
Air Pathway Report 

Phase I 
of the Hanford 

Environmental Dose 
Reconstruction Project 

July 1991 

Pacific Northwest Laboratory 
Richland, Washington 99352 

PNL-7412 HEDR Rev. 1 
UC-707 



REPORT AVAILABILITY 

This report is available for public review at these locations: 

• Yakima Public Library 

• Walla Walla Public Library 

• University of Washington Government Publications (Seattle) 

• Gonzaga University (Spokane) 

• Department of Energy-Richland Operations Reading Room {Richland) 

• Pendleton Public library 

• Astoria Public Library 

• Portland State University Science library {Portland). 

Additional copies can be obtained by contacting Technical Steering Panel (TSP) staff 
at the address below. 

Technical Steering Panel 
Hanford Environmental Dose Reconstruction Project 
Department of Ecology 
Office of Nuclear and Mixed Waste 
MS PVll 
Olympia, WA 98504 
1-800-545-5581 

This report was prepared by Battelle staff at the Pacific Northwest laboratory, wh1ch 
is operated by Battelle Memorial Institute, under the direction of an independent TSP. 

DISCLAIMER 

This report was prepared under the direction of the HANFORD ENVIRONMENTAL 
DOSE RECONSTRUCTION PROJECT Technical Steering Panel by Battelle Memorial 
Institute's Pacific Northwest laboratories operating the Pacific Northwest Laboratory 
fort he U.S. Department of Energy {DOE). While funding for the work was provided by 
DOE, the work is not under DOE direction or control. The views and opinions of the 
authors expressed in this document do not necessarily reflect those of the United States 
Government or any agency thereof. Reference herein to any specific commercial 
product, process or service by trade name, trademark, manufacturer or otherwise docs 
not necessarily constitute or imply its endorsement, recommendation or favoring by 
the U.S. Government or any agency thereof, nor by Battelle Memorial Institute. 

Printed in the United States of America 

Available to DOE and DOE contractors from the 
Office of Scientific and Technical Information, P.O . Box 62, Oak Ridge, TN 37831 ; 

prices available from (61 Sl S76-8401. FTS 626-8401. 

Available to the public from the National Technical Information Service, 
U.S. Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161. 



3 3679 00054 9925 

AIR PATHWAY REPORT 

Phase I of the Hanford Environmental 
Dose Reconstruction Project 

July 1991 

Prepared for the 
Technical Steering Panel 

Pacific Northwest laboratory 
Richland, Washington 99352 

PNL-7412 HEDR Rev. I 
UC-707 



AIR PATHWAY REPORT 

July 1991 

This document has been reviewed 
and approved by the Technical Steering 

John£. Till, Chairman 
Tee ni 1 Steering Panel 
Han Environmental 
Dose Reconstruction Project 

Panel . 

0~12. \'1'1\ 
Oat J 





PREFACE 

This is one of three reports that summarize the first phase of a multi­

year historical radiation dose assessment effort, the Hanford Environmental 
Dose Reconstruction project. This report summarizes the air pathway results 

of Phase I of the project. The report describes the releases of radioactiv­

ity that occurred in the past at the Hanford Site, the computer models used 

by researchers to estimate how radioactive material was transported away from 

the site and how, by various atmospheric pathways, it resulted in populations 

being exposed to radioactivity. The report also provides estimates of the 

doses that individuals may have received and the uncertainty surrounding 

them. This, the Air Pathway Report, is directed to the general technical 

reader, as is the Columbia River Pathway Report. The Summary Report, which 

presents results. from the air and river exposure pathways, is intended for a 

general audience. Additional information is included in the appendices of 

this report in tables and figures, and still more detail can be found in the 

supporting documents listed in Appendix A. It is anticipated that future 

technical reports and other publications will be subjected to formal scien­

tific review so that the work will satisfy the rigorous criteria for accepta­

bility by the scientific community. 

PROJECT OBJECTIVES 

The air pathway portion of Phase I had several objectives. Foremost 

among these was to demonstrate that sufficient historical information exists 

or could be reconstructed from incomplete records to enable a dose recon­
struction study to proceed. A second objective was 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 was to determine whether the data and models were sufficient 
to enable credible doses to be estimated. In summary, Phase I was a pilot or 

demonstration phase. Preliminary dose estimates 

strate the feasibility of reconstructing doses. 

were calculated to demon­

As the HEDR Project con-

tinues, the averages, ranges, and distributions of dose estimates will 
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change, for at least three reasons: refinement of input to models, refine­

ment of models, and changes in the extent of the final study area. 

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 

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 esti­

mated thyroid doses for residents near the Hanford Site. 

REPORT OBJECTIVES 

This report was prepared to describe the results of searching for, eval­

uating, processing, and/or reconstructing the data needed for the feasibility 
study. The report was also prepared to show the results of the evaluation of 

existing models and computer codes. From the results, the conclusion is that 
exiting codes can be adapted for estimating doses and for analyzing uncer­
tainties of these estimates. The report is intended as a demonstration of 

feasibility and not as a definitive, technical treatise on Hanford data; 

regional demographic, agricultural, or 1 ifestyle pat-computer models; or 
terns. Only enough information to demonstrate feasibility was developed, 

analyzed, and documented in this report. 

SUBSEQUENT~YEAR OBJECTIVES 

In the remainder of the project, scientists will identify and minimize 
errors and shortcomings of Phase I work, including the work reported herein. 
Scientists will evaluate and enhance the Phase I data and apply improved 
computer models; reduce uncertainties in data and models; establish geo­
graphic areas, radionuclides, and pathways of interest; support the Hanford 

Thyroid Disease Study; and carry out activities that will result in better 
dose estimates for specified populations and for individuals. 

The term "Phase I" is used in this report to refer to the first of four 

phases originally planned for the project. Phase I ended 1n July 1990. In 
February 1991, the Technical Steering Panel (TSP) decided to shift the 
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project planning approach away from phases--which were centered around com­
pletion of major portions of technical activities--to individual fiscal 
years, which span October of one year through September of the next. There­
fore, activities that were previously planned for one of the three remaining 

phases are now designated to occur in one or more or the next several fiscal 
years. 

FUTURE DOCUMENTATION 

Much of the HEDR documentation is yet to be produced. The scope, level 
of detail, level of peer review, and mode of publication for each document 

will be defined during task planning. It is expected that documents will 
fall into one of four categories: 

• summary documents intended primarily for the non-technical lay 
reader 

• summary documents intended primarily for the general technical 
reader 

• detailed topical documents intended primarily for the technical 
peer review {e.g., refereed technical journals) 

• letter reports to transfer information between HEDR tasks or 
related projects or to provide information to the TSP or its 
subcommittees. 

The intention is to provide information for readers with all levels of 
interest. 

PROJECT DIRECTION 

The HEDR Project is directed by an independent 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. The work described here was 
conducted by Battelle staff at the Pacific Northwest laboratory. The U.S. 

Department of Energy funded Phase I of the project, but provided no technical 
direction, oversight, or review. Beginning in FY 1992, Battelle will 
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continue dose reconstruction activities under contract to the Centers for 

Disease Control, which will fund HEDR and TSP work. The TSP will continue to 

provide technical direction for the project. 

RESPONSES TO TSP COMMENTS 

Appendix Dis a record of TSP comments and Battelle's responses to 

those comments; the TSP has reviewed and approved Battelle's responses. The 

comment numbers appear in this document in the left margin next to the para­

graphs in which the corresponding comments are addressed. Any text that has 

been changed is shown in italics. In addition to changes to address TSP com­

ments, some text has been changed for correction of errors and for further 

clarification. 

QUALITY ASSURANCE 

The work described in this report was conducted in accordance with the 

requirements of ANSI/ASME NQA-1 1986 Edition, Quality Assurance Program 

Requirements for Nuclear Facilities, as interpreted by the PNL Quality 

Assurance {QA) program. 
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ABSTRACT 

Phase I of the air-pathway portion of the Hanford Environmental Dose 

Reconstruction (HEDR) Project 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: 

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

• Calculated vegetation concentrations of iodine-131 agree well with 
previously published measurements. 

• The highest of the Phase 1 preliminary dose estimates to the thy­
roid are consistent with independent, previously published esti­
mates of doses to maximally exposed individuals. 

• Relatively crude, previously published measurements of thyroid bur­
dens for Hanford workers are in the range of average burdens that 
the HEDR model estimated for similar "reference individuals" for 
the period !944-1947. 

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 pop­
ulation) 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). Extremes of the esti­

mated range are a low of essentially zero to upwind adults and a high of 

almost 3000 rem to downwind infants. 

About 0.004% of the Phase I population was estimated to have received 
thyroid doses exceeding a previously published estimate {Washington State 
Office of Radiation Protection 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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SUMMARY 

This is one of three draft reports that summarize Phase I of a multi­

year historical radiation dose assessment effort titled the Hanford Environ­
mental Dose Reconstruction (HEDR) Project. Preliminary dose estimates were 
calculated to demonstrate the feasibility of reconstructing doses. 

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 1944 and ·Apri l 
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). 

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 
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FIGURE 1. Hanford Site and Key Operating Facilities, 1944-1947 
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researchers discover the possibility of milk as an important pathway for 
radioactive iodine (Parker 1956; Comar et al. 1957; Glasscock 1954). Con­
sequently, 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. 

PHASE I SCOPE 

Phase I of the air pathway portion of HEDR, a pilot or demonstration 
phase, was purposely limited to geographic coverage of 10 counties nearest 
Hanford (Figure 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. 

In future work, sensitivity analyses will be used to identify key param­
eters and the effects of model structure on dose estimates. Scientists will 
refine parameters, modify models, expand areas, extend time periods, and 
ensure that all key emissions of radioactive materials from Hanford will 
have been addressed. 

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

model consists of distributions for most of the parameters, rather than po i nt 
estimates, an approach that results in distributions of dose estimates . 
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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 pub­
lished 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 
Pha~e I by modifying an existing version of the MESO! code (Ramsdell, Athey, 
and Glantz 1983). The HEOR-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 gener­
ates 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 precip­
itation (washout was not considered in Phase I). The code also simulates 
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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. 
Therefore, using the 1983-1987 meteorological data in Phase I does not inval­
idate the results of the calculations or prevent 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 
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) as revised by Pinder, Ciravolo, and Bowling (1988). It 
generally results in a higher value of interception than the older constant­
fraction characterization. 
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Concentrations in Foods 

The concentration 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. 

Because the aquatic pathway was not included for the 1944-1947 per­
iod, fish were not considered. Phase I assumed that all vegetables and 
·fruits were produced locally. Most of the Phase I effort was focused on 
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reconstructing 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 por­
tions 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 particu­
lar 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 potential 
distributions of environmental parameters such as air concentration, vegeta­
tion concentration, or milk concentration can be saved and examined for each 
period . This approach results in the loss of some correlation information, 
but the losses do not detectably alter the dose distributions . This issue 
will be examined further in future work. 

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 sen­
sitivity analyses to be conducted in future work. Finally, the data and 
modeling approach produced credible, although clearly preliminary, dose dis­
tributions. These objectives were attained by demonstrating that 

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

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

• the range of preliminary dose estimates encloses independent esti­
mates of doses to maximally exposed individuals, and 

• 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." 
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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 popul ation in the 
Phase I study area was likely to have received more than 15 rad to the thy­
roid (0.15 Gy) for the period January 1945 through December 1947 from the 
milk pathway. The 7 argest thyroid doses estimated for this period exceed 

2,900 rad. Distributions of dose estimates for other pathways are shown in 
Figure 5 . 
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Doses from the separate pathways cannot be summed into a total dose. 
The preliminary dose distributions for produce and animal product s other t han 
milk are limited to the assumption that all fresh vegetable s , fruits , and 
grain were grown within each census district. 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. Future 
work 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). 
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Comparison of Dose Estimates with Independent Information 

14 In 1986, the Washington State Department of Social and Health Services 
(DSHS) (Washington State Office of Radiation Protection 1986) issued prelim­
inary dose estimates for infants in Pasco. These preliminary estimates were 
based on previously published 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). 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 maxi­
mally exposed infant in Pasco, 1945-1947. Rem, as used by the DSHS for its 

thyroid dose estimate, is about equivalent to rad as used in this report. 

From the time Hanford operations began, workers in areas likely to 
experience relatively higher air concentrations of iodine-131 had their 
thyroids 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 weighing 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. 
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Approximately 5% of the Phase I study area population, or about 
13,000 people, might have received cumulative doses [Effective Dose Equiv­
alent (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 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 in future project work. 
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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 ~ontributors to uncertainty/variability in dose estimates 
that were listed above, reductions in uncertainty in the atmospheric trans­
port/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. 
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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 (DDE-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 1.1). In 1986, 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 Washington State 
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. 

21 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 1983, 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 time. Several types of guidelines were used (personnel exposure, envi­
ronmental concentrations, emissions). Releases 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 weather conditions that minimized ground-level concentrations in the 
vicinity of the plant. 

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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continued for several years before measurements became reliable . In the 
interim, atmospheric releases were estimated from process information and 
from estimated filter efficiencies (effluent filters were installed beginning 
in 1948) (Ballinger and Hall 1991). 

Meteorological measurements and observations of plume behavior began in 
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). 

Environme~tal 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 
employees 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 (1991). 

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 
Napier (199la). 

2.1 PHASE I AREA, TIME PERIODS, AND RADIONUCLIDES 

The first phase of the HEDR Project, a pilot or demonstration phase, was 
purposely limited in geographic 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 over­
estimated upper and lower values. 

In future work, sensitivity analyses will be used to identify the influ­
ences of key parameters, model structure, and dose estimates. In future 
work, scientists will 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 2.1). 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. 

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 
chemical separation of irradiated fuel during the early years of operation. 
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TABLE 2.1. Applicable HEDR Reports - Air Exposure Pathway 

Topic 

Demography, Food Con­
sumption, Lifestyle 

Title 

Demographic, Agricultural, Food 
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, 1991 

Ikenberry, T, 1991 

Ramsdell , JV, 1991 

Ramsdell, JV, and 
Burk, KW, 1991 

Ramsdell, JV, 1991 

Heeb, CM, 1991 



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, 1991 

Napier, BA, 1991b 

Burger, LL, 1991 

Morgan, LG, 1991 

Beck, DM, 1989 

Summary of Workshop on Milk Beck, DM, 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, 
PNL-SA-17641 HEDR 

Woodruff, RK, 
1989 

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 (1990b}, in a review of dominant 
radionuclides, concluded that atmospheric releases of iodine-131 could have 

2.3 



Adams 

Yakima 

Walla 

Klickitat 

Morrow 

59006024.51 
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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 the 
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Hanford Site (Figure 2.2). 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 time period. 

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 
complete 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 
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FIGURE 2.2. Estimated Releases of Iodine-131 from Separations Plants 
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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 2.3. 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. Animal products com­
plicate 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 pro­
duct may be shipped to processing and accumulation centers and then redistri­
buted. 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, the disadvantage is that correlations are lost and are 

not used in subsequent calculations. The effects of this Joss of correlation 
information on Phase I dose estimates were evaluated (Simpson 1991} by coding 

a reduced version of the Phase I dose model . This reduced code conducts a 
nonmodular Monte Carlo estimation of doses such that correlation information 
is not lost. Simpson (1991) found that Phase I doses from groundshine, eat­
ing fruits and vegetables, and drinking milk tended to be biased high because 
of the loss of correlation, particularly for infants. The largest bias was 
for doses resulting from ingestion of fruits and vegetables. The bias in the 

median dose for this pathway was as high as a factor of 2, which was for 
infants in the upwind Census Track 45. The bias was higher for infants than 
for adults and higher for upwind than for downwind census tracts. Later in 

the HEDR Project, the dose code wi77 be modified to eliminate any bias in 

dose resulting from loss of correlation information. 

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 
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reference individual. For each reference individual , these monthly distribu­
tions 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, t he Off-Site Radiation Exposure Review Pro­
ject (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 1987). For releases 
from the Hanford facilities, it was quickly determined that the county grid 
would be too coarse, because atmospheric concentrations and deposition could 
be shown to vary significantly within individual counties. A simple recti­
linear 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 i n 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 politi­
cal boundaries such as township and range lines, which in much of the poten­
tial 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, 
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although division of large areas into smaller ones also was done). The 
initial divisions selected for study are shown in Figure 2.4. 

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 

FIGURE 2.4. County Census Divisions in HEDR Phase I Study Area 

2.9 



Hanford's history . Census data on locations and numbers of exposed indivi­
duals are available for every decade. Reference dietary data are available 
on a seasonal basis, at best. Furthermore, it seems unreasonable to expect 
most people to remember habits and activities from up to 45 years ago on any­
thing better t han a seasonal or monthly basis. For some periods, data on 
releases from the Hanford Site faci l ities and on monitoring of environmental 
contamination resulti ng 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, the project focused attention 
on releases from the two major sources: the B-Plant and T-Plant chemical­
separations facilities that were used to dissolve the irradiated fuel and 
extract plutonium for use in nuclear weapons (Figure 1.2). Specific process 
operations, emission control s, and waste-management practices were identi­
fied, and estimates of releases were prepared. These estimates were based on 
available emission-monitori ng data and knowledge of probable operating condi­
tions . In the early years of Hanford Site operations, technology did not 
permit monitoring for specific radionuclide emissions. Therefore, for 
Phase I calculations, model ing 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. 
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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 origin 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 MESO! code (Ramsdell, Athey, 
and Glantz 1983). The HEDR-modified version, called MESOILT2 (Ramsdell 
1991), 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 his­
torical 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. The code 
has been fully documented in Ramsdell (1991}. 

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 2.5). 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 
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FIGURE 2.5. Model Domain Selected for Atmospheric Modeling 

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 
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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 2.5 shows these 
locations 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 
and diffusion were recalculated using these data, as can be seen from Fig­
ure 2.6, 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 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 calcu­
lations 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 mete­
orological 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 
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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, later in the HEDR Project, when atmospheric transport is esti­
mated for specific years, it will be necessary to model atmospheric transport 
with a meteorological data set that has limited data near the release points. 
Methods for minimizing the effects of this data limitation 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. 
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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 rad~onuclides 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 
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 later in the project. 

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). Later in the project, 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 
Napier (1990a). 

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 
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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 , 
fruits, and grains for direct consumption, and pasture, silage, hay, and 
grain 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 no t 
yet published, indicate that this formulation tends to underpredict the con­
centrations on the grass but to overpredict the transfer from grass to mi l k, 
so that the final answer is in the right range. The observation of under­
prediction of deposition/interception is observed by Pinder et al. (1989) . 

The current Hanford model (Napier et al. 1988) uses a variable inter­
ception 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 pre ­
viously 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 i s a 
steady-state concept, but it is approximately correct for the month-long 
accumulation periods used in the remainder of the model. 
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Weathering of deposited material from vegetation surfaces was estimated 
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 1ower 
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 vege­
tation concentrations resulting from Hanford releases. These data were cor­
rected to account for past errors in estimating iodine-131 concentrations on 
vegetation, (Woodruff 1989). 

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

calculated results (Section 3.2). 

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. 
Other potential intakes include drinking water and breathing. Four basic 
types of feed (pasture, silage, hay, and grain) were considered. In Phase I, 

the only animal product considered was milk from cows. 

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 combines 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 
includes pasture, hay, grain, and silage. The feed may be stored for a 
period 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 
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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 2.7 (adapted from Ward and Whicker 1987). Because there is 
considerable uncertainty in the reconstruction of these feeding patterns from 
over 40 years ago, associated uncert ainties are addressed by using high and 
low estimates in addition to the central estimate. These are incorporated in 
the model through a triangular distribution of each fraction. 

The amount of contaminant transferred from the feed to the animal prod­
uct depends on the time of year and on the age, health, and state of lac­
tation of the producing animal. The transfer of radionuclides to products 
also varies naturally for individual animals . These variabilities are 
addressed through the use of a distribution of transfer factors. A matrix of 
radionuclide- and product-dependent transfer factors from the literature has 
been established, with the distributions incorporated through associated high 
and low values (see Napier 199)}. 
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Food Product Distribution. Food products such as milk may be consumed 
directly by members of the producing farm family, 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 accumul ation-fraction arrays, defining the 
fraction of the product at each distribution center that originated in the 
HEDR county subdivision by month. These, too, have associated estimates of 
high and low values to account for uncertainty in the reconstruction of the 
actual distribution patterns for the times of interest (Becket al. 1990). 

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 2.8). 
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 grocery 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). Associat ed uncertainty arrays were 
also prepared to provide triangular distributions of the probability of the 
distribution fraction. 

2.3.2 .5 Biological and Demographic 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 radionucl ides 
in various organs , and information on the impacts on the various organs of 
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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. 

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 a 1 . 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 gen­
eral 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 information available from 

the preJjmjnary djetary survey for the area. 
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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 HEOR 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 (Callaway 1990). Fresh fruits were also important, depending on the 
quantities consumed. Other farm products such as grains or meats were of 
lesser 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 

• mi 1 k. 

11 These estimates were based on national food consumption surveys con-

ducted in 1977. The estimates were adjusted to account for differences 

between consumption patterns in 1971 and in the late 1940s. 

38 Because the aquatic pathway was not included for the 1944-1947 period, 
drinking water and 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. 
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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 2.3 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 repetitive calculations are minimized; informa­
tion on the potential distributions of environmental parameters such as air, 
vegetation, or milk concentrations can be saved and examined for each period. 

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
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. Th~ 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 to historical regulatory standards. Potential sources of 
uncertainty in the results are also discussed. 

The thyroid dose curves shown in this section are labeled 11Percent of 
Study Population Whose Doses Exceed Values on Dose Axis." This label is not 
strictly correct. The dose curves actually show the average fraction (mean 

percent) of the study population that received a dose greater than the dose 
on the dose axis, where the average is taken over uncertain parameters. The 
curve represents only the average, or mean, values of the population/dose 

relationship. All values could be represented by a band that would show the 
uncertainties of the values. 

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 1991). 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. 

Additional details about factors that affected source term estimates 
are found in Burger (1991). 
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TABLE 3. 1. Es t i mated Monthly Iodine-131 Rel eases 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 Apri 1 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 April 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. Shaded area brackets 
lower (50%} and upper (85%} release fractions. 

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 specifi~ loca­
tions 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 
calculated (modeled) and measured values agree relatively well (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. Future efforts will focus on resolution of the detection-level 

problem observed in 1947 and in finalizing the assumptions used in 
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FIGURE 3.5. Calculated and Measured Concentrations of Iodine-131 on 
Sagebrush at Pasco, 1945-1947 

"correcting" the very early vegetation monitoring data. Agreements between 
cumulative modeled and cumulative measured values for a period when the 
measured values are most reliable indicate remarkably good agreement (Fig­

ure 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. Details concerning the dairy industry during the Phase I period 
are available in Becket al. (1990). 
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FIGURE 3.6. Comparison of Concentrations (median values) of Iodine-131 
on Sagebrush Estimated by HEDR and Measured 

3.4 MILK CONCENTRATIONS 

6,7 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 do 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 later in the project. Differences in milk concentrations as influ ­
enced by dairy cow feeding practices range widely. The highest concentra­
tions of iodine-131 in milk can be expected immediately downwind in areas 
where dairy cows were on pasture. Lowest concentrations occurred upwind and 
in milk from dairy cows not on pasture during the grazing season. 
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3.5 POPULATION DISTRIBUTIONS 

The relative size 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. 

Preliminary Phase I doses estimated for the period 1945, 1946, and 1947 
and summed over 1945-1947 from the consumption of milk contaminated with 
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FIGURE 3.8. Changes in the Population of the Richland Area 
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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 being greater than any 
selected dose value, the percent or estimated number of individuals whose 
doses range between any two values, and the median dose. Distributions for 
each county census division, age group, milk source, and dairy cow feeding 
regime considered during Phase I can be found in Appendix C. 

One approach to enabling individuals who lived 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 answering questions with either 
yes or no, individuals can narrow uncertainties about their relative doses to 
one of 13 categories. The ranges and medians for each of the categories are 
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" 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. 

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 the 
Phase I growing season were grown within that census division. The distri­
bution 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. 
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1947 (see Figure 3.11 for estimated dose ranges). 

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 fn 
the following order of pathways: milk from local cows on pasture, local 
vegetables, inhalation, and immersion and ground shine (external exposure). 

Doses from the separate pathways cannot be summed into a total dose. 
The preliminary dose distributions for produce and animal products other than 
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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 radia­
tion doses for people in both the lowest and highest 5% of 
each category are not included, because the numbers are much 
less accurate.) 

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. 
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Nevertheless, 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. Future work 
will address the need to develop an agricultural production/distribution 
model similar to the milk model used in Phase I. 

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 sen­
sitivity analyses to be conducted in future work . Finally, the data and 
modeling approach produced plausible, although clearly preliminary , dose 
distributions. These objectives were attained by demonstrating 
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• that, as shown in Section 3.1, the source-term estimates agreed well 
with previously published monthly estimates 

~ • that calculated vegetation concentrations agree well with previ-
ously published measurements in several locations, as shown in 
Section 3.2 

• that the range of preliminary dose estimates includes independent 
estimates 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 HEOR Project model for similar "reference 
individuals," as also presented below. 
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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 pre­
liminary 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 . 
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FIGURE 3.16. HEDR Estimates of the Distribution of Doses to Individuals in 
the Surrounding Population Compared with the Washington State 
Estimate for a Maximally Exposed Infant (Pasco infant, 
1945-1947) 
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The 95th percentiles of estimated doses to infants in county census 
division FR4 who drank milk from cows on local pasture (Appendix D) exceed 
the DSHS cumulative estimate for a Pasco infant from 1945-1947 (2,530 rem). 
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 iodine-131 had their 
thyroids checked with a portable radiation 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 
1944-1946 were examined. More than one-third of the measurements did not 
register above background radiation, because of a combination of relatively 
high background levels, relatively insensitive instrumentation, and, presum­
ably, 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 con­
taminated 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 estimates 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 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 
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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 Protec­
tion 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 1% of the Phase I population, or 

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

3.21 



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 i n 1944-1947. Hanford Site officials adopted guidelines 
recommended by t he medical profession for exposure of medical employees and 
reduced the allowabl e exposures for Hanford employees to half of those guide­
lines (Wilson 1987). Exposures to iodine- 131 were based on amounts that 
could be inhaled duri ng a 24-hour period. The guideline translates roughly 
to about 1 rad to the thyroid per day. (There was also a guideline for vege­
tation in efforts to protect sheep and cattle that might graze on contami­
nated forage.) The guideline was not based on doses that might result to 
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offsite populations from drinking contaminated milk because that pathway was 
not recognized as being the critical pathway until the mid-1950s (Comar 

et al. 1957; Parker 1956). 

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 IAEA (1989). The extent of these uncer­

tainties and their contributions to the uncertainties in dose estimates will 
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 1 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-I31 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 uncontaminated 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 
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• 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.) 

49 • the inclusion and exclusion of certain parameters in the model 
structure and analytical problems inherent in the model structure 
itself 

• 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·l31 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 

• the pooling of contaminated milk from different locations 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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APPENDIX A 

PHASE I HEDR PUBLICATIONS 

The documents in Table A.l provided the basis for this report and many 
are cited in this report. These documents are available through the DOE-RL 
Public Reading Room in Richland, Washington. 
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TABLE A.l. Phase I Supporting Documents 

Titl 

Hanford Environmental Dose Reconstruc­
tion Project Monthly Report 

Author 

HA Haerer 

Work Plan for the Hanford Environmental HA Haerer 
Dose Reconstruction Project 

Proposed Approach for Developing Infor­
mation on Population, Food Consumption 
and Lifestyles of Native Americans in 
the HEDR Study Area 

Summary Report of HEDR Workshop on Sen­
sitivity and Uncertainty Analysis 

Demographic, Agricultural, Food Con­
sumption, and Lifestyle Research for 
the Hanford Environmental Dose Recon­
struction Project 

RE Rhoads, 
CL Bruneau 

B Sagar, 
AM Liebetrau 

DM Beck, et al. 

Response to TSP Directive 88-4, Ground- MD Freshly 
Water Contamination Data 

A History of Major Hanford Operations MY Ballinger, 
Involving Radioactive Material RA Hall 

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

Feasibility of Using 129I Concentra- WD McCormack 
tions in Human Tissue lo Estimate 
Radiation Dose From 13 I 

Hanford Environmental Dose Reconstruc- CL Bruneau 
tion (brochure) 

Radionuclide Sources and Radioactive CM Heeb 
Decay Figures Pertinent to the HEDR 
Project 

Uncertainties in Source Term Calcula- CM Heeb 
tions Generated by the ORIGEN2 Computer 
Code for Hanford Production Reactors 

A.Z 

Publication 
Number 

PNL-6450 HEDR 

PNL-6696 HEDR 
REV 1 

PNL-6803 HEDR 

PNL-SA-16804 
HEDR 

PNL-6834 HEDR 

PNL-6847 HEDR 

PNL-6964 HEDR 

PNL-6975 HEDR 

PNL-6889 HEDR 

PNWD-1323 HEDR 

PNL-7177 HEDR 

PNL-7213 HEDR 



TABLE A.1. (contd) 

Title 

Atmospheric Transport and Dispersion 
Modeling for the Hanford Environmental 
Dose Reconstruction Project 

Preliminary Summaries for Vegetation, 
River and Drinking Water and Fish 
Radionuclide Concentration Data 

Atmospheric Transport Modeling and 
Input Data for Phase I of the Hanford 
Environmental Dose Reconstruction 
Project 

Fission-Product Iodine During Early 
Hanford-Site Operations: Its Produc­
tion and Behavior During Fuel Process­
ing, Off-Gas Treatment, and Release to 
the Atmosphere 

THe Hanford Environmental Dose Recon­
struction Project: Background 
Information (flier) 

Summary of Literature Review of Risk 
Communication 

Milk Cow Feed Intake and Milk Produc­
tion and Distribution Estimates for 
Phase 1 

Estimations of Traditional Native Amer­
ican Diets in the Columbia Plateau 

Author 

JV Ramsdell 

RK Woodruff 

JV Ramsdell , 
KW Burk 

LL Burger 

SJ Byram 

SJ Byram 

DM Beck 

ES Hunn, 
CL Bruneau 

Estimates of Columbia River Radionu- WH Walters, 
elide Concentrations: Data for Phase I MC Richmond 
Dose Calculations 

Evaluation of Thyroid Radioactivity TA Ikenberry 
Measurement Data From Hanford Workers, 
1944-1946 

1-131 in Irradiated Fuel at Time of 
Processing From December 1944 Through 
December 1947 

Population Estimates for Phase I 

A.J 

LG Morgan 

DM Beck 

Publication 
Number 

PNL-7198 HEDR 

PNL-SA-17641 
HEDR 

PNL-7199 HEDR 

PNL-7210 HEDR 

PNL-SA-17658 
HEDR 

PNL-7226 HEDR 

PNL-7227 HEDR 

PNL-SA-17296 

PNL-7248 HEDR 

PNL-7254 HEDR 

PNL-7253 HEDR 

PNL -7263 HEDR 



TABLE A.l. (contd) 

Title 

Estimates of Food Consumption 

Soil Ingestion by Dairy Cattle 

Computation Model Design Specificatlon 
for Phase I of the Hanford Environ­
mental Dose Reconstruction Project 

Selection of Dominant Radionuclides 
for Phase I of the HEDR Project 

A Preliminary Examination of Audience­
Related Communications Issues: Hanford 
Environmental Dose Reconstruction 
Project 

MESOILT2, A Lagrangian Trajectory 
Climatological Dispersion Model 

Summary Report 

Air Pathway Report 

Columbia River Pathway Report 

A.4 

Author 

M Ca 11 away 

RF Darwin 

BA Napier 

BA Napier 

CW Holmes 

JV Ramsdell 

HEDR Staff 

HEDR Staff 

HEOR Staff 

Publication 
Number 

PNL-7260 HEOR 

PNL-SA-17918 HEOR 

PNL-7274 HEDR 

PNL-7231 HEOR 

PNL-7321 HEOR 

PNL-7340 HEDR 

PNL-7410 HEDR Rev. 1 

PNL-7412 HEOR Rev. 1 

PNL-7411 HEDR Rev. 1 
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APPENDIX B 

TABULATION OF BIOMASS AND INTERCEPTION FRACTION 

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

I Leafy Vegetables 

2 Other Vegetables 

3 Grain 

Meat: Grain 

Poultry & Eggs: Grain 

4 Fruit 

5 Meat: Forage/Hay 

Milk: Hay 

6 Mil k: Fresh Forage 

7 Milk: Ens i 1 age 

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 .01 .01 . o I . 0 I . 0 I 

Interception Fraction 
Plant I Month r 

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

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

2 .165 .593 .)63 .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 C 

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 2.2. 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 labelled "External" 

include contributions from air submersion and from material deposited on the 
ground. The doses labelled 11 Inhalation" are from breathing the contaminated 
air at the given location for the whole year. Doses from consumption of 
cow's milk are presented for a number of possible situations, including milk 
from four potential feeding regimes for family ("backyard 11

) cows and two for 
commercial sources. The feeding regimes, which are defined in the main 
report, are the following: 

Feeding Regime 1 (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. 

Commercial milk consisted of two sources, rural and urban. Milk 
collected by various creameries was redistributed to grocery stores, thus 
making commercially available milk at any one location a potential blend from 

c .1 



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. 
assumed to be more 

Infants range 

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 -----------------------------------

Year 

l945 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

Dose Patbway 

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 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

1947 Fruit and Vegetables* 

1945-1947 External 
1945-1947 Inhalation 

1945-1947 
1945-1947 
:945-1947 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

1945-1947 Fruit and Vegetables• 

Infant Dose Percentiles 
5th 50th 95th 

0.000 
0.009 

0.020 
0.001 
0.000 

0.315 

o.ooo 
0.002 

0.002 
0.000 
0.000 

0.045 

0.000 
0.001 

0.001 
0.000 
0.000 

0.008 

0.001 
0.018 

0.053 
0.006 
0.000 

0.602 

:J.001 
0.035 

0.183 
0.019 
0.000 

1. 515 

o.ooo 
0.007 

0.024 
0.005 
0.000 

0.220 

0.000 
0.002 

0.006 
0.001 
0.000 

0.041 

0.002 
0.050 

0.270 
0.048 
0.000 

1. 989 

0. 013 
0.193 

l. 924 
0.584 
0.000 

9. 747 

0.001 
0.034 

0.249 
0.082 
0.000 

1.172 

c.ooo 
0.009 

0.065 
0.035 
0.000 

0.246 

0.015 
0.221 

2. 635 
0. 721 
0.000 

11.065 

Adul~ Dose Percentiles 
5th 50th 95:.1'. 

0.001 
0.000 
0.000 

0.248 

0.000 
0.002 

0.000 
0.000 
o.oco 

0.035 

0.000 
o.oo: 

0.000 
0.000 
0.000 

0.007 

0.001 
0. 014 

0.003 
0.000 
0.000 

0.451 

0.001 
0.027 

0.815 
0.002 
0.000 

l. 092 

0.000 
0.005 

0.002 
0.000 
0.000 

o.:s: 

Q.OOO 
0.002 

o.co: 
o.coo 
0.000 

0.031 

0.002 
0.038 

0.022 
0.004 
o.oco 

1. 480 

~. J08 
J.:-:"3 

0.169 
0.051 
0.000 

6.379 

0.001 
0.027 

0.019 
:J.CG6 
~ ~~~ 

~-~~~ 

.J~9 

J.';OC 
J.C:C6 

:::.:06 
J.J04 
G.-JOO 

~.Jll 
0.197 

0.2~8 
:J.855 
8. JOO 

6 .816 

r Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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~--------------------------------- Adams County Census Division 02 -----------------------------------

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

1945 External 0,000 0.001 0,004 0.000 0. 001 J. 004 
1945 Inhalation 0.012 0,044 0.230 0.010 0.:::35 0 .1"70 

1945 Milk. from BYCow Regime 3 0. 029 0.227 1. 693 0,002 0. JIB 0.139 
1945 Milk. from BYCow Regime 4 0,001 0.029 0,802 0.000 0.003 0.045 
1945 Commercial Milk. (Rural) 0.000 0.000 0,000 0.000 0. 000 0.000 

1945 Fruit and Vegetables• 0.445 1.865 10.162 0. 327 l. 282 6.979 

1946 External 0.000 o.ooo 0.001 0.000 0,000 0.001 
1946 Inhalation 0,003 0.009 0.052 0.002 0.007 O.:l39 

1946 Milk from BYCow Regime 3 0.003 0.033 0.287 0.000 0.002 o.nJ 
:946 Milk from BYCow Regime 4 0,000 0.004 0.132 0.000 0.000 ).006 
1946 Commercial Milk. (Rural) 0.000 0.000 0. 000 0.000 0.000 0.000 

1946 Fruit and Vegetables• 0.061 0.258 1. 576 0.045 0.193 l. 351 

1947 External 0.000 0.000 8.000 0.000 c.ooo J. ·JCC 
1'}47 -Inhalation 0,001 0.003 0.026 0.001 0.002 o.ns 

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 o. 029 0.000 0.000 0.002 
1947 Commercial Milk (Rural) 0.000 0.000 0.000 Q.OOO 8.C00 0.000 

1947 Fruit 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 8. 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 0.058 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 Fruit and Vegetables• 0. 786 2. 520 11.398 0.570 l. 741 7.837 

* Dose !"rom the fruit and vegetables pathway assumes that 100% of diet comes !'rom local sources 
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---------------------------------- Adams County Census Division 03 -----------------------------------

Infant Dose Percentiles Adult Jose Percentiles 
Year Dose Pathway S<h 50th 95th 5th 50th 35tl". 

:945 External 8.001 0.802 0.007 0.001 0.002 ~.~07 

~945 Inhalati.on ~.016 0.055 0.263 0.0:4 0,045 :.~35 

1945 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 0.044 0. 773 0,000 0,003 0.045 
1945 Commercial Milk (Rural) 0.000 o.ooo 0.000 0.000 0.000 0.000 

1945 Fruit and. Vegetables* 0.503 2.143 12.455 0,361 1. 617 8.816 

1946 External 0.000 o.ooo 0.007 0.000 0.000 0.005 
1946 Inhalation 0.004 0.013 0.153 0.003 0.010 0.127 

11146 Milk from BYCow Regime 3 0.003 0. 030 0.252 0.000 0.003 8. 828 
1946 Milk from BYCow Regime 4 0.000 0.006 0. 071 0.000 o.oco ~ ~·. 

"·"~~ 
1946 Commercial Milk (Rural) 0.000 o.ooo 0.000 0.000 o.cco 0. 000 

1946 Fruit and Vegetables* 0.068 0.278 1. 747 0.051 0.215 1. 092 

1947 External 0.000 o.ooo 0. 003 0.000 0,000 O.JOJ 
1947 Inhalation 0.001 0.004 0.077 0. 001 0.003 O.J64 

1947 Milk from BYCow Regime 3 0.001 0.006 0.105 0.000 0.001 8.8~0 
1947 Milk from BYCow Regime 4 0.000 0.002 0.050 0.000 0. ooc 0. 002 
1947 Commercial Milk (Rural) 0.000 o.ooo 0.000 0.000 o.ooc J.OOO 

1947 Fruit and. Vegetables* 0.012 0.053 0.263 0.009 0.042 0.265 

1945-1947 External 0.001 0.003 0.020 0. 001 0.003 0. ::s 
1945-1947 Inhalation 0.033 0.089 0. 571 0.027 o.n3 8.454 

1945-1947 Milk from BYCow Regime 3 0.071 0.399 3.214 0.006 o. 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 o.ooo 0.000 0,000 0,000 0.000 

1945-1947 Fruit and Vegetables* 0.860 2. 753 12. 956 0.658 2.091 :C.JSS 

• Dose from the fruit and vegetables pathway assumes that 100% of diet. cernes from local sources 
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------------------------------- Adams County Census Division 04 -----------------------------------

Year 

:945 
:945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
l947 

1947 
1947 
1947 

Dose Pathway 

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 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
commercial Milk (Rural) 

1947 Fruit and Vegetables* 

1945-1947 External 
1945-1947 Inhalation 

1945-1947 
1945-1947 
1945-1947 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
commercial Milk (Rural) 

1945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

0.001 
0.024 

0.045 
0.004 
0.000 

0.795 

0.000 
0,005 

0.005 
0.000 
0.000 

0.097 

0.000 
0.001 

0.001 
0.000 
0.000 

0.019 

0.002 
0.047 

0.112 
0.012 
0.000 

1. 318 

0.002 
8. 076 

0. 437 
0.068 
0.000 

3.199 

0.001 
0.017 

0.048 
0. 011 
0.000 

0. 453 

0.000 
0.005 

0.015 
0.004 
0.000 

0.080 

0.003 
0.117 

0.618 
0.125 
0.000 

4.083 

0.006 
0.279 

4.126 
1.216 
0.000 

15.669 

0. 003 
0,105 

0.455 
0.262 
0.000 

2. 430 

0.001 
0.058 

0.156 
0.128 
0.000 

0.426 

0.009 
0.435 

4. 711 
1. 510 
0.000 

16.465 

Adult Dose Percentiles 
5th 50th 95t~ 

J.JCl 
O.J2l 

0.003 
o.ooo 
0.000 

0. 576 

0.000 
0.005 

0.000 
o.ooo 
0.000 

0.080 

0.000 
0.001 

0,000 
0,000 
0.000 

0.016 

0.002 
0.038 

0. 008 
0. 001 
0.000 

0.976 

0.002 
0. J59 

0,030 
0.005 
0.000 

2.106 

0.000 
0.813 

0.004 
0,001 
0.000 

0.319 

0.000 
0.004 

0.001 
0.000 
0.000 

8.865 

0.003 
0. 090 

0.041 
0.008 
0.000 

2. 791 

o . .:c6 

G. 286 
0.:82 
0. GOO 

10.009 

0,002 
0.079 

0.034 
0.012 
o.coo 

:. 852 

2.239 

J.w~~ 
0. ·006 
·J. JOO 

0.280 

0.809 
0. 36~ 

0.289 
0.129 
0,000 

11. 932 

• Jose from the fruit and vegetables pathway assumes that 100% of diet comes from :oca: sources 
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---------------------------------- Adams County Census Division OS -----------------------------------

Infant Dose Percentiles Adult Jose Percentiles 
Year Dose Pathway 5th 50th 95th Sth 50th gs-:r. 

~945 External 0.001 0.002 0.008 0.001 0.002 0 ~~~ 
• ~vI 

1945 Inhalation 0.022 0. 077 0. 361 0.019 J. 060 ~. 249 

1945 Milk from BYCOW Regime 3 0.055 0.435 4.135 0. 803 0. 029 8. 263 
1945 Milk from BYCow Regime 4 0.003 0.087 1. 319 o.ooo 0.006 0.087 
1945 Commercial Milk {Rural) 0.000 0.000 o.ooo o.ooo 0.000 0.000 

1945 Fruit and Vegetables* 0.847 3.271 16.307 0.605 2. 345 11.214 

1946 External o.ooo 0,000 0.003 o.ooo 0.000 0.002 
1946 Inhalation 0.005 0.016 0. 069 0.004 0.013 8. 060 

1946 Milk. from BYCow Regime 3 0.006 0.061 0.541 0.001 0.004 J.044 
~946 Milk from BYCoW Regime 4 0.000 0.008 0.277 0.000 0,001 0. Oll 
1946 Commercial Milk. (Rural) 0.000 0.000 o.ooo o.ooo 0.000 0.000 

1946 Fruit and Vegetables* 0.122 0. 483 2.340 0.089 0.344 1. 743 

1947 External 0. :wo 0.000 0.000 o.ooo 0. oco J.JOl 
1947 Inhalation 0.001 0. 005 o. no 0.001 0.004 J.Jl6 

1947 Milk from BYCow Regime 3 0.002 0.014 0.171 o.ooo 0.001 0.010 
1947 Milk from BYCow Regime 4 0.000 0.003 0.062 o.ooo 0.000 " ,..,..., 

v.~v' 

1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 " """ v,vvv 2. 000 

1947 Fruit and Vegetables* 0.020 0.081 0. 445 0. 017 0.069 0. 378 

!945-1947 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 0.3:3 

1945-1947 Milk from BYCOW Regime J 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 Commercial Milk. (Rural) 0.000 0.000 0,000 0.000 0,000 0.000 

:945-1947 Fruit and Vegetables* 1. 467 4.386 17.541 1.096 3.147 :2.623 

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

C.l 



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

'tear 

1945 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

Dose Pathway 

~xternal 

Inhalat~on 

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 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
commercial Milk (Rural) 

:947 fruit and Vegetables* 

1945-1947 External 
1945-1947 Inhalation 

1945-1947 
1945-1947 
1945-1947 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
commercial Milk (Rural) 

1945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

~.001 

~. 019 

0.046 
0.003 
0.000 

0.682 

0.000 
0.004 

o. 006 
0.000 
0.000 

0.089 

0.000 
0.001 

0. 001 
0.000 
0.000 

0.016 

0.001 
0.038 

0.098 
0. 013 
0.000 

1.140 

0.002 
0.065 

0.378 
0.067 
o.ooo 

2. 492 

0.000 
0,014 

0.043 
0,009 
o.ooo 

0.349 

0.000 
0. 004 

0.010 
0.003 
0.000 

0.069 

0.003 
0.106 

0. 498 
0.114 
0.000 

3.237 

0.008 
0. 909 

2. 715 
1. 414 
0.000 

10.393 

0.006 
0.380 

0.363 
0.079 
0.000 

1. 709 

0.001 
0.039 

0.105 
0.061 
o.ooo 

0. 315 

0.020 
1. 669 

3.113 
1. 386 
0.000 

11.544 

Adult Jose Percentiles 
5th 50th 95t~ 

0.001 
0.017 

0.003 
0. 000 
0.000 

0.481 

0.000 
0.004 

0.000 
0.000 
0.000 

0.067 

~.800 
.J.8o: 

0.000 
0.000 
0.000 

0.014 

0.001 
0.029 

0.007 
0. 001 
0.000 

0.801 

0.002 
~.:sJ 

0.024 
0.004 
0.000 

1. 839 

0.000 
0. 011 

0.803 
0.001 
0. 000 

0. 268 

0.000 
0.003 

0.001 
G.OOO 
o.coo 

8.056 

0.003 
0.079 

:J.Cl37 
0.008 
D. OCO 

2. 351 

" '"'"­"·~"' 
~. 485 

0.259 
o . .:.zc 
o.coc 

9. 242 

0. 006 
o.:76 

0.023 
0.014 
0.000 

228 

Q,Jll 
a. ooJ 
0.000 

0.255 

0.022 
:. 239 

0.208 
0.140 
0.000 

9, 728 

* Dose from the fruit and vegetables pathway assumes that lOOt of diet comes from local sources 

c.s 



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

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95:!". 

1945 External 0.001 0.002 0.006 0.001 0.801 8.806 
~945 Inhalation 0. 017 0. 057 0. 301 0. 014 0.045 0. 2:0 

1945 Milk from BYCOW Regime 3 0.042 0.363 2. 967 O.J03 0.034 8.295 
1945 Milk from BYCow Regime 4 0.001 0.056 1. 093 o.ooo 0.004 ~ .113 
1945 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945 Fruit and Vegetables* 0. 568 2.284 11.073 0. 474 1. 752 a.a2a 

1946 External 0,000 0.000 0.002 0.000 0.000 0.803 
H46 Inhalation 0.004 0.013 0.087 0.003 0.009 ::; . 077 

1946 Milk from BYCow Regime 3 0.006 0.040 0.369 o.ooo 0.005 J.J30 
1946 Milk from BY<:ow Regime 4 0.000 0.007 0.139 o.ooo 0.001 0. 017 
1946 Commercial Milk {Rural) o.ooo o.ooo 0.000 o.ooo 0.000 0.000 

1946 Fruit and Vegetables* 0.083 0.324 1.671 0.065 0.264 1.300 

1947 External o.ooo 0,000 0.001 o.ooo 0.000 '" ~~-J. ~~-

!947 Inhalation 0,001 0,004 0.045 O.J01 0.003 0.037 

1947 Milk. !rom BYCOW Regime 3 0.001 0.009 0.103 0.000 0,001 8. ~07 
1947 Milk. !rom BYCow Regime 4 0.000 0.002 0.076 0.000 0.800 J. 004 
1947 Commercial Milk. (Rural) 0.000 0.000 0.000 0.000 0.000 J.OOO 

1947 Fruit and Vegetables• 0.014 0.058 0. 311 0.012 0.047 " --~ " . .::.::~ 

1945-1947 External 0.001 0.002 0.010 0.001 0.002 0. Oll 
1945-1947 Inhalation 0.033 0.086 0.479 0.028 0.070 0. 4 50 

1945-1947 Milk !rom BYCOW Regime 3 0.108 0.495 3.408 0.008 0. 046 0.328 
1945-1947 Milk from BYCow Regime 4 0.010 0.101 l. 259 0.001 0.007 0.107 
1945-1947 Commercial Milk (Rural) 0.000 o.ooo 0.000 o.ooo 0.000 0.000 

1945-1947 Fruit and Vegetables* 1.019 2.933 11.638 0. 773 2.312 9,886 

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

C.9 



---------------------------------- Adams County Census Division 08 -----------------------------------

Infant Dose Percentiles Adult Dose Percent!.les 
Year Dose Pathway Seh 50th 95th "h SOt~ 95t:: 

1945 External 0.001 0.002 0.009 0.001 0.002 ~ -~'-'. 

1945 I:1halation 0. J26 0.080 0.334 0.021 0. 062 2.222 

1945 Milk from BYCow Regime 3 0.051 0.531 4. 599 0.004 0.042 0. 36C 
1945 Milk from BYCow Regime 4 0.002 0. 065 1.280 0.000 0.004 0 .124 
1945 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945 Fruit and Vegetables• 0.877 3.521 16.646 0. 694 2.618 12.736 

1946 External o.ooo 0.001 0.002 0.000 0.001 0.002 
1946 Inhalation 0.006 0. 017 0.079 0.005 0. Ol3 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 o.::cc 

1946 Fruit and Vegetables* 0.130 o. 509 2. 412 0.096 0.379 :. SJC 

1947 External 0.000 0.000 0.001 0.000 0.000 0.20~ 
1947 Inhalation 0.002 0.005 0.024 0.001 0.004 :J.J:7 

1947 Milk from BYCow Regime 3 0.002 0.014 0.118 0.000 0.001 0. 014 
1947 Milk !rom BYCow Regime 4 0.000 0.004 0.039 0.000 o.ooo 0. 011 
1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 c.ooo 0.000 

1947 Fruit and Vegetables• 0.023 0. 091 0.430 0.019 0 .C72 -J. 323 

!945-1947 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 from BYCow Regime 3 0.121 0.686 5.993 0.012 0.056 0.374 
1945-1947 Milk from BYCow Regime 4 0.016 0.145 1. 761 0.002 0.012 0. :60 
1945-1947 Commercial Milk (Rural) 0.000 0.000 o.ooo 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 from local sources 

c .10 



---------------------------------- Adams County Census Division 09 -----------------------------------

Year 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

1947 

l945-1947 
1945-1947 

1945-1947 
1945-1947 
:945-1947 

Dose Pathway 

External 
Inhalat.!.on 

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 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Comzr~en::ial Milk (Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural l 

1945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

J.002 
0.046 

0.106 
0.003 
0.000 

1. 691 

0.000 
0. 011 

0.014 
0,001 
0.000 

a .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 

l. 357 
0.273 
0.000 

8.182 

~. 013 
0. 627 

8.098 
3.143 
0.000 

28.201 

0.002 
0.124 

1.200 
0.391 
0.000 

4.349 

0.001 
0.034 

0.193 
0.220 
0.000 

0. 798 

0.014 
D. 715 

8.473 
2. 629 
0.000 

30.641 

Adul: Jose Percentiles 
5th 50th 95:!'. 

0.002 
G. J41 

0.007 
o.ooo 
0.000 

1.263 

0.000 
0. 009 

0.001 
0.000 
0.000 

0.171 

0.000 
0.002 

0.000 
0.000 
O.JOO 

0.034 

0.003 
0. 072 

0.019 
0.002 
0.000 

2.078 

0.004 
::. ::s 

0.069 
0.012 
0.000 

4.993 

0.001 
0.025 

J.009 
O.JD1 
0.000 

0.653 

o.aoo 
0.007 

~.J02 
0.001 
0.000 

8.:33 

0.806 
c. :Go 

0.104 
0.020 
~. JOC 

6.234 

0.589 
0.188 
0.800 

26.944 

0.002 
:l.878 

:J.086 
J.025 

2.8.,9 

~.225 

J.024 
0. J19 

J. 734 

0.0:4 
8. 462 

0. 683 

J. :co 

28.223 

• Dose t=om the fruit and vegetables pathway assumes that 100% of diet comes from local sou=ces 

c .11 



---------------------------------- Adams County Census Division 10 -----------------------------------

Infant Dose Percentiles Adult Dose ?ercent.!..:..es 
Year Dose Pathway SCh 50th 95th SCh SOt~ 95~r. 

:945 External 0,003 J.007 0.031 0,003 0.007 0.833 
:945 Inhalation 0. 076 0.246 l. 420 0.066 0.201 ~. 992 

1945 Milk. from BYCow Regime 3 0 .14.7 1. 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 16.166 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.:71 

1946 Milk from BYCow Regime 3 0,019 0.158 2. 457 0.001 0.013 c. :26 
1946 Milk from BYCow Regime 4 0.001 0.027 0.554 0.000 0.002 ~. ~39 

1946 Commercial Milk \Rural) 0.060 0.365 3.131 0.004 0.025 ~. 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 0,800 0.001 8. 802 
1947 Inhalation 0.005 0.016 0.073 0. ~04 0.012 J. 049 

1947 Milk from BYCow Regime 3 0,004 0.037 0. 347 0.000 0.003 J. 037 
1947 Milk from BYCow Regime 4 0.000 0.012 0.225 0.000 0.001 J.817 
1947 Commercial Milk {Rural) 0,016 0.151 2. 024 0.001 0. 011 J. :22 

1947 Fruit and Vegetables* 0. 061 0.252 1.249 0.052 0.203 0.988 

!945-1947 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 0.150 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 13.406 51.376 3.314 9. 742 42.054 

* Dose from the fruit and vegetables pa~hway assumes that 100% of diet comes from local sources 

c. 12 



--------------------------------- Benton County census Division 01 -----------------------------------

Infant Dose Percentiles Adul~ :lose Percen-tiles 
Year Oose Pathway 5th 50th 95th 5th 50th 95th 

l945 External 0.008 0.020 0. 061 0.008 0.020 :.J64 
1945 Inhalat!.on 0.176 0.575 2.879 O.l53 0.483 2. J62 

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 l. 019 8.109 63.145 
1945 Milk from BYCow Regime 3 0.242 2.566 29.954 0.031 0.224 l. 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 0.005 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 l. 053 6.400 
1946 Milk from BYCOW Regime 2 2.186 13.127 77. 639 0.147 1.017 8.203 
1946 Milk from BYCow Regime 3 0.042 0.346 3.264 0.005 0.038 J. 321 
1946 Milk from BYCOW Regime 4 0.007 0.077 2.490 0.001 J,OlO J,085 
1946 Commercial Milk (Rural) 3. 492 14,095 56.267 0.264 1.179 5. 984 

1946 Fruit and Vegetables• 0.844 3. 809 20.784 0.651 2. 333 . ' ·~, 
• .L.) '~ 

1947 External 0.001 0.001 0.004 0.001 0.002 8.005 
1947 Inhalation 0. 013 0,042 0.203 0. 011 0.034 J.l56 

1947 Milk from BYCOW Regime 1 0.612 3. 769 23.360 0.045 0,335 1. 358 
1947 Milk from BYCow Regime 2 0.731 3. 928 22.779 0. 042 0.248 l. 768 
1947 Milk from BYCOW Regime 3 0.015 0.122 1. 686 0.002 0. 011 c. :~9 
1947 Milk from BYCow Ragime 4 0,001 0. 021 0.462 o.ooo 0.003 0. 031 
1947 Commercial Milk (Rural) 0. 922 3. 717 18.114 0.078 0.360 :.083 

1947 Fruit and vegetables* 0.155 0. 615 3.186 0.125 0.460 2.524 

1945-1947 External 0. 014 0.028 0,075 0.014 0.028 0.070 
1945-1947 Inhalation 0.353 0.874 3.248 0.302 0. 690 2.373 

1945-1947 Milk from BYCow Regime 1 34.298 129.080 686.048 2.593 9.864 66.659 
1945-1947 Milk from BYCOW Regime 2 30.082 120.983 582.833 2. 385 11.045 65.364 
1945-1947 Milk from BYCow Regime 3 0.809 4,085 33,200 0.080 0,308 l. 722 
:945-1947 Milk from BYCow Regime 4 0.125 0. 922 8.570 0.026 0.121 1.156 
1945-1947 Commercial Milk (Rural) 39.607 134.590 408.022 2. 915 9, 836 32. 936 

1945-1947 Fruit and vegetables• 10. 938 34.556 130.957 7. 714 21. 680 88.812 

~ Dose fJ:"om the fJ:"Uit and vegetables pathway assumes that 100% ot diet comes fJ:"om local sources 

C.l3 



--------------------------------- Benton County Census Divis~on OJ -----------------------------------

Infant Dose Percem:::iles Adult Dose Percentiles 
Year Jose Pathway St~ 50th 95th 5th SOt!". 95t.1 

1945 External 0 .013 0 .031 0.~88 0. 014 0.030 0.082 
!945 Inhalation 0.339 0.961 3.633 8. 281 0. 757 2.56: 

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 from BYCow Regime 3 0. 324 3. 675 44.586 0.047 0.402 3.942 
1945 Milk from BYCow Regime ' 0.040 0. 620 18.188 0.012 0.106 l. 421 
1945 Commercial 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 o.ooa 0.017 
1946 Inhalation 0.089 0.243 0. 878 0. 078 0.191 J.620 

1946 Milk from BYCow Regime 1 4.235 22.610 138.124 0.382 1. 824 9. 589 
1946 Milk from B'i'Cow Regime 2 3. 328 23.280 153.316 0. 265 2.077 ~2.161 
1946 Milk from BYCow Regime 3 0.082 0. 655 5. 892 0.009 :1.060 0. 656 
1946 Milk from BYCow Regime ' 0.008 0.128 1.898 0.002 0.017 o. :a1 
1946 Commercial Milk (Rural) 5.360 23.079 77.478 0.508 2. :n a. 772 
1946 Commercial Milk (Urban) 7.517 30.543 113.219 0.354 1. 636 i.347 

1946 Fruit and Vegetables• 1. 374 5. 448 24.817 1. 006 3.565 :5.:6: 

1947 External 0.001 0.002 0.006 0. 001 0.002 0.007 
1947 Inhalation 0.024 0.073 0. 311 0.021 0.058 0.230 

1947 Milk from BYCow Regime 1 !.164 6.961 36.487 0.109 0.541 3.063 
1947 Milk from BYCow Regime 2 1. 243 5.800 29.880 0.102 0.527 3.020 
1947 Milk from BYCow Regime 3 0.023 0.203 2. 071 0.002 0 .0!4 0.115 
1947 Milk from BYCow Regime 4 0.002 0.034 0.463 0.000 0.004 0.056 
1947 commerc:ia1 Milk (Rural) 1.110 3. 757 14.305 0.088 0.357 1.293 
1947 Commercial Milk (Urban) 1. 246 4.932 19.199 0. 071 0.284 1.232 

!947 Fruit and Vegetables• 0.240 0.910 4.248 0.181 0. 683 3.664 

1945-1947 External 0.023 0.043 0.101 0.023 0.043 0.095 
1945-1947 Inhalation 0.651 1.447 4.343 :J.516 l. 096 3. 090 

1945-1947 Milk from BYCow Regime 1 61.070 209.050 762.789 4.315 16.782 14.443 
1945-1947 Milk. from BYCow Regime 2 51.399 198.004 871.563 4. 667 :7.986 71.910 
1945-1947 Milk from BYCow Regime 3 1. 203 6.602 46.031 0.123 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) 58. 645 205.878 671.565 4. 948 :6.378 49.524 
1945-1947 commercial Milk (Orban) 93.894 258.026 951.247 4.416 !4.354 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 assumes that 100% of diet comes from local sources 

c .14 



------------------------------- Benton County Census Division 04 -----------------------------------

1945 
1945 

1945 
1945 
1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 
1947 
1947 

1947 

:945-1947 
:945-1947 

~945-1947 
1945-1947 
1945-1947 
1945-1947 
1945-1947 

1945-1947 

Dose Pathway 

i':xternal 
Inhalacion 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk {Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk {Rural) 

Fruit and Vegetables• 

External 
Inhalation 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

0.010 
0.235 

23.622 
15,793 

0.295 
0.052 

40.113 

7.388 

0,003 
0.063 

2.901 
2.589 
0.071 
0.006 
5.448 

1. 029 

0.001 
0.018 

1.217 
0.975 
0.020 
0.002 
1. 584 

0.182 

0.017 
0.446 

47.261 
39.700 
1. 023 
0.157 

72.826 

12.677 

0.022 
0. 689 

118.840 
107.019 

3. 346 
0.644 

163.258 

28.204 

0.005 
0.171 

18.733 
18.615 
0.481 
0.073 

23.795 

4.185 

0.002 
0.052 

5.960 
5.149 
0.167 
0.027 
7.632 

0. 751 

0.031 
0.992 

160.407 
155.017 

5.012 
1.257 

206.692 

36.859 

0.064 
2.475 

674.846 
879.343 

32.937 
10.428 

789.131 

156.356 

0.013 
0. 554 

113.505 
110.582 

3.869 
1. 933 

102.257 

21.420 

0.004 
0.199 

30.861 
31.163 
1.382 
0.572 

26.798 

3. 571 

0.073 
2.852 

744.781 
818.839 

41.012 
13.523 

763.043 

158.245 

Adult Dose Percenciles 
5th 50th 9St:: 

o.no 
0.203 

1.655 
1.165 
0.043 
0.010 
2. 696 

5, 504 

0.003 
0. 055 

0. 301 
0. 213 
0.006 
0.002 
0.455 

0. 734 

0.001 
0.014 

0. 060 
0.065 
0,002 
0.001 
0.131 

0.141 

0. 017 
0. 372 

3.113 
3.079 
0.100 
0. 031 
5. 689 

9. 029 

0.02: 
0. 530 

10.404 
8.039 
0. 323 
0.093 

12. 644 

19.778 

0.005 
0,134 

1. 558 
1.248 
0. 038 
0. 015 
2.139 

2. 705 

0.002 
O.C-40 

0. 38: 
0.433 
0. 016 
0.004 
0. 522 

0.525 

0. 029 
0. 762 

12.769 
11.781 
0.458 
0.139 

17.402 

25.381 

O.C6~ 

l. 788 

75.012 
44.703 
2.690 
0. 697 

42,393 

32.052 

o.n2 
8.425 

9. ~12 
9. 376 
0.342 
0 .134 
'.712 

~2.630 

0. OC4 
o.:s: 

2. 563 
2. 606 
J .187 
0.030 
2.178 

2.3C6 

J.J73 
2.054 

67. 653 
52.725 
2. 65: 
0.949 

50. 394 

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 ::lose ~ercentiles 
Year Dose ~athway 5th 50th 95t~ St~ SC:.h 95t~ 

1945 External 0.002 0.008 0.069 0.002 O.:J08 :::. ~73 
1945 Inhalation 0.049 0.219 2. 764 0.039 0.160 2.~29 

1945 Milk from BYCow Regime 1 4.453 34.044 216.915 0. 431 2. 622 2l.662 
1945 Milk from BYCow Reg!~ 2 4. 425 30.925 252.496 0.426 2. 764 :8.609 
1945 Milk from BYCow Regime 3 0.107 0. 962 12.458 0.010 0. 091 0. 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 :J.o:5 
1946 Inhalation 0.012 0.049 0. 453 0.010 0.039 0. 335 

1946 Milk from BYCow Regime 1 0. 622 4.330 37.128 0. 072 :J.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. ·Jl3 0.095 
1946 Milk from BYCow Regime 4 0.002 0. 043 0.637 0. 000 0. ·005 0.086 
1946 Commercial Milk (Rural) 0.617 3.812 27.947 :J.042 0.28C :.a:J 

1946 Fruit and Vegetables• 0.298 l. 277 6. 736 0.239 0. 946 4.49~ 

1947 External 0.000 0.001 0.004 0.000 0.001 (). 004 
1947 Inhalation 0.003 0.014 0.138 0.003 0.8:2 0.123 

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 ~ .,, . 

~. '·~ 

1947 Milk from BYCow Regime 3 0.004 0.049 0.672 0.000 0.004 0. 038 
1947 Milk from BYCow Regime 4 0.000 0.007 0.191 0. 000 0.001 o.ns 
1947 Conunercial Milk (Rural) 0.170 l. 048 5. 913 0.012 0.080 0. 609 

1947 Fruit and Vegetables* 0 .056 0. 249 1. 442 0.043 0.164 l. OT'. 

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 ''om BYCow Reg!~ 1 11.337 48.974 261.390 a. 902 3.565 26.247 
1945-1947 Milk from BYCow Regime 2 11.019 45.306 312.118 0. 841 3.528 17.465 
1945-1947 Milk from BYCow Regime 3 0.252 1.425 11.867 0.029 :}.129 1. 053 
1945-1947 Milk from BYCow Regime 4 0.062 0. 551 6.049 0.009 0 .055 0. 541 
1945-1947 Commercial Milk !Rural) 8.1169 35.999 177.2110 0.669 2.1146 11.309 

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 

c .16 



--------------------------------- Benton County census Division 06 -----------------------------------

Infant Dose Percentiles Adu:..~ Jose ?ercentiles 
'tear Dose Pathway SCh 50th 95th 5th 50th J5:r. 

1945 Extemal 8.001 0.004 0.027 0.001 0.004 ~. Jl9 
:945 Inhalation 0.024 0.102 0. 871 o.o2c 0.079 :::.age 

1945 Milk from BYCow Regime 1 3.233 21.456 144.883 0.170 1.413 8.5l6 
1945 Milk from BYCOW Regime 2 3, 009 20. 621 137.078 0.213 1. 575 ::.451 
1945 Milk from BYCOW Regime 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 1. 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 0,000 0.001 0.005 o.ooo 0.001 0.005 
1946 Inhalation 0.005 0.023 0. 357 0.005 O.OHl 0.261 

1946 Milk from BYCow Regime 1 0,546 3.460 28.656 0.037 0.248 :.7~9 

1946 Milk from BYCow Regime 2 0.374 2.635 29,077 0.028 0.208 ~.827 

1946 Milk from BYCOW Regime 3 0.009 0,097 0. 774 0.001 G.J09 0 .lOS 
1946 Milk from BYCow Regime 4 0.001 0.024 0.455 o.ooo 0.003 O.J4: 
1946 Commercial Milk (Rural) o. 543 3.680 21.787 0.041 0.281 2.:::es 
1946 Commercial Milk {Urbani 0.888 3.811 20.539 0.051 0.232 :.:"'3 

1946 Fruit and Vegetables* 0.169 0.828 5.241 0.:34 o.5B 2.09 

1947 External 0.000 0,000 0.002 0.000 J. JOQ J . .J02 
1947 Inhalation 0.002 0.007 0.088 0.001 0.006 .J.047 

1947 Milk from BYCow Reqi~ 1 0.137 0.870 7.242 0.009 0.058 0.383 
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. J28 
1947 Milk from BYCOW Regime 4 0.000 0.005 0.125 o.ooo 0.00! O.J06 
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. 860 0.293 

1947 Fruit and Vegetables* 0.029 0.136 0. 754 0.027 0.104 0.595 

1945-1947 External 0.002 0.006 0.037 0.002 0.006 0. 025 
1945-1947 Inhalation 0.052 0.171 l. 627 0.043 0.135 :. 408 

1945-1947 Milk from BYCow Regime 1 6.392 33.246 154.022 0.506 2.020 10.071 
1945-1947 Milk from BYCow Regime 2 7.149 29.403 143.653 0.492 2.386 11.891 
1945-1947 Milk from BYCow Regime 3 0.172 0.842 5. 923 0.019 0.084 0.552 
1945-1947 Milk from BYCOW Regime 4 0.037 0.296 3.138 0.007 0.043 0. 428 
1945-1947 Commercial Milk {Rural) 8.888 36.856 203.842 0. 629 2. 711 17.:)17 
1945-1947 Commercial Milk {Urban) 13.704 44.302 214. 933 0. 707 2.573 9.925 

~945-1947 Fruit and vegetables• 2.246 7. 419 36.907 l. 628 4. 888 19.913 

• Dose from the fruit and vegetables pathway assumes that 100% of diet comes from Local sources 
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--------------------------------- Benton County Census Division 07 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway SOh 50th 95th 5th 50th 9~!::.:: 

1945 External 0.023 0. 050 0.140 0.023 0.050 0.130 
:945 Inhalation 0. 586 l. 746 6. 506 0.485 :-350 4. 606 

1945 Milk from BYCow Regime 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.:53 123.607 
1945 Milk from BYCow Regime 3 0.471 6.062 43.702 o. 047 0- 481 6.309 
1945 Milk from BYCow Regime 4 0.046 1. 375 29.080 0.005 0.110 2.216 
1945 Commercial Milk {Rural) 3. 091 18.571 144.203 0.244 l. 449 12.883 
1945 Commercial Milk <Orban) 4.234 25.530 214.052 0.221 1. 327 9.877 

1945 Fruit and Vegetables* 16.345 66.668 271. 969 12.191 44.116 189.410 

1946 External 0.006 0.013 0.029 0.006 0.013 O.OJC 
1946 Inhalation 0.149 0 .407 1.472 0 .123 0.320 o. ~n: 

1946 Milk !rom BYCow Regime 1 9.572 45.894 249.715 0. 641 3. 646 22.~79 

1946 Milk from BYCow Regi~ 2 7.522 40,327 258.398 0.477 3.211 16.929 
1946 Milk from BYCow Regime 3 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 0.0:4 0.25:. 
1946 Commercial Milk !Rural) 0.378 2.675 20.518 0.040 0.224 ~. 44 5 
1946 Commercial Milk (Urban) 0.467 3.116 23.933 0.030 0.~88 l. 269 

1946 Fruit and Vegetables• 2.297 9.249 45.558 1.846 6. 722 29.2:4 

1947 External 0.002 0.004 0. 011 0.002 O.C04 0. JlJ 
1947 Inhalation 0.041 0.128 0. 501 0. 033 0.095 0- 357 

1947 Milk from BYCow Regime 1 2.232 12.110 53.403 0.152 J.BC9 4-73: 
1947 Milk from BYCow Regime 2 2.161 11.258 83.979 0.187 0.917 5. 787 
1947 Milk !rom BYCow Regime 3 0.034 0.336 2.830 0.002 0.028 J.44C 
1947 Milk from BYCow Regime 4 0.002 0.037 1.432 0. 000 0.004 J.087 
1947 COI!tll\ercial Milk (Rural) 0.094 0. 623 3.999 0.010 0.061 0. 333 
1947 Commercial Milk !Urban) 0.162 0. 952 6.634 0.006 0.044 0- 308 

1947 Fruit and Vegetables* 0. 401 1. 535 6.524 0.309 ~.:66 6.257 

1945-1947 External 0.039 0. 071 0.162 0.040 0.072 J .160 
1345-1947 Inhalation 1.100 2.446 7.196 J. 925 l. 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 !rom BYCow Reqime 2 102.946 394.415 1736.697 8.035 27.229 118.270 
1945-1947 Milk !rom BYCow Regime 3 1. 700 9.381 53.725 0.147 0.890 6. 395 
1945-1947 Milk from BYCow Regime 4 0.235 2.093 29.064 0.020 0.:65 2. 711 
1945-1947 Commercial Milk (Rural) 6.661 27.837 153.569 0.489 1. 933 11.035 
1945-1947 commercial Milk (Urban) 8.832 34.978 207.718 0.505 l. 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 veqetables pathway assumes that lOOt of diet comes from local sources 

C.lS 



--------------------------------- Benton County Census Division 08 -----------------------------------

Infant ~ose Percentiles Adult Dose Percentiles 
Year Dose Pathway SCh 50th 95th SOh 50th 95':!1. 

1945 External 0.002 0,008 0.056 0.002 0.807 o.:s: 
1945 Inhalation 0.041 0.199 2.349 0,036 0.:55 . ..,~., 

L • '~~ 

1945 Milk from BYCow Regime 1 4.953 29.450 267.620 0.359 2.494 24.562 
1945 Milk from BYCow Regime 2 3. 500 35,725 247.072 0. 302 2.145 17. 678 
1945 Milk from BYCow Regime 3 0.086 0. 821 7. 350 0.018 0.105 1.150 
1945 Milk from BYCow Regime 4 0.021 0.204 2.508 0.005 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 l. 353 6.007 42.032 

1946 External 0.001 0,002 0.039 0.001 0.002 0.04C 
1946 Inhalation 0.010 0.052 0,881 0.008 0. 041 J.35J 

1946 Milk from BYCow Regime 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 8.101 
1946 Milk from BYCow Regime 4 0.002 0.023 0.330 0.001 0.006 C.J4i 
1946 Commercial Milk (Rural) 3. 498 15.798 sa. 670 0.281 l. 261 5.352 

1946 Fruit and Vegetables• 0.239 1.201 8.921 0.202 0. 848 6.34: 

1947 External 0.000 0.001 0.009 0.000 0. 801 Q.009 
1947 Inhalation 0.003 0. 014 0.345 0.002 o.:n: 8.260 

1947 Milk from BYCow Regime 1 0,205 1. 416 14.924 0.015 0.103 8. 687 
1947 Milk from BYCow Regime 2 0.222 1.613 11.422 0.016 0.101 ~. 757 
1947 Milk from BYCow Regime 3 0.005 0.043 0.435 0.001 0.005 c. 841 
1947 Milk from BYCow Regime 4 0,001 0.008 0.216 0.000 0.002 c.na 
1947 commercial Milk (Rural) l. 010 3.964 14.307 0.098 0. 386 :.456 

1947 Fruit and Vegetables• 0.047 0.235 1. 614 0. 037 0.158 0.840 

1945-1947 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 Regi!OO 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 3. 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 3.484 0.015 0. 068 0. 488 
:945-1947 Commercial Milk (Rural) 47.322 151.999 448.543 3. 411 :2.017 38. 380 

1945-1947 Fruit and Vegetables• 3.378 11.838 70.449 2. 372 7.859 41.952 

~ :Jose from the fruit and vegetables pathway assumes that 100\ of diet comes Er-om local sources 

C.l9 



~~~~~---------------------------- Benton County Census Division 09 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'fear Dose Pathway 5th 50th 95th 5th SOt!": )St:: 

:945 External 0.011 0. 026 0.074 0. 011 8. 827 J. J78 
1945 Inhalation 0.250 0. 767 3.051 0.216 0.6~3 2.J65 

1945 Mille from BYCow Regime 1 23.050 135.586 764.920 1. 783 10.459 66.468 
1945 Milk from BYCow Regime 2 16.875 117.308 897.344 1.669 1:. 040 64.134 
1945 Milk from BYCow Regime J 0.388 3. 769 44.207 0. 040 0. 311 4. 799 
1945 Mille from BYCOW Regime 4 0.032 0.475 8.816 0.009 0. 096 1. 597 
1945 Commercial Milk (Rural) 24.314 105.245 353.268 1. 835 8,421 27. 601 

1945 Fruit and Vegetables* 8.176 31.164 145.561 6.064 20.958 108.301 

1946 External 0.003 0.007 0.018 0.003 0.007 ~ ~· ~ 

~·"·' 
1946 Inhalation 0.070 0.206 0.769 0.057 0.156 0. 57~ 

1946 Milk from BYcow Regime 1 3,398 19.124 86.741 0.249 1. 538 :0.852 
1946 Milk from BYCow Regime 2 2. 509 15.652 91.264 0.228 1.222 6, 401 
1946 Milk from BYCOw Regime J 0. 069 0.587 3.633 0.009 0. :J6C 0. 389 
1946 Milk from BYCow Regime 4 0.004 0.072 1. 637 0.001 0.008 0. :4~ 
1946 Commercial Mille (Rural) 3.390 l3. 980 65.364 0. 296 1.164 5.:26 

1946 Fruit and Vegetables* 1. 054 4.318 24.687 o. 779 2. 868 :J. 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 8.224 

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 0. 013 o.::4 
1947 Milk from BYCow Regime 4 0.002 0.021 0. 393 0.000 0. 003 Cl.025 
1947 Commercial Milk (Rural) 0.976 3. 779 16.494 0.082 0. 31: : .27: 

1947 Fruit and Vegetables* 0.195 0. 791 4.182 0.153 :).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 '..77.231 799.446 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 J 1. 047 5.575 46.314 0.102 0. 504 5.658 
1945-1947 Milk from BYCow Regime 4 0.125 0.932 10.642 0.024 0.133 l. 780 
1945-1947 COIMIEircial 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 ~:3.728 

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

C.20 



-------------------------------- Franklin County Census Division 01 ----------------------------------

Infant Dose Percentiles Adult Dose tlercen::.:..!..es 
'!ear Dose Pathway 5th 50th 95th 5th 50th 95:!": 

1945 External 0.007 0.017 0.865 0.007 0. Gl8 "J ~~~ . -. 
1345 :nhalation 0.173 0.609 2. 690 0.153 0.469 2.168 

1945 Milk from BYCow Regime 1 23.853 128.773 839.428 l. 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 0. 610 15.987 0.010 0.081 l. 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 g5. 810 

1'>46 External 0.002 0.004 0.012 0.002 0.004 0. 013 
1'>46 Inhalation 0.040 0.131 0.546 0.034 0.105 J.432 

1946 Milk from BYCow Regime 1 2. 883 19.866 113.619 0.216 l. 305 9.891 
1946 Milk from BYCow Regime 2 3.019 15.965 105.023 0.256 l. 628 ~~.J64 

1946 Milk from BYCow Regime 3 0.097 0. 811 8. 992 0.006 0.050 J. 627 
1946 Milk from BYCow Regime 4 0.006 0.107 2.885 0.001 0.014 8. :3G 
1946 Commercial Milk (Rural) 4. 946 19.389 79.231 0.388 2.000 7. ;46 

1946 Fruit and Vegetables• 0.843 3.727 18. 550 0.632 2. 720 :4.891 

1947 External 0.000 0.001 0.004 0.000 0.001 0.004 
1947 Inhalation 0.011 0. 036 0.149 0.009 0.030 0. ~36 

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 J.463 3. J55 
1947 Milk from BYCow Regime 3 0.014 0.156 l. 626 0.002 J. nc J .198 
1947 Milk from BYCow Regime 4 0.001 0.024 0.687 0.000 J.J04 J.J43 
1947 Commercial Milk (Rural) 0.986 3.878 16.794 J.077 J. 3C6 :. 428 

1947 Fruit and Vegetables• 0.146 0.587 3.065 0 .119 C.5l3 3.:23 

1945-1947 External 0.012 0.024 0.068 0.012 0.025 :.88: 
1945-1947 Inhalation 0.337 0.848 2. 922 0.280 0. 677 2. 463 

1945-1947 Milk from BYCow Regime 1 46.362 165.192 876.968 2.856 12.948 64.661 
1945-1947 Milk from BYCow Regime 2 45.290 199.758 :273.091 3.503 13.817 75.442 
:945-1947 Milk from BYCow Regime 3 1. 084 5. 792 30. 559 0.1:6 0.563 4. 347 
:945-1947 Milk from BYCow Regime 4 0.146 1. 310 20.443 0.027 0.134 1. 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 lJl. 622 

• Dose from the fruit and vegetables pathway assumes that 100% Of diet comes from .:.oca.i sou::ces 

c. 21 



-------------------------------- PranKlin County Census Division 02 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th SOt~ 9:,:_~. 

1945 External 0.004 0.010 0,040 0.004 o.nc 0. J35 
~945 Inhalation 0.093 0.325 l. 590 J.G8l 0. 263 :. ~28 

1945 Milk from BYCow Regime 3 0.197 2.026 21.237 O.OH 0.222 3. 468 
1945 Milk from BYCow Regime 4 0.018 0.298 4. 923 0.006 0.056 l,G57 
1945 Commercial Milk (Rural) 9.906 45.510 184.056 0.880 4.115 2l. 481 

1945 Pruit and Vegetables• 3. 754 16.422 78.970 2. 926 12.080 67.357 

1946 External 0.001 0.002 0.007 0.001 0.002 0.008 
1946 Inhalation 0.020 0.066 0.324 0.018 0. 055 :::.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 J.J89 
1946 corranercial Milk (Rural) 1. 626 6.928 28.314 0.133 0,545 2. 256 

1946 Pruit and Vegetables• 0.531 2.415 13.332 0. 440 1. 685 8. ~43 

1947 External o.ooo 0.001 0.002 0.000 0. JOl 0 -~~-' 
1947 Inhalation 0.005 o. 020 0.101 0.005 0.015 J . J68 

1947 Milk from BYCow Regime 3 0.012 0.116 1.313 0.001 0. 008 :),099 
1947 Milk from BYCow Regime 4 0.001 0.015 0. 409 0.000 0.002 ~. ·JJO 
1947 commercial Milk (Rural I 0. 483 1.827 7,229 0.041 0.:78 J. 568 

1947 Pruit and Vegetables• 0.098 0. 444 2. 761 0.077 0.349 2. ~72 

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 !rom BYCow Regime 3 0.573 3.382 25.509 0.061 0.352 J. 991 
1945-1947 Milk !rom BYCow Regime 4 0.066 o. 573 5.979 0,016 0.083 1. 232 
1945-1947 Commercial Milk (Rural) 20.056 61.141 196.976 1. 760 5.:29 21.7:2 

:945-1947 Fruit and Vegetables• 6.605 21.450 84 .197 4. 863 16.009 79.858 

• Jose from the fruit and vegetables pathway assumes that lOO% of diet comes from local sources 
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-------------------------------- Franklin County Census Division 03 ----------------------------------

Infant: Dose Percentiles Adult Dose Pen:en-::~les 
Year Dose Pathway 5Ch 50th 95th 5th 50th 95-::h 

1945 External 0.015 0.032 8.088 0.015 0.833 0.89C 
1945 :nhalation o. 374 l. 881 4. 230 0.]01 0.8:3 2.3]8 

1945 Milk from BYCow Regime 1 39.156 182.593 1217.709 2. 423 13. 672 62.261 
1945 Milk from BYCow Regime 2 27.879 157.105 1124.925 2.338 14.088 76.111 
1945 Milk from BYCow Reqime 3 0.393 4.255 54.666 0.040 0.393 4. 310 
1945 Milk from BYCow Reqime 4 0,025 0.814 23.656 0,002 0. 056 0.950 
1945 Commercial Milk (!Jrban) 56.500 212.253 730.926 2. 478 10.254 48.438 

1945 Fruit and Vegetables• 12.165 46.837 224.091 8,484 30.558 126.382 

1946 External 0.004 0.008 0.020 0.004 O.DOB :::.no 
1946 Inhalation 0.098 0.266 1. 034 0.082 0.208 0.584 

1946 Milk from BYCow Regime 1 5,512 34.069 229.638 0.399 2. 422 :6.837 
1946 Milk from BYCow Regime 2 4,618 25.165 154.045 0.381 2.132 l2. 535 
1946 Milk from BYCow Regime 3 0.084 0. 729 6. 330 0.007 0. 060 :J. 503 
1946 Milk from BYCow Regime 4 0.002 0.111 2. 437 0,000 0.008 3 .l73 
1946 commercial Milk !Urban) 7.430 28.855 117.648 0.353 1. 646 g .554 

1946 Fruit and Vegetables* 1. 518 5.990 24.728 1.147 4. 2:7 ~ 3. 557 

1947 External 0.001 0,002 0.006 0.001 0.082 r ~"~ 
~. ~" ,' 

1947 Inhalation 0.026 0.078 0.314 0.021 0.058 2.2:7 

1947 Milk from BYCow Regime 1 l. 674 a. 572 43.299 0.106 0.634 3.855 
1947 Milk from BYCow Regime 2 l. 588 8. 346 38. 561 0.125 0.579 3. 443 
1947 Milk from BYCow Regime 3 0,028 0. 267 3.133 0.003 0.022 0.184 
1947 Milk from BYCow Regime 4 0.002 0.039 0' 988 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 0.837 

1947 Fruit and Vegetables* 0.286 1.151 5.948 0.227 0.871 4.283 

~945-1947 External 0.026 0,045 0.096 0.026 ~.046 0. 098 
1945-1947 Inhalation 0. 727 l. 581 5,212 0. 562 1.148 3.176 

1945-1947 Milk from BYCow Regime 1 77.675 263.617 1277.392 5.805 20.979 67.161 
1945-1947 Milk from BYCow Regime 2 65.547 218.268 1347.190 5, 392 20.4ll 87.808 
1945-1947 Milk from BYCow Regime 3 l. 424 7.440 52.244 0.114 0.588 4 .291 
:945-1947 Milk from BYCow Regime 4 0.153 1. 656 26.942 0.015 0.114 1.2!5 
1945-1947 Commercial Milk (Rural) 0. 672 2.660 11. 335 0.045 0.219 0. 871 
1945-1947 Commercial Milk (!Jrbanl 75.320 269.119 811.781 4. 757 13.320 48.518 

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 l.oca::. sources 

C.23 



-------------------------------- Franklin County Census Division 04 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year ')ose Pathway SOh 50th 95th 5th soc;, 95th 

1945 8xternal 0.017 0 .041 0 .124 ~.017 0.041 :::. :2~ 
1945 Inhalation 0.448 1.443 6.205 0. 345 1. 025 4. :JJ 

1945 Milk from BYCow Regime 1 53.667 374.062 2333.612 4.228 24.537 l58.372 
1945 Milk from SYCow Regime 2 44.880 331.324 2422.336 3. 748 25.599 184.824 
1945 Milk from BY'COW Regi~ 3 1.022 11.393 96.297 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 Cotmnercial 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 45.992 225.994 

1946 External 0.004 0.009 0.022 0.004 0.009 0. 022 
1946 Inhalation 0.092 0.281 1.039 0.080 0.222 0. 773 

1946 Milk from BY'Cow Reqime 1 7.633 47.328 330.601 0.540 3.507 22.859 
1946 Milk from SYcow Regime 2 6.614 42.366 263.523 0. 447 3.494 24.484 
1946 Milk from BYCow Regime 3 0.173 1. 643 12.614 0.014 0.127 1. 403 
1946 Milk from BYCow Regime 4 0.005 0.149 5,372 0. 001 0.017 0. 36l 
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.:40 

1947 External 0.001 0.003 0.008 0.001 0.003 0.807 
1947 Inhalation 0.025 0. 079 0. 364 0.022 0.061 0.236 

1947 Milk from BYCow Reqime 1 2.184 12.616 77.950 0.149 0. 996 6.C78 
1947 Milk from SYCow 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.::2 
1947 Commercial Milk (Rural) 0.599 2.472 10. 913 0.048 0.183 0. 638 

1947 Fruit and Vegetables* 0.380 1. 604 !L495 0.322 1. 291 7. 443 

1945-1947 External 0.029 0,055 0.137 :::.n8 0.054 0 .139 
1945-1947 Inhalation 0.809 1. 967 6.746 0. 628 1.432 4.5CC 

1945-1947 Milk fr= BYCow Regime 1 119.807 537.761 2947.060 8 .591 34.404 185.385 
1945-1947 Milk fr= BYcow Regime 2 124.682 464.733 2746.339 9. 219 34.859 179.974 
1945-1947 Milk fr= BYCow Regime 3 2.834 14. 662 100. 953 0.201 1.126 8. 415 
1945-1947 Milk from BYCow Regime 4 0.239 2 ,542 25 .229 0.036 0.221 :.709 
1945-1947 Commercial Milk (Rural) 21.683 74. sao 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 

C.24 



-------------------------------- Frankl~n County Census Division 05 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year :lose Pathway S<h 50th 95th Sth 50th 95t.". 

1945 External 0.026 0.056 0.144 :1. :12 6 (). 057 :::. :49 
:945 Inhalation 0. 638 1. 943 7.163 0.544 ~. 457 5. :~: 

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 :92.846 
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 l.ll6 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 :.001 

1946 Milk fr~ BYCow Regime 1 10.379 57.979 400,299 0. 764 3.892 24.505 
1946 Milk fr~ BY Cow Regime 2 8, 793 60.526 284.780 0. 756 4. 517 27.974 
1946 Milk fr~ BYCow Regime J 0.199 1. 577 12.136 0.016 0.141 l. 397 
1946 Milk fr~ BY Cow Regime 4 0. 014 0. 307 5.720 0,002 0.021 0. 388 
~946 Commercial Milk (Rural) 2.071 8,570 35.549 0.170 0. 685 2.81: 

1946 Fruit and Vegetables* 3.266 12.867 66.262 2.365 8.706 40.J89 

1947 External 0.002 0.004 0.010 0.002 O.J04 0.::::::: 
1947 Inhalation 0.039 0.118 0,479 0.036 0.090 0.33: 

1947 Milk from BYCow Regime 1 2. 614 16.322 81.725 0.233 1. 431 8. 7~5 
1947 Milk from BYCow Regime 2 2. 852 15.118 72.671 0.185 1.100 a. 371 
1947 Milk from BYCow Regime J 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 l. 51: 6. 796 

1945-1947 External 0,043 0. 077 0.163 :1,043 0.077 Q .l7] 
1945-1947 Inhalation 1.168 2.631 8.287 8. 929 2.023 5. 7C4 

1945-1947 Milk from BYCow Regime 1 124.362 461.842 2038.864 9.956 44.946 229.134 
1945-1947 Milk from BYCow Regime 2 140.578 507.568 1817.477 10.102 38.215 205.35C 
:945-1947 Milk from BYCow Regime J 3.948 16.069 102.952 0.255 1. 322 10.294 
1945-1947 Milk from BYCow Regime 4 0.390 4.067 41.989 0.035 0. 272 3.030 
1945-1947 Commercial Milk ~Rural) 25.755 84.905 245.912 l. 1323 5.381 19.237 

~945-1947 Fruit and Vegetables* 37.188 1113.455 487.382 27.761 73.975 251.070 

• Dose from the fruit and vegetables pathway assumes that lOO'II of diet comes from :ocal sources 
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---------------------------------- Grant County Census Division 01 -----------------------------------

':'ear 

l 't45 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
l't47 

1945-1947 
1945-1947 

1945-1947 
1945-1947 
1945-1947 

Dose Pathway 

External 
inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural J 

Fruit 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 

Milk !rom BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

1945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

0.000 
0.004 

0.006 
o.ooo 
0.000 

0.136 

o.ooo 
0.001 

0.001 
o.ooo 
o.ooo 

0.018 

0.000 
o.ooo 

o.ooo 
o.ooo 
0.000 

0.003 

0.000 
0.009 

0.021 
0.002 
0.001 

0.258 

0.001 
0.018 

0,082 
0.015 
0,005 

0 .697 

0.000 
0.004 

0.010 
0.001 
0.001 

0.102 

0.000 
0.001 

0.004 
0.000 
o.ooo 

0.019 

0.001 
o. 029 

0.122 
0.025 
0.010 

0.996 

0 .011 
0. 432 

0. 760 
0.281 
0.071 

9.384 

0.002 
0.045 

0.200 
0.026 
o.oott 

0. 944 

c.ooo 
0.008 

0.045 
0.012 
0.006 

0.211 

0. 017 
0. 426 

0. 760 
0.359 
0.093 

10.762 

Adult Dose Percentiles 
5th 50th 95~h 

0.000 
J.804 

0.000 
0.000 
0.000 

0.097 

o.ooo 
0.001 

0.000 
0.000 
0.000 

0.014 

a.ooo 
0.000 

0.000 
0.000 
0.000 

0.003 

0.000 
0.008 

0.002 
0.000 
0.000 

G .190 

J. oo: 
0. 015 

0.005 
0. 001 
0.000 

0.491 

0. 000 
0.003 

0.001 
J. GOO 
0.000 

O.C'67 

0.000 

0.000 
0.000 

0. 013 

0.001 
0. J24 

0.009 
O.OC2 
·J. oo:. 

0.687 

0.087 
0.020 
O.G06 

4. 511 

0.002 
0.034 

J. JOB 
0.002 
0.8C'l 

0. 743 

o.:::o• 

J.:07 
·J. 001 
J.JOO 

J. :s: 

0.020 
!J .239 

·J. 085 
0.022 

5.208 

* Dose from the fruit and vegetables ?athway assumes that 100\ of diet comes from local sources 

C.16 



---------------------------------- Grant county census Division 02 -----------------------------------

Infant Dose Percentiles Adult Dose ?ercem:iles 
\'ear Dose Pathway 5th 50th 95th 5th 50th 95::.!'. 

1945 ::xternal 0.000 0.001 0. 011 0.000 0. COl :J.Ol2 
1945 Inhalation 0.004 0. 017 0.275 0.003 :J.:J:4 0.38G 

H45 Milk from B:tCow Regime 3 0.006 0. 072 0. 985 0,000 0.005 :) . 061 
1945 Milk frOI!I B:tCow Regime 4 0.000 0.006 0.132 o.ooo 0.001 0. 018 
1945 Commercial Milk (Rural) 0.001 0.006 0.093 0.000 0.000 0.006 

1945 Fruit and Vegetables• 0.139 0. 715 7.414 0.097 0. 504 6.548 

1946 External 0.000 0.000 0,002 0.000 0.000 0.004 
1946 Inhalation 0.001 0,004 0. 053 0.001 0.003 C.:J33 

1946 Milk frOI!I BYCow Regime 3 0.001 0.009 0.141 0.000 0.001 0.009 
1946 Milk frOI!I BYCow Regime 4 0.000 0.001 0. 017 0.000 0.000 8. 002 
1946 commercial Milk {Rural) 0.000 0,001 0.015 0,000 0.000 0.001 

1946 Fruit and Vegetables• 0.016 0.106 1. 674 0.013 0.071 l. 886 

1947 External 0.000 0.000 0.000 0.000 0,000 O.OCC 
1947 Inhalation 0.000 0.001 0.010 0.000 0. :JO~ 0.006 

1947 Milk frOI!I BYCow Regime 3 0.000 0.002 0.023 0.000 0. 000 .J.OOl 
1947 Milk frOI!I BYCow Regime 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 :J.OOO 

1947 Fruit and Vegetables• 0.003 0.017 0.197 0.003 0. 013 o.:1o 

1945-1947 External 0,000 0,001 0.019 0.000 0. 00! J. 013 
1945-1947 Inhalation 0.009 0.030 0.366 0.007 0. 023 J. J90 

1945-1947 Milk from B:tCow Regime 3 0.019 0.106 1.103 0.001 0,007 0.068 
:945-1947 Milk from BYCow Regime 4 0.001 0.014 0.135 0.000 0. 001 c.n4 
1945-1947 Commercial Milk (Rural) 0.002 0.010 0.095 0.000 0.001 O.OC8 

1945-1947 Fruit and Vegetables* 0.269 1.041 10.869 0 .189 0. 708 8.198 

* Dose from the fruit and vegetables pathway assumes that :oo% of diet comes from local sou:-ces 

C.27 



--------------------------- Grant county Census Division OJ -----------------------------------

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

1945 External 0.000 0.001 0. 810 0.000 a. oo: J. JC9 
1945 Inhalation 0.008 0.030 0.248 0.006 0.022 "' • r~ ~. ~ o~ 

1945 Milk from 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 o.::n: 

1945 Fruit and Vegetables* 0.255 1.294 10.966 0.186 0. 784 5.348 

1946 External 0.000 0.000 0.002 0.000 0,000 0.002 
1946 Inhalation 0.002 0.007 0.047 0.002 0.005 0.040 

1946 Milk from BYCow Regime 3 0.002 0.019 0.162 0.000 0.801 0.010 
1946 Milk from BYCOW Regime 4 o.ooo 0.003 0. 054 0.000 0.000 0.005 
1946 Commercial Milk (Rural) 0.001 0.006 0. 059 o.ooo 0.000 J. 008 

1946 Fruit and Vegetables* 0.034 0.161 1.203 0.026 0,106 0.642 

1947 External 0.000 o.ooo o.ooo 0.000 o. ~cc J.OOl 
1947 Inhalation 0.001 0.002 0.028 0,000 0,002 " "1-v,v.' 

1947 Milk from BYCow Regime 3 0.000 0.004 0.036 0.000 ~.000 0.002 
1947 Milk from Bi'Cow Regime 4 0.000 0.001 0.009 J. 000 o.acc 0.001 
1947 Commercial Milk (Rural) o.ooo 0.003 0.024 0.000 0.000 " ""-u, u~L 

1947 Fruit and Vegetables* 0. 006 0.027 0.144 (}. 005 0.0:9 0. :oo 

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 o. 434 o.ooo 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 

• Dose from the fruit and vegetables pathway assumes that 10011 of diet comes trom local sources 

C.28 



---------------------------------- Grant County Census Division 04 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5Ch 50th 95th 5Ch SOU. 95th 

1945 External 0.801 0,002 0,007 0.001 0.802 0.007 
1945 Inhalation 0.017 0.058 0.333 0,014 0.045 0.224 

1945 Milk from BYCow Regime 3 0.031 0.274 1. 712 0.003 0.027 8.214 
1945 Milk from BYCow Regime 4 0.002 0.041 0.578 0,000 0.006 0. :J86 
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 0.000 0,006 0. 096 0.000 0.001 0.01: 
1946 Commercial Milk (Rural) 0.070 0. 485 3.597 0.008 J. 046 0.324 

1946 Fruit and Vegetables• 0. 077 0.332 1. 770 0.053 0. 219 1.235 

1947 External 0.000 0.000 0.002 0,000 J,OOO O,J02 
1947 Inhalation 0.001 0.004 0.042 8 .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 (Rurall 0.029 0.224 4.637 0.002 0.016 0. 21: 

1947 Fruit and Vegetables* 0.012 0.054 0.275 0.010 0.042 0.247 

1')45-1947 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 Commercial Milk (RuralJ 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 patr.way assumes that 100% of diet cernes from local sources 

C.19 



---------------------------------- Gran~ county Census Division OS -----------------------------------

Infant Dose Percentiles Adul~ Jose ?ercenr.:lles 
'fear Dose Pathway Sch 50th 95th 5th 5Cth 95r.:.'l 

1945 External 0.001 0.002 0.007 0.001 0.002 ~ ~~· 
~.~v' 

1945 Inhalation 0.018 0. 060 0.269 0.014 ~.845 0.2:8 

1945 Milk from B'l'COw Regime 3 0.028 0.260 2.901 0.002 0.019 0.28: 
1945 Milk from B'l'Cow Regime 4 0.002 0.032 0. 721 o.ooo 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 1. 676 8. 952 

1946 External o.ooo 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 J. 036 
1946 Milk from BYCow Regime 4 o.ooo 0.005 0.136 0.000 0.001 0.009 
1946 commercial Milk (Rural) 0. 045 0.306 3.507 o. 003 0.024 0.295 

1946 Fruit and Vegetables• 0.072 0. 325 2.004 0.060 0.256 :. 514 

1947 External 0.000 0.000 0.001 0.000 0.000 
1947 Inhalation a. oo1 0.003 0.028 0.001 c. 003 0. Jl6 

1947 Milk from BYCOW Regime 3 0.001 0. 017 0.137 0.000 0.001 2.2:7 
1947 Milk from BYCow Regime 4 0.000 0.002 0.025 0.000 0.000 c. 004 
1947 commercial Milk (Rural) 0.015 0.122 1.191 0. 001 o.aos 0,892 

1947 Fruit and Vegetables* 0.013 0.053 0.289 0.010 8.~44 J. 276 

1945-1947 External 0.001 0.003 0.016 0.001 ':\.003 a. 012 
1945-1947 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 Mille. from BYCow Regime 4 0.006 0.063 0. 777 0.001 0.009 0. "06 
1945-1947 commercial Milk (Rural) o. 623 2. 340 22.711 0.046 0. 211 :.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 :.ocal sources 

C.30 



---------------------------------- Grant County Census Division 06 -----------------------------------

Infant Dose Percentiles Adult Jose Perce!ltiles 
Year Dose Pathway Seh 50th 95th Soh 50th 95t~ 

:945 External 0.001 0.002 0.032 0.001 0.002 ~.J34 

:945 Inhalation 0.012 0.058 0.848 0,009 0.045 ::.53: 

1945 Milk from B'fCow Regime 3 0.020 0.219 2.075 0.002 0.018 0.22: 
1945 Milk from B'fCow Regime 4 0,001 0.026 0. 984 0.000 0,003 0.064 
1945 Commercial 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 1. 363 a. 568 

1946 External 0.000 0.001 0.010 0.000 0.001 O.OlO 
1946 Inhalation 0.003 0.012 0.264 0.002 0. 010 0.180 

1946 Milk from B'fCow Regime 3 0.003 0. 039 0.445 0.000 O,Q04 0.050 
1946 Milk from B'fCow Regime 4 0.000 0.004 0.152 0,000 0.001 G.n4 
l946 Commercial Milk (Rural) 0.049 0.399 4.597 0.005 0.030 0. 6G9 

1946 Fruit and Vegetables* 0.055 0.293 2.112 0. 042 0. 211 l. 468 

1947 External 0.000 0.000 0.002 0,000 ~ ~,, 

~ • o/Vv 0.002 
1947 Inhalation 0.001 0.004 0. 072 0.001 0. OCJ 0.049 

1947 Milk from B'fCow Regime 3 0.001 0.011 0.117 0.000 0.001 o.o:s 
1947 Milk from B'fCow Regime 4 0.000 0.001 0,023 0,000 0.000 o. 003 
1947 Commercial Milk (Rural) 0.018 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 l. 202 0.022 0.080 0,946 

1945-1947 Milk from B'fCow Regime 3 0.078 0. 388 2.268 0.006 0. 034 0.267 
1945-1947 Milk from BYCow Regime 4 0,006 0.050 1.200 0.001 C.J06 0. 862 
1945-1947 commercial Milk (Rural) 0. 609 3.076 24.058 0.048 0.219 2.007 

:945-1947 Fruit and Vegetables• a. no 2.627 12.572 0. 574 1.953 9.885 

• Dose from the fruit and vegetables pathway ass~.:mes that 100' of diet comes from local sources 

C.Jl 



---------------------------------- Gran~ County Census Division 07 -----------------------------------

Infant Dose Percentiles Adult Dose Pe!:"centiles 
!:ear Dose Pathway 5th 50th 95th Sth 50th S.S:.t'. 

1945 External 0.001 0. 003 0.010 0.001 0. ~03 0.0~0 

:945 Inhalation 0.037 0.119 0. 512 0. 031 0 ,090 " ,,., 
~. _:,,;' 

1945 Milk from BYCow Regime 3 0.064 0.507 3.053 0.005 0.037 0.349 
1945 Milk (rom BYCow Regime 4 o. 003 0. 091 1.653 0.001 0.010 0.:45 
1945 commercial Milk {Rural) 0.383 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 BYCow Regime 3 0.008 0.078 1. 026 0.001 0.006 0.048 
1946 Milk from BYCOw Regime 4 0.000 0. 014 0. 232 0.000 0.002 O.:JJJ 
1946 commercial Milk (Rural) 0.102 0.669 4. 711 0.008 0.055 J. '55 

1946 Fruit and Vegetables• 0.163 0. 613 3.111 0.117 0.455 2.3:: 

1947 External 0.000 0.000 0.001 O.:JOO o.occ o.:o:. 
1947 Inhalation 0.002 0.007 0.032 0.002 0.006 2.825 

1947 Milk from BYcow Regime 3 0.002 0. 018 0.175 0 .000 o.oo: 0,009 
1947 Milk from BYCOW Regime 4 0.000 0.004 0.072 0.000 0.000 0,009 
1947 Commercial Milk (Rural) 0.029 0.199 ).128 0.002 0.016 J.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 0.0~2 
1945-1947 Inhalation 0.069 0.166 0.578 0.058 0.126 0.346 

1945-1947 Milk (rom 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* l. 899 5.887 24. 432 1.335 4.123 14.867 

• ~ose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

C.J2 



---------------------------------- Grant County Census Division 08 -----------------------------------

Infant Dose Percentiles Adult Dose ?ercem:iles 
Year Dose Pathway 5th 50th 95th Sth 50th 95tl': 

1945 External O.:J01 0.002 0.008 0.001 :J. 8C2 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 (Rurall 0.425 2. 958 35.517 0.031 0.322 3.661 

1945 Fruit and Vegetables* 0.636 2.514 12.588 0,465 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 Milk (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 :.455 

1947 External 0.000 0.000 0,002 0.000 0.000 o.ac: 
1947 Inhalation 0.001 0.005 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.~:8 

1947 Fruit and Vegetables* 0,014 0.061 0. 332 0.012 J.J47 8.261 

1945-1947 External 0.001 0,003 0.016 0.001 O.:JC3 O.Ol6 
1945-1947 Inhalation 0.038 0.099 0. 472 0.033 0. :179 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 
1945-1947 Commercial Milk (Rural) 1.160 5,833 36.823 0.105 0. 516 ] . 647 

1945-1947 Fruit and Vegetables* 1.070 3.275 14.151 0. 779 2. 358 :~.693 

* Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sour-ces 

C.33 



---------------------------------- Grant County Census Division 09 -----------------------------------

Year 

1945 
:945 

~945 

1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

1947 

1945-1947 
1945-1947 

~945-1947 

1945-1947 
1945-1947 

Dose Pathway 

External 
Inhalac:..on 

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 Millt (Rural) 

Fruit 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) 

1945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

0.002 
0.045 

0.084 
0. 005 
0.442 

1. 427 

o.ooo 
0. 011 

0. Oll 
0.001 
0.104 

0.179 

0.000 
0.003 

0.003 
o.ooo 
0.033 

0.032 

0.003 
0. 084 

0.216 
0.026 
1. 315 

2.429 

0.004 
0.138 

0. 622 
0.112 
2. 675 

6.006 

0.001 
0.031 

0.105 
0.018 
0. 720 

o. 764 

0.000 
0.010 

0.026 
o.oo8 
0.216 

0.145 

0.006 
0.194 

0.944 
0.222 
5. 901 

7. 658 

0. 013 
0.509 

5.619 
1. 916 

43.515 

30.233 

0.002 
0.120 

0. 899 
0. 483 
8.238 

4.022 

0.001 
0.039 

0.294 
0.114 
1. 597 

0. 715 

0.015 
0.621 

5.585 
2.235 

62.769 

33.417 

Adult Jose Percencl:es 
5th 50th 95t~ 

0.002 
8.838 

0.006 
o. 001 
0.034 

1.004 

0.000 
0.009 

0. 001 
0.000 
o. 007 

0 .144 

0.000 
0. 003 

0.000 
0. 000 
0.002 

0.026 

0.003 
0 .071 

0.016 
0.003 
0.089 

1. 747 

0.004 

0.057 
0. 015 
0.278 

3.857 

0.001 
0.025 

0.008 
0.802 
0. 046 

0. 574 

'J.8CO 
0. 8C8 

0.002 
0.001 
8.015 

0.104 

0.006 
0. :C56 

O.C83 
0.023 
0. 402 

4. 966 

J. ]-;;; 

0. 5:..4 
0.377 
2.283 

16.758 

0.003 
J.J83 

O.C81 

0 . .J47 

3. 852 

0.028 

0. J19 
C.Ol~ 

8.24C 

J. 442 

J. 523 
0.326 
3. 239 

:8.862 

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

C.34 



---------------------------------- Grant County Census Division 10 -----------------------------------

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

1945 2xternal ().002 0,004 0. 013 0,002 0,004 ~.~:J 

1945 Inhalat~on 8. 050 0.152 0.573 8. 043 0.127 :. ~5·~ 

1945 Milk from BYCow Regime 3 0.092 0,810 7.646 0.008 0.088 0,874 
1945 Milk from BYCow Regime ' 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 0,009 0.068 
1946 Milk from BYCow Regime 4 0.002 0.027 0. 395 0,800 0.002 0. 032 
1946 Commercial Milk (Rural) 0.096 0.649 6.398 0.809 0. 050 ·J. 323 

1946 Fruit and Vegetables• 0.211 0. 941 5.019 0.171 " rr. 

~. '"'~ 3. 4:0 

1947 External 0.000 0.000 0.001 0.000 0.000 o.cs: 
1947 Inhalation 0.003 0.010 0.048 0.003 0.008 CJ.03l 

1947 Milk from BYCow Regime 3 0.002 0,024 0.182 0.000 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. 31'1 

1947 Fruit and Vegetables* 0.039 0.148 0. 784 0.030 0.117 '.1. 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 J. 502 

1945-1947 Milk. from B'l'Cow Regime 3 0.196 1. 041 7. 493 0.020 0.113 J. 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 

C.35 



---------------------------------- Grant county Census Division 11 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th SOh 50th 95'::.!'! 

1945 External 0.002 ~.005 0.041 8.802 0,005 0.060 
:945 Inhalation 0.039 0.172 2.022 0.034 0.139 ~. 528 

1945 Milk from BYCow Regime 3 0.065 0.691 10.404 0.005 0. 053 0. 544 
1945 Milk from BYCow Regime 4 0.005 0.101 1.739 0.001 0.008 ~.:n 
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 0.000 0.001 0. Oll 
1946 Inhalation 0.009 0.037 0.492 0.008 0.028 0.330 

:946 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. ~Ol 0.025 
1946 Commercial Milk (Rural) 0.109 o. 709 6.952 0.007 0.052 0.396 

1946 Fruit and Vegetables* 0.199 0.841 4 .642 0.145 0.608 J.261 

1947 External 0.000 0.000 0.003 8. 000 G. GGO J.GCJ 
1947 Inhalation 0.002 0.010 0.095 0.002 0.008 :/.C6i 

1947 Milk from B'iCow Regime 3 0.002 0.023 0.294 0.000 0.802 0.018 
1947 Milk from BYCow Regime 4 0.000 0.006 0.164 0.000 0.001 G.C:6 
1947 Commercial Milk (Rural) 0.031 0.216 2.144 0,002 0.016 G.238 

1947 Fruit and Vegetables* 0.034 0.132 o. 740 0.026 0.112 0. 586 

1945-1947 External 0.003 0.009 0.061 0,003 0.009 ~. 09l 
1945-1947 Inhalation 0.086 0.279 3.187 0.071 0. 2'..4 1. 722 

1945-1947 Milk from BYCow Regime 3 0.180 1. 045 7.210 0.014 0.075 0. 513 
1945-1947 Milk from B'iCow 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 from local sou::-ces 

C.36 



----------------------------------- Grant County Census Division 12 -----------------------------------

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

1945 External 0.004 0. 013 0.124 0.004 8. 013 O.lJJ 
1945 Inhalation 0,099 0. 404 4. 833 0.079 8.313 2. 724 

1945 Milk from BYCow Regime 3 0.125 1.143 13.638 0.012 ::.122 1.222 
1945 Milk from 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 from BYCow Regime 3 0.022 0.191 2.032 0.002 0.018 0.190 
1946 Milk from BYCow Regime 4 0.001 0.035 1. 074 0.000 0.004 0 .l10 
1946 Commercial Milk (Rural) 0.083 0. 602 11. 518 0.007 0. 844 J. 398 

1946 Fruit and Vegetables• 0.436 2.004 12.494 0.359 1. 454 7.879 

1947 External 0,000 0.001 0. 011 0,000 0.001 0.003 
1947 Inhalation 0. 006 0.027 0.267 :1,005 0.020 0.2:5 

1947 Milk from BYCow Regime 3 0.005 0.050 0. 723 8.000 0.005 0.074 
1947 Milk from BYCow Regime 4 0.000 0. 011 0.283 0.000 0.001 0.0.32 
1947 Commercial Milk (Rural) 0.031 0.243 3.230 8.002 0.018 0.255 

1947 Fruit and Vegetables* 0.082 0.335 l. 751 0. 067 0. 267 ~. 7C8 

1945-1947 Ex"ternal 0.008 0.022 0.197 0.008 0. 023 0.219 
1945-1947 Inhalation 0.211 0. 683 6.693 0.166 0. 520 4. 297 

1945-1947 Milk from BYCow Regime 3 0.349 1.911 15.039 0.036 0 .192 1.148 
1945-1947 Milk from BYCow Regime 4 0.047 o. 378 7. 392 0.006 0.:146 J. 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 :2.784 63. 472 

• Dose from the fruit and vegetables pathway assumes that 100% of diet comes from :.ocal sources 

C.37 



---------------------------------- Grant County Census Division 13 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'!'ear Dose Pathway SOh 50th 95th 5th 50th 95'-~ 

1945 External ::1.009 0.029 0.261 8.009 O.::r31 0. 349 
:945 Inhalation 0.190 0. 902 7. 717 0.167 0. 681 5.296 

1945 Millt 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 l. 369 
1945 commercial Milk (Rural) 0.405 3.287 30.255 0. 033 0.244 3.282 

1945 Fruit and Vegetables* 7. sao 33.758 205.059 5.160 22.095 126.201 

1946 External 0.002 0.009 0.093 0.002 0.008 0.118 
1946 Inhalation 0.048 0 .212 1.791 0.041 0.161 :. :75 

1946 Milk from BYcow Regime 3 o. 046 o. 456 3. 914 0.003 0. 037 0.316 
1946 Milk from BYCow Regime 4 0.003 0.064 1. 668 o.ooo 0.006 8. :so 
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 :5. 736 

1947 External 0.001 0.002 0.023 0.001 0.002 0 .::23 
1947 Inhalation 0.013 0.056 0.446 0. 011 0.048 J.425 

1947 Milk from BYCow Regime 3 0.013 0.127 1. 952 0.001 0.010 :::.:89 
1947 Milk from BYCow Regime 4 0.001 0. 026 0. 678 o.ooo 0,002 J. J40 
1947 Commercial Milk (Rural) 0.027 0.204 3.254 0.002 0. Ol8 J.20C 

1947 Fruit and Vegetables* 0.171 0. 728 3. 550 0.140 0.547 3. 89C 

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 1. 039 15.251 0.009 0.077 l. 007 
1945-1947 Commercial Milk (Rural) 1.204 5.538 34.260 0.097 0.405 3.103 

1945-1947 Fruit and Vegetables* 13.208 44.630 209.932 9. 299 29.815 :31.675 

• Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sour:::es 

C.38 



---------------------------------- Grant County Census Division 14 -----------------------------------

Infant Dose Percentiles Adult Cose ?ercen1:!..:es 
Year Dose Pa1:hway ''" 50th 95th 5th 50th 95::!": 

:945 External 0.001 0.001 0.006 0.001 C.C02 0.006 
:945 Inhalation 0.015 0.051 0.252 0.012 0.04::_ ·) .171 

1945 Milk from BYCow Regime 3 0. 013 0.236 4.329 0.002 0.020 0. 392 
1945 Milk from BYCow Regime 4 0.001 0. 031 0.619 o.ooo 0.002 0.080 
1945 Commercial Milk (Urban) o. 348 1. 987 20.417 0.014 0.117 1. 389 

1945 Fruit and Vegetables* 0.488 2. 009 11. 679 0.368 1. 596 9. 341 

1946 External 0,000 0.000 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 BYCow 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 ~.n5 J . ~ 94 

1946 Fruit and Vegetables* 0.067 0.292 l. 719 0,050 0.211 :.~C3 

1947 External 0.000 0.000 0. 001 0.000 0.000 J.OOl 
1947 Inhalation 0.001 0.003 0. 022 0.001 0.003 J.018 

1947 Milk from BYCow Regime 3 0.002 0.014 0.173 0,000 0.001 0. OlJ 
1947 Milk from BYCow Regime 4 0.000 0.002 0.060 o.aoo 0.000 c. ·004 
1947 Commercial Milk (Urban) 0.019 0.163 2.242 O.JOl ) . 010 0.142 

1947 Fruit and Vegetables* 0.012 0.049 0.248 0.009 O.CJ7 : .:93 

1945-1947 External 0.001 0.002 0.012 0.001 O.C02 J .n4 
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 
1945-1947 Milk from BYCow Regime 4 0.007 0,070 0. 789 0.000 0.004 0,87~ 

1945-1947 Commercial Milk (Urban) 0.888 3. 729 21.803 0.049 0.213 1. 469 

:945-1947 Fruit and Vegetables* 0.840 2.635 12.278 0.660 1. g97 9.336 

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

C.39 



-------------------------------- Kittitas County Census Division 01 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95tt:. 

1945 External 0.000 0.003 0. 063 0.000 0.003 J.J~B 
1945 Inhalation 0. cos 0.065 1. 561 O.Q04 8. 055 . ' ',. 

~-~"~ 

1945 Milk from BYcow Regime l 0.393 6.121 176.947 0. 023 0.509 :2.337 
1945 Milk from BYCow Regime 2 0.263 4. 708 141.627 0.020 0.397 ~:.803 
1945 Milk !rom BYCow Regime 3 0.012 0. 320 23.972 0.001 0.022 1.063 
1945 Milk !rom B'l'Cow Regime 4 0.001 0.060 6.509 0.000 0. 006 0.339 
1945 Commercial Milk (Rural) 0.384 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 B'l'Cow Regime 1 0.066 1. 023 36.425 0.005 0.084 2.574 
1946 Milk tram BYCow Regime 2 0.063 o. 740 38.198 0.004 0.096 3. ~46 
1946 Milk from BYCow Regime 3 0.002 0.031 0.624 0.000 0.003 0.114 
1946 Milk from BYCow Regime 4 o.ooo 0.008 o. 203 0.000 0.001 8. 823 
1946 Commercial Milk (Rural) 0.067 0. 787 11.189 0.005 8,056 3.077 

1946 Fruit and Vegetables* 0.036 0.332 6. 594 0.028 0.262 4. ~29 

1947 External 0.000 0.000 0.005 0.000 0.000 0.806 
1947 Inhalation 0.000 0.005 0.178 0.000 0.004 J. ~56 

1947 Milk from B'l'Cow Regime 1 0.017 0.272 7.367 0.002 0.827 0.550 
1947 Milk from B'l'Cow Regime 2 o. 022 0.440 8.971 0.001 0.023 :J .516 
1947 Milk from BYCow Regime 3 0.000 0.005 0.101 0.000 0. 001 0.8:2 
1947 Milk from BYCow Regime 4 0.000 0.002 0.076 0.000 0.000 0.005 
1947 Commercial Milk {Rural) 0. 016 0.210 5.222 0.001 0.017 ~.334 

1947 Fruit and Vegetables* 0.006 o. 068 1. 055 0.005 0. 057 l .237 

1945-1947 External 0. 001 0.007 0.099 0.001 0.007 : . J92 
1945-1947 Inhalation 0.021 0 .172 2. 709 0.019 0. :33 2. 960 

1945-1947 Milk from BYCow Regime 1 1. 522 12. 937 259.068 0.124 1.151 :7. 635 
1945-1947 Milk !rom BYCow Regime 2 1. 464 11.791 154.393 0. 095 0.844 26.830 
1945-1947 Milk from B'l'Cow Regime 3 0.044 o. 511 32.695 0.005 0.048 :.:5c 
1945-1947 Milk from BYCow Regime 4 0.009 0.104 3. 503 0.001 0 .011 0 .24 7 
1945-1947 Commercial Milk (Rural) 1.252 9.693 238. 984 0.113 0.724 10.109 

1945-1947 Fruit and Vegetables* 0. 677 4. 029 55.936 0. 487 2. 940 51. 341 

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

C.40 



-------------------------------- Kittitas County Census Division 02 ----------------------------------

Year 

1345 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

:947 
1947 

1947 
1947 
1947 

1947 

1'145-1947 
1945-1947 

1'}45-1947 
1945-1947 
1945-1947 

1945-1947 

Dose Pathway 

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 

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• 

Infant Dose Percentiles 
5th 50th 95th 

0.000 
0.001 

0.000 
o.ooo 
0.016 

0.012 

0.000 
0.000 

0,000 
0.000 
0.003 

0,002 

0.000 
0.000 

0.000 
0.000 
0.001 

0.000 

0.000 
0,002 

0.002 
0,000 
0.078 

0,037 

0.000 
0.006 

0.008 
0.002 
0.261 

0.149 

o.ooo 
0.002 

0.002 
o.ooo 
0,063 

0.016 

0.000 
0.001 

0.000 
0,000 
0. 014 

0.005 

0.001 
0.029 

0.024 
0.005 
0. 793 

0.287 

0.010 
l. 021 

0. 252 
0.165 

13,186 

11.913 

0.006 
0. 614 

0.186 
0.017 
1.571 

0. 549 

0.003 
0.228 

0.102 
0. 011 
1. 598 

0.447 

0.042 
8,973 

0. 603 
0.196 

18.024 

15. 43'1 

Adult Dose Percentiles 
5th 

0,000 
0.000 
0,001 

0,010 

0.000 
0,000 

0.000 
0. 000 
0.000 

0,002 

0,000 
0,000 

0.000 
0,000 
0.000 

0.000 

0,000 
0.002 

0.000 
0.000 
0,007 

0.029 

50th 

o.ooo 
0.005 

0.001 
o.ooo 
0.033 

0.106 

0.000 
0.001 

0.000 
0.000 
8.005 

0. 017 

0.000 
0.001 

o.aoo 
0. JOO 

0.004 

0.001 
0.024 

0.003 
0.001 
0.085 

0.244 

8.J:9 
2.220 

0.024 
0,017 
1.803 

5. 777 

0,006 
0. 421 

0,003 
0.344 

.064 

J.~46 

J.Jl2 
J.JO~ 
8 .256 

0.356 

0.041 
7.363 

0.055 
0. 020 
2. 589 

9. 713 

~ Dose from the fruit and vegetables pathway assumes that 100% of diet cernes from local sources 

C.41 



-------------------------------- Kltt~tas County census Division OJ ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th SOt~ 95t~ 

~945 External 0.000 8.000 O.D07 O.DCO o.ooc J. Jl4 
1945 Inhalation 0.001 0.007 8. 585 o.ooo 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• 0.011 0.134 a. 906 0.010 0.117 8.457 

1946 External 0,000 0.000 0.008 o.ooo 0.000 0.006 
1946 Inhalation 0.000 0.002 0.580 0.000 0,002 0.570 

1946 Milk rrom BYCow Regime 3 0.000 0.002 0.100 0.000 0.000 0. 017 
1946 Milk from BYCOW Regime 4 0.000 0.000 0.016 0. 000 0.000 O.OG2 
1946 Coi!U!Ierclal Milk. (Rural) 0.004 0.053 1. 931 o.ooo 0.004 J.2C4 

1946 fruit and Vegetables• 0.002 0.019 1. 051 0.001 0. 016 l. 057 

1947 External 0.000 0.000 0.003 0.000 o.oco 0.003 
1947 Inhalation 0.000 0.001 0. 672 0.000 0,001 :.:78 

1947 Milk. from BYCow Regime 3 0.000 0.000 0.034 0. 000 0,000 0.008 
1947 Milk. !rom BYCow Regime 4 0,000 0.000 0.004 0. 000 0.000 c.:c: 
1947 Coi!U!Iercial Milk (Rural) 0.001 0.014 6. 985 0. 000 0.001 8.~95 

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 o.ooo 0.001 0.030 
1945-1947 Inhalation 0.003 0.030 4. 361 0.002 0.023 4. :20 

1945-1947 Milk from BYCOW Regime 3 0,002 0.032 0. 511 0.000 0.003 c. :)79 
1945-1947 Milk !rom BYCow Regime 4 0.000 0.004 0.125 0. 000 0.001 0.020 
1945-1947 COI!U!Iercial 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 l3.112 

" Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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-------------------------------- Kittitas County Census Division 04 ----------------------------------

Year 

~ 945 
:945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
~ 947 

1947 
1947 
1947 

1947 

1945-1947 
1945-1947 

1945-1947 
1945-1947 
1945-1947 

1945-1947 

Dose Pathway 

Ext:ernal 
Inhalation 

~lk rrom 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 
Co!Miercial Milk {Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk rrom 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* 

Infant Dose Percentiles 
5th 50th 95th 

0,000 
0.001 

0.001 
0.000 
0. 015 

0,064 

0.000 
0.000 

0.000 
o.ooo 
0.003 

0.010 

0.000 
0.000 

0.000 
0.000 
0.001 

0.002 

0.000 
0.004 

0.007 
0.002 
0.097 

0.178 

0,001 
0.012 

0.023 
0.010 
0.426 

o. 714 

0.000 
0.002 

0.007 
0.001 
0.051 

0.088 

0.000 
0. 001 

0.002 
0.000 
0.021 

0.019 

0.001 
0,031 

0.086 
o. 030 
0.955 

1.137 

0. 011 
0. 482 

1. 452 
1. 570 

12.894 

18.791 

0.003 
0.116 

0. 753 
0.226 
1. 593 

1. 968 

0.001 
0. 047 

0.115 
0.019 
1. 287 

0. 504 

0.016 
0. 731 

2.321 
1. 058 

l6.737 

20.902 

Adult Dose Percer.~~~es 
5th 

O.QCC 
0.001 

0.000 
o.ooo 
0.001 

0.056 

o.ooo 
0.000 

o.ooo 
0.000 
0.000 

0.007 

0.000 
0.000 

0.000 
o.ooo 
0.000 

0.002 

0.000 
0.003 

0.001 
o.ooo 
0.006 

0.151 

SOt:l 

0.003 
0,001 
a.o2o 

0.571 

0.000 
0.003 

o.oco 
0.000 
0.004 

O.G69 

0.000 
0,001 

0,000 
0.000 
0.001 

0.001 
0.025 

0.007 
0.003 
J.055 

0.998 

~5::-. 

~ ~· ~ 
~.-.L. 

J.33: 

J. ~28 
0.050 
1. 528 

21.140 

0.003 
0.130 

~. 820 
o.:::cs 
0.2:' 

~.638 

0.034 

0.009 
.J. 003 
J.:J: 

J.43~ 

:.8:9 
~. 567 

0.2:4 
0.048 
l. 561 

23.438 

• Jose from the fruit and vegetables pathway assumes that !JO% of diet comes from local sources 
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-------------------------------- Kitticas County Census Division 05 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway m 50th g5th 5th 50th 9S>::h 

1945 External 0.000 0.000 0.014 0.000 0.000 0.022 
1945 Inhalation 0.000 0.007 0.557 0.000 0.005 J. 764 

1945 Milk from BYCow Regime 3 0.001 0.036 2 .118 0.000 0.003 0.554 
1945 Milk from BYCow Regime 4 o.ooo 0.006 0.159 0,000 0.001 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 o.ooo 0.000 0.012 0.000 0.000 0.014 
1946 Inhalation 0.000 0.002 0. 629 0.000 0.002 ':).'.99 

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 O.JOS 
1946 commercial Milk (Rural) 0.004 0.064 2.282 0.000 J.004 0.227 

1946 Fruit and Vegetables• 0.003 0.036 2.194 0.003 0.030 :. 683 

1947 External o.ooo 0.000 0.002 0.000 0.000 J. JC2 
1947 Inhalation 0.000 0.001 0.138 0.000 0. GOl 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. 4 37 

1947 Fruit and Vegetables* 0. 001 o. 008 0.232 0.001 0.007 0.364 

1945-1947 External 0.000 o. 001 0.044 0.000 0.001 0.063 
1945-1947 Inhalation 0.002 0.026 3. 874 0.002 0. 021 5. :l 7 

1945-1947 Milk from BYCow Regime 3 0.005 0. 083 3. 446 0.001 0.014 ~ .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. 22: 

1945-1947 Fruit and Vegetables* 0. 066 0.585 18.368 0.058 0. 458 18.811 

* Dose fi:"om the fruit and vegetables pathway assumes that 100\ of diet comes from local sources 

C.44 



------------------------------ Kit t i '::as County Census Division 06 ----------------------------------

Infant Dose Percentiles Adu.i.':: ::lose Percentiles 
Year Dose Pathway 5ch 50th 95t:t 5th 5Jt!'. 95th 

1945 External 0.000 0. 000 0.025 8.000 o.ooo J.Jli 
1945 Inhalation 0.000 0.007 1.077 0.000 0.005 8. 550 

1945 Milk from BYCow Regime 1 0.029 0. 967 175.513 0.002 0. 086 ll. 553 
1945 Milk from BYCow Regl~ 2 0.022 0. 826 80.051 0.002 0,048 3.306 
1945 Milk from BYCow Regime 3 0.001 0.017 0.739 0.000 0.002 0.063 
1945 Milk from BYCow Regime 4 0.000 0.003 0,199 0.000 0.001 O.J22 
1945 Commercial Milk (Rural) 0.035 0.641 28.395 0.003 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 0.000 0.001 O.J.95 

1946 Milk from BYCow Regime 1 0.006 0.148 15.469 0.000 0. 011 0. 399 
1946 Milk from BYCow Regime 2 0.004 0.122 6. 591 0.000 0. 009 0.207 
1946 Milk from BYCow Regime 3 0.000 0.003 0.199 0.000 8. JOC ~.0~7 
1946 Milk from BYCow Regime 4 o.ooo 0.001 0.067 0.000 o.ooc ~.~04 

1946 commercial Milk (Rural) 0.006 0.097 3. 056 0.000 0.006 ~. 365 

1946 Fruit and Vegetables* 0.003 0,035 l. 660 0,002 0.027 ~. 712 

1947 External 0.000 0.000 0.002 0.000 0.000 0.003 
1947 Inhalation o.ooo 0.001 0.154 0.000 0.001 J .164 

1947 Milk from 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 from BYCow Regime 4 0.000 0.000 0.025 0.000 0.000 0.002 
1947 COillll\ercial Milk (Rural) 0.001 0.023 11.743 0.000 0.003 0.283 

1'}47 Fruit and Vegetables* 0.001 0.010 0. 454 0.001 0.008 0. 84 3 

1945-1947 External 0.000 0.001 0.078 0.000 0.001 0,072 
1945-1947 Inhalation 0.002 0.029 6.235 0,002 0.020 2. :J4 

1945-1947 Milk from BYCow Regime 1 0.166 2.883 200.071 0.013 0.206 11.046 
1945-1947 Milk from BYCow Regime 2 0,153 2.125 159.720 0. 011 0.161 5. 458 
1945-1947 Milk from BYCow Regime 3 0.004 0.050 l. 221 0,001 0.004 0. 072 
1945-1947 Milk from BYCow Regime 4 0.001 0.010 0. 263 0.000 0.001 0.032 
1945-1947 Commercial Milk (Rural) 0.155 1. 750 55.180 0. 014 0.141 2.113 

1945-1947 Fruit and Vegetables* 0. 069 0.574 19.765 0. 056 0.497 25.678 

T Dose from the fruit and vegetables pathway assumes that 100\ of diet comes f::om local sources 
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-------------------------------- Kittitas County Census Division 07 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'!:ear Dose Pathway SOh 50th 95th 5th 50t.1 95::.:-: 

1945 O:xternal 0.000 0.000 0 .014 0.000 o. ~cc O.J:: 
:945 :nhalation 0.000 0.006 1.264 0.000 0.006 :.424 

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 0. 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 :6.ll9 

1946 External o.ooo 0.000 0.007 0,000 0.000 o.n: 
1946 Inhalation 0.000 0.002 0.575 0.000 ~.002 0. 557 

1946 Milk from BYCow Regime 1 0.006 0.173 15.906 0,001 0.012 ~.: 72 
1946 Milk: from BYCow Regime 2 0.006 0.136 24.714 o. 001 0.~:1 0. 777 
1946 Milk from BYCow Regime 3 0 .ooo 0.008 0. 968 0.000 0.001 ::.244 
1946 Milk from BYcow Regime 4 0.000 0.001 0.028 0.000 :.ooo .J. JOB 
1946 Commercial Milk: (Rural) 0.052 0.631 16.899 J.OC4 0.055 :. :as 

1946 Fruit and Vegetables• 0. 003 0. 038 1. 546 0,003 ::.034 2.221 

1947 External 0.000 0.000 0.004 0.000 o.:oo 0.005 
1947 Inhalation 0.000 0,001 0 .114 0.000 0.000 0.112 

1947 Milk from BYCow Regime 1 0.002 0.049 2. 380 0.000 0.003 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 4 0.000 0.000 0.015 0.000 0.000 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 0,004 :1.:163 
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.:HO 

" Dose from the fruit and vegetables pathway assumes that lOOt of diet comes from local sources 
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------------------------------ Kittitas County Census Division 08 ----------------------------------

Infant Dose Percentiles Adult Dose Pe!:centile~ 
Year Dose Pathway 5th 50th 95th 5th 50th 9St:"l 

1945 External 0.001 0.006 0.131 0.~01 0.006 J. ::2 
1945 Inhalation o .:no 0.116 4. 718 0.808 0. 097 J .29: 

1945 Milk from BYCow Regime 1 0. 715 13.875 369.249 0.060 8.933 26.025 
1945 Milk from BYCow Regime 2 0. 710 10.295 186.163 0.066 1. 030 23.029 
1945 Milk from B'i'Cow Reqilne 3 0.042 0.824 17.241 0.003 0.044 l. 627 
1945 Milk from B'i'Cow Regime 4 0.003 0.099 4.542 0.000 0.012 0. 492 
1945 Commercial Milk (Rural) 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 o.ooo 0.002 8.046 
1946 Inhalation 0.003 0.031 0. 942 0.002 0.024 ~ ~,. 

~ • I~~ 

1946 Milk from S'i'Cow Regime 1 0.108 1. 436 29.678 0.012 0.150 2. 656 
1946 Milk from BYCow Regime 2 0.123 2.383 52.240 0.008 0.137 3.:.61 
1946 Milk from BYCow Regime 3 0.004 0.076 2.631 o.ooo 0.007 0.119 
1946 Milk from BYCow Regime 4 o.ooo 0. 013 0. 702 0.000 ~. 002 ~.023 
1946 Conunercial Milk (Rural) 0. 040 0. 667 25.019 0.004 :1.242 3 .976 

1946 Fruit and Vegetables* 0.097 0.784 12.358 0.076 0.545 7. 292 

1947 External 0.000 0.000 0.014 0.000 0.000 o.oc~ 
1947 Inhalation 0.001 0.007 0.237 0.001 0.006 J.22l 

1947 Milk from BYCaw Regime 1 0.032 0.516 9. 655 0.002 0. 046 l. 644 
1947 Milk from 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 o.ooo Q. 000 ·). 011 
1947 Commercial Milk <Rural) 0,013 0.164 5. 753 0.001 o.n5 ) . 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 J. :8l 
1945-1947 Inhalation 0,041 0.284 5. 313 0.035 0.234 4. 406 

1945-1947 Milk from B'i'Cow Regime 1 2.865 24.269 464.113 0.284 l. 891 26.062 
1945-1947 Milk from B'i'Cow Regime 2 2.612 23.014 257.489 0.213 1. 590 22.198 
1945-1947 Milk from BYCow Regl~ 3 0,158 1.440 23.410 0.010 0.082 l. 688 
:945-1947 Milk from B'i'Cow Regl~ 4 0.013 0.223 5.800 0.002 0.023 0. 430 
1945-1947 Commercial Milk <Rural) 1.145 8.863 151.610 0.101 o. 765 9. 752 

1945-1947 Fruit and Vegetables* l. 674 8.900 140.317 l. 309 6. 747 7:. ~77 

• Dose !rom the fruit and vegetables pathway assumes that lOO% of diet comes from local sources 
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--------------------------------Kittitas County Census Division 09 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway 5th 50th g5th 5th 50th 9~th 

1945 External 0.000 0.001 0.020 0.000 0.001 ~-~26 

1945 Inhalation 0.001 0.012 0. 311 0.001 0. 011 ,').409 

1945 MilK from BYcow Regime 1 0.079 l. 419 76.289 0 ,007 0.108 3.387 
1945 MilK from BYCow Regi~ 2 0.093 1. 774 43.229 0,006 0.126 8. 640 
1945 Milk from BYCow Regime J 0.004 0.084 4.697 0.001 0.010 1.100 
1945 MilK from B'tCow Regime 4 0.001 0.021 1.359 0.000 0.004 0.105 
1945 Commercial Milk <Rural) 0.270 4.388 245.295 0. 025 0.353 6.508 

1945 Fruit and Vegetables* 0.066 0. 687 13.294 0.062 0,593 17.092 

1946 External 0.000 0.000 0.002 0.000 0.000 0.004 
1946 Inhalation 0.000 0.003 0.127 0,000 0.002 0.067 

1946 Milk from B'tCow 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. J27 
1946 Milk from BYCow Regime 3 0.001 0.012 1.065 0 .000 0 .001 0.037 
1946 MilK from BYCow Regime 4 0.000 0.003 0.135 0.000 0.001 0.0:2 
1946 commercial Milk (Rural) 0.054 0.952 44.806 0.004 0.048 

+ • "" ' 

1946 Fruit and Vegetables* 0.009 0.093 1. 655 0.,')08 0.079 3.030 

1947 External 0.000 0.000 0. 001 0. 000 0.000 0.002 
1947 Inhalation 0.000 0,001 0.063 0.000 J.001 8.853 

1947 Milk from B'tCow Regime 1 0.005 0.115 1. 885 0.000 0.009 0.382 
1947 Milk from B'tCow Regime 2 0.005 0.090 4.009 0.000 0.006 8 .283 
1947 Milk from B'tcow 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 0.000 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 0.001 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 
:945-1947 Milk from BYCow Regime 2 0. 353 3.586 86.422 0. 036 0.316 ::.038 
1945-1947 Milk from BYCow Regime 3 0.016 0.194 5.679 0.002 o.n4 1.189 
1945-1947 Milk from B'tCow Regime 4 0.004 0.055 1. 989 0.001 0,008 0 .120 
1945-1947 Commercial Milk (Rural) 1. 243 9. 744 337.011 0,080 0. 750 8.2~4 

1945-1947 Fruit and Vegetables* 0.185 1.222 17.400 0 .158 0. 994 26.392 

• Dose from the fruit and vegetables path.way assumes that 100% of diet comes from local sou::ces 
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-------------------------------- Kittitas County Census Division 10 ----------------------------------

Infant Dose l'ercentiles Adult Dose <>ercentiles 
Year Dose Pathway S<h 50th 95th Seh 50th 95t~ 

1945 .:xternal ~.000 0. 001 0.010 ~.000 o.oo: :.~:J 

1945 Inhalat:!.on 0.001 0. 013 0.484 ~.JOl o.no ::.s~c 

:945 Milk from BYCow Regime 1 0.081 1. 690 44. 607 0.007 0.109 5.477 
1945 Milk frOI!I BYCow Regime 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 Regime 4 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 o.:;c4 
1946 Inhalation 0.000 0.003 0.162 0. ~09 0.002 0.080 

1946 Milk frOI!I BYCow Regime 1 0.016 0.268 16.249 0.001 J. J20 1. 524 
1946 Milk !rOI!I BYCow Regime 2 0. 013 0.233 6.532 0.001 0.023 0. 662 
1946 Milk frOI!I BYCow Regime 3 0.001 0.011 0. 356 0.000 0.001 ~.J4J 

1946 Milk from BYCow Regime 4 o.ooo 0.003 0.112 0.000 0.000 O.C:4 
1946 Commercial Milk (Rural) 0.045 0.527 12.599 0.004 0.046 : . 14 ~ 

1946 Fruit and Vegetables* 0.008 0.078 1. 567 0. ·008 0.074 ~.34C 

1947 External 0.000 0.000 0.001 0.000 0. JOC J.OO~ 
1947 Inhalation 0.000 0.001 0.032 0.000 ~.oo: 0.034 

1947 Milk from BYCow Regime 1 0.004 0.072 5.131 0.000 0.886 J. :6-: 
1947 Milk from BYCow Regime 2 0.004 0.061 2.195 0.000 0.007 C.JJ: 
1947 Milk from BYCow Regime 3 0.000 0.003 0.137 0.000 0.000 0.~:: 
1947 Milk !rom BYCow Regime ' 0.000 0.001 0.016 0.000 0.000 0.083 
1947 Commercial Milk (Rural) 0.014 0.197 4.125 0 .COl 0.012 0.304 

1947 Fruit and Vegetables* 0.002 0.019 0. 445 0.002 0.019 0.563 

:945-1947 External 0.000 0.001 0.014 0.000 8.001 0.023 
:945-1947 Inhalation 0.004 0.033 0.847 0.003 O.:J26 J.801 

1945-1947 Milk frOI!I BYCow Regime 1 0. 424 3.955 57.371 J .027 0.229 6.130 
:945-1947 Milk from BYCow Regime 2 0.333 4.036 119.592 Cl.OJ2 0.234 3. 926 
:945-1947 Milk from BYCow Regime 3 0.020 0.187 7. 936 0. 002 0.020 0.369 
1945-1947 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 10.373 

1945-1947 Fruit and Vegetables• 0.187 1.161 21.080 0.153 :J.939 ~ 7. 404 

* Oose from the fruit and vegetables pathway assumes that 100' of diet comes from local sources 

C.49 



-------------------------------- Kittitas County Census Division 11 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose ?at~way 5th 50th 95th 5th 50th 95::~ 

:945 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 :;,304 

1945 Milk from BYCow Regime 1 0 .119 2 .259 134.451 0.007 0.142 3.261 
1945 Milk from BYCow Regi~ 2 0.042 l. 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 0.000 0. 001 0. 090 
1945 Commercial 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 0.000 0.000 0.003 0.000 0.000 0.004 
1946 Inhalation o.ooo 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 :.307 
1946 Milk from BYCow Regime 2 0. 011 0.221 15.918 0.001 0.027 i.. 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 o.:n1 
1946 Commercial Milk (Urban) 0.139 1.185 20.251 0.007 0.083 :.:;zs 

1946 Fruit and Vegetables• 0.010 0. 098 1. 763 0. 010 0.089 2. 564 

1947 External 0.000 0.000 0.001 o.coo 0.000 c. 00~ 
1947 Inhalation 0.000 0.001 0.041 0.000 0.001 ·J. ·038 

1947 Milk from BYCow Regime 1 0.005 0.086 2.135 0.000 0.008 C.353 
1947 Milk !rom BYCow Regime 2 0,003 0.094 4. 573 0,000 0,006 a. 730 
1947 Milk from BYCow Regime 3 0.000 0.002 0.133 0.000 0.000 0.014 
1947 Milk !rom B"X"Cow Regime 4 0.000 0.001 0.036 0.000 0.000 0.003 
1947 Commercial Milk (Orban) 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 

:945-1947 External 0.000 0.001 0.018 0.000 0.001 o.n: 
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 
1945-1947 Milk from BYCow Regime 4 0.002 0 .039 1. 984 0.000 0. 002 0. 090 
1945-1947 Commercial Milk (Urban) 2. 396 10. 977 112.349 0.135 0. 779 10.220 

1945-1947 Fruit and Vegetables• 0.196 1.170 19.249 0.166 1. 019 23.518 

• Dose !'rom the fruit and vegetables pathway assumes that lOOt of diet C:}mes from local sources 

c.so 



----------------------------- Klic ki tat County Census Division 01 ---------------------------------
Infant Dose Percentiles Actult Dose Perc:em:.:.les 

Year Dose Pathway S<h 50th 95th S<h 50th 95th 

:945 External 0.000 0.001 0.018 0.000 J.001 0.018 
:945 Inhalation 0.001 0.015 0. 431 0.001 o.n: J. 323 

1945 Milk from BYCow Regime 3 0.003 0.057 1. 484 0.000 0.005 0.193 
1945 Milk from BYCow Regime 4 0.000 0.014 1. 529 0. 000 0.002 0.074 
1945 Commercial Milk (Rural) 0. 001 o. 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 0.000 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 O.JOO O.Jl5 
1946 Milk from BYCow Regime 4 0.000 0.003 0.187 0.000 o.coc J. JCS 
1946 Commercial Milk (Rural) 0,000 0.002 0.029 0.000 0.000 J.JCJ 

1946 Fruit and Vegetables• 0.018 0.136 1.800 0.012 0.086 1. 465 

1947 External 0.000 0.000 0.001 0.000 J. Joe J.JCl 
1947 Inhalation 0.000 0.001 0.030 0.000 8.Jc: J.~23 

1947 Milk from BYCow Regime 3 0.000 0.001 0,063 0.000 0.000 O.JC3 
1947 Milk from BYCow Regime 4 0.000 0.001 0.037 0.000 0.000 J. CC4 
1947 Commercial Milk (Rurall 0,000 0.001 0.042 0,000 0.000 0. 0.02 

1947 Fruit and Vegetables* 0.003 0.027 0.440 0.003 0. 019 J. 297 

1945-1947 External 0.000 0.002 0.024 0.000 0. 002 0. J23 
1945-1947 Inhalation 0.005 0.032 0.578 0.004 0.027 0.577 

1945-1947 Milk from BYCow Regime 3 0.011 0.126 1. 950 0.001 0.008 o. 237 
1945-1947 Milk from BYCow Reginie 4 0.003 0.045 1. 759 0.000 0.004 0.061 
1945-1947 Commercial Milk (Rural) 0.003 0.022 0. 591 0. 000 0.002 0.025 

1945-1947 Fruit and Vegetables* 0.304 1. 650 16.131 0,192 0. 973 10.873 

• Qose from the fruit and vegetables pachway assumes that 100% of diet comes from local sources 

C.Sl 



-------------------------------- Klickitat County Census Division 02 ---------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95::h 

i945 2xternal 0.000 0.001 0.015 0. 80C o. oo;_ 0. :'. 7 
1945 Inhalation 0.002 0. 017 0. 511 0.001 0. J12 :).39: 

1945 Milk from 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 0.876 
1945 Commercial Milk (Rural) 0.001 0.015 0.336 0.000 0. 001 0.025 

1945 Fruit and Vegetables* 0.132 1.066 13.710 0.098 0. 714 9. 753 

1946 External o.ooo 0.000 0.007 o.ooo 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.ooo 0. :J01 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 :J.~c~ 

1946 Fruit and Vegetables* 0.021 0.183 2. 900 0 .016 0.123 l. 503 

1947 External 0.000 o.ooo 0.001 0.000 o.ooc " ""~ "•""" 1947 Inhalation 0.000 0.001 0.042 0.000 0,001 8.836 

1947 Milk !rom BYCow Regime 3 0.000 0.003 0.125 0.000 0.000 0.004 
1947 Milk from BYCow Regime 4 0.000 0.001 0.027 0.000 0. coo ~ ~,.,., 

~·""~ 
1947 Commercial Milk (Rural) 0.000 0.000 0.016 0.000 0.000 0.001 

1947 Fruit and Vegetables* O.J04 0.035 0. 441 0.003 0.022 0. 34 6 

1945-1947 External 0.000 0.002 0.029 0. 000 0.002 o.oJ: 
1945-1947 Inhalation 0.006 0. 041 0. 977 0.005 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 !rom 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 O.CJO 

1945-1947 Fruit and Vegetables* 0.345 1. 736 lJ. 705 0.244 1.152 11.887 

• Dose from the fruit and vegetables pathway assumes that lOOt of diet comes from local sources 

C.52 



-------------------------------- Klickitac councy census Division OJ ---------------------------------
Infant Dose Percentiles Adul1: ;Jose Percentiles 

!:ear Dose Pathway '" 50th 95th 5t:J. 50th 95'::h 

1945 ::xternal 0.000 0,000 0.003 0.000 0,000 c. ~:J2 
1945 Inhalation 0,000 0. 003 0.083 a.ooo 0.002 ~ ~~~ 

~. ~ '~ 

1945 Milk from BYCow Regime 3 0.001 0. 011 0.378 0.000 0.001 0.024 
1945 Milk from BYCow Regime 4 0. 000 0.003 0.172 o.ooo 0.000 0.016 
1945 Commercial Milk (Rural) 0.000 0.001 0.051 0.000 0.000 0.004 

1945 Fruit and Vegetables* 0.028 0.223 5.977 0.018 0.131 2. 562 

1946 External 0.000 o.ooo 0.001 0.000 0.000 :J.:Jo: 
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 ~.~00 0.004 
1946 Milk from BYCow Regime 4 0.000 0.000 0.009 0.000 0. JOO 0.001 
1946 Commercial Milk (Rural) 0.000 0.000 0.007 0.000 ~. 800 :J. ·JOl 

1946 Fruit and Vegetables* 0.004 0.037 0,832 0.003 0.022 8.474 

1947 External 0.000 0.000 0.000 0.000 0.000 a.::cc 
1947 Inhalation 0.000 0,000 0.005 0.000 0.000 0,004 

1947 Milk. from BYCow Regime 3 o.ooo 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 ),000 

1947 Fruit and Vegetables* 0.001 0.006 0.105 0.000 J.G04 J.-J65 

1945-1947 External 0.000 0,000 0.005 0.000 o.ooc 8.J04 
1945-1947 Inhalation 0.001 0.006 0.128 0.001 0,005 :; . 090 

1945-1947 Milk from BYCow Regime 3 0. 003 0. 0.25 0.355 0.000 0.002 8. 824 
1945-1947 Milk from BYCow Regime 4 0.001 0.005 0.151 o.aoo 0.000 :; . :;: 9 
1945-1947 Commercial Milk (Rural) 0.000 0,003 0.056 0.000 0,000 C.CC4 

1945-1947 Fruit and Vegetables* 0. 069 0.383 6. 486 0. 041 0.215 3.239 

* Case from the fruit and vegetables pathway assumes that 100' of diet comes from :.ocal sources 

C.53 



-------------------------------- Klickitat County Census Division 04 ---------------------------------

Year 

1945 
:945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
:946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

Dose Pathway 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
com:nercial 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 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

1947 Fruit and Vegetables• 

1945-1947 External 
1945-194 7 Inhalation 

1945-1947 
1945-1947 
1945-1947 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

1945-1947 Fruit and Vegetables• 

Infant Dose Percentiles 
5th 50th 95th 

0.000 
8.000 

0.001 
0.000 
0.000 

o.ooo 
0.000 

0.000 
0.000 
0.000 

0.004 

0.000 
0.000 

0.000 
0.000 
0.000 

0.001 

0.000 
0.001 

0.003 
0.000 
0.000 

o. 062 

0,000 
0.003 

0.016 
0.003 
0,002 

0.187 

0.000 
0.000 

0.002 
0.001 
0.000 

0,025 

0,000 
0.000 

0,000 
0.000 
0,000 

0.005 

0,000 
0.005 

0.023 
0.007 
0.004 

0.267 

0.002 
0.844 

0.216 
0.118 
0.044 

1. 921 

o.ooo 
0.011 

0.039 
0.015 
0.006 

0.249 

0.000 
0.002 

0.010 
0.002 
0.003 

0.056 

0.003 
0.066 

0.231 
0.135 
0.065 

1. 945 

Adult ~ose ?ercent~~es 
Sth 5c:~ 95t~ 

0,000 
::J.::JOO 

0.000 
0.000 
o.ooo 

0.019 

0.000 
0. 000 

0,000 
o.coo 
0.000 

0.003 

0,000 
0.000 

0.000 
0.000 
0.000 

0. coo 

0.000 
0.001 

0.000 
0,000 
0.000 

0.038 

0.000 
J. ~C2 

0.001 
0.000 
0. 000 

0.119 

0.000 
0. 000 

:).000 
o.occ 
0.000 

0. 016 

0.000 
:J.COO 

o.ooo 
0.000 
o.ooo 

0.003 

0.000 
0.004 

:).002 
0.000 
o.ooo 

0.171 

~-~~2 
0. ~~ 3 

0.020 
0.020 
:J. 005 

1.179 

0.000 
0.005 

J.OOl 

:. ::: 
~. J02 

0.000 
:::.::co 

:J.:J3l 

J.JCJ 
J.J63 

0. 016 
::.:JlJ 
J.J06 

:. 363 

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

C.54 



-------------------------------- Klickitat County Census Division OS ---------------------------------
Infant Dose Percentiles Adult Dose l?ercer.:::!..les 

'!ear Dose Pathway 5th 50th 95th 5tl'. SOt:J 95<:::: 

1945 :::xternal 0.000 8.000 D.005 0.000 O.~GG a. JO~ 
1945 Inhalation 0.000 0.003 0.142 0.000 O.C:D2 J.%9 

1945 Milk from BYCow Regime 1 0.036 0.569 18.231 :) . 003 0.032 J. 660 
1945 Milk from BYCow Regime 2 0.024 0.324 6.381 0,:)02 0.030 :),553 
1945 Milk from BYCow Regime 3 0,001 0.015 0.420 0.000 0.001 0.:)53 
1945 Milk from BYCow Regime 4 0.000 0,004 0,177 0.000 0.000 0.022 
1945 Commercial Milk (Rural) 0,008 0.160 2. 694 0.001 0.010 0.168 

1945 Fruit and Vegetables* 0.027 0.235 6,009 0.019 0.149 2. 485 

1946 External 0.000 o.ooo 0.001 0,000 0.000 0.001 
1946 Inhalation 0.000 0.001 0.012 0.000 0.000 o. ::no 

1946 Milk from BY Cow Regime 1 0.005 0.077 1. 561 0.000 0.085 ~ • ~1 
~ .• 1-

1946 Milk ,,~ BYCow Regime 2 0.004 0.065 2. 870 0.000 0.004 v, ••• 

1946 Milk ,,~ BYCow Regime 3 0.000 0.002 0.092 0. coo 0.000 8. 888 
1946 Milk from BYCow Regime • 0.000 o.ooo 0.032 0,000 0.000 ~ ~,..~ 

v.~v_:, 

1946 Commercial Milk (Rural) 0.002 0.019 0.394 o.occ 0.002 " "~-~.u~~ 

1946 Fruit and Vegetables* 0.004 0.034 0.823 0.003 8. ~:B J.J40 

1947 External 0.000 0.000 0.000 0.000 o.ccc 0. 000 
1947 Inhalation 0,000 0.000 0.003 0.000 o.occ 8.004 

1947 Milk from BYCow Regime 1 0.001 0.020 0. 682 0.000 0.001 " ,..-.:: v,._,J.., 

1947 Milk from BYCow Regime 2 0.001 0.019 0.378 0.000 0.002 O.CJ: 
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 O.OOl 
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. 0.00 C. :JC4 J.%7 

1945-1947 External 0.000 0.000 0.007 0.000 0.000 ~.J05 
1945-1947 Inhalation 0.001 0.006 0.184 0.801 0.004 ~-~84 

:945-1947 Milk from BYCow Regime 1 0.101 0. 971 ::.5.089 0.008 0. 065 1. C92 
1945-1947 Milk from BYCow Regime 2 0.095 0.659 7. 799 0.007 0.056 o. 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 
:945-1947 Commercial Milk (Rural) 0.034 0.282 3.296 0,002 O.J!7 0. 214 

1945-1947 Fruit and Vegetables* 0,068 0.395 8.541 0. ·044 0.233 2. 710 

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

c.ss 



-------------------------------- Klickitat County census Division 06 ---------------------------------

Year 

1945 
:945 

1945 
1945 
1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 
1947 
1947 

1947 

1945-1947 
1945-1947 

1945-1947 
1945-1947 
1945-1947 
:945-1947 
1945-1947 

1945-1947 

Dose Pathway 

External 
Inhalat!.on 

Milk from BYCow Regime 1 
Milk from BYcow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural J 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables• 

External 
Inhalation 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCOw Regime 3 
Milk from BYCOW Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYcow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables• 

Infant Dose Percentiles 
5th 50th 95th 

0.000 
J.ooo 

0.026 
0.023 
0.001 
o.ooo 
0. 011 

0.027 

0.000 
o.ooo 

o. 005 
0.004 
o.ooo 
0. 000 
0.001 

0.004 

0.000 
0.000 

0.001 
0.001 
0.000 
0.000 
0.000 

0.001 

0.000 
0.001 

0. 095 
0.087 
0.003 
0.001 
0.026 

0. 064 

0.800 
a.oo3 

0.395 
0. 454 
0.016 
0.003 
0.180 

0.237 

0.000 
0.001 

0.077 
0.052 
0.002 
0.001 
0.015 

0.033 

0.000 
0.000 

0.014 
0.018 
0. 000 
o.ooo 
0.005 

0.005 

0.000 
0.006 

0. 666 
0. 727 
0.027 
0.009 
0.247 

0.375 

0.005 
J. :J97 

7.273 
19.261 
0.445 
0.264 
5.086 

4.435 

0.001 
0.021 

1. 324 
1.235 
0.043 
0.035 
0.244 

0.652 

0. 000 
0.003 

0. 306 
0. 326 
0. 011 
0.014 
0.149 

0.070 

0.008 
0.152 

7.805 
20.511 

0.637 
0.225 
4.564 

5. 673 

Adult Dose Percentiles 
5th 50th 95tr. 

0.000 
·J. 000 

0.002 
0.002 
0.000 
0.000 
0.001 

0.019 

0.000 
o.ooo 

0.000 
0.000 
0.000 
0.000 
0.000 

0.003 

o.oco 
0.000 

0. 000 
0.000 
0.000 
0. 000 
0.000 

0.000 

0.000 
0.001 

0.007 
0.007 
0.000 
0.000 
0.003 

0.043 

:::. ~cc 
J. C02 

0. 033 
0. 027 
:). 001 
o.ooo 
0. 011 

0.153 

0. 000 
0.000 

0. :J04 
0.003 
c.ooo 
0. JOC 
0.002 

0. 022 

o.ooc 
0.000 

0.001 
0.001 
0.000 
0.000 
:).000 

0.004 

0.000 
0. OC4 

Q.054 
J.Q49 
0.003 
0.001 
0.022 

0.249 

J.C04 

0 .868 
0. 79C 
0. 062 
0.018 
0.680 

2. 697 

0.130 
0.06C 
0. 006 
0.002 
~.83~ 

0. J62 

o.oco 
·J. ~C2 

2. ~-: 9 
:J .027 
0.001 
J.Jc: 
0 .012 

0. 071 

0.005 
O.C9C 

: .lS9 
0. 707 
0.062 
0 .02: 
0. 729 

2. 735 

~ Dose from the fruit and vegetables pathway assumes that 100' of diet comes from :ocal sources 

C.56 



-------------------------------- Klickitat County Census Division 07 

'!ear 

1945 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
:946 
:946 

1946 

1947 
1947 

:947 
1947 
1947 

:Jose Pathway 

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 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

1947 Fruit and Vegetables• 

l945-l947 External 
1945-1947 Inhalation 

1945-1947 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 
Sth seth 95th 

0.000 
0.000 

0.001 
0,000 
0.000 

0.026 

0.000 
0.000 

0.000 
0.000 
0.000 

0.004 

0.000 
0.000 

0.000 
0,000 
0.000 

0.001 

0.000 
0.001 

0.003 
0.000 
0.000 

0.069 

0.000 
0.002 

0. Oll 
0.003 
0,002 

0.233 

0,000 
0.001 

0,002 
0.000 
0,000 

0.032 

0.000 
0.000 

0.000 
0.000 
0.000 

0.005 

0. 000 
0.006 

0.020 
O.OOB 
0.003 

0.410 

0.004 
0.083 

0.243 
0. 093 
0.045 

4. 765 

0.001 
0.020 

0. 072 
0.032 
O.OOB 

0. 640 

0.000 
0.004 

0.005 
0.006 
0.005 

0.126 

0.005 
0 ,ll5 

0.294 
0.156 
0.048 

6.169 

Adult Wose Percentiles 

~. ~00 

0.200 

0.000 
0.000 
0.000 

0.018 

0.000 
0.000 

0,000 
0.000 
0.000 

0.003 

8. ceo 
0.800 

0.000 
0.000 
0.000 

0.001 

0.000 
0.001 

0.000 
0.000 
0.000 

0.042 

50th 

0.000 
0.002 

0.001 
8.000 
8.000 

0.142 

0.000 
o.ooo 

0.000 
8.000 
:J.JOO 

o.::::a 

c.ccc 
0.000 

0.000 
J.OOO 
J. JOO 

:::.804 

0.000 
0. 204 

0.002 
0.001 
0.000 

0. 217 

0.039 
0.023 
0.004 

2. 915 

0.001 
0.012 

0.002 
0.002 
J JOl 

:::. JJ~ 

o.::cJ 

o.::c: 
J.oo: 
J. 000 

J. 056 

J.JC9 
J.J83 

J. J43 
2. 020 
2.JC4 

3.::::: 

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

C.57 



-------------------------------- Klicki:at 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 o.ooo 0.000 ~ ~ ~' 
~-~~" 

1945 Inhalation 0.000 0.003 0.095 0.000 0.002 J.J-;"8 

1945 ~lk from BYCow Regime 3 0.001 0. 013 0.485 0.000 0.001 0. J22 
1945 Milk from BYCow Regime 4 o.ooo 0.002 0.133 o.ooo 0.000 0.008 
1945 Commercial Milk (Rural) 0.000 0.002 0.045 o.ooo 0.000 0.004 

1945 Fruit and Vegetables• 0.026 0.227 3.576 0.018 0.132 2.250 

1946 External 0.000 o.ooo 0.001 o.ooo 0.000 0.001 
1946 Inhalation 0.000 0.000 0.012 0.000 o.ooo o.no 

1946 Milk from B'fCow Regime 3 0.000 0.002 0. 063 0. 000 0.000 0.803 
1946 Milk from BYCow Regime 4 0.000 0.000 0. 026 0.000 o.ooo O.D01 
1946 Commercial Milk (Rural) 0.000 0.000 0.006 0. 000 0. 000 O.J01 

1946 Fruit and Vegetables• 0.003 0.030 0.597 0.003 0. J19 0.281 

1947 External o.ooo 0.000 0.000 0.000 J.JCO J.QOO 
1947 Inhalation 0.000 0.000 0.003 0.000 0.000 :. JC2 

1947 Milk from B'fCow Regime 3 0.000 0.000 D. 004 o. 000 o.ooc O.OOi. 
1947 Milk from BYCow Regime 4 0.000 0.000 0.007 0.000 o.ooo ~ ~~~ 

-.1. ~~~ 

1947 Commercial Milk (Rural) 0.000 0.000 0.003 0.000 O.JCO 0.000 

1947 Fruit and Vegetables• 0.001 0.006 0. 077 0.001 0.804 0.054 

1945-1947 External 0.000 0.000 0.005 0.000 0.000 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 0.000 C.Jl2 
1945-1947 Commercial Milk (Rural) 0.000 0.004 0.059 0.000 o.oco 0.005 

1945-1947 Fruit and Vegetables• 0. 060 0. 353 4. 329 0.040 0.213 2.408 

* Dose from the fruit and vegetables pathway assumes that 100\ of diet comes from local sou:::ces 

c.ss 



------------------------------- Klickitat county Census Division 09 ---------------------------------

':ear 

:945 
:945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
:947 

1947 
1947 
1947 

Dose Pathway 

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 (Rurall 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk mural) 

1947 Fruit and Vegetables* 

:945-194 7 External 
1945-194 7 Inhalation 

1945-1947 
1945-1947 
1945-1947 

1945-1947 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables• 

Infant Dose Percentiles 
5th 50th 95th 

0.000 
0,000 

0.001 
0.000 
0.000 

0,025 

o.ooo 
0.000 

0.000 
0.000 
0.000 

0.004 

0.000 
0.000 

0.000 
0.000 
0.000 

0.001 

0.000 
0.001 

0.003 
0.000 
0.000 

0.065 

0.000 
0. 003 

0. 011 
0.003 
0.002 

0.220 

0.000 
0.001 

0.001 
0.000 
0.000 

0.035 

0.000 
0.000 

0.001 
0.000 
0.000 

0.006 

0.000 
0.005 

0.019 
0.007 
0.003 

0. 401 

0.803 
0.102 

0.170 
0.196 
0.041 

3.659 

0.001 
0.016 

0.038 
0.018 
0.009 

1. 451 

a.ooo 
0.006 

0.009 
0.013 
0.002 

0.092 

0.004 
0.131 

0.184 
0.204 
0.047 

6.255 

Adult Jose Percentiles 
5th 5Cth }St:l 

a.ooo 
0.000 

0. 800 
0. 800 
0.000 

0.016 

0.000 
0.000 

0.000 
0. 000 
0.800 

0.002 

0.000 
0.000 

0.000 
0.000 
0.000 

0.000 

0.000 
0.801 

0.000 
O.OCO 
0.000 

0.040 

o.cc8 
0.002 

0.001 
0.000 
0.000 

0.124 

0.000 
o.coo 

0.000 
0.000 
0.000 

J. 000 
a. coo 

o.ooc 
o.oco 
0.000 

0.004 

0.000 
0.004 

0.002 
0.000 
0.000 

0.212 

C.C96 

C,C24 
0.012 
0,005 

2.307 

o. ao: 
J. QlJ 

0.003 
O,QOJ 
a. ooo 

C. CC2 

o.coo 

0.067 

0.003 
0.102 

0.026 
0. 016 
0.005 

3. 525 

• Dose from the fruit and vegetables ~athway assumes that 100\ of diet comes from :ocal sources 

C.59 



----------------------------- Klickitat County Census Division 10 ---------------------------------
Infant oose Percentiles Adult ~ose Percentiles 

Year Dose Pathway 5th 50th 95th S<h 50th 95t~ 

:945 External 0.000 o.ooo 0.003 o.ooo 0.000 J.JOJ 
1945 "Inhalation 0.000 0.002 0.089 :). 000 J.JC2 c.J8.:. 

l945 Milk from BYCow Regime 3 0.001 0.012 0 .171 0.000 0.001 J. J20 
1945 Milk from BYCow Regime 4 0.000 0.002 0.093 0. 000 0.000 0.015 
1945 Commercial Milk (Rural) 0.000 0.001 0. 068 0. 000 0.000 8.003 

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 0.000 0.001 0.017 0. 000 0.000 C .::l"C2 

1946 Milk from BYCow Regime J 0.000 0.002 0.031 0.000 0. 000 0.003 
1946 Milk from BYCow Regime 4 0.000 0.000 0.019 0.000 0. 000 J.CC2 
1946 Commercial Milk (Rural) 0.000 0.000 o.ooa 0.000 0.000 ().001 

1946 Fruit and Vegetables* 0.004 0.037 0. 670 0. 003 0,020 :.42: 

1947 External 0.000 0.000 0.000 0.000 o.oco J.JCC 
1947 Inhalation 0.000 0.000 0.004 0.000 0.000 ~ ~ ~' 

~.~-..J 

1947 Mille !rom BYCow Regime 3 0.000 0.000 0.007 0.000 0.000 J.:::c: 
1947 Mille !rom BYCow Regime 4 0.000 0.000 0.007 0.000 J. 000 ~ ~nn 

~. ~"" 

1947 Commercial Milk (Rural) 0.000 0.000 o.aoJ o. aoo 0.000 :::.000 

1947 Fruit and Vegetables* 0.001 0.006 0.101 0.000 0.004 0.063 

1945-1947 External 0.000 0.000 0.005 0.000 0.000 0.004 
1945-1947 Inhalation 0.001 0.005 0.126 0.001 0.004 J. :J8 

1945-1947 Milk from BYCow Regime 3 0.003 0.020 0.240 o.ooo 0.002 0.021 
1945-1947 Milk from BYCow Regime 4 0.000 0.006 0.130 0.000 0.001 n "• l 

~-~~-

1945-1947 Commercial Milk (Rural) o.ooo 0.004 0.129 0.000 0.000 0.005 

1945-1947 Fruit and Vegetables* 0.060 o. 383 5.3.:.2 0.040 0. 215 2. :32 

• Dose from the fruit and vegetables pathway assumes that 100% of d.!.et comes from local sources 

C.60 



--------------------------------- Morrow County Census Division 01 -----------------------------------

Infant Dose Percenci1es Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.002 0.019 c.::::cc J.J02 v.~-' 

1945 Inhalation 0.809 0,044 0. 680 0.008 0.040 ::::.~6:ii 

1945 Milk from BYCow Regime 1 1.104 ~0.292 129.015 0.082 0.687 11.386 
1945 Milk from BYCow Regime 2 0. 926 9.335 91.555 0.085 0.84.5 12.468 
1945 Milk from BYCow Regime 3 0.020 0,269 3. 644 0.003 0.029 0. 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 o.ooo O.COl O.a07 
1946 Inhalation 0.002 0.011 0,166 0.002 0.009 8.:48 

1946 Milk from BYCow Regime 1 0.158 l. 337 10.902 0.014. 0.117 0.948 
1946 Milk from BYCow Regime 2 0.155 1. 449 14.093 0. 014. 8.106 l. 353 
1946 Milk from BYCow Regime 3 0.005 0.055 0.663 0.001 J.J05 0.045 
1946 Milk from BYCow Regime 4 0.000 0,006 0.160 o.ooo J.001 J. 013 
1946 Commercial Milk (Rural) 0.141 0. 933 6.992 0. 013 0.083 J. 66~ 

1946 Fruit and Vegetables* 0.075 0.455 4. 649 0.063 0.3~8 4. 667 

1947 External 0.000 0.000 0,002 o.ooo 0.000 o.ccz 
1947 Inhalation 0.001 0.003 0.098 0.000 8.002 0.042 

1947 Milk from BYCow Regime 1 0.055 0. 359 2. 920 0.004 J. )34 a. 574 
1947 Milk from BYCow Regime 2 0.046 0.397 2. 612 0.004 0.035 ) . 385 
1947 Milk from BYCow Regime 3 0.001 0.016 0,236 0.000 0. :JOl a. 013 
1947 Milk from BYCow Regime ' 0.000 0,001 0.035 o.ooo 0.000 ::r.J06 
1947 Commercial Milk (Rural) 0.039 0.256 1. 945 0.004 0.022 0. :44 

1947 Fruit and Vegetables* 0.015 0.084 0. 694 0.013 0.061 0. 485 

:945-1947 External 0.001 0.004 0.028 0.001 0.003 0.033 
1945-1947 Inhalation 0.022 0.088 1.194 0.018 O.J7l 0.786 

1945-1947 Milk from BYCow Regime 1 3.148 16.305 223.673 0.248 1. ::n 8. 441 
1945-1947 Milk from BYCow Regime 2 2. 647 11.710 72.632 0. 261 1. 398 :~.306 
:945-1947 Milk from BYCow Regime 3 0.089 0.509 4.442 0.008 0.043 J.444 
:945-1947 Milk from BYCow Regime 4 0.010 0,110 2.290 0.002 0.015 0.:49 
:945-1947 Commercial Milk (Rural) 1. 977 9.200 76.954 0.175 o. 767 10.914 

1945-1947 Fruit and Vegetables* 1.173 4.889 43.552 0.837 3. 097 33.766 

• Dose from the fruit and vegetables pathway assumes that 100% ot diec comes from local sources 

C.6l 



--------------------------------- Morrow county Census Division 02 -----------------------------------

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

1945 :;:xternal 0.001 0.002 0.008 0.001 0.002 ::; . ~cs 
1945 :nhalation 0. 011 0.:142 0.337 0.009 J. ~32 J. :52 

1945 Milk. from BYCow Regime 1 1.130 7.225 66.275 0.082 0.561 4. 571 
1945 Milk from 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) 0.377 2. 704 19.109 0. 026 0.177 1. 490 

1945 Fruit and Vegetables* 0.542 2.320 14.029 0.382 1. 548 7.859 

1946 External 0.000 0.000 0.002 0.000 0.000 :J.:JOJ 
1946 Inhalation 0.002 0.008 0. 059 0.002 :J.007 J.J48 

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 J. 695 
1946 Milk from BYCow Regime 3 0.004 0.030 0.251 o. 000 0.003 0 .019 
1946 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 J.266 

1946 Fruit and Vegetables* 0.078 0.361 2. 647 0.056 0. 250 l. 72J 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.001 0.002 0. 025 0.001 J.002 " ""-~-"·' 

1947 Milk from BYCow Regime 1 0.044 0. 324 2.263 0.005 0.029 c .2:5 
1947 Milk from BYCow Regime 2 0.048 0.327 2.121 0.004 J. :127 o.:59 
1947 Milk from BYCow Regime 3 0.001 0.009 0.100 0.000 0.001 0.008 
1947 Milk from BYCow Regime 4 0.000 0. 003 0.054 0.000 0.000 :J.C05 
1947 Commercial Milk (Rural) 0.016 0.110 1. 029 0.001 0.010 J.080 

1947 Fruit and Vegetables* 0.013 0.069 0.407 0.012 0.048 J. 270 

2945-1947 External 0. 001 0.002 0.012 0.001 0.002 J. 013 
1945-1947 Inhalation 0.022 0.064 0. 405 0.018 0.048 0.318 

1945-1947 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 
~945-1947 Milk from BYCow Regime 3 0.076 0.296 1. 681 0.006 0. 029 0.179 
1945-1947 Milk from BYCow Regime 4 0.014 0.112 1. 039 0. 002 0. 011 J. :)77 
1945-1947 Commercial Milk (Rural) 0.958 3. 771 20.136 0. 071 0.304 l. 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 

C.62 



--------------------------------- Morrow County Census Division 03 -----------------------------------

Infant Dose Percentiles Adul:: Jose Percentiles 
Yea:r Dose Pathway m 50th 95th 5th ~"-'" ~v ~•. )5t:". 

1945 Sxternal :J.OOO 0,002 0.031 8. 000 0.002 :. 022 
1945 Inhalation 0,006 0.033 0.609 8.805 0. 028 0.456 

1945 Milk from BYCow Regime 1 0. 724 5.562 56,107 0.059 0. 486 7.516 
1945 Milk from BYCow Regime 2 0.587 5.749 76,852 0.044 0.434 5.201 
1945 Milk from BYCow Regime 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 CO!NIIercial 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 l. 406 13.231 

1946 External 0.000 0.000 0.010 0.000 8. 800 ·O.JlC 
1946 Inhalation 0,001 0.007 0' 322 0.001 0.006 8.l90 

1946 Milk from BYCow Regime l 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 J.798 
1946 Milk from BYCow Regime 3 0.003 0.021 0.253 0.000 0.002 ~.01'1 

1946 Milk from BYCow Regime • 0.000 0.008 0.100 0.000 0.801 ~ ~'' 
~.~~-

1946 Commercial Milk (Rural) 0. 032 0.253 2.446 0.003 8.822 :.J:: 

:946 Fruit and Vegetables* 0.056 0.307 3.929 0.036 0.200 2. SlC 

1947 External 0.000 0.000 0.005 0,000 0.000 0.005 
1947 Inhalation 0.000 0.002 0.083 0.000 0.002 J,047 

1947 Milk from BYCow Regime 1 0.028 0.234 2.461 0.003 0. 021 ·J. 202 
1947 Milk from BYCow Regime 2 0.029 0.249 2.311 0.003 0.025 Q,279 
1947 Milk from BYCow Regime 3 0.001 0,005 0. 055 0.000 0.000 J.006 
1947 Milk from BYCow Regime • 0.000 0. 003 0.044 0.000 0.000 0.008 
1947 Commercial Milk (Rural) 0. 011 0.077 !.109 0.001 0 .C06 J.052 

1947 Fruit and Vegetables* 0.010 0. 059 0.523 0.008 0.046 0. 440 

1945-1947 External 0.001 0.003 0.065 0.001 0.003 0.059 
1945-1947 Inhalation 0.016 0.065 1. 644 0. 013 0.055 l. 3:9 

1945-1947 Milk from BYCow Regime 1 1. 917 7.984 69.349 0.:31 0. 680 7. 698 
1945-1947 Milk from BYCow Regime 2 l. 493 7.405 60. 981 0.135 o. 767 8. 684 
:945-1947 Milk from BYCow Regime 3 0.050 0.293 2.814 0,005 0.024 0.177 
~945-1947 Milk from BYCow Regime • 0. 013 0.093 1. 018 0.001 0.009 0.078 
1945-1947 Commercial Milk (Rural) 0.608 3, 068 27.403 0.054 0.240 2. 438 

1945-1947 Fruit and Vegetables* o. 784 3.185 38.608 0. 562 2.066 :6.537 

,. Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

C.63 



--------------------------- Umati'._la County Census Division 01 ----------------------------------

Infant Dose Percentiles Adul~ Dose Percent~les 
Year Dose Pathway 5th 50th 95th St!l s~:h 't5t:-J 

:945 External 0.003 0.005 0. 014 0.003 0 .006 :l.c.:..:; 
1945 Inhalation 0.062 0.185 0. 665 0.054 ~ .148 0. 503 

1945 Milk from BYCow Regime 1 7.364 45.923 230.356 0. 483 3.159 :2. 987 
1945 Milk from BYCow Regime 2 7.661 41.733 226.333 0.461 2. 817 14.446 
1945 Milk frorn BYCow 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 0.003 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 ~. JCJ 
1946 Inhalation 0.014 0.041 0.156 0. 013 0.031 0.100 

1946 Milk from BYCow Regime 1 1. 065 5.961 38.543 0. 095 0.512 2. 607 
1946 Milk frorn BYCow Regime 2 1.100 6.193 33.303 0.079 ·J. 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 (RuralJ 1. 356 6.286 16.171 :) .116 0.420 :. 267 

1946 Fruit and Vegetables* 0.321 1.158 5.342 0.240 0.860 3. 872 

1947 External 0.000 0.000 0.001 0.000 8. 000 8.00: 
1947 Inhalation 0.004 0.012 0.054 0. 003 0.009 0.037 

1947 Milk ''= BYCow Regime 1 0.333 1.828 10.276 0.025 0 .l34 0. 996 
1947 Milk from BYCcw Regime 2 0.330 1. 866 16.517 0.028 0 .161 o. 755 
1947 Milk from BYCcw 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. OOl 0.013 
1947 Commercial Milk (Rural) 0. 451 1. 646 5.796 :J. 034 0.120 8. 482 

1947 Fruit and Vegetables* 0.056 0.213 0. 914 0.042 0.171 0. 746 

1945-1947 External 0.004 0.008 0.017 0.004 0.008 c. 8~ 7 
1945-1947 Inhalation 0.115 0.260 0. 758 0.097 0.206 .J. 561 

1945-1947 Milk frorn 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 :5.974 
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 ' 0. 047 0. 380 6.886 0.009 0 ,043 0.341 
1'145-1947 Commercial Milk (Rural) l6. 734 46.171 131.171 1. 246 3.398 9. 709 

1945-1947 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 
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-------------------------------- Umat~lla County Census Division 02 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
:'ear Dose Pathway SCh 50th 95th SCh 50th 95t)1 

~945 ::xternal 0,002 0.005 0.014 0.002 0.~05 o.n4 
1945 Inhalation 0.064 o.:82 0.688 J. 051 0.139 :. 460 

1945 Milk from BYCow Regime 1 7,179 42.235 215.978 0.612 3.627 23.6C2 
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 l. 478 
1945 Milk from BYCow Regime 4 0. 014 0.207 6.283 0.004 0.034 0. 463 
1945 Commercial Milk (Rural) 11.632 55.640 177,815 1.002 4 .274 l2.946 

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 :L 001 Q,003 
1946 Inhalation 0. 013 0.035 0.113 0.012 0.030 J. 890 

1946 Milk from BYCow Regime 1 1. 310 6.187 29.018 0 .llS 0. 649 3. 625 
1946 Milk !rom 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. JC~ 

1946 Fruit and Vegetables* 0.340 1.246 5,489 0. 263 0.948 3. 965 

1947 External 0.000 o.ooo 0.001 0,000 0.000 0.001 
1947 Inhalation 0.004 0. 011 0.042 0.003 0.008 0.030 

1947 Milk fw' BY Cow Regime 1 0.364 2.100 12.987 0.028 8.~57 l.JOS 
1947 Milk from BYCow Regi~ 2 0.350 1. 980 11.121 0.023 0.:37 J. 912 
1947 Milk from BYCow Regime 3 0.006 0. 061 0. 713 0.001 o.ao5 8. 041 
1947 Milk from BYCow Regime 4 0.001 0.009 0.227 0.000 0.001 o.no 
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 1. ::;:4 

1945-1947 External 0.004 0.007 0.016 0,004 0.007 0.017 
1945-1947 Inhalation 0.112 0.249 0. 737 0.088 0 .190 J. 534 

:945-1947 Milk from BYCow Regime 1 17.107 58.340 228.244 1.322 5.046 26.377 
1945-1947 Milk from BYCow Regime 2 17.093 59.225 234.636 1. 304 5.214 :7.724 
1945-1947 Milk from BYCow Regime J 0. 462 2.263 14.583 0.044 0.206 l. 564 
1945-1947 Milk from BYCow Regime 4 0. 052 0.364 8.297 0.012 0.052 0.638 
1945-1947 Commercial Milk (Rural) 23.649 67.738 195.368 l. 776 5.482 13.294 

1945-1947 Fruit and Vegetables* 3.840 11.375 44.117 2.802 a .037 29.798 

~ Dose !::om the fruit and vegetables ~at.hway assumes that. 100\ of diet. come:" from local sources 
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-------------------------------- Umatilla County Census Division 03 ----------------------------------

Infant Dose Percentiles Adult Dose Pe~centiles 
Year Dose Pathway 5th 50th 95th 5th 50th ?5'::)': 

1945 External 0.002 0.004 0. 014 0. 002 0.004 :·. ::s 
1945 I:!halation 0.040 0.129 0.583 0.034 :; .101 J. 41~ 

1945 Milk from BYCow Regime 1 3. 761 21.291 142.917 0.288 2.154 :4.498 
1945 Milk !rom BYCow Regime 2 3.261 23.897 185,316 0.247 1. 899 12. 548 
1945 Milk from BYCow Regime 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 c. 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 0.000 0.001 0.003 0.000 0.00! 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 0.24C 1. 745 
1946 Milk from BYCow Regime 2 0. 538 3.274 17. 961 0. 035 0. 257 :. 567 
1946 Milk from BYCow Regime 3 0.009 0.082 0.791 0. 001 0.007 J.JS4 
1946 Milk from BYCow Regime 4 0.002 0.023 o. sao 0.000 0.003 0. J35 
1946 Commercial Milk !Rural) 0.405 2.037 ll. 781 0.033 0.159 :.524 

1946 Fruit and Vegetables* 0.213 0.824 4.220 0.157 0. 572 2. 64 6 

1947 External 0.000 0,000 0.001 0.000 0,000 ~ ""' vo~'-'• 

1947 Inhalation 0.003 0.008 0.033 0.002 O.CC6 0. C26 

1947 Milk ''= BYCow Regime 1 0.136 1. 017 8. 274 0.012 0.075 J. 391 
1947 Milk from BYCow Regime 2 0.155 0.867 5.693 0.010 0 .o 62 0.391 
1947 Milk from BYCow Regime 3 0,003 0.022 0.284 0.000 0,002 0. Jl9 
1947 Milk from BYCow Regime 4 0.000 0.006 0. 096 0.000 0.001 0.009 
1947 Commercial Milk (Rural) 0.107 0.584 3.100 0.008 0.046 0.256 

1947 Fruit and Vegetables* 0.038 0.139 0, 706 0.030 0.114 0.52: 

1945-1947 External 0.003 0.006 0. 017 0.003 0.006 J. 017 
1945-1947 Inhalation 0.074 0.176 0. 643 0.064 0.141 0.461 

1945-1947 Milk from B"tCow Regime 1 e .111 29.995 169.071 0. 622 2.800 :5.389 
:945-1947 Milk from BYCow Regime 2 7. 949 31.020 l32.663 0. 653 2.563 ~3.196 
1945-1947 Milk !rom B"tcow Regime 3 0.230 1.072 5.668 0.019 0.082 0.457 
1945-1947 Milk from BYCow Regime 4 0.042 0.288 3.965 0.005 0.027 0.226 
1945-1947 Corronercial Milk (Rural) 5.868 20.671 113.480 0.389 :.52: 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\ of diet comes from local sources 

C.66 



-------------------------------- Umat~~la County Census Division 04 ----------------------------------

Year 

:945 
:945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

Dose Pathway 

External 
:nhalation 

Milk from BYCow Regime 3 
Milk !rom BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 3 
~lk 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) 

1947 Fruit and Vegetables* 

1945-194 7 External 
~ 945-194 7 Inhalation 

1945-1947 
1945-1947 
1945-1947 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

:945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

0.003 
0.074 

0.108 
0.008 
0. 704 

2. 425 

0.001 
0.019 

0.016 
0.001 
0.105 

0.343 

0.000 
0.005 

0.005 
0.000 
0.031 

0. 059 

0.005 
0.144 

0.298 
0.038 
1.350 

4.034 

(). 007 
J.220 

1.114 
0.260 
3. 973 

10.173 

0.002 
0.054 

0.189 
0.028 
0. 580 

1. 337 

0.000 
0.016 

0.053 
0. 009 
0.169 

0.230 

0.009 
0.315 

1.735 
0.420 
5.366 

12.559 

0. 019 
G. 742 

12.250. 
5. 977 

36.053 

45.079 

0.004 
0.174 

1. 531 
0. 623 
4.002 

6. 733 

0.001 
0. 065 

0. 335 
0.163 
1.037 

1.027 

0. 023 
0. 871 

12.652 
6.325 

35.371 

48.504 

Adult Cose ?ercenti1es 
5th 50th 95th 

0.003 
0.065 

J.007 
0.001 
0.045 

1. 716 

0.001 
0.017 

0.001 
0.000 
0.008 

0.268 

0.800 
o.cos 

o.ooo 
0.000 
0.002 

0.047 

0.005 
0.120 

0.022 
0.004 
0.105 

3.075 

G.GC7 
0 .l81 

0.076 
a .016 
0.295 

6.500 

0.002 
0.043 

0. 012 
~. 002 
J. G38 

0. 987 

~. ~cc 
8.~:3 

~l. 0C4 
0.001 
0. 013 

0.166 

0.010 
0. 257 

0. :c6 
:::.833 
8.404 

8. 447 

J.J:9 
:; . 56 6 

8.637 
0.367 
3.398 

32. 661 

0.004 
0 .l34 

:J.078 
J. 041 
::.230 

c. 246 

O.JC 
O.J22 
O.C65 

0.69'> 

J. 686 

2.387 
3.525 

35.884 

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

C.67 



---------------------------- Umatilla County Census Division OS ----------------------------------

Infant Dose Percentiles Adu.:.: Dose Percentiles 
Year Dose Pathway SOh 50th '15th SOh 50th '15th 

~'145 Excernal 0.002 0.004 0.012 0.002 0.004 J.V:2 
1945 Inhalation 0.855 0.:64 0.605 8.046 o.:26 0 • .J09 

1945 Milk from BYCow Regi!!t13 3 0 .133 1.117 "· 926 0.009 8. 091 1. 025 
1945 Milk from B'I'Cow Regime 4 0.005 0.160 4.246 0. 000 0. 012 0.567 
1945 Commercial Milk {Orban) 17.306 65.692 212.094 0.823 3. 616 ::.:as 

1945 Fruit and Vegetables* 2.101 7.535 35.827 1.508 5.273 22.369 

1946 External 0,000 0 .001 0.003 o.ooo 0.001 o. 003 
1946 Inhalation 0.012 0.033 0,109 0.010 0.026 0.087 

1946 Milk !rom BYCow Regime 3 0.025 0.180 l. 879 0.001 0.814 0.153 
1946 Milk from BYCow Regime 4 0.001 0.026 0.414 0.000 0.002 0.048 
1946 Commercial Milk {Orban) 2.610 10.270 28.271 0.158 0. 577 :.865 

1946 Fruit and Vegetables* 0.298 1.105 4. 836 0.210 0.825 3.56: 

1947 External 0.000 0.000 0.001 0.000 0.000 
1947 Inhalat-l,on 0.003 0.010 0.049 0.003 J. JC8 'J. J30 

1947 Milk from BYCow Regime 3 0.004 0,042 0.475 0,001 0.004 0.039 
1947 Milk !rom BYCow Regime 4 0.000 0.007 0.220 0.000 0.001 0.015 
1947 Commer-cial Milk <Or-ban) o. 756 2.579 8. 564 0.040 0. :65 J. 687 

1947 Fruit and Vegetables• 0.052 0.207 1.088 0.041 0.152 ::.745 

1'145-1'147 External 0.003 0,006 0.014 0.003 J.006 0. 014 
1945-1947 Inhalation 0 .0'18 0.226 0. 706 0.082 0.175 0.466 

1945-1947 Milk from BYCow Regime 3 0.320 1. 660 11.615 0.030 0.134 0. 953 
1'145-1947 Milk- from BYCow Regime 4 0.031 0. 284 3.647 0.002 0.021 ~. 529 
1945-1947 Commercial Milk {Orban) 30.267 78.022 236.069 1. 626 4. 640 ll. 931 

:945-1'147 Fruit and Vegetables* 3.547 9. 866 39.367 2. 465 6. 772 23.296 

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

C.68 



-------------------------------- Umatilla County Census Division 06 ----------------------------------

Year 

l945 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
:946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

1947 

1945-1947 
1945-1947 

~945-1947 

:945-1947 
1945-1947 

:945-1947 

Dose Pathway 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Urban) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Urban) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Urban) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Urbanl 

Fruit and Vegetables• 

Infant Dose Percentiles 
5th 50th 95th 

0.002 
0.052 

0.105 
0.004 
6.230 

1. 753 

0.001 
0.013 

0.014 
0.001 
0. 918 

0. 239 

0.000 
0.004 

0.003 
0.000 
o. 269 

0.043 

0.004 
0.096 

0.215 
0.032 

:2.298 

2. 970 

0.005 
O.l52 

0.806 
0.146 

24.725 

6.891 

0.001 
0.037 

0.104 
0.021 
3.666 

0. 891 

o.ooo 
0. 011 

0.024 
0.006 
0.990 

0.171 

0.007 
0.215 

1.168 
0.289 

31.356 

8. 786 

(J.Jl2 
0.600 

5.378 
3. 544 

91.725 

30.679 

0.003 
0.123 

1.016 
0. 610 

14.189 

4.693 

0.001 
0.047 

0.172 
0 .l21 
3.937 

0.884 

0.014 
o. 652 

5.565 
3.439 

87.524 

32.489 

Adult Dose ~ercentiles 
5tr. 50th 95t~ 

0,002 
0.043 

0.009 
0.000 
0.303 

l. 318 

0.001 
o.n1 

0.001 
0.000 
0.044 

0.185 

0.000 
0.003 

0.000 
0.000 
0. 015 

0. 034 

0.004 
0.081 

0.020 
0.003 
0. 629 

2.:75 

0. ocs 

0,074 
0.014 
l. 309 

4. 610 

0.001 
0.028 

0.009 
0.002 
0.203 

0. 656 

~. JGC 
0.009 

0.002 
o. 001 
0.057 

0.128 

0.007 
0. ~68 

0. 098 
c.n5 
1. 729 

5. 784 

0.014 
J.4D 

0.547 
0.279 
5.259 

21. 682 

0.003 
0.079 

J.065 
0.038 
~. 730 

2. 69C 

J.~o~ 

J.J3l 

0.258 

0. 652 

0. J15 
J. 470 

0. 653 
:.296 
9.C96 

22.969 

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

C.69 



-------------------------------- Umat~~la County Census Division 07 ----------------------------------

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

:945 External 0.001 0.002 0.007 il.OOl 0.002 O.'JC9 
l945 Inhalation 0.021 0.067 0.290 0.018 0.054 0.:90 

1945 Milk from BYCow Regime 1 l. 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 Corranercial Milk (Rural) 1.874 10.403 51.673 0.126 0.658 ). 754 

1945 Fruit and Vegetables* 0.857 3.432 17. 623 0. 629 2.365 9.636 

1946 External 0.000 0.001 0.002 0.000 0.001 :).002 
1946 Inhalation 0.005 0.016 0.069 0.004 o.n2 0. 046 

l946 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 o. :21 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 J. 032 
1946 Commercial Milk (Rural) Q. 302 l. 261 5.457 0.021 ~ ·~-. ._,. ·~' il. 564 

1946 Fruit and Vegetables• .0 .123 0. 481 2. 414 0.087 :. 345 :. 624 

1947 External 0.000 0.000 0.001 0.000 J.JCO J.JO~ 
1947 Inhalation 0.001 0.004 0.02) a. 001 0.003 :].017 

1947 Milk ,,~ BYCow Regime 1 0.077 0.451 2.842 0.005 0.04C 0.239 
1947 Milk from BYCow Regime 2 0. 098 0. 543 2.965 0.007 0.043 G .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 0.000 0.004 0,108 0.000 0.000 0.010 
1947 Commercial Milk (Rural) 0,079 0.402 1 .921 0.006 0. 031 8.:28 

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 ~ ~," 
v.~~~ 

l945-1947 Inhalation 0. 041 0.098 0. )58 0.033 0. 077 ·J. 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. JSl J. 290 
1945-1947 Milk from BYCow Regime 4 0.024 0.178 2 .206 0.003 0.019 J.l83 
1945-1947 Commercial Milk (Rural) 3.580 12. 627 62.043 0.277 0.934 4.921 

1945-1947 Fruit and Vegetables* 1. 487 4. 520 18.7)6 l .142 2.993 :..c. 470 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

C.IO 



-------------------------------- Umati~la County Census Division 08 ----------------------------------

Year 

:945 
:945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1'147 

1947 
1947 
1947 

1947 

1945-1947 
1945-1947 

1945-1947 
1945-1947 
1945-1947 

Dose Pathway 

Ex::ernal 
Inhalation 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk lRurall 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 3 
~lk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk !rom 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 (Rurall 

1945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

0.002 
0. 041 

0. 078 
0.005 
0. 541 

1.504 

0.000 
0.010 

0. 014 
0.001 
0. 072 

0.202 

0.000 
0. C03 

0.002 
0.000 
0,019 

0.039 

0,003 
0. 078 

0.201 
0,028 
:.010 

2. 411 

~.004 

0.123 

0. 715 
0,157 
3.033 

5.511 

0.001 
0.029 

0.082 
0.018 
0. 4 51 

0. 761 

0,000 
0.009 

0.023 
0.007 
0.117 

0.145 

0.005 
0.177 

0.920 
0.234 
3. 790 

7.178 

0.009 
0. 460 

5.909 
3.030 

17.087 

25.049 

0,002 
0.097 

o. 505 
0.396 
2. 681 

3. 716 

0.001 
0.032 

0.154 
0.127 
0.699 

0. 664 

0.010 
0.537 

6. 441 
2.368 

18.157 

27. 948 

Adult Dose ?ercentiles 
5th 50th 95th 

0,002 
0,037 

0.006 
0.001 
0.034 

1. 065 

0,000 
0,009 

0.001 
0.000 
0. 006 

0.163 

0,000 
0.002 

0.000 
0,000 
0,002 

0.031 

0,003 
0.066 

0.016 
0.003 
0.084 

1. 794 

O.OC4 
0.098 

0. 060 
0.014 
0.202 

3. 918 

0.001 
0.023 

0.007 
0.002 
J.OJO 

0.56C 

o.:::oc 
0.007 

c. ::5 

0.005 
0.137 

0.083 
0.021 
0.281 

:; . 239 

C.550 
0,:98 
1.292 

18. 312 

O.Q02 
0.065 

0.066 
J.J28 
·J.l63 

2.757 

0.012 
0.358 

0,578 
0.26::: 
l. 389 

~9.675 

• Dose ~rom the fruit and vegetables patnway assumes that lCC% of diet comes from local sources 

c. 71 



--------------------------- Umatilla County Census Division 09 ----------------------------------

Year 

1945 
:945 

1945 
1945 
1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 
1947 
1947 

1947 

1945-1947 
1945-1947 

1945-1947 
1945-1947 
1945-1947 
1945-1947 
1945-1947 

1945-1947 

Dose Pathway 

External 
:nhalation 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BY Cow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCOW Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables• 

External 
Inhalation 

Milk from BYCow Regime 1 
Milk t'rom BYcow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (RuralJ 

Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

8.001 
0.026 

2. 988 
2.343 
0.055 
0. 011 
1.945 

1.025 

o.ooo 
0.006 

0.444 
0.363 
0.008 
0.001 
0.278 

0.150 

0.000 
0.002 

0.109 
0.094 
0.002 
0.000 
0. 080 

0.026 

0.002 
0.049 

5.274 
5.500 
0.137 
0.037 
4.192 

1. 737 

0. 003 
0.086 

16.981 
14.380 
o. 576 
0.138 
9. 973 

4 .323 

0.001 
0.018 

2.435 
2.413 
0.057 
0.017 
1. 729 

0.617 

0.000 
0.005 

0.691 
0.638 
0.016 
0.008 
0.391 

0.111 

0.004 
0.126 

24.947 
22.214 
o. 731 
0.265 

15.431 

5. 489 

o. :no 
0.400 

88.182 
91. 610 
5. 462 
2.559 

60.287 

23.013 

0.002 
0.075 

17.573 
16.241 

0.398 
0. 658 

11.965 

3. 379 

0.001 
0.026 

4. 998 
4.698 
0.157 
0.173 
2.126 

0.587 

0. 011 
0.469 

104.916 
95.209 
5. 759 
2. 728 

69.460 

24.726 

Adult Cose Percentiles 
5th SOt~ 95t~ 

0.022 

0. ~85 
0.224 
0.007 
0.002 
0.163 

0. 796 

0. 000 
0.005 

0.028 
0.024 
0. 001 
0.000 
0.022 

0.124 

0.000 
0.001 

0.007 
0.007 
0.000 
0.000 
0.006 

0.022 

0.002 
0.039 

0.434 
0.478 
0. 014 
0.005 
J. 359 

1. 350 

J. ·J64 

1. 323 
1.282 
0.049 
0. 019 
1. 029 

3.022 

0. ·JOl 
0.014 

0.177 
J .l72 
0. 006 
0,002 
0.:22 

0.451 

J,OOO 
0. JC4 

0,049 
0.04C 
0.002 
0. 801 
0 .031 

O.J8C 

0,80~ 

0. 090 

l. 764 
1. 708 
0.067 
0 .J25 
1.356 

3.942 

9.373 
:o.6CO 
0. 452 
0.239 
7.504 

15.839 

0.002 
J.~48 

~. C89 
:. :48 
0.046 
O.J3C 
~. 798 

2 236 

0. 019 

J. 365 
0 .216 
c.o:: 
J . .J15 
0.221 

0. J58 

0.011 
c.Js: 

8. 321 
:0.342 
o. 4SC 
0. 348 

:o. 701 

16.895 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sou~ces 

C.72 



-------------------------------- Umatilla County Census Division 10 ----------------------------------

Infant Dose Percentiles Adult Dose Percent.!_les 
Year Dose Pathway SOh 50th 95th 5th SOt~ 95th 

1945 External 0.001 0.003 0.007 0.001 ~.002 " "" r V 0 v~O 

:945 Inhalation 0.027 0.082 0. 349 0.024 ~.~63 0.2:~ 

1945 Milk from BYCow Regime 3 0.064 0.504 4. 749 0.005 0.046 0.561 
1945 Milk from BYCow Regime 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 l. 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 J.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.~01 J.OJJ 
1946 Commercial Milk (Rural) 0. 072 0. 489 3.534 0.008 0. C45 J.229 

1946 Fruit and Vegetables* 0.141 0.570 2. 736 0.106 0.399 :. 92l 

1947 External 0.000 0.000 0.000 o.oco 0.000 c. :cc 
1947 Inhalation 0. 002 0.005 0.024 o.oo: 0.004 0.015 

1947 Milk from B"tCow Regime 3 0.002 0.016 0.138 0.000 ~.002 0.018 
1947 Milk from B'tCow Regime 4 0.000 0.005 0.077 0.000 ~.000 0.808 
1947 Commercial Milk (Rural) 0.027 0.155 1.129 0.002 0.:)12 J.072 

1947 Fruit and Vegetables* 0.024 0.094 0. 421 0.020 8. 077 J. 327 

l945-1947 External 0.002 0.003 0.008 0.002 0.003 0.007 
:945-1947 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 
1945-1947 Milk from BYCow Regime 4 0.020 0.170 1. 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* 1. 768 5.159 19.948 1.261 3. 467 l2. 998 

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

c. 73 



-------------------------------- Umatilla County Census Division 11 ----------------------------------
Infant Dose Percentiles Adult Jose Percentiles 

Year Dose Pathway SOh 50th 95th Sch 50th 95t~ 

:945 1':xternal 0.003 0.006 0.015 0.003 :.006 J.JE 
1945 :nhalation 0.070 0.208 0. 703 0.056 0. :6C 0,56.5 

1945 Milk from BYCow Regime 1 8.631 47.430 266.519 0 .552 3.631 19.963 
1945 Milk from BYCow Regime 2 6.553 40.012 255.990 0. 542 3. 219 22.063 
1945 Milk from BYCow Regime 3 0.219 1.635 15.334 0.023 0.157 1. 517 
1945 Milk from BYCow Regime ' 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 1. 863 6.366 28. 967 

1946 External 0.001 0.001 0.003 0.001 0. 001 0.003 
1946 Inhalation o. 016 0.044 0.151 0.013 0.033 C.lOS 

1946 Milk from BYCow Reg!~ 1 1. 478 6.393 59.013 0.100 0. 553 3. 068 
1946 Milk from BYCow Regime 2 1.421 7.635 40.673 0.103 0. 592 2. 964 
1946 Milk from BYCow Regime 3 0. 029 0.259 2.467 0.003 J.022 0.224 
1946 Milk from BYCow Regime ' 0.003 0.035 0.564 0.001 0.005 0.052 
1946 CoiM\ercial Milk (Rural) 2. 266 8.165 31.894 0.181 0. 622 - ~-.~ 

<..~-~ 

1946 Fruit and Vegetables* 0.354 1. 419 7.356 0.268 0. 979 4. ~29 

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.::1.2 

l947 Milk from B'tCow Regime 1 0. 443 1.939 8.665 0.041 0.240 :.644 
1947 Milk from B'tcow Regime 2 0.437 2.201 12.188 0.028 0.:91 l. 960 
1947 Milk ,,~ BYCow Regime 3 0.010 0.086 1.176 0.001 0.006 0.055 
1947 Milk ,,~ BY Cow Regime 4 0. 001 o. 010 0.177 0.000 0.002 o. o:a 
1947 CoiMiercial Milk (Rural) 0.585 2. 601 7 .261 0.043 0.188 0.188 

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 0.008 J.Jl7 
~945-1947 Inhalation 0.126 0.292 0. 8ll 0.100 0. 216 0. 631 

1945-1947 Milk from BYCow Regime 1 19.225 68.349 290.392 1.608 5.100 19.942 
:945-1947 Milk from B'tCow Reg!~ 2 19.309 62.038 286.945 1. 289 4. 7~3 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 ' 0. 046 0,398 5.400 o .all 0.052 J. 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 J .141 8.188 29,954 

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

C.74 



--------------------------------- Umatilla County Census Division 12 ----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'!ear Dose Pathway 5th 50th 95th 5th 50th 951:!'1 

~945 External 0.002 0.004 0.014 8. ~02 0.004 ::.2:5 
'..945 :nhalation 0.040 0.132 0.563 0.:34 .) . 097 ~ ·~· V • ~u • 

~945 Milk from BYCow Regime 1 3.607 22.836 142.605 0.364 l. 964 l5.395 
1945 Milk from BYCow Regime 2 3.404 21.936 101.051 0.260 l. 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 Commercial Milk (Rural) 2.596 13.983 98.426 0, 257 1. 376 14.752 

1945 Fruit and Vegetables* 1. 414 5. 924 28.802 1.130 4.174 21.056 

1946 External 0.000 0.001 0. 003 0,000 8.001 0.003 
1946 Inhalation 0,009 0.028 0.116 0.008 0. 822 8. J80 

1946 Milk fr~ BYCow Regime 1 o. 737 3.935 21.739 0,043 0.251 :. 296 
1946 Milk from BYCow Regime 2 0.479 3.437 26.648 0.039 0.264 :.895 
1946 Milk from BYCow Regime 3 0.013 0.119 l. 050 0.001 0.012 0.:29 
1946 Milk from BYCow Regime 4 0.001 0.013 0.417 0.000 ~.002 :J.:JJO 
1946 commercial Milk (Rural) 0.423 2.296 15.568 0.030 ::.:7: :. :J55 

1946 Fruit and Vegetables* 0.206 0.842 4. 500 0.158 0.584 2 . soc 

1947 External 0.000 o.ooo 0.001 0.000 0.000 ~ ~~· 
u.~~~ 

1947 Inhalation 0.003 0.008 0.034 0.002 0.006 :.::28 

1947 Milk from BYCow Regime 1 0.194 l. 062 6.315 0.012 ::.J86 " - '1. 
~.:o~:o 

1947 Milk from BYCow Regime 2 0.188 l. 024 6. 495 0.015 0,870 0.525 
1947 Milk from BYCow Regime 3 0.005 0.034 0.202 0,000 0.803 0.029 
1947 Milk from BYCow Regime 4 0.000 0. 006 0.144 0.000 0.801 0,007 
1947 Commercial Milk (Rural) 0.127 0. 607 3.659 0.008 :J,040 0.206 

1947 Fruit and Vegetables* 0.039 0.161 0. 748 0.031 0.::7 0. 510 

1945-1947 External 0.003 0.006 0.016 O.J03 0.006 ~. Jl7 
1945-1947 Inhalation 0.078 0.188 0.659 0.061 0.142 8.456 

1945-1947 Milk from BYCow Regime 1 8.522 34.263 173.025 0. 724 2. 498 :4.966 
1945-1947 Milk from BYCow Regime 2 8.230 31.528 99.941 0.639 2. 543 :3.248 
1945-1947 Milk from BYCow Regime J 0.203 1. 042 8.175 0.020 8,'..10 0.635 
1945-1947 Milk from BYCow Regime 4 0.029 0. 312 5. 334 0.004 O.G21 0.268 
1945-1947 Commercial Milk (Rural) 5.539 19.180 99.044 0.466 1.886 13.488 

:945-1947 Fruit and Vegetables~ 2. 358 7. 385 28.907 1. 899 5. 254 21.209 

~ Dose from the fruit and vegetables pathway assumes that 100'11 of diet comes from local sources 

C.75 



-------------------------------- Umatilla County Census Division 13 ----------------------------------

'fear 

:945 
1_945 

:945 
1945 
1945 

1945 

1946 
1946 

1946 
l946 
1946 

:946 

1947 
1947 
1947 

1947 

1945-1947 
1945-1947 

1945-1947 
1945-1947 
1945-1947 

1945-1947 

Dose Pathway 

<:xternal 
Inhalation 

Milk from B'l'Cow Regime 3 
Milk from B'l'Cow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables• 

External 
Inhalation 

Milk from B'l'Cow Regime 3 
Milk from B'l'Cow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables* 

External 
Inhalation 

Milk from B'l'Cow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables• 

External 
Inhalation 

Milk. from B'icow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables• 

Infant Dose Percentiles 
5th 50th 95th 

0.002 
0.849 

0.135 
0.018 
8.172 

1.922 

0.000 
0.011 

0.016 
0.002 
1. 561 

0.273 

0.000 
0.003 

0.004 
0.001 
0. 371 

0.047 

0.003 
0.087 

0.286 
0.066 

15.001 

3.214 

0.004 
0.:45 

1. 025 
0.218 

34.387 

7.318 

0.001 
0.029 

0.125 
0.040 
5.453 

1. 051 

0.000 
0.007 

0.029 
0. 011 
1.527 

0.183 

0.005 
0.202 

1. 380 
0.401 

44.166 

9.541 

0.010 
0.600 

8. 645 
4.414 

96.769 

33.573 

0.002 
0.107 

1.202 
o. 778 

16.750 

4.830 

0.001 
0.030 

0.274 
0.136 
4. 813 

0. 854 

0.012 
0.678 

9.392 
3.540 

110.111 

37. 553 

Adult Dose Percenti~es 
5th 50th 95th 

0.002 
0.042 

0. 014 
0.003 
0.595 

1,400 

0,000 
0.008 

0.002 
a. 001 
0.108 

0.218 

0.000 
0.002 

0. 000 
0.000 
0.032 

0. 038 

0.003 
0. 069 

0.028 
0 .011 
1.202 

2. 352 

0.004 
0. :14 

0.083 
0.031 
2. 774 

5.087 

0.001 
0. 022 

0.012 
0.005 
0.390 

0.753 

o.ooc 
0.006 

0.003 
0.001 
:::.:33 

0.147 

0.005 
0.152 

0.109 
0.046 
3. 464 

6.678 

0.7CJ 
0. 346 
8. 529 

22.180 

0.002 
0. 072 

0. 053 
0 .026 
:.623 

3 .19 3 

o.oo: 
:; . S2J 

0.441 

0. 735 

0.012 
0. 42: 

0. 748 
J. 357 
9.080 

25.034 

• Dose from the fruit and vegetables pathway assumes that lOOt of diet comes from local sources 

C.76 



-------------------------------- Umacilla County Census Division 14 ----------------------------------

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

:945 External 0.802 0.003 0.009 ~. ~c: 8.JOJ ~. ~~9 

:945 :nhalation 0.038 0.115 0. 449 0.033 J. J94 ~ • .),(.L 

1945 Milk from BYCow Regime 3 0.088 0.745 7. 321 0. 011 0.864 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 0.000 0.001 0.002 
1946 Inhalation o.oo8 0.023 0.090 0.007 0.018 0.057 

:946 Milk. from BYCow Regime 3 0. 011 0.075 0.665 0.001 0.008 0.049 
1946 Milk. from BYCow Regime 4 0.001 0. 019 0.469 0.000 0.004 0.044 
1946 Commercial Milk (Rural) 1. 423 5.594 21.161 0.107 J. 422 l. 294 

1946 Fruit and Vegetables* 0,207 0. 786 3.287 0.151 G.5:J 2 .496 

1947 External 0.000 0.000 0.001 J.OOO O.OC2 " 
... . ~ ~. 

1947 Inhalation 0.002 0.007 0.029 0.002 0.005 :.:22 

1947 Milk from BYCow Regime 3 0.003 0.021 0.155 0. 000 0,002 c.c:~ 
1947 Milk from BYCow Regime 4 0.000 0.008 0.129 0.000 0.001 0. :J12 
1947 Commercial Milk (Rural) 0.439 1. 623 5.265 0,031 0.129 0. 421 

~947 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 .J. 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 0.050 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 :7. 627 

• Oose from the fruit and vegetables pathway assumes that 100% of diet comes from local sou!:ces 

C.77 



------------------------------- Walla /Valla County Census Division 01 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway So> 50th 95th SOh 50th 95t!":. 

:945 External 0.002 0.005 0. 013 0.002 0. JC5 :) . Jl4 
1945 lnhalat:..on 8.048 0.150 J. 663 J.J43 0.120 :. 452 

1945 Milk from BYCow Regime 3 0.106 1. 018 10.098 0.012 0 .076 0. 939 
1945 Milk from BYCow Regime 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 ).328 

1945 Fruit and Vegetables* 1.891 7. 724 35.967 1. 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 :::.:38 
1946 Milk from BYCow Regime 4 0.002 0.037 0.515 o.ooo 0. 003 J. J77 
1946 Commercial Milk (Rural) 0.469 1.862 7.253 0.040 0.172 0. 459 

1946 Fruit and Vegetables* 0.266 1.102 5. 427 0 .200 0.807 J. 7l2 

1947 External o.ooo 0.000 0.001 0. 000 ::.::co J. oc: 
1947 Inhalation 0.003 0.009 0.040 O.OOJ 0.007 o.n1 

1947 Milk tram BYCow Regime 3 0.003 0. 044 0.534 0.000 0.003 0.032 
1947 Milk from BYCow Regime 4 o.ooo 0.009 0.142 0.000 0.001 c.C:5 
1947 Commercial Milk !Rural) 0.138 0. 519 2.143 0.010 0.041 :::. ~64 

1947 Fruit and Vegetables* 0.050 0.198 1.042 0. 042 0.164 0.840 

1945-1947 External 0.003 0.006 0.015 0.003 0.006 :::.::::6 
1945-1947 Inhalation 0.089 0.205 0. 741 0.074 O.l65 J.48S 

:945-1947 Milk from BYCow Regime 3 0.299 1.429 10.098 0.028 0.122 J. 941 
1945-1947 Milk from BYCow Regime 4 0.045 0.382 3.995 0.005 J. 031 0. 319 
1945-1947 Commercial Milk !Rural) 5.350 14.744 43. 970 0.421 1.138 3.57C 

1945-1947 Fruit and Vegetables* 3.185 9.538 36.579 2. 484 7.:J86 29.463 

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

C.78 



----------------------------- Walla /Jalla county census Division 02 

Year 

:945 
:945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

Dose Pathway 

External 
Inhalation 

Milk from Bi'Cow 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 

Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

1947 Fruit and Vegetables* 

:945-1947 External 
:945-1947 Inhalation 

1945-1947 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 

0.005 
0.133 

0.317 
0. 041 

!6.946 

4.845 

0.001 
0.028 

0,038 
0.006 
3.222 

0.677 

0.000 
0.007 

0.008 
0.001 
0. 910 

0.124 

0.008 
0.238 

0. 643 
0.128 

37.566 

8.084 

J.Oll 
8. 380 

2.004 
0. 481 

78.401 

19.076 

0.002 
0.080 

0.302 
0.095 

11.415 

2.656 

0,001 
0.022 

0.095 
0.022 
3. 329 

0.466 

0.014 
0,533 

3.043 
1. 006 

101.897 

23.180 

0.028 
l. 479 

15.936 
11.103 

281.513 

80.523 

0.006 
0.281 

3.089 
1. 834 

47.384 

11.385 

0.002 
0. 090 

0.887 
0. 526 

15.136 

1. 883 

0.032 
1. 695 

16.165 
12.412 

306.174 

85.392 

Adult Dose Percentiles 
5th SOt.h 95th 

0,005 
0.107 

0. 036 
0.008 
! . 547 

3.576 

0.001 
0.023 

0.004 
0.001 
0.239 

0.569 

0,008 
0.006 

0.001 
0.000 
0.079 

0. 099 

0.008 
0.181 

0.071 
0.023 
2.632 

6.137 

0. :)l: 
0. 290 

0.213 
0,069 
6,297 

13.094 

0.002 
0. 858 

0.028 
0,012 
o. 910 

2.067 

J.J01 
J. Jl7 

C.8C3 
J .292 

0,353 

0.015 
0.390 

0.295 
0.121 
8. 090 

L6.805 

J,J]l 
l.J48 

~. 558 
J. 7'13 

22.497 

56.854 

0.006 
0.134 

0,235 
.J.l40 
3.238 

9.234 

:. 222 
J.:6-:: 

0. 065 
0.034 
:. 398 

8. 835 
:. 843 

1.673 
0. 940 

24.086 

63.259 

• Jose from the fruit and vegetables pathway assumes t.hat 100~ of diet comes from loca~ sources 

C.79 



------------------------------- Walla Walla County Census Divislon 03 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th Sth 50th 95th 

:945 External 8.007 0.016 0. 044 :1.807 0. :Jl6 " ~·c 
~. ~~~ 

1945 Inhalation 0.194 0.564 2.002 0.160 0. 433 :.c-; 

1945 Mille from B'tCow Regime 3 0.302 2.889 22.469 0.042 0. 307 2. 9Jl 
1945 Milk from BYCow Reqime 4 0.064 0.596 6. 379 0. 011 0.098 : .25'. 
1945 Commercial Milk (Rural) 27,870 135.803 441.484 2. 320 10. 805 40.833 

1945 Fruit and Veqetables* 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 B'tCow 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 ~.:6a 
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 . " ~,.,~ 
• ~ • I~;, 

1947 External 0.001 0.001 0.003 0.001 0.001 8.883 
1947 Inhalation 0.012 0.034 0.156 0.010 0.028 J. ::JJ 

1947 Milk from BYcow Regime 3 0.017 0.156 1.240 0.002 0. 013 J. :G7 
1947 Milk from BYcow Regime 4 0.002 0.024 0.858 0. OOl O.G05 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 o. 777 2.298 0.280 0.603 l. 763 

1945-1947 Milk from BYCow Regime 3 0.881 4.341 30.509 0.102 :) . 421 3. 804 
1945-1947 Milk from BYCow 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 '..2. 676 42. 776 

'..945-1947 Fruit and Vegetables• 11.348 33.381 120.556 7.694 21.347 87.577 

* Dose from the fruit and vegetables pathway assumes that 100' of diet comes from ~ccal sources 

c.so 



------------------------------- Walla Walla County Census Division 04 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External c.~o4 0.010 0.025 ::. ~84 8. ·J09 ::. ~23 
1945 Inhalation o.:o9 0.326 1.185 ::.::93 J.250 ::. ~g~ 

1945 Milk from B'l'Cow Regime 1 ll. 653 60.342 311.884 0.975 5. 585 29. 638 
1945 Milk from BYCow Regi~ 2 12.339 62.493 406,724 0.841 5. 689 25.542 
1945 Milk. from B'l'Cow Regime 3 0,195 1.577 11.011 0.022 0.166 0.976 
1945 Milk. from B'l'Cow Regime4 0,034 0.530 6.530 0.006 0.057 0.841 
1945 commercial Millt (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 0.005 0.001 0.002 :).805 
1946 Inhalation 0. 025 0.070 0.237 0.021 0.054 0.:7: 

1946 Milk from BYCow Regime 1 2.026 10.298 61.717 0.149 0. 918 5. 464 
1946 Milk from BYCow Regime 2 1.866 9.120 48.241 0.130 J. 7:.6 3.802 
1946 Milk from BYCow Regi~ 3 0.037 0.313 2.390 0,004 O.J29 J.~76 

1946 Milk from BYCow Regime 4 0.003 0.053 1.190 0.001 J. 807 J.~04 

1946 Commercial Milk (Rural) 2.455 10,559 32.023 0.205 :::.842 2.~69 

1946 Fruit and Vegetables* 0.559 2.308 11. 664 0.395 :. 499 6. 696 

1947 External 0.000 0.001 0.002 0.000 o.:::c: 3 . J02 
1947 Inhalation 0.007 0.021 0.090 0.006 O.C15 J. 062 

1947 Milk ,,~ BYCow Regime 1 0.575 2.846 17.207 0.047 0.262 :. 643 
1947 Milk from BYCow Regime 2 0.542 2.666 17.212 0.046 0.2:9 1. 23C 
1947 Milk from BYCow Regime 3 0.008 0.070 0. 750 0.001 0.307 0.087 
1947 Milk from BYCow Regime • 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 1.413 

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 35.2:5 
~945-1947 Millt from BYCow Regime 2 26,698 89.500 417.777 2.026 7. 330 26.448 
:945-1947 Milk. !rom BYCow Regime 3 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 l. 302 
1945-1947 Commercial Milk (Rural) 26.969 73.040 189.459 2.219 5.571 19.152 

1945-1947 Fruit and Vegetables* 6.889 19.406 75.225 4.881 13.516 44.272 

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

C.Bl 



------------------------------- Walla Walla County census Division OS --------------------------------
Infant Dose Percentiles Adult Oose Percentiles 

Year Dose Pathway 5th 50th 95th Sth 50th 95::.h 

:945 External 0. 003 0.006 8.017 8.~C3 0.807 J.Jla 
1945 Inhalation 0 .072 0.221 0.800 0. 060 :J.l71 :. 5::6 

:945 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 J.598 
1945 Commercial Milk (Rural) 14.500 sa. 614 158.803 1.148 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 0.001 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 l. 754 0.003 0.022 :.:67 
1946 Milk from BYCow Regime 4 o. 003 0. 042 o. 585 0.001 0. 807 0.)69 
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 E:xternal 0.000 0.000 0.001 0.000 o.occ ) . 801 
1947 Inhalation 0.004 0.012 0.047 0.004 0.010 J.J32 

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 J.J:7 
1947 Commercial Milk (Rural) 0.692 2. 705 8.970 0.057 0.203 J. 503 

1947 fruit and Vegetables* 0. 072 0.309 1. 440 0.061 0.230 . ~.~., 

• • ~v~ 

1945-1947 External 0.005 o.oos 0.020 0.005 0.009 J. :::2:: 
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 :::. 785 
1945-1947 Milk trom BYCow Regime 4 0.081 0.563 9.439 0 .014 0 .075 0. 640 
1945-1947 Commercial Mille (Rural) 25.415 77.314 178.712 2.030 5.822 :3.356 

1945-1947 fruit and Vegetables* 4. 830 14.414 46.512 3.582 10. 388 42. 584 

• Dose from the fruit and vegetables pathway assumes that 100% ot diet comes from local sou::ces 

C.81 



------------------------------- Walla Walla County Census Division 06 

Year 

~945 

:945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

l947 
1947 

1947 
1947 
1947 

Dose Pathway 

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 

:-tllk from BYCow Regime 3 
Milk rrom BYCow Regime 4 
Commercial Milk (Rural) 

1947 Fruit and Vegetables• 

:945-1947 External 
1945-1947 Inhalation 

1945-1947 
1945-1947 
1945-1947 

Milk !rom BYCow Regime 3 
Milk from BYCow Regime 4 
Col!llllercial Milk (Rural) 

1945-1947 Fruit and Vegetables• 

Infant Dose Percentiles 
5th 50th 95th 

0.002 
0,050 

0.096 
0.019 

14.428 

2.092 

0.000 
0.010 

0.019 
0.003 
2. 737 

0.285 

0.000 
0.003 

0.006 
0,001 
0. 797 

0.056 

0.003 
0,090 

0.313 
0,054 

27.030 

3. 414 

0.005 
0.160 

0.817 
0.264 

61.193 

7. 684 

0,001 
0.030 

0,188 
0.036 

10.974 

1. 092 

0.000 
0.009 

0.054 
0.009 
2.EI69 

0.215 

0,006 
0.220 

1. 455 
0.414 

75.522 

10.025 

0. 013 
0. 656 

16.404 
5.115 

163.992 

34,194 

0.002 
0.126 

1.904 
O,EI45 

2EI,538 

5.135 

0.001 
0. 033 

0. 676 
0.193 
7.507 

1. 001 

0.015 
0. 739 

15.000 
5. 420 

189.009 

36.957 

Adult Dose Percentiles 
5th 50th 95th 

0.082 
0.046 

0.015 
0.004 
1.100 

1. 546 

0,000 
0.009 

0.003 
0.001 
0. 195 

0.217 

0.000 
0.002 

0.001 
0.000 
0.054 

0. :J45 

O.:J03 
0.078 

0.036 
0. 011 
2.024 

2. 584 

0. 005 
0. :.:4 

0.096 
0.0)3 
4.206 

5. 759 

0.001 
0.024 

0. 816 
o.ocs 
0. 761 

0. 796 

o.occ 
0. ·~01 

0.006 
0.002 
0.204 

0.167 

0.006 
0.178 

0.134 
0. 054 
5.358 

7.208 

:.576 

0. 6C4 
0. 459 

14.116 

24.265 

0.002 
0. 092 

J .133 
0.047 
2. 578 

3. 615 

J.JJ9 
" ,.,. ~ 
""'. ' " -,-r 
". '·"' 
~.749 

0.017 
0. 707 

0. 662 
0. 483 
~5.982 

25.126 

~ Dose from the fruit and vegetables pathway assumes that 100' of diet comes from local sources 

C.83 



------------------------------- Walla Walla County Census Division 07 --------------------------------
Infant Dose Percentiles Adult Jose Percent.!.les 

Year Dose Pathway 5th 50th 95th 5th 50th 95tb 

1945 External 0.002 O.C04 0. 011 0.002 0.004 o. o:2 
:945 ~nhalat.!.on 8.044 0.146 0. 691 J.J36 0. :J7 J. 4 50 

1945 Milk from BYCow Regime 3 0.111 o. 806 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 (Rural) 15.598 59.592 214.812 1.234 4. 088 15.486 

1945 Fruit and Vegetables* 1.849 6. 599 30.094 l. 378 5.034 22.451 

1946 External 0.000 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 :J. 014 O.J94 
1946 Milk from BYCow Regime 4 0. 003 o. 046 0. 643 0.001 0.005 0.046" 
1946 Commercial Milk (Rural) 2.305 9. 948 29.589 0.191 0. 76"0 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 0.000 :::.000 o.:::o: 
1947 Inhalation 0. 002 0.007 0.028 0.002 O.JC5 J.Jl9 

1947 Milk from BYCow Regime 3 0.004 0.039 0.470 0.001 a.003 0.0:9 
1947 Milk from BYCow Regime 4 0. 001 0.010 0.211 0.000 0.002 0.009 
1947 Commercial Milk I Rural) 0. 734 2.566 10.264 0.045 0. 200 J. 582 

1947 Fruit and Vegetables• 0.046 0.179 0. 906 0.037 0 .146" Q. 677 

1945-1947 External 0.003 0.005 o. 013 0.003 0.005 J. 014 
1945-1947 Inhalation 0.078 0.197 0. 737 0.064 0. :43 0. 531 

1945-1947 Milk from BYCow Regime 3 0.305 1.182 6. 903 0.033 0.110 J. 644 
1945-1947 Milk t"rom BYCow Regime 4 0. 069 o. 496 7. 402 0. 011 0.042 0.258 
1945-1947 commercial Milk (Rural) 29.254 75.857 214.087 2.221 5. 799 :6.359 

1945-1947 Fruit and Vegetables• 3.026 8. 734 31.543 2.291 6 .529 24.~08 

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

C.84 



----------------------------- Walla Walla County Census Division 08 --------------------------------
Infant Dose Percentiles Adul~ Jose Percentiles 

\'ear Dose Pathway SOh 50th 95th SOh SC<:l>. 95t:l 

l945 2xternal 0.002 0.005 0.012 8. 002 J.OOS :.~:J 

1945 Inhalation 0. 860 0.171 0. 633 :; . :::49 J.: 38 :. ~~8 

1945 Milk from BYCow Regime 1 7.663 48.833 254.161 0.549 3.300 19.36C 
:945 Milk from BYCow Reg.ime 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 0.020 o.:l: 0. 69C 
1945 Milk from BYCow Reg.ime 4 0.016 0.259 3. 453 0.006 0.043 0.476 
1945 Commercial Milk (Rural) 11.534 45.871 162.513 0. 966 3.828 14.260 

1945 Fruit and Vegetables* 2. 355 8,553 34.463 1.7:21 6.274 28.833 

1946 External 0.000 0,001 0.003 0.000 0.001 8.803 
1946 Inhalation 0.012 0.034 0.124 0.010 0.027 ~.~86 

1946 Milk ,,~ BY Cow Rog1me l 1. 034 6. 628 49.989 0.088 0.504 2. J: 4 
1946 Milk from BYCow Regime 2 1.121 6.280 40. 443 0.094 8. 656 3. 654 
1946 Milk from BYCow Reg.ime 3 0.035 0.224 1.816 0.003 0. ~20 J.l32 
1946 Milk from BYCow Regime 4 0,001 0.024 0, 545 0.001 0.885 ~. :·:::2 
1946 Commercial Milk (Rural) 2.007 8.652 25.190 0.162 0. 672 2. S99 

1946 fruit a.nd Vegetables• 0. 330 1.278 6 .li3 0.253 J. 902 3. 369 

1947 External 0.000 0.000 0,001 0.800 8. 000 0.001 
1947 Inhalation 0.003 0.010 0.037 0.003 0.008 0. ·029 

1947 Milk !rom BYCow Regime 1 0,319 1. 981 12.798 0.026 8.:57 0.779 
1947 Milk from BYCow Regime 2 0.365 2.168 15.206 0.024 :::.:52 :.049 
1947 Milk from BYCow Regime 3 0.008 0.078 0.587 0.001 O.C06 2. 045 
1947 Milk from BYCow Regime 4 0,001 0.011 0.236 0,000 0.002 0. 8:7 
1947 Commercial Milk (Rural) 0.566 2.177 8.304 0.046 0.169 ~.656 

1947 Fruit a.nd Vegeta.bles* 0.062 0.245 1.141 0.049 :::.192 ~. 792 

1945-1947 Externa.1 0.004 0.007 0.015 0.004 8.807 8.0:5 
1945-1947 Inhalation 0.106 0.230 0.695 0.082 0. :a: 8.478 

1945-1947 Milk !rom BYCow Regime l 15.771 63.168 293.903 l. 384 4. 455 22.168 
~945-1947 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 8 .045 0.166 0. 648 
:945-1947 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 

:945-1947 fruit and Vegetables* 3.918 11.006 38.081 2. 823 8.067 31.144 

• ::lose from 'he fruit and vegetables pathw«y assumes that 100, of diet comes from local sources 

C.85 



------------------------------- Walla Walla County Census Division 09 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway SCM 50th 95th 5th 50th 95th 

1945 E:xternal 0.883 8.806 0. 017 0.803 J.CC6 0. Jl6 
~ 945 Inhalat.!.on 0.076 0. 228 0.827 J. 862 0.~66 :. ::;_;~ 

1945 Milk from BYCow Regime 1 9.245 47.565 248.857 o. 754 3.836 22 . .576 
1945 Milk from BY Cow Regime 2 9.813 58.405 319.694 0. 558 3.373 :4.383 
1945 Milk ''= BYCow Reg1~ J 0.153 l. 316 19.496 0.018 0.127 0. 784 
1945 Milk from B"tCow Regime 4 0.017 0.264 7.843 0.005 0. 037 0. 502 
1945 Commercial 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 l. 330 8.305 48. 366 0.100 0. 618 3.418 
1946 Milk from BYCow Regime J 0.034 0.264 2.835 0.004 :::.025 :::.239 
1946 Milk from BYCow Regime ' 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. 29C l. 045 4.95: 

1947 External 0,000 0.000 0.001 o.oco 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 14.643 0.029 0.185 0. 377 
1947 Milk from BYCow Regime 2 0. 468 2.167 14.509 0.032 0.:79 J. 956 
1947 Milk from BYCow Regime J 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 Commercial Milk (Rural) 0.680 2. 453 8. 817 0.047 0.:95 0. 79l 

1947 Fruit and Vegetables* 0.067 0. 292 l. 399 o. ass C.219 :.879 

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 BYCow Regime 1 18.391 69.346 241.773 1. 683 5.466 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 J 0. 515 2.205 24.557 0.043 0.201 (). 380 
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 13.489 57. 671 3. 621 9. 735 35.380 

• Dose from the fruit and vegetables pathway assumes that 100, of diet comes from local sources 

C.86 



------------------------ Walla Walla county census Division 10 --------------------------------
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

:945 External 0.002 0.005 0. 014 0.002 0. 005 0.014 
1945 Inhalation 0.063 0. HIS 0. 650 0.051 0.240 0. 440 

1945 Milk from B'!Cow l<eqi~ 1 7.314 41.593 284.734 0.554 3.308 21.877 
1945 Milk from B'!Cow l<eqi~ 2 7.347 41.989 223.377 0. 640 3.274 18.659 
1945 Milk from B'!Cow l<eqi~ 3 0.148 1.244 14.404 0.008 0.098 1.105 
1945 Milk from B'!Cow Regime 4 a. ao9 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 B'!Cow Regime 1 1. 496 6.632 28.305 0.088 0,502 3.154 
1946 Milk from B'!Cow Regime 2 1.170 6,389 38.025 0.084 0. 546 2. 789 
1946 Milk from B'!Cow Regime 3 0.022 0.185 1.823 0.002 0. 016 0.142 
1946 Milk from B'!Cow Regime 4 0.000 0.028 0. 764 0.000 0.002 0.042 
1946 Commercial Milk {Urban) 3.442 11.700 31.399 0.152 0. 757 2. 862 

1946 Fruit and Vegetables* 0.348 1. 418 7. 774 0.280 :. 818 ~.285 

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 B'!Cow Regime 1 0.355 2.140 10.819 0.025 0.176 l. 086 
1947 Milk fr0111 B'!Cow Regime 2 0.377 2. 208 14.446 0. 026 0.144 0. 783 
1947 Milk from B'!Cow Regime 3 0.009 0.068 0. 619 0,001 0.005 0.064 
1947 Milk from BYCow Regime 4 o.ooo 0.008 0.099 0.000 0.001 0.010 
1947 Commercial Milk <Urban) 0,889 3.186 8.902 0.052 0.196 0. 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 O,Q04 0.007 0.016 
1945-1947 Inhalation 0.111 0.251 0. 718 0.091 0.188 0.487 

1945-1947 Milk '"'" BY Cow l<eqime 1 16,957 55.369 272.129 1.146 4. 728 26.343 
1945-1947 Milk fr0111 BYCow Regime 2 16.816 64.072 231.542 1.254 4. 597 19.785 
:945-1947 Milk from BYCow l<eqime 3 0.431 2.002 13.263 0. 033 0 .l74 1.235 
1945-1947 Mill<. from BYCow l<eqime 4 0.036 0.409 6. 923 0.003 a.oJJ 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 3.166 8,988 33.331 

• Dose from the fruit and vegetables pathway assumes that 100~ of diet comes from local sourcE!s 

C.87 



------------------------------- Walla Walla County census Division 11 --------------------------------
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 o. 061 0.190 o. 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 from BYCow Regime 2 7.849 42.807 236.336 o. 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 RegimEI 4 0.008 o. 379 8.334 0,001 0. 024 0. 418 
1945 Commercial Milk {Orban) 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 :).003 
1946 Inhalation 0. 013 0. 036 0.117 0.011 0. 028 0.083 

1946 Milk 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 0.089 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 o. 588 0.000 0.001 0.040 
1946 Commercial Milk (Urban) 3.390 13.166 33.669 0.173 o. 786 2.410 

1946 Fruit 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. :J29 

1947 Milk from BYCow Regime 1 0.362 l. 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 C-.810 
1947 Milk from BYCow Regime 3 0.008 0. 072 0.645 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 0.015 0.004 0.007 0. 016 
1945-1947 Inhalation 0.110 0.253 0. 811 0.068 0.191 0. 504 

1945-1947 Milk 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 BYCow 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 14.008 

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 lOOt of diet comes from local sources 

C.88 



----------------------- Yakima county census Division 01 -----------------------------------

Infant Dose Percentiles Adul>: Qose Percentiles 
Year Dose Pathway SCh 50th 95th SCh 50th 95th 

1945 External 0.001 0.006 0.144 0.001 0.006 0. J97 
1945 Inhalation 0.008 0.104 3.112 0.007 0.099 5.:64 

1945 Milk from BYCow Regime 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 o. 990 8.996 

1945 Fruit and Vegetables• 0.574 5.724 178.704 0.419 4.021 :26.297 

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 Commercial 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 :J.nl 
1947 Inhalation 0.001 0.007 0.174 0.000 0.006 J .162 

1947 Milk from BYCow Regime 3 0.001 0.014 0.260 0.000 0.001 o. 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 o.n1 0.!0: 2.223 

1945-1947 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 Min from BYCow 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 

1945-1947 Fruit and Vegetables• 1.382 8.620 181.683 l. 009 6, 490 137.064 

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

C.89 



-------------------------- Yakima county Census Division 02 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
'!ear Dose Pathway S<h 50th 95th S<h 50th 95th 

1945 Extarna.l 0.000 0.001 0.020 0.000 0.001 0.016 
1945 Inhala.tion 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 0.047 
1945 CO!n!I!Eircia.l Milk (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 Externa.l 0. 000 o. 000 0.005 0.000 0.000 0. 005 
1946 Inhalation 0.000 0.003 0.136 o.ooo 0.002 0.109 

1946 Milk from BYCow Regime 3 0.001 0.014 0.244 0.000 0.001 0.816 
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 a.nd Vegetables* 0.010 0.098 2. 975 0.009 0.085 1. 747 

1947 External o.ooo 0.000 0.001 0. 000 0.000 0.001 
1947 Inhalation 0.000 0.001 0.033 0.000 0.000 0. 820 

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 Q.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 0. 640 

1945-1947 Milk from BYCow Regime 3 0.027 0.204 3.841 0.003 0.019 0. 412 
1945-1947 Milk from BYCow Regime 4 0.003 0.023 0.729 0.001 0.005 o.058 
1945-1947 Commercial Milk (RuralJ 2. 764 10.413 80.266 0.198 0.805 4.883 

1945-1947 Fruit and Vegetables* 0 .216 1.313 21.413 0.165 l. 063 14.791 

• Dose from the fruit and vegetables !)athway assumes that 100' of diet: comes from local sources 

C.90 



------------------------ 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 0.000 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 !rom 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 1 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 4 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 o.:36 
1947 Milk from BYCow Regime 2 0.005 0,078 2.889 o.ooo 0.007 0.:56 
1947 Milk from BYCow Regime 3 o.ooo 0.003 0. 055 0.000 0.000 0.006 
1947 Milk from BYCow Regime 4 o.ooo 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 Min 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 
1945-1947 Milk from BYCow Regime 4 0.003 0,034 1. 424 0.001 0.006 0.117 
1945-1947 Commercial Milk (Rural) 2.072 8.179 53.270 0.141 0. 638 3.241 

1945-1947 Fruit and Vegetables* 0.202 1. 401 28.320 0.181 1.!41 22.348 

* Dose from the fruit and vegetables pathway assumes that lOOts of diet comes from local sources 
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------------------------------ Yakima County Census Division 04 -----------------------------------

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

1945 External 0.000 0.000 0.020 0.000 0.000 0.015 
1945 Inhalation 0.001 0.007 0.222 0.001 0. 006 0.223 

1945 MilK from BYCow Regime 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 !rom BYCow Regime 4 0.001 0.013 0. 477 0.000 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 from BYCow Reqime 1 0.014 0.199 a. 731 0.002 0.014 0.562 
1946 Milk from BYCow Reqime 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 o.ooo 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. ooc 0.001 
1947 Inhalation o.ooo 0.000 0.010 0.000 0.000 0.005 

1947 Milk from BYCow Regime 1 0.004 0.046 1.460 0.000 0.005 0.134 
1947 Milk from BYCow Regime 2 0.004 0. 063 4.946 0.000 0. 005 0. :25 
1947 Milk from BYCow Regime 3 0.000 0,002 0. 054 0.000 0.000 0.006 
1947 Milk from BYCow Regime 4 o.ooo 0.000 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 

1945-1947 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 fr~ BYCow Regime 1 0. 353 3.116 87.966 0.034 0.240 4.806 
1945-1947 Milk from BYCow 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 (RuralJ 3. 750 13.791 69.113 0. 296 1. 065 7. 780 

1945-1947 Fruit and Vegetables* 0.170 1.312 46.521 0.142 1. 007 32.532 

* Dose !rom the fruit and. vegetables pathway assumes that 100' or diet comes from local sources 
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------------------------ Yakima County Census Division 05 -----------------------------------

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

1945 External 0.000 o.ooo 0.020 0.000 0.000 o.o:3 
1945 Inhalation 0.001 0.006 0.209 0.001 0.006 0.186 

1945 Milk from 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 (Rurall 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 0.000 0.003 0.000 0.000 0.002 
1946 Inhalation 0.000 0.001 0.037 0.000 0.001 0.039 

1946 Milk from BYCow Regime 1 0.015 0.284 10.464 0,001 0.016 0. 380 
1946 Milk from BYCow Regime 2 0.011 0.209 6,853 0.001 0.017 :J. 692 
1946 Milk from BYCow Regime 3 0.001 0,008 0.190 0.000 0.001 0.020 
1946 Milk from BYCow Regime 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 0.000 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 

1945-1947 Externol 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 1 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 
:945-1947 Milk from BYCow Regime 3 0.016 0,123 1. 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 from the fruit and vegetables pathway ossumes that lOOt 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 50th 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. sse 

1945 Milk from BYCow Regime 1 2.127 28.541 S69. 757 0.127 1. 639 32.771 
1945 Milk from BYCow Reg!~ 2 1. 369 19.018 469.741 0.096 l. 781 41.096 
1945 Milk from BYCow 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 0.016 0. S70 
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.ooo 0. 003 0.237 
1946 Inhalation 0.004 0.053 3.115 0.003 0.039 :. 972 

1946 Milk from 8YCow Regime 1 0.280 3.463 73.171 0.020 0.300 4 .202 
1946 Milk from BYCow Regime 2 0.231 3.482 108.189 0.019 0.243 4 .858 
1946 Milk from BYCow Regime 3 0.005 0.081 1. 682 0.001 0.009 0.191 
1946 Milk from BYCow Regime 4 0.001 0.018 0. 640 o.ooo 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 :8.473 

1947 External o.ooo 0.001 0. 033 0.000 0. 001 0.043 
1947 Inhalation 0.001 0.012 0. 622 0.001 0.010 CJ. 402 

1947 Milk from BYCow Regime 1 0.093 1.074 21.332 0. 006 0.088 1.499 
1947 Milk from BYCow Regime 2 0.061 0. 919 15.520 0. 005 o. 079 :.201 
1947 Milk from BYCow Regime 3 0.001 0.019 0.480 0.000 0.002 0.058 
1947 Milk from BYCow Regime 4 0.000 0.005 0.389 o.ooo 0,001 0.043 
194.7 Commercial 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 o. 533 23.125 0. 053 0.379 8. 931 

1945-1947 Milk from BYCow Regime 1 6.823 50.339 976.336 0.520 ), 481 57. 923 
1945-1947 Milk from BYCow Regime 2 5. 906 41.210 716.339 0. 350 2.815 S0.051 
194S-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 Commercia! Milk (Rural) 6. 314 30.110 280.143 0.598 2. 581 28.175 

1945-1947 Fruit and Vegetables* 2.887 18.124 289.400 2.048 11.488 239.040 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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---------------------------------- Yakima 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 
:945 Inhalation 0.001 0.023 0. 814 0.001 0.017 0. 470 

1945 MilK from BYCow Regime 1 0.244 3. 506 56.852 0. 018 0.291 8.176 
1945 Milk from BYCow Regime 2 0.192 3,651 67.360 0. 020 0.232 7.595 
1945 Milk t'rom BYCow Regi~ ) 0.007 0.110 2.838 0. 001 0. 013 0.203 
1945 Milk from BYCow Regime 4 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. SOB 

1945 Fruit and Vegetables* 0.167 1.530 47.420 0.107 0. 949 25. 661 

1946 External 0. 000 o.ooo 0.006 0.000 o.ooo 0.008 
1946 Inhalation o.ooo 0.004 0.191 o.ooo 0.003 0.123 

1946 Milk from BYCow Regime 1 0.037 0.592 17.500 0.003 0.044 :. 657 
1946 Milk t'rom BYCow Regime 2 0.027 0.459 13.429 0.002 0.027 0. 722 
1946 Milk from BYCow Regime 3 0.001 0,015 0. 378 0.000 0.002 0. 055 
1946 Milk from BYCow Regime 4 0.000 0.003 0,087 0.000 0.001 0. 021 
1946 Commercial Milk (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 o.ooo 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 Millt 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 from BYCow Regime 4 o.ooo 0.001 0.045 0,000 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 
1945-1947 Milk from BYCow Regime 2 0.699 5. 974 84,472 0.055 o. 464 5. 775 
1945-1947 Milk from BYCow Regime ) 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 
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----------------- Yakima County Census Division 08 -----------------------------------

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

1945 External 0.000 0.002 0.058 0. 000 0.002 0.063 
1945 Inhalation 0.002 0.029 2. 383 0. 002 0. 026 l. 385 

1945 Milk from B:tCow Regime 3 0.010 0.171 7.579 0.002 0.018 0. 478 
1945 Milk from BYCow Regime 4 0.002 0.030 0. 796 0.001 0.007 0.150 
1945 CC~~~mercial 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 0.000 0,010 0.000 0. coo 0 .011 
1946 Inhalation 0.001 0.008 0.398 0.000 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 0.000 o. 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 0.000 :J.005 
1947 Commercial Milk (Rural) 0.101 0.432 1.876 0.007 0.035 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 0.085 3.842 0.008 0.068 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 

1945-1947 Fruit and Vegetables* 0. 714 5. 072 89.645 0. 490 3.261 58. 337 

• Dose from the fruit and vegetables pathway assumes that 100% ot diet comes from local sources 
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--------------------------- Yakima County Census Division 09 -----------------------------------

Infant oose Percentiles Adult Dose Percentiles 
'!ear 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 0.023 0.105 2. 421 

1945 Milk from BYCow Regime 1 3.192 28.597 261.965 0.226 l. 593 12.864 
1945 Milk from BYCOW Regime ' 3.218 21.990 169.718 a .258 1. 940 15.152 
1945 Milk from BYCow Regime J 0.065 0. 731 9.045 0.009 0.062 0.696 
1945 Milk from BYCow Regime ' 0.016 0.329 4. 623 0.003 0.026 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 0.000 0.002 0.021 0.000 0.002 0.030 
1946 Inhalation 0.007 0.034 o. 583 0.006 0.029 0. 490 

1946 Milk from B'!COW Regime 1 0. 467 3.650 34.281 0. 029 0.232 l. 812 
1946 Milk from BYCow Regime 2 0.399 2.854 22.165 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 0.000 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 o.ooo 0.004 0.000 0.000 0.004 
1947 Inhalation 0.002 0.011 0.143 0.002 0.006 0. 091 

1947 Milk from BYCow Regime 1 0.123 o. 702 5.089 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 0.000 0.003 0.028 
1947 Milk from B'!COW Regime 4 0.000 0.009 0.198 0.000 0.001 0.022 
1947 Commercial Milk (Rural) 0.197 1.002 5. 893 0.014 0.079 0. 458 

1947 Fruit and Vegetables• 0.039 0.197 1.246 0.030 0.147 0. 913 

'.945-1947 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 Reqi~ 1 7.160 40.983 262.023 0.630 2.535 17.673 
1945-1947 Milk from BYCow Reqi~ ' 7. 471 32.111 196.112 0. 644 2.931 15.765 
1945-1947 Milk from BYCow Regime 3 0.194 1.167 9.209 0.022 0.!01 0.957 
1945-1947 Milk from BYCow Regime 4 0. 054 0.502 7. 772 0.009 0.044 0. 440 
1945-1947 commercial Milk (Rural) a. 694 31.150 155.666 o. 765 2.500 12. 959 

1945-1947 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\ of diet comes from :ocal sources 
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--------------------------------- Yakima County Census Division 10 -----------------------------------

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway S<h 50th 95th 5th 50th 95th 

1945 External 0.000 O.Cl02 0.022 0.000 0.002 0.026 
1945 Inhalation 8,008 0.052 1.228 0.007 0,040 : .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 as. 756 0.080 0. 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 Commercial 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 o.ooo 0.001 0,008 0.000 0.001 0. 011 
1946 Inhalation 0.002 0.012 0.237 0,002 0.010 0.188 

1946 Milk ,,~ BYCow Regime 1 0.149 1.291 12.494 0.014 0.118 1. 377 
1946 Milk f~ BYCow Regime 2 0.143 1.240 15.306 0.012 0.111 l. 329 
1946 Milk ,,~ BYCow Regime 3 0.005 0,048 0.669 0.000 o. oo5 0.059 
1946 Milk from BYCow Regime 4 0.001 0. 017 0. 408 0.000 0.002 :). 051 
1946 Commercial Milk (Rural) 0, 737 3.369 23.613 0.046 0. 232 :.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 0.028 0.353 
1947 Milk from BYCow Regime 2 0.050 o. 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 0.061 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 o. 493 3.946 0.010 0.045 0.296 
1945-1947 Milk from BYCow Regime 4 0.021 0.215 3.652 0.005 O.J26 0 .185 
1945-1947 Commercial Milk (Rural) 9.483 37.232 184.967 o. 730 2.393 11.~60 

1945-1947 Fruit and Vegetables• 1. 006 4. 459 41.332 o. 712 2.696 20. 956 

• Dose from the fruit and vegetables pathway assumes that lOOt of 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 0,000 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 0.000 0. 002 0.031 
1946 Milk from BYCow Regime 4 0.000 0.003 0.128 0.000 o. 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 J.Jo: 
1947 Inhalation 0.000 0.001 0.033 0.000 0.001 0.020 

1947 Milk from BYCow Regime 3 0.000 0.004 0.072 0.000 0.000 0,007 
1947 Milk from 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 
1945-1947 Inhalation 0.005 0.040 0.874 0.005 0.::!31 0.663 

1'145-1947 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 1. 554 19.604 

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

C.99 



--------- ----- Yakima County Census Division 12 -----------------------------------

Infant Dose Percentiles 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 1. 805 0.001 0.022 1. 337 

1945 Milk from B'iCOW 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 Comrnercial 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 o.ooo o.ooo 0.010 o.ooo 0.000 0. 013 
1946 Inhalation 0.000 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 1.599 8.386 0.027 0.136 C.824 

1946 Fruit and Vegetables* 0.029 0.273 6.421 0.019 0.172 3. 775 

1947 External 0.000 0.000 0.002 0.000 0.000 0. 001 
1947 Inhalation 0.000 0.001 0.056 o.ooo 0 .001 0.030 

1947 Milk from BYCow Regime 3 0.000 0.002 0.094 o.ooo J.OOO 0.006 
1947 Milk tram BYCow Regime 4 0.000 0.001 0.041 o.ooo 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 l. 984 

1945-1947 Milk trom BYCow Regime 3 0.019 0.162 2. 928 0.003 0.021 0.341 
1945-1947 Milk trom 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 from the fruit and vegetables pathway assumes that lOOt of diet comes from :.oca1 sou::-ces 

c .100 
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SUMMARY OF TSP COMMENTS AND BATTELLE RESPONSES 



D 

-

Document Number PNL 7412 HEDR 

Comment 
Number I Comrnenter 

I. ! Davis 

2. I Davis 

Page, 
Paragr~ 

Page vii 

Page XV, 
para. 3, 
line 12 

Page l of 20 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title __ HAliLr~P~aut~h~w~a1_~~~-------------------------------------

Comment Summary 

Third line from bottom: To conform with ref­
erences, change citation to: ''Washington State 
Office of Radiation Protection, 1986." 

Strike "Thus, it is reasonable to ... " and sub­
stitute ''Therefore,". 

Resolution 

Citation changed. 

Text changed. 

3. Davis Pages 2.2- j Give the total number of pages in each report. 
2.3, Table 

NA- Battelle style doesn't 
require page counts; no consensus 
or need. 

4. Davis 

5. Davis 

6. T i 11 

7. Davis 

2. l 

Page 2.8, 
para. 3, 
line 4 

Page 2 .15, 
para. 2 

Page 3.8, 
line 3 

Page 3.8 

·---t--
NA "' No lact ion 

Delete ''Final Report." Also, this citation is 
not in the list of references. 

Citations should refer to reports in the past 
tense. 

''doe'' should be ''does." 

Text changed. Added to reference 
1 is t. 

NA - Either way is correct accord­
ing to Battelle guidelines. 

Changed to ''do'' to agree with 
p 1 ura 1 subject. 

Fourth line from bottom: Delete ''It is clear I Text changed. 
that ... " Start the sentence with ''The highest ... " 



0 
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Document Number PNL-7412 HEDR 

Comment 
Number I Commenter 

8. Davis 

9. I Davis 

110 I Davis 

II . Davis 

11. Davis 

13. Rabkin 

--- -----

NA = No ldct ion 
L.~-

Page, 
Paragraph 

Page 3.8, 
fig. 3.6 

I Page 3.9, 
Fig. 3.7 

I Page 3.I7-
3 .I8 

Page 4.1, 
References 

Appendixes 

Page 8.47 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

Label on vertical scale does not make sense. 
wording should probably be micro Ci/dry kg. 

The Surplus/Deficit should be per unit time. 
it gallons per person per month? Per year? 

Figures 3.14 and 3.15: substitute ''external 
exposure" for "ground shine" and "external 
pathways." 

Page Z of 10 

Resolution 

The INA - Units are correct. It is a 
comparison of time-integrated 
values because those were the 
units the Phase I computer model 
worked in, and because it allowed 
comparison across several months. 

Is Gallons per person in 1944. 
Figure caption was changed. 

For consistency between the text 
in Section 3.8 and Figures 3.14 
and 3.15, immerston and ground 
shine together are labeled 
''external exposure." 

Are Cantril and Parker (I945) and Cantril (1944) 
cited in text? 

No; references were deleted from 
list. 

Lettering is confusing. 
has within it Appendix A 

For example, Appendix A 
(as well as B, C, etc.). 

Tp Definition: The word "leave" should be 
"1 eaf." 

Previous Appendix B, an entire 
report, was removed and cited as a 
reference instead. This elim­
inates the double-paging problem. 

Moot. Appendix no longer exists 
(but change will be made in the 
final version of the model spec­
ifications report). 
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Document Number PNL 7412 HEDR 

Comment 
Number I Commenter 

I4. P. Ziemer 

I 5. P. Ziemer 

I I6 
Till 

I 7. Shleien 

I8. Shleien 

tJI\- No !action 

Page, 
Paragraph 

Page v11, 
para. 2 

Pages vii, 
xiv 

Page ~ of 20 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathwa Re ort 

Comment Summary Resolution 

Use this description for the Washington State I Added on Page xxi. 
DSHS estimate: "Rem, as used by the DSHS for its 
thyroid dose estimate, is about equivalent to rad 
as used in the HEDR data summary report." 

Discuss the dispersion estimates used in the 
MESOILT2 computer code. 

Need to include the upper bound estimates here as 
well as the median results. 

Statement that the source term estimates of 
iodine-131 releases to the atmosphere are within 
20% of previously published information is mis­
leading and erroneous. In fact, only 6 months of 
data could be checked at all, and this period 
(December 1944 - May 1945) was before the major 
iodine-131 releases. Only complete information 
is Anderson. Difference of 20% due only to use 
of ''push time'' versus reactor shut-down time. 

A major variable is iodine-131 release quan­
tities. This could not be checked at all. Even 
Anderson's work could not be considered as 
''original data." 

NA - See PNL-7340 HEOR, "MESOILT2: 
A Lagrangian Trajectory Climato­
logical Dispersion Model." 

Agree. A sentence has been added 
to page vii. 

NA - 20% agreement was obtained 
with Anderson 1974 reference on an 
annual basis. HEDR releases are 
on a monthly basis, and they are 
based on the same monthly sum­
maries used by Anderson. The 
FY 91 Iodine Closure Task is an 
attempt to establish a daily 
source term that is entirely 
independent of the Anderson-basis 
monthly data. 

NA- See response to comment 17. 
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HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Number PNL-7412 HEDR Document Title Air Pathway Report 

Comment I I Page, 
Number Commenter Paragraph j Comment Summary 

19. I Till I Page xv, I Also reference Hoffman (1989). 
para. 4 

20. I Till I Page xviii I "Dose Estimates" section must address the high-

21. Shleien 

-----
NA =No ction 

Abstract, 
Fig. 5 

end doses--2900 rad estimates must be included. 

These graphs appear to indicate that for the 
population as a whole, vegetables and fruits 
delivered a slightly larger dose to a greater 
proportion of the population. This is probably 
because vegetables are more important in the 
adult diet than is milk. Don't think this fact 
is highlighted anywhere, and it does have some 
interesting ramifications. For example, Figure 
should be followed by an additional figure to 
show the relative pathways for an adult. 

L_ ____ i_ ____ J_ __________ __ 

Page i of 20 

Resolution 

The actual reference used is a 
slight modification by Pinder et 
al., which has been added. 

A sentence has been added to the 
paragraph on page xviii. 

NA - This curve is what first 
alerted HEDR staff to the 
potential difficulties presented 
by the lack of correlations among 
the various pathways. This curve 
is made up of the sum of a number 
of different food types, each of 

6 I which was sampled in an 
uncorrelated fashion from the 
constituent distributions. The 
median and lower end of this curve 
are now believed to be over­
estimates of the doses. It would 
be counter productive at this time 
to expand on this curve because it 
should be significantly revised by 
future work. Also note that 
Figure 3 covers all pathways. 
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Document Number PNL-7412 HEDR 

Comment I I Page, 
Number Commenter Paragraph 

11. 

13. 

14. 

J. Thomas 

Rob kin 

Rob kin 

Page xi, 
para. 2 

Page XV, 
para. 3 

Page xxi, 
para. 3 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

The following statement is unsupported and should 
be deleted: that the thyroid measurements per­
formed on workers "provided an important check on 
exposures of offsite populations." 

Discuss results of comparison of estimates made 
with 1983-1987 meteorological data to estimates 
using data from 1944-1947. 

ICRP weighting factor (Wt) does not apply for 
organ doses greater than 50 rem, and the weight­
ing factor applies to acute, not protracted, 
doses. 

Page 2 of 10 

Resolution 

The sentence was meant to state 
that the thyroid measurements 
provided important reference or 
comparison points for the offsite­
population doses estimated by the 
HEDR Project. However, the com­
ment is correct. Work to support 
this statement has not yet been 
performed; the sentence was 
deleted. 

NA - The comparison is made in 
Figure 2.b and associated 
discussion. 

NA - The conversion from thyroid 
to effective dose equivalent is 
done simply in this comparison 
using the ICRP recommended value 
of 0.03. The ICRP places no upper 
limit on the applicability of this 
weighting factor. There is uncer­
tainty about the "true" value of 
this weighting factor, but assum­
ing a linear relationship between 
stochastic effect and absorbed 
dose, there is no reason to limit 
the weighting factor to either 

IJA No ret I on ~~-- ·~·---~---_j_ __ , ___________ __j 
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Document Number PNL-7412 HEDR 

Comment I I Page, 
Number Commenter Paragraph 

15. J. Thomas Page xxi, 
para. 2 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

"From the time Hanford operations began" is not 
an accurate statement. The checks on workers' 
thyroids began sometime between February and May 
of 1945. Chemical processing operations began in 
December 1944. 

16. Till Page xxiii I Delete this paragraph. Work not done yet. 
para. 2 

17. 

28. 

J. Thomas I Page 1. 3, 
para. 5 

J. Thomas Page 1.3, 
last para. 

PUREX was shut down from 1972 to 1983. 

''Operations were adjusted to meet the guidelines 
of the time." This statement cannot be supported 
by the historical documents. Measured concentra­
tions on vegetation sometimes exceeded the tol­
erance concentration guideline of that time (see 
GEH-18, 775 and HW-19404, pages 2-4). There is 
no public reference to demonstrate that oper­
ations were adjusted to reduce the concentrations 
below the tolerance guidelines. 

~-~ No f:~c.::l.::l.::on~ __ L. ____ _L _________ ~ 

Page § of 10 

Resolution 

acute doses or doses of less than 
50 rem. 

NA - The first recorded thyroid 
scans began in October 1944, 
before dissolver operations began. 

Part of paragraph that discussed 
likely percent contribution of 
iodine-131 in future work was 
deleted. 

Corrected. 

NA - In industrial operations, 
guidelines are guidelines and they 
are followed. Documentation 
usually results from not following 
guidelines. One example is 
cooling times being lengthened in 
the 1944-1947 period to control 
iodine-131. 
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Document Number PNL-7412 HEDR 

Comment 
Number I Commenter 

29. J. Thomas 

30. J. Thomas 

31. J. Thomas 

32. J. Thomas 

33. Shleien 

----+ 
NA = No ~ct ion 

Page, 
Paragraph 

Page 1.3, 
last para. 

Page 2.6, 
para. 3 

Page 2.9, 
Fig. 2.4 
Page 2.10 
para. 2 

Page 2.10, 
Source­
term 

Page Z of 20 

HEDR PHASE 1 DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary Resolution 

"To coincide with favorable weather conditions I Text was revised. 
for diluting and dispersing releases" is not an 
accurate statement and is misleading. The favor-
able conditions were time (usually at night) when 
there was a temperature inversion. Such an 
atmospheric condition is not favorable for dilu-
tion and dispersal. The main intent for night 
time dissolution was to keep the stack plume from 
coming back down to the ground in the immediate 
vicinity of the separations area. Normal night 
time conditions do not provide for atmospheric 
mixing and the wide dispersal of contaminants. 

Reference the following statement: "The bias in 
doses resulting from loss of correlation infor­
mation is insignificant.'' 

Add census division numbers for Franklin County. 

Change ''The desired plutonium product" to ''plu­
tonium for use in nuclear weapons." 

Discussion is misleading. Appears to indicate a 
''rigorous'' determination of the source term. One 
sensitive parameter (i.e., cooling times) is 
available only from Anderson. I have seen only a 
single calculation of iodine-131 using the ORIGIN 
code. 

Text was revised. 

Corrected. 

Text changed. 

NA - Text says ''rigorous solution 
to the differential equation," not 
that the source term is rigorous. 
It is true that all cooling times 
are from the same data source used 
by Anderson. 
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HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Number PNL-7412 HEDR Document Title Air Pathway Report 

Comment 
Number I Commenter 

34. I Robkin 

35. I Robkin 

36. Davis 

37. Price 

38. J. Thomas 

-----+ 
NA = No Ection 

Page, 
Paragraph 

Page 1.IO, 
para. 3 

Page 2.17, 
para. 1-3 

Comment Summary 

Where is the equation for the iodine-131 source? 
Equations for pathways are given in Appendix A, 
but not for iodine-131. 

1. Where is the method of correction for veg­
etation concentrations described? 2. What was 
the result of the comparison with Phase I cal­
culated results? 

Page 2.17, I Mention the fact that goat milk is not 
para. 4 considered. 

Pages I Check the doses for reasonableness. Where they 
2.17-2.18 are unreasonable and found to be correct, they 

should be explained. 

Page 1.21, 
para. 5 

Note that it wasn't only fish that were not con­
sidered with the aquatic pathway, but drinking 
water too. 

Page § of 10 

Resolution 

NA - Equation will be provided in 
FY 1991 Iodine Closure Task. 

1. A reference was added. 
2. Comparison results are in 
Section 3.2. 

A clarifying sentence has been 
added to the first paragraph of 
this section. 

NA - The doses were checked and 
evaluated. If there is a concern 
about a particular value some­
where, we could talk to it. Those 
discussed on page 3.16 are 
individual doses from ingestion of 
foods-other-than-milk. These we 
have found to be skewed somewhat 
high by the model pathway 
correlation problem, which we are 
rectifying with the new HEDR 
Project model. 

A clarifying phase has been added. 



0 

~ 

Document Number PNL-7412 HEDR 

Comment I I Page, 
Number Commenter Paragraph 

39. I J. Thomas I Page 2.23 

40. IShleien 1Page3.1, 

41. Davis 

42. Davis 

Source 
term 

Page 3.1 

Page 3.3, 
para. 2 

--1----1---
NA = No !action 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

The HEDR model may be used by the HTDS study. 

That decision has not been made yet. The 
releases of iodine-131 agree with Anderson, 
because they are essentially Anderson's. 

Bottom of page: Reference an appendix or 
publication. 

What is ''good'' agreement? Figure 3.5 has a log 
scale for the vertical axis. Differences are 
generally in excess of 2x and are about 7x at the 
end of 1947. It is hard to accept the explana­
tion for the lack of agreement near the end of 
1947. Values in mod-1946 were about the same as 
at the end of 1947. If analytical difficulties 
existed in 1947, why not also in 1946? 

Page 2 of 20 

Resolution 

NA - Current plans are to use HEDR 
model for the HTOS. 

NA - HEDR used the same monthly 
data as did Anderson. Otherwise, 
the results are independent and 
agree only on an annual basis. 
Anderson 1 s results are annual. 

NA - At TSP direction, complete 
cataloging of the environmental 
monitoring data has only recently 
begun - there is no available 
document to reference. The data 
were originally presented to the 
TSP December 12, 1989, in Richland 
(PNL-SA-17674 HEOR); this is the 
first time these data have been 
published. 

Wording modified to "agree rel­
atively well." Also added wording 
about continued evaluation of 
early {1944-1951} vegetation data 
to resolve detection-limit-related 
problems and ongoing efforts to 
finalize assumptions made in 
"adjusting" raw data using 
correction factors specific to 



0 -0 

Document Number PNL-7412 HEDR 

Comment I I Page, 
Number Commenter Paragraph 

43. Price 

44. Shleien 

----+--
NA "' No lact ion 

Page 3.7, 
para. 2 

Page 3.18 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

The statement ''Most of the milk sold during Phase 
I was used for producing milk products" is gen­
eral and misleading. What percent? Butter was 
an important dairy product but was not listed. 

Evaluation Phase 1: Again emphasizes agreement 
with previously published information. I would 
emphasize lack of primary data. 

Page lQ of 20 

Resolution 

time period/methods used. Given 
the HEDR experience in the VAMP 
model intercomparison study, fac­
tors of 2 to 7 are excellent 
agreement. 

Sentence was deleted. 

NA - Note that source term had 
only monthly data; this has been 
clarified in text. An extensive 
body of literature exists for 
selected subareas of interest to 
the HEDR Project~ Besides 
recreating much of this 
literature, it is a positive 
development to indicate that much 
of this information can be 
trusted, and that certain aspects 
of the project can move forward on 
the basis of the older information 
without waiting for total recon­
struction of all items. 
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Document Number PNL-7412 HEDR 

Comment I I Page, 
Number Commenter Paragraph 

45. Davis Page 3.2I, 
Fig. 3.17 

---+------!-
NA =No !action 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

1. What is being compared--the "distribution" 
values? Rather than a comparison of statistical 
distributions, we are shown a time sequence. 
2. The reason inhalation dose is used rather 
than total dose should be explained. Why are the 
1944-early 1945 values not used? 3. Inciden­
tally, a simple plot of estimated monthly iodine-
131 release against thyroid counts makes a better 
correlation that shown in Figure 3.17. 

Page 11 of 20 

Resolution 

NA- 1. The monthly median values 
of worker thyroid counts and HEOR 
dose estimates were compared, as 
noted in the title of Figure 3.17. 
2. Comparison was made to the 
inhalation pathway because it was 
felt to be the most likely pathway 
of exposure during the time period 
shown in this figure. During the 
winter months shQwn, doses from 
ingestion of milk would be the 
lowest (cows aren't on pasture). 
Also, milk consumed in Richland 
came from the upwind areas of the 
Yakima Valley, where milk concen­
trations would be lowest. By exam-; 
ining only the inhalation pathway, 
many of the confounding factors of 
the ingestion pathway (several 
different milk pathways, plus 
fruits and vegetables) are 
avoided. 3. Disagree with the 
statement that a better correla­
tion would be seen by plotting 
estimated monthly iodine-131 
release against thyroid counts. 
However, a better correlation is 
seen by plotting estimated monthly 
iodine-131 release against HEDR 
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Document Number PNL-7412 HEDR 

Comment I I Page, 
Number Commenter Paragraph 

46. Shleien Page 3.21 

47. Shleien Page 3.2I 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

Onsite thyroid counts when linked to offsite 
ingestion assumes that workers ate locally grown 
fruits and vegetables and drank local milk. They 
are an excellent check since the workers were 
probably not farmers, and may have had a dif­
ferent diet. Needs cautious approach. 

Background Radiation: Compare the absorbed dose 
to thyroid from natural radiation rather than 
EDE. Soft tissue dose from radiation is about 36 
mrem;year. 

48. Shleien Page 3.22 I Uncertainties in Preliminary Dose Estimates: 
Address the ''hot-spot'' problem. 

NA"' No Ection 

Page lZ. of 20 

Resolution 

dose estimates, as would be 
expected. 

NA - Correct; see response to 
comment 45. Figure 3.17 avoids 
this problem by comparing to the 
inhalation exposure pathway only 
in months when other pathway 
contribution would be at its 
lowest. Agree that a cautious 
approach is needed in future 
analysis of thyroid count data. 

NA ~ The basis for the comparison 
to background radiation presented 
in Section 3.9.3 is the added 
relative risk imparted to 
individuals by thyroid exposures. 
Background doses are largely to 
organs other than thyroid, but the 
risks are normalized using the 
effective dose equivalent. 

NA - The underlying causes of "hot 
spots" are addressed in the third 
bullet on page 3.23. 
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Document Number PNL-7412 HEDR 

Comment I 
Number Commenter 

I Page, 
Paragraph 

49. I Davis I Pages 
3.23-3.24 

50. IP.Ziemer Pages 
3.23-3-24 

51. I Davis I Inside 
' back cover 

' I Shleien 52. 

53. P. Ziemer 

I ---~-

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

Possible analytical uncertainties are mentioned 
on pages 3.3 and 3,1g. Why not repeat the matter 
in the list here? 

Identify uncertainties associated with not 
including wet deposition in the Phase I model in 
the sixth or seventh bullet. 

Page 11 of 20 

Resolution 

The sixth bullet has been expanded 
to include model analytical 
problems. 

NA - This source of uncertainty 
was intended to be implicit in the 
third bullet. 

Build into disclaimer a specific reference to the I Added. 
TSP after word "Institute" in the third to last 
line in paragraph. 

Straight line Gaussian models give ESE as direc­
tion of maximum thyroid doses rather than E as in 
Phase I report. Difference due to use of "puff" 
meandering model. However, needs to be checked. 
I suggest comparison of vegetation data in 
Franklin 04 versus Benton 07 for 1945 and 1947 on 
vegetation iodine-131 in order to verify. 

Include parameter and/or distribution values used 
in source term development, model and measured 
data comparisons, air dispersion model, food 
chain transport, and dosimetry. 

NA - Differences are to be 
expected between a straight-line 
model and a wind-field model. The 
results of the puff model will be 
validated in later portions of the 
work. 

NA - Parameter values for most 
inputs are documented in the 
series of 20 supporting documents 
to this report. Selected 
parameters are in the process of 
documentation, now that the TSP 
has authorized work in the 
transfer factor arena. 

WI - No 1act ion ----·--...l~~~~~~~~~~~~~~~_j 
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Document Number PNL-7412 HEDR 

Comment I I Page, 
Number Commenter Paragraph 

54. P. Ziemer 

55. P. Ziemer 

56. P. Ziemer 

57. P. Ziemer 

58. P. Ziemer 

NA = No pction 

Page 1± of 20 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary Resolution 

Use meteorological data for 1947-1947 in improved INA - Future work. 
efforts to get at least monthly deposition and, 
therefore, better uptake data for the iodine-131 
estimates. To the degree known, episodic release 
data should be tracked by the dispersion model. 

The algorithms used to estimate specific and INA - See response to comment 53. 
hypothetical individual radiation dose presented 
in the report can, in principle, be used to pro-
duce exposure estimates and associated uncer-
tainties. The explicit parameter values used in 
many of the algorithms, however, are not pre-
sented in the source documents. 

Mention other radionuclides, such as other iodine 
isotopes, noble gases, and tritium. 

NA - Additional work is planned to 
provide a much more comprehensive 
picture. 

Fuel burn-up and fuel cooling prior to reprocess- INA - Future work. 
ing, as well as the development of a more com-
plete history on times of release coupled with 
actual meteorological data, should be examined to 
better define the source term. At present, the 
error band on the source term could be fairly 
large. 

Address the need to identify the physical and 
chemical form of the iodine released from the 
facilities. 

NA - This information is found in 
PNL-7210 HEDR, by l. l. Burger in 
1991, ''Fission Produce Iodine 
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Document Number PNL-7412 HEDR 

Comment I I Page, 
Number Commenter Paragraph 

59. P. Ziemer 

60. P. Ziemer 

61. P. Ziemer 

---+---+--
NA ~ No lact ion 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

Apply 1944-1947 met data as soon as possible to 
ensure a more accurate projection of dispersion 
and deposition. This dispersion of modeling is 
also hampered by the small number of meteor­
ological stations in the important 15- to 50-mile 
range from the release point. 

1) Figures 3.3 and 3.4 plot patterns which tent 
to be bounded by county boundaries--hardly a 
realistic situation. 2) It might be better in 
Phase Ii to address more completely the 
uncertainties resulting from short-term puff 
releases as they might be greater than the 
present assumptions of a continuous release and 
average meteorology. 

Times of release should be more carefully 
examined. It will be important to determine if 
there were preferential times of release; i.e., 
evening or nighttime during the 1945-1947 frame. 
These could affect the dispersion and deposition. 

Page 10 of 20 

Resolution 

During Early Hanford-Site 
Operations: Its Production and 
Behavior During Fuel Processing, 
Off-Gas Treatment and Release to 
the Atmosphere." 

NA - 1944-47 met data are being 
used in current (post-Phase I) 
work. 

NA - 1) Transport calculations 
have always been performed on 
grids without regard to political 
boundaries. 2) This is being 
done. 

NA - Future work. 
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62. P. Ziemer 

63. P. Ziemer 

64. P. Ziemer 

65. P. Ziemer 

66. P. Ziemer 

___ ,__ __ 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

The cowjmilk pathway will be improved by using 
1945-1946 meteorological data. Furthermore, 
shorter time frame for pasture, etc., will 
improve milk concentration estimates. 

Page l§ of 20 

Resolution 

NA - Agree. Future work will 
address each of these concerns. 

This uncertainty (variability) in iodine metab- \ NA - Future work. 
olism in humans need to be defined and discussed 
in regard to the population at risk. During 
Phase II, it will be important to use the more 
detailed population and meteorology data avail-
able for the time periods being studied. The 
population data should also be better defined in 
terms of population as a function of geographic 
location. 

Later phases of the study will give a better 
estimate of the immersion dose (direct radiation 
exposure). Specifically, tritium, the noble 
gases, and perhaps ruthenium-103/106 should be 
considered. 

More detailed and rigorous model validation is 
needed. 

The wet deposition/plume depletion process was 
not addressed in Phase I. The comparisons of the 
1983-1987 meteorological data with that obtained 
from 1944-1947 and final comparison of sagebrush 
concentrations may not be ttsefttl in light of 

NA - Future work. 

NA - Future work. 

NA - Future work will enhance the 
description of each of these proc­
esses. The comparisons that were 
obtained serve not as a validation 
of the model, but as reassurance 

N/\ ~ No ction 
~~~----~----------
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67. Davis 

68. Davis 

NA=No~ction 

Page, 
Paragraph 

Page 1.15, 
para. 2 

Page 1.17, 
para. 4 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

potential differences between precipitation 
events in the two data sets. In addition, the 
location of the sagebrush measurements should be 
indicated in the technical report to allow 
readers to compare spatial air concentrations 
predicted by the two data sets. 

How might this variation affect the ultimate 
dose? Does it mean that our calculated dose 
might be incorrect by a factor of 100 or more? 

Mention the animal's drinking water and inhala­
tion of radionuclides. 

Page li of 10 

Resolution 

that the preliminary results are 
fairly representative of what will 
actually be found. 

NA - The discussion of the 
variability in deposition velocity 
does not mean that the final 
answer is potentially off by a 
factor of 100. Future work will 
include consideration of this 
variability, along with that of 
the wind speeds and directions, 
and source term temporal 
variations, which are not 
currently part of the input. The 
overall increases and decreases in 
uncertainty caused by inclusion of 
all these parameters will be 
determined. 

These minor pathways were not 
included in the Phase I calcula­
tions. A clarifying phrase has 
been added to the text. 
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69. I J. Thomas 

I a I 

(b) 

70. J. Thomas 

71. J. Thomas 

72. Shleien 

NA "No ~ction 

Page, 
Paragraph 

Page 3.1 

Page 3.4 

Page 3.4 

Page 3.19 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

Strengthen description of source term results. 
Note that Anderson assumed a release fraction of 
80% (ARH-3026, p. 9). Explain the following: 

How were the values between 50% and 85% dis­
tributed within the Phase I calculations? 

Why was 75% selected as the best-estimated value? 
It might be better to assume an 80% or 85% 
release fraction because it would be more in 
keeping with Anderson's and historical estimates 
(see ARH-3026 and HW-7-5463). 

Anderson's calculations should not be referred to 
as historical because they were not contempo­
raneous with the 1944-1947 period. The estimates 
contained in HW-7-5463 are historical in the 
proper sense. 

Another source of uncertainty in Phase I results 
is in using 1977 dietary information to calculate 
doses more than 30 years before. 

Previous Dose Estimate: Compares results from 
Washington State at Pasco with highs for the 
whole population. In essence this is a compar­
ison of the 95th percentile thyroid doses for 
Franklin County Census Division 04 (which is the 
only census division with thyroid doses above the 

Page 18 of 20 

Resolution 

Reference added to text. 

NA - The subject of Anderson's 
calculations is the historical 
release of iodine-131. The cal­
culations themselves are not meant 
to be referred to as historical. 

A sentence was added on Page 2.22. 

NA - The DSHS estimate of 2,530 
rem for "Pasco" includes 
consideration of environmental 
measurements from around the area 
north of Pasco on the east side of 
the Columbia River; such inclusion 



0 -~ 

Document Number PNL-7412 HEOR 

Comment I I Page, 
Number Commenter Paragraph 

73. J. Thomas 

74. J. Thomas 

7 5. J. Thomas 

tJA = No !act ion 

Pages C.3-
c .100 

Pages C.3-
C .100 

HEDR PHASE I DOCUMENT REVIEW RECORD 

Document Title Air Pathway Report 

Comment Summary 

Washington State numbers). When compared with 
Franklin County Census Division 03 {where Pasco 
is located), the Phase I results are about one­
half of the Washington State results. 

With many of the census division tables, the high 
dose estimates for 1945 are greater than the 
cumulative 1945-1947 dose estimates. Is this 
caused by the high level of uncertainty? 

Where is the information on how many people were 
in each of the demographic categories within each 
census division? 

1. It is nearly impossible for people to eval­
uate the reports' conclusions and/or check the 
-cited references. Conclusions and assumptions 
should be justified. 2. Whenever a reference is 
cited, the specific page should be listed. 

Page 1l of 20 

Resolution 

would tend to elevate the 
estimate. The HEDR 95th 
percentile value for the City of 
Pasco itself is 1,277 rem to 1,347 
rem, depending on the feeding 
regime. The variance of the dose 
is large - the OSHS estimate is 
reached in the HEOR estimates at 
about the 98th percentile for the 
City of Pasco. This is still a 
reasonably good agreement. 

Yes. The cumulative estimates are 
made using sampling from the dis­
tributions for each year. The 
uncertainties at the high percen­
tiles are such that occasionally 
the "sums" appear to be less than 
the "parts." 

Included in final version of pop­
ulation report (PNL-7623 HEDR). 

NA- 1. Most conclusions are jus­
tified in more detail in the sup­
porting reports listed in Appendix 
A. 2. Specific page numbers in 
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76. Shleien 

NA o No ction 

Page 20 of 20 
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Document Title Air Pathway Report 

' 

Comment Summary Resolution 

citations are optional in Battelle 
style. 

The use of the EOE is appropriate for comparison Agree; all HEDR doses are cal-
' of risk, not dose reconstruction. culated in rad or dose equivalent 

(rem) to evaluate any potential 
dose/effect relationships. 

i 
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