Regime 3 0.001 0.019 0. 480 o.ooo 0. 002 0.058 
1947 Milk from B'iCow Regime 4 0.000 0.005 o. 389 0,000 0.001 0.043 
1947 Commer-cial Milk (Rural) 0.120 0.813 5,045 0. 011 0.072 0. 601 

1947 Fruit and Vegetables* 0.032 0.276 5.081 0. 024 0.184 3. 680 

1945-1947 External 0.004 0. 028 0. 791 0.004 0,026 0. 993 
1945-1947 Inhalation 0.069 0.533 23.125 0. 053 0,379 8.931 

1945-1947 Milk from BYCow Regime 1 6.823 50.339 976,336 0.520 3. 481 57.923 
1945-1947 Milk from B'iCow Regime 2 5. 906 41.210 716.339 0.350 2. 815 50.051 
1945-1947 Milk from BYCow Regime 3 0.120 1.043 21.157 0.017 0 .129 5.197 
1945-1947 Milk from BYCow Regime 4 0.028 0.288 5.830 0,004 0.033 0. 614 
1945-1947 Commer-cial Milk (Rural) 6.314 30.110 280.143 0. 598 2. 581 18.175 

1945-1947 Fruit and vegetables• 2. 887 :8.124 289.400 2.048 11.488 139. :J40 

• Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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--------------------------------- ~akima County Census Division 07 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.001 0.030 0. 000 0.001 0.026 
1945 Inhalation 0.001 0.023 0,814 0.001 0.017 0.470 

1945 Milk from BYCow Reqi~ 1 0.244 3.506 56,852 0.018 0.291 8.176 
1945 Milk !rom BYCow Regime 2 0.192 3. 651 67.360 0.020 0.232 7.595 
1945 Milk. from B't:Cow Regime 3 0.007 0.110 2,838 0.001 0.013 0.203 
1945 Milk. from B't:Cow Regime ' 0.002 0.029 1.141 0,001 0.006 0,072 
1945 Commercial Milk. (Rural) 2. 484 14.048 155.390 0.184 0. 921 7.508 

-' 
1945 Fruit and Vegetables* 0.167 1.530 47.420 0.107 o. 949 25.661 

1946 External 0.000 0,000 0.006 0.000 0.000 o.oo8 
1946 Inhalation 0.000 0.004 0.191 0. 000 0.003 0.123 

1946 Milk. !rom BYCow Regime 1 0.037 0. 592 17.500 0. 003 0,044 1. 657 
1946 Milk !rom B't:Cow Regime 2 0.027 0. 459 13,429 0.002 0,027 0. 722 
1946 Milk from B't:Cow Regime 3 0,001 0.015 0.378 0.000 0,002 0.055 
1946 Milk. from B't:Cow Regime 4 0,000 0.003 0,087 0.000 0.001 0.021 
1946 Commercial Mil!t (Rural) 0.286 1. 549 9.270 0.023 0.135 0. 729 

1946 Fruit and Vegetables* 0.024 0.241 4. 749 0. 016 0.154 4 .212 

1947 External 0,000 0.000 0,001 0.000 0.000 0,001 
1947 Inhalation 0.000 0.001 0. 026 0. 000 0,001 0. 023 

1947 Milk. from BYCow Regime 1 0.010 0.133 3. 479 0.001 0,011 0. 287 
1947 Milk. from BYCow Regime 2 0,009 0.137 3.185 0,001 0.008 0.308 
1947 Milk. from BYCow Regime 3 0,000 0.005 0.132 0.000 0. 000 0.013 
1947 Milk. !rom BYCow Regime 4 0.000 0,001 0.045 o.ooo 0.000 0.003 
1947 Commercial Milk (Rural) 0,101 0.539 2. 782 0.006 0.042 0. 349 

1947 Fruit and Vegetables• 0,005 0.046 1. 027 0.003 0,030 0. 602 

1945-1947 External 0.000 0.002 0.042 0. 000 0,002 0.052 
1945-1947 Inhalation 0,006 0.048 1. 088 0.005 0.034 0. 963 

1945-1947 Milk from BYCow Regime 1 0.885 7. 500 109.139 0.067 0. 626 10.486 
:945-1947 Milk from BYCow Regime 2 0.699 5. 974 84.472 0. 055 0,464 5. 775 
~945-1947 Milk from BYCow Regime 3 0.027 0.198 4.116 0.004 0.021 0. 276 
1945-1947 Milk from BYCow Regime 4 0.006 0. 053 0. 855 0.002 0. 011 0. 099 
1945-1947 Commercial Milk (Rural) 4. 459 17.747 165.678 0. 383 1.251 7,843 

1945-1947 Fruit and Vegetables• 0.443 2.881 63.278 0.280 1. 733 32.337 

• Dose from the fruit and vegetables pathway assumes that lOOt of diet comes from local sources 

• 

. 95 



--------------------------------- Yakima County Census Division 09 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.002 0.059 0. 000 0. 002 0. 063 
1945 Inhalation 0.002 0.029 2. 393 0.002 0. 026 1. 395 

1945 Milk from BYCow Regime 3 0.010 0.171 7.579 0.002 0.019 0.479 
1945 Milk from BYCow Regime • 0.002 0.030 o. 796 0.001 0.007 0.150 
1945 Commercial Milk {Rural) 2.284 10.658 92.128 0.173 0,946 13.141 

1945 Fruit and Vegetables* 0.252 3.018 83.171 0.191 1. 815 55.736 ,; 

1946 External 0.000 o.ooo 0.010 0.000 o. coo 0.011 
1946 Inhalation 0.001 0.008 0. 398 o.ooo 0,006 0. 319 • < 

1946 Milk. from BYCow Regime 3 0,001 0.021 0.867 0. 000 0.003 0. 086 
1946 Milk. from BYCow Regime 4 o.ooo 0.005 0.132 o.ooo 0 .001 0 .013 
1946 Commercial Milk {Rural) 0.300 1. 459 8.948 0.022 0,105 0.580 

1946 Fruit and Vegetables* 0.039 0.379 11.449 0.026 0.259 7.356 

1947 External 0.000 0.000 0.002 0,000 0.000 0.002 
1947 Inhalation 0.000 0.002 0. 058 0.000 0. 002 0.053 

1947 Milk from BYCow Regime 3 0.000 0. 006 0.145 0.000 0,001 0.017 
1947 Milk from BYCow Regime 4 0.000 0. 002 0. 065 0.000 O,:lOO 0.005 
1947 Commercial Milk. {Rural) 0.101 0.432 1.876 0. 007 0.:)35 0.198 

1947 Fruit and Vegetables* 0. 007 0.071 1. 388 0.005 0.048 1.098 

1945-1947 External 0.001 0.004 0.084 0. 001 0.004 0.079 
1945-1947 Inhalation 0.009 0.095 3.842 0. 008 0. 069 1. 920 

1945-1947 Milk. from BYCow Regime 3 0.032 0.313 7. 910 0.005 0. 038 0. 482 
1945-1947 Milk. from BYCow Regime 4 0,009 0.064 0.993 0.002 0. 011 0.160 
1945-1947 Commercial Milk. {Rural) 4.318 14.652 77.740 0.350 1. 159 12.894 

:945-1947 Fruit and Vegetables* 0. 714 5.072 39.645 0. 490 3.261 59. 337 

* Jose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

• 
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--------------------------------- Yakima county census Division 09 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0.006 0. 070 0.001 0.006 0. 077 
1945 Inhalation 0,026 0.142 1.969 o. 023 0.105 2.421 

1945 Milk from BYCow Regime 1 3.192 28.597 261.965 0.226 1. 593 12.864 
1945 Milk from BYCow Regime 2 3.218 21.990 169.718 0.258 1.940 15.152 
1945 Milk from B'!Cow Regime 3 0.065 0. 731 9, 045 0.009 0.062 0.696 
1945 Milk from BYCow Regime 4 0.016 0.329 4. 623 0.003 0.028 o. 445 
1945 Commercial Milk : .. <Rural) 4.182 22.118 147.722 0.317 1.633 12.111 

1945 Fruit and Vegetables* 1.513 7.019 42.482 1.081 4.821 28.109 

1946 External o.ooo 0.002 0,021 0. 000 0.002 0.030 
1946 Inhalation 0.007 0.034 0. 583 0.006 o. 029 0. 490 

1946 Milk from BYCow Regime 1 0.467 3.650 34.281 0. 029 0.232 1. 812 
1946 Milk from BYCow Reqime 2 0.399 2.854 22.185 0.039 0.314 2.312 
1946 Milk from BYCow Regime 3 0.009 0.111 1.171 0.001 0. 009 0,077 
1946 Milk from BYCow Regime 4 0.001 0.032 0.587 o.ooo 0.004 0,040 
1946 Commercial Milk (Rural) 0. 624 3.533 22.419 0.049 0.273 l. 680 

1946 Fruit and Vegetables* 0.210 1.002 6.686 0.153 0. 683 4.075 

1947 External 0.000 0.000 0.004 o.ooo 0.000 0.004 
1947 Inhalation 0.002 0 .011 0 .143 0.002 0,008 0.091 

1947 Milk from BYCow Regime 1 0.123 0. 702 s. 089 0.012 0.108 0. 911 
1947 Milk from BYCow Regime 2 0.144 1.207 13.067 0.009 0,086 0,792 
1947 Milk from BYCow Regime 3 0,002 0. 032 0.252 o.ooo 0,003 0.028 
1947 Milk from BYCow Regime 4 0.000 0.009 0.198 0.000 0.001 0.022 
1947 Commercial Milk (Rural) 0.197 l. 002 5.893 0.014 0. 079 0.458 

1947 Fruit and Vegetables* 0. 039 0.197 1.246 0.030 0.147 0. 913 

1945-1947 External 0.003 0.011 0.115 0.003 0.011 0.143 
1945-1947 Inhalation 0.067 0.253 3.660 0.054 0.205 3.472 

1945-1947 Milk from BYcow Regime 1 7.160 40.983 282.023 0. 630 2.535 17. 673 
1945-1947 Milk from BYCow Regime 2 7. 471 32.111 196.112 0. 644 2. 931 15.765 
1945-1947 Milk from BYCow Regime J 0,194 1.167 9.209 0.022 0.101 0.957 
:945-1947 Milk from BYCow Regime 4 0.054 0.502 7. 772 0.009 0,044 0.440 
1945-1947 Commercial Milk (Rural) 8. 694 31.150 155,666 0. 765 2.500 12. 959 

:945-1947 Fruit and Vegetables• 2. 712 9.517 48.542 2.023 6,490 29.632 

• Dose from the fruit and vegetables pathway assumes that 100'11 ot diet comes from .:.ocal sources 
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--------------------------------- Yaklma County Census Division 10 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway '" 50th 95th 5th 50th 95th 

1945 External 0.000 0,002 0. 022 0.000 0,002 0.026 
1945 Inhalation 0.008 0.052 1.228 0.007 0.040 1.206 

1945 Milk from BYCow Regime 1 0. 923 7. 922 83.687 0.080 0,639 7.012 
1945 Milk from BYCow Regime 2 0.810 8.572 85.756 0.080 o. 683 9.160 
1945 Milk from BYCow Regime 3 0.027 0.277 5.028 0.003 0.027 0. 290 
1945 Milk. from BYCow Regime 4 0. 005 0.111 2.819 0,001 0.014 0.278 .: 1945 COI!Imercial Milk (Rural) 4.126 25.874 204.520 0.348 1. 891 11. 425 

1945 Fruit and Vegetables• 0.478 3.025 32.775 0.358 1.861 19.339 

1946 External 0.000 0,001 0.008 o.ooo 0.001 0. 011 
1946 Inhalation 0.002 0.012 0.237 0.002 0.010 0.188 

1946 Milk from BYCow Regime 1 0.149 1.291 12.494 0. 014 0.118 1. 377 
1946 Milk from BYCow Regime 2 0.143 1.240 15.306 0.012 0.111 l. 329 
1946 Milk from BYCow Regime 3 0,005 0.048 0.669 0. 000 0,005 0.059 
1946 Milk from BYCow Regime 4 0.001 0.017 0.408 0.000 0. 002 0,051 
1946 Commercial Milk (Rural) 0. 737 3.369 23.613 0.046 0.232 l. 437 

1946 Fruit and Vegetables* 0. 071 0. 434 6.046 0. 053 0.280 3.337 

1947 External 0.000 0. 000 0. 002 0. 000 0. 000 0. 003 
1947 Inhalation 0.001 0.004 0.128 0.000 0.003 0.102 

1947 Milk. from BYCow Regime 1 0.037 0. 346 3.444 0. 003 o. 028 0.353 
1947 Milk from BYCow Regime 2 0.050 0,481 5.511 0.003 0. 028 0.279 
1947 Milk from BYCow Regime 3 0,001 0.015 0.220 0. 000 0.001 0.012 
1947 Milk from BYCow Regime 4 0,000 0.003 0,085 0.000 0,001 0.006 
1947 commercial Milk (Rural) 0.191 0,862 4.660 0,015 0.071 0.519 

1947 Fruit and Vegetables* 0.014 0.079 0. 719 0. 011 O,C61 0. 503 

1945-1947 External 0.001 0.004 0.032 0.001 0.004 0. 038 
1945-1947 Inhalation 0.022 0.108 2.262 0. 018 0.080 1. 720 

1945-1947 Milk from BYCow Regime 1 2. 460 12. 620 105.711 0.174 0. 953 8.498 
1945-1947 Milk from BYCow Regime 2 2. 685 13.241 113.189 0. 204 1.150 9.838 
1945-1947 Milk. from BYCow Regime 3 0.080 0.493 3. 946 0.010 O.C45 0.296 
1945-1947 Milk. from BYCow Regime 4 0 .021 0 .215 3.652 0.005 0 .C26 0.185 
1945-1947 Commercial Milk (Rural) 9. 483 37.232 184. 967 0. 730 2.393 11.160 

1945-1947 Fruit and Vegetables• 1. 006 4. 459 41.332 0. 712 2. 696 20.956 

• ~ose from the fruit and vegetables pathway assumes that 100% cf diet comes from local sources 
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-------------------- Yakima County Census Division 11 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0,000 0 .001 0.037 0.000 0,001 0,046 
1945 Inhalation 0.001 0.017 0,676 0.001 0.014 0. 455 

1945 Milk from BYCow Regime 3 0,006 0.098 2.229 0.001 0.011 0.284 
1945 Milk from BYCow Regime 4 0,001 0.026 0. 625 0.001 0,006 0.078 
1945 Commercial Milk (Rural) 2.437 13.944 145.393 0.204 0. 993 6.043 

. ' 1945 Fruit and Vegetables* 0,162 1.550 46.272 0.115 0. 954 14.717 

1946 External 0,000 o.ooo 0.004 0.000 0.000 0.007 

' 1946 Inhalation 0.000 0.004 0.092 o.ooo 0,003 0.098 

1946 Milk from BYCOW Regime 3 0.001 0.012 0. 366 o.ooo 0.002 0.031 
1946 Milk from BYCow Regime 4 0,000 0.003 0.128 0.000 0.001 0.009 
1946 Commercial Milk (Rural) 0.311 1.581 8. 453 0.026 0.139 0. 961 

1946 Fruit and Vegetables* 0,024 0.197 3.193 0.016 0 .121 2.989 

1947 External 0.000 0.000 0.001 0.000 0,000 0.001 
1947 Inhalation 0.000 0.001 0.033 o.ooo 0,001 0.020 

1947 Milk !rom BYCow Regime 3 0.000 0.004 0. 072 0.000 o.ooo 0.007 
1947 Milk !rom BYCow Regime 4 0.000 0.001 0.033 0.000 0.000 0.003 
1947 Commercial Milk (Rural) 0.083 0. 405 2.408 0.007 0.035 0. 216 

1947 Fruit and Vegetables* 0.005 0. 041 0. 593 0.003 0. 028 0.516 

1945-1947 External 0.000 0.002 0.042 0.000 0.002 0.064 
~945-1947 Inhalation 0,005 0.040 0.874 0.005 0.031 0.663 

1945-1947 Milk from BYCow Regime 3 0. 022 0.167 2. 608 0.003 0.019 0.258 
1945-1947 Milk from BYCow Regime 4 0.006 0.061 0. 829 0.001 0,008 0.097 
1945-1947 Commercial Milk (Rural) 4. 562 16.648 148.327 0.358 1.318 5. 833 

:945-1947 Fruit and Vegetables* 0.413 2.423 45.497 0.255 l. 554 19.604 

* Dose ::-em the fruit and vegetables pathway assumes that 100\ of diet comes from :ocal sources 

: 
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--------------------------- Yakima County Census Division 12 -----------------------------------

Infant Dose Percent_j_les Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.002 0.068 0.000 0.002 0.049 
1945 Inhalation 0.002 0.027 l. 805 0. 001 0.022 1.337 

1945 Milk from BYCow Regime 3 0. 006 0.094 2.991 0.001 0.013 0. 501 
1945 Milk from BYCow Regime 4 0.001 0.028 2.008 0.001 0.007 0.098 
1945 Commercial Milk (Rural) 2.069 10.914 77.368 0.174 0.997 11.657 

1945 Fruit and Vegetables• 0.200 2.386 52.324 0.129 1.181 28.836 " 
1946 External 0. 000 0.000 0.010 0.000 0. 000 0.013 
1946 Inhalation o.ooo 0.006 0. 300 0.000 0. 005 0.297 

1946 Milk from BYCow Regime 3 0.001 0.014 0. 422 0. 000 0.002 0.033 
1946 Milk from BYCow Regime 4 0. 000 0.005 0. 253 o.ooo 0.001 0.019 
1946 commercial Milk (Rural) 0. 337 l. 599 8. 386 0. 027 0.1.36 0.824 

1946 Fruit and Vegetables• 0. 029 0.273 6. 421 0. 019 0.::.72 3.775 

1947 External 0.000 0.000 0.002 0. 000 0.000 0.001 
1947 Inhalation o.ooo 0.001 0.056 0. 000 0. 001 0.030 

1947 Milk from BYCow Regime 3 0.000 0.002 0.094 0.000 0. 000 0.006 
1947 Milk from BYCow Regime 4 0.000 0.001 0.041 0.000 0.000 0. 005 
1947 commercial Milk (Rural) 0.104 0.479 2.651 0.006 0. 033 0.194 

1947 Fruit and Vegetables• 0.005 0.043 0.810 0.003 0. 027 0.443 

1945-1947 External 0.001 0.004 0.095 0. 001 0.003 0.079 
1945-1947 Inhalation 0.008 0. 072 3.235 0.006 0.052 1. 984 

1945-1947 Milk from BYCow Regime 3 0.019 0.162 2. 928 0.003 0.021 0.341 
1945-1947 Milk from BYCow Regime 4 0.006 0.060 2.012 0.002 0.010 0.101 
1945-1947 commercial Milk (Rural) 4. 668 15.318 96.954 0. 356 1. 365 15.410 

1945-1947 Fruit and Vegetables• 0.550 3. 611 66.036 0.307 1. 993 38.815 

• Dose f::-om tho fruit and vegetables patr.way assumes that 100\ of diet comes from local sou::-ces 

' 
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