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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 staff at the Pacific Northwest Laboratory, 
which is operated by Battelle Memorial Institute, under the direction of an 
independent TSP. The work described here was directed and monitored by the 
TSP; however, this report has not yet been reviewed and approved by the TSP. 
At the TSP's direction, the report is being made available to the public at, 
the same time it is provided to the TSP. The information contained herein is 
considered preliminary until it undergoes review by the TSP. 
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PREFACE 

This is one of three draft reports that summarize the first phase of a 
four-phase historical radiation dose assessment effort titled the Hanford 
Environmental Dose Reconstruction (HEDR) Project. This, the Draft Air Path
way Report, is directed to technical audiences, _as is the Draft Columbia 
River Pathway Heport. The Draft Summary. Report_, which presents both the air 
and river pathways, is intended for a general-audience. - Detailed descrip
tions of all aspects of the HEDR Project and the dose reconstruction process 
are available in more than 20 supporting_ documents (Appendix A). 

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

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

It is also important to note that the objectives of the HEOR Project do 
not inclu_de ·estimating risk or_ extrapolating to health effects that might 
have resulted from radiation exposures. A related epidemiological study, the 
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Hanford Thyroid Disease Study, is being conducted for the Centers for Disease 
Control by the Fred Hutchinson Cancer Research Center. This study will seek 
to determine whether there is a correlation between thyroid disease and 
estimated thyroid doses for residents near the Hanford Site. 

The HEDR Project is directed by an independent Technical Steering Panel 
(TSP) of scientists and representatives of the states of Oregon and 
Washington, of region a 1 Native. American Tri bes, and of the pub 1 i c. The 
TSP's charter is to direct, r~view, evaluate, and approve all HEDR Project 
work. Funding for the project is provided by the U.S. Department of Energy, 
but the agency is not in the review or approval cycle. 

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

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

. , ...... ) -~·.:·· .. ,:f,.'\,1-,.-,,i':)-...... . ' ' 

Phase I of the afr!pa:tnt.Jaiht~~-~I,jiec;p;~fFr~.c~,ion sought to. determine 
, • fl ' .. • ,. ~~- .. ~ :~ ,Jt t; \ ':».-i .: :· ,, : ' ~--. 

whether dose estimates coul,d.:b~5~Jf~l~:~a/for fl.dpul_:ations in the 10 counti.es 
nearest the Hanford Site from atmospti'ertl,.,re 1 eases of i od i ne-13 l from the . . 
site from 1944-1947 •. Phase I demonstrated the following: 

• HEDR-calculated source-term-estimates of iodine-131 releases to the 
atmqsphere w,re within 20% of previously publishe~ estimates. 

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

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

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

Preliminary median dose estimates summed over the years 1945-1947 for 
the primary pathway, air-pasture-cow-mi 1 k-thyroid, ranged from low median .· 
values of 0.006 rad (0.00006 Gy) for upwind adults (4.5% of the Phase I 
population) who obtained milk from backyard cows not on pasture to high 
median values of 68.0 rad (0.68 Gy) for downwind infants who drank milk from 
pasture-fed cows (0.5% of the Phase I population). 

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

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

BACKGROUND 
. . 

The HEDR Project was prompted~, by mounting concern about possible heal th 
effects to the public from more th.an 40 y~ars of nuclear operations at the 
Hanford S.ite. The Site was seledted 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 194_5·. 

Chemical separation plants T and ·B were started up in December 19~4 and April 
1945. The greatest releases of radionuclides to the atmosphere from Hanford 
op~rations ·came from these separa~ions 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 C6lumbia River. Efforts 
to develop technology to accurately measure atmospheric releases continued 
for several years before measurement~ became reliable. In the interim, 
atmospheric releases were estimated from process information and from esti
mated filter efficiencies, when effluent filters were installed beginning in 
1948 (Ballinger and Hall 1989). 
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FIGURE I. Hanford Site and Key Operating Facilities, 1944-1947 
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Meteorological measurements and observations of plume behavior bega~ in 
1943 in efforts to predict the path and concentrations of atmospheric 
releases of radioactive materials. Not until the mid-1950s, however, did 
researchers discover the possibility of mi 1 k as an important pathway for 
radioactive iodine ·(Parker 1956, Comar et al. 1957). Consequently, milk, the 
major pathway for iodine-131, a pathway that resulted in exposures from 10 to 
more than 100· times as high as the pathway via inhalation, was not monitored 
during the period of highest releases of iodine-131, from 1944 through 1947. 

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

PHASES ' 

The HEDR Project consists of four distinct phase-s. The first phase_ of 
the air pathway portion of HEDR, a pilot or demonstration phase, was pur
posely limited to geographic coverage of 10 counties nearest Hanford (Fig-. 

· ure 2), to the ·period from December 1944 through December 1947, and to one 
radionuclide~ iodine-131. The unit of months was selected as the level of· 
tempera l resolution for Phase I. · These factors influenced the se 1 ect ion of 
models and parameters and resulted in some conservatism in the designation 
of the. ranges and forms of distributions. 

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

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

This approach incorporates estimates of uncertainties resulting from 
spatial and temporal variability, incomplete historical information, sampling 

' . 

errors, and unavoidable biases in individuals' recall of lifestyle and food.:. 
habit information from the _1940s .. · This appro~ch also provides a basis for 
focusing project resources on reducing uncertainties of key parameters and 
refining the model structure thfough the application of sensitivity and 
uncertainty analyses. Distributions of.doses were calculated for "reference" 
indiv_iduals., individuals who shared combinations o.f characteristics such as 
age, sex, lifestyle, food habits, geographfc 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 wei:-e estimated from the previously 
published accounts. The calculations were within 20% of estimates made using 
other techniques (Anderson 1974). 

Atmospheric Transport 

An interim atmospheric transport and dispersion model was developed for 
Phase I by modifying an existing version of_ the MESOI code (Ramsdell, Athey, 
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and Glantz 1983).: The HEDR~modified version, called MESOILT2 (Ramsdell 
1990), simulates the transport· and diffusion of continuous plumes by dividing 
th~ plumes into discrete increments, referred· to as "puffs." The code gen
erates puffs every 15 ~inutes 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 surfa·ce or· is washed out by prec·i pi -
tati~n (washout was not considered in Phase I). The code also sim~lates 
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 meteorolo~ical con
ditions for January 1983 th~ough· 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 wi.th the 1944-1947 data. 
Thus, it is reasonable to conclude that using the 1983-1987 meteorological 
data in Phase I does not invalidate the results of the calculations or pre
vent the achievement of Phase I objectives. 

Deposition/Interception 

Most simulations of dry-deposition phenomena have attempted to lump many 
parameters into a "deposition velocity." This approach has been used in 
Phase I as a preliminary estimator. The project will eventually incorporate 

xiii Draft. 



a model that accounts for atmospheric conditions and radionuclide properties 
to provide the.net wet and dry flux out of the plume. The current Hanford 
model (Napier 1988) uses a variable interception fraction that is a function 
of vegetation biomass. The interception fraction is based on the model of 
Chamberlain {1970). It generally results in a higher value of interception 
than the older constant-fraction characterization. 

Concentrations in Foods 

The 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 1 hay, and grain) were considered. The location of 
feed production areas adds another d~mension to the factors that influenc~ 
milk concentratjons. 

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 indi~idual" category (as defined earlier), distri-
butions were prepared on monthly consumption rates of the following foods: 

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

Calculational Framework 

The 16gic diagram of Figure 3 indicates "module breaks" for individual 
. portions of the do~~ calculation •. These modul~ breaks define individual_ 

portions of the. computer code that can be run in a stochastic simulation 
(Monte Carlo analysis.). Because of the interconnected nature of the cow/ 
feed/milk· di stri but ion mode 1 , no doses can be calculated for i ndi vi dua 1 s in a 
particular census subdivision without knowing the environmental conditions in 
many other locations. The dose calculation has been structured into modules 
so that repetitive calculations are minimized, and information on the poten
tial distributions of environmental parameters such as air concentration, 
vegetation concentration, or milk concentration can be saved._and examined~for 
each period. This approach results in the loss of some correlation informa= .,._ 
tio~, but the losses -do not detectably alter the dose distributions. This 
issue will be examined further in- Phase II. 

PRELIMINARY RESULTS 

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

• the source-term estimates agree well with previ souly 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 
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• relatively crude, previously published measurements of thyroid 
burdens of workers are in the range of average burdens that the 
HEDR model estimated for similar "reference individuals." 

Dose Estimates 

Preliminary doses estimated for 1945, 1946, and 1947 and summed o_ver 
1945-1947 for the entire Phase I study population from the consumption of 
milk contaminated with iodine-131 are illustrated by complementary cumulative 
distribution functions in Figure 4. Doses, clearly greatest in 1945, ranged 
over several orders of magnitude. About 10% of the population in the 
Phase I study area was likely to have received more than 15 rad to the 
thyroid (0.15 Gy) for the period January 1945 through December 1947 from the 
milk pathway. Distributions of dose estimates for other pathways are shown 
in Figure 5. 

Combined 1945-1947 

/ 

Dose to the Thyroid (rad) 
S9006024.58 

FIGURE 4. Preliminary Dose Estimates from the Milk Exposure 
Pathway, 1945, 1946, and 1947 and Total 

xvi Draft· 



: ·~ . 

100 

80 

60 

40 

20 

0 

100 

C/1 
Q) 

80 ::I 
ai 
> 
"Cl 60 Q) 
Q) 
u 
)C 
w 40 
UI 
Q) 
(/1 
0 20 C 
Q) .!'.! 
(/1 )C 

0c( 0 .c: Q) 

3: C/1 

.§ ~ 100 
- C: So 
::I 
a. 80 
0 
Q. 
>-

"Ci 60 
::I 
en - 40 0 

c 
Q) 
u 20 ,_ 
CD a. 

0 

100 

80 

60 

40 

20 

0 
0.0001 0.001 0.01 0.1 1 

Milk 
1945-1947 

Vegetables and Fruits 
1945-1947 

Inhalation 
1945~1947 

External Exposure 
1945c1947 

10 100 1000 

Dose to the Thyroid (rad) 

59006024.91 

FIGURE 5. Distributions of Doses for All Pathways, for Phase I 
Area Population, 1945-1947 

xvii Draft 



Doses from the separate pathways cannot be summed fnto a total dose. 
The preliminary dose distributions for produce and animal products other than 
milk are limited to the assumption that all fresh vegetables, fruits, and 
grain were grown within each census district. Consequently, these distri
butions reflect maximally exposed individuals only, and do not represent the 
true range of doses from the consumption of foods other than milk. Phase II 
will address the need to develop an agricultural production/distribution 
model similar to the milk model used in Phase I. Nevertheless, doses to 
infants from the consumption of locally produced milk are clearly several 
times greater than doses from the consumption of locally produced vegetables, 
fruit, and grain (Figure 6). 
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FIGURE 6. Relative Importance of Various Pathways, Based on Median Values 
(downwind Walla Walla infant, milk from dairy cows on pasture, 
locally grown vegetables and fruit, 1945-1947) 
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Comparison of Dose Estimates with Independent Information 

In 1986~ the Washington State Department of Social and Health Services 
(DSHS) (Washington State Office of Radiation Protection 1986) issued pre
liminary dose estimates for infants in Pasco. These preliminary estimates 
were based on previously published measurements of iodine-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 
maximally exposed i~fant in Pasco, 1945-1947. 

From the time Hanford operations began, workers in areas likely to 
experience relatively higher air concentrations of iodine-131 had their thy
roids checked with a p.ortable 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 do~e 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 ri~k 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 i nterna 11 y deposited 
radionucl ides. With these· caveats, the preliminary Phase I dose estimates 
for the air pathway are compared with cumulative doses from background 
radiation. 

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

Sources of Uncertainty and Future Work 

Uncertainties in the preliminary Phase I dose estimates result from 
parameter uncertainties, model uncertainties, and variability (Finkel 1990; 
IAEA 1989). The extent of these uncertainties and their contributions to the 
uncertainty in dose estimates will be assessed during Phase II of the 
project. 
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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 incl_ude reductions in uncertainty and changes in mean and median 
values. Of the contributors to uncertainty/variability in dose estimates 
that- were listed above, reductions in uncertainty in the atmospheric 
transport/deposition parameters and submodels are the most likely to result 
in the greatest reductions in uncertainties in the dose estimates • 

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

larger geographic area,, .agreatet,-rijm_p~r. __ o,f ragipnuclides, and additional 
pathways. In the int'eriin', ,'it 'f;s; "1·kel}',!:th'a'.t',,,i~d-,n·~~13i''releases accounted 
for more than 80% of cumulativ.~ do'~e~(ictfhd~iiduals in downwind areas from 

·• . •,e • ,·-;,<;-,.'VJ* ' 

the atm~spheric pathway from 1944 to the present. This is because most of 
the iodine-131 released from ~he Hanford S.ite from 1944 to the present was 
released during 1944~1947 and because iodine-131 accounted for more than 90% 
of the doses during 1944-1947. 
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1.0 INTRODUCTION 

I.I 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·rec'o,:-d's':·a're::;µ~in.tained in the Department of 
Energy - Richland Operations (DOE-RL) Public.Reading Room in the Federal 
Building, Richland, Washington~:-, 

1.2 PROJECT HISTORY 

The HEDR Project was. prompted by mounting concern about possible health 
effects to the public resulting from more ·than 40 years of nuclear operations 
at the Hanford Site (Figure 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 Si.te be reconst~ucted. The Panel al so recommended that a 
thyroid disease study be initiated. 

Representatives from the states of Washington and Oregon 1 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 L_aboratory, 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 part i ci pat ion by the states, Nat_i ve 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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1918 I I 1985 I 1986 I 1981 l 1988 I 1989 I 1990 

Public interest/concern about radioactivity from 
Hanford intensifies 

Indian Health Service and Washington State 
Nuclear Waste Board ask CDC to form panel to 
review health effects from Hanford radiation 

"Downwinders" and HEAL ask DOE to provide 
historical Information on Hanford radiation 

DOE places 19,000 pages of Hanford historical 
documents In DOE Public Reading Room In 
Richland, Washington 

HHEAP meets and recommends 1) dose 
reconstruction study and 2) thyroid disease study 

DOE directs PNL to begin HEDA ProJect and to 
convene a TSP 

Professors from four Northwest universities select 
technical members of TSP, Washington and Oregon 
governor• and Native American tribes appoint 
representatives to serve on TSP; TSP appoints 
member of public to serve on TSP 

___ v ___ v 

~------'\/ 
________ "S.l..:SJ 

.._ __________ '/ 

--------. __ '\! 

~--------------------";/ 

______________________ ":} 

TSP meets for the first time 
. V 
~--------------------

CDC directed by Congress to conduct the Hanford 
Thyroid Disease Study 

. . \J ~---------------------

CDC = Centers tor Disease Control 
DOE = U.S. Department of Ener:gy, Richland Operations 
HEAL = Hanford Education Action League 
HHEAP = Hanford Health Effects Review Panel 
PNL = Pacific Northwest Laboratory 
TSP = Technical Steering Panel 
HEDA = Hanford Environmental Dose Reconstruction (ProJect) 59006024.53 

FIGURE I.I. Timeline of Events leading to Establishment of HEOR Project 
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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 deci~ions and reports. 

A separate thyroid-disease study is being conducted in the Hanford area 
_by the Fred Hutchi'nson 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 pri_mary processes, fuel fabrication, irradiation, and 

. separation, separation resulted in the greatest relea~es of r!dionuclides to 
the atmospher~. Th~ separation process is the focus of the Air Pathway 
Report. 

The first three nuclear reactors--8, D, and F-~began operating in.1944 
and 1945. themical separation plants T and B were started up in Decembe~ 
1944 and April 1945, respecti_vely. After World War II ended in 1945, the 
reactors continued to irradiate uranium f~el and to produce plutonium. From 
1949 through 1963, six h~w reactors--H~ DR, C, KW, KE, and N--and four new 
separations plants--C, REDOX, U, and PUREX--begart operating. 

From 1964-1988'? as the government .needed less plutonium, it eventually 
closed all of its production reactors and separations ~lants, except the 
PUREX Plant. The PU~EX Plant, which .was shut. down from 1972 to 1984, ton
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 conc·entrations, emissions). Processes were controlled by adjusting 
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FIGURE 1.2. Hanford Site and Key Operating Facilities, 1944-1947 
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FIGURE 1.3 .. Nuclear Fuel Cycle 

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

Each of these measures and its relative importance in controlling emis
sions changed as experience was gained in control and monitoring technology 
and as knowledge was developed about the potential for he~lth 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 
effdrts to develop the technology to accurately measure atmospheric r~leases 
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FIGURE 1.4. Methods Used to Control Releases from Hanford Site Facilities 

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 1989). 

Meteorologital meas.urements 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 .re$Ult in maximum dilution by .the atmosphere 

i, •• ' . ,, • 

(Gosline 1945). . .. ·. ·· . ,, __ : :-'.:::}}/t .... " :· ~: ·r:. :· ;• 
Envi ronmenta 1 monitori'n.g'<wi~,j~.x'p·~rJ~~~ ,i'~ iritl Ude· ·measurements of radio-

. ., ;: ,. ·,•,~ r' 

activity in the air, on the ground, on vigitation, in food and wildlife, and 
in Columbia River water, drinking water, ground.water~ sediment, fish, and 
other aquatic 1 ife.. 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 i-0dine~l31, 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 qn exposures of 
offsite populations estimated by the HEDR Project, as described more fully by 
Ikenberry (1990). 

Potential radiation doses to offsite populations were reported for the· 
first time in 1957. Estimates of these dos~s have been included in annual 
environmental monitoring reports ever since. As technology has improved, 
dos~-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 releasei. 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 th~1c~~t~pttia] ~and computational approathes used . . : .. 

during Phase I to reconstruct pqtential.r.adiation doses to offsite_popula-
tions from atmospheric releases.•. D~tailed 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 L The approach is discussed in 
Appendix B. 

2.1 PHASE' I AREA, TIME PERIODS, AND RADIONUCLIDES 

The HEDR project consists of four distinct phases (Figure 2.1)~ The: 
first phase, a pilot or demonstration phase, was purposely l.imited in geo
graph.ic coverage,· time,. radionucl ides, and pathways. Th_is• l,iniited scope 
influenced· the selection of models and parameters and resulted in forms and 
ranges of distributioris, some of which could have overestimated uppef ~nd 

· l ewer va Tues. 

Phase II is designated a review and testing phase, during which sensi
tivity analyses will be used to identify the influences of key parameters, 
model structure, and dos.e estimates. Phases III and IV will be used to 
refine parameters, modify models, expand areas, extend time, periods, and 
ensure that all key emissions of ~adioactiv~ materia1s from.Hanford will have 
been addressed. 

2. 1. I Area 

The Phase I study area for the air path~ay covers the 10 counties near
est to the Hanford Site (Figure 2. 2) ,, This area was selected because it. 

includes populations likely to have receiv~d a broad range of exposures, . 
including the highest; because it includes a largely self-contained milk 
production/constimption area; and because atmospheric models applicabl~ to a 
domain that encompassed the IO-county area were readily available. 
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TABLE 2.1. Applicable HEDR Reports - Air Exposure Pathway 

Topic 

Demography, Food Con
sumption, Lifestyle 

Facility Operations 

Thyroid Measurements 

Atmospheric Transport 

Source Term 

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 

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

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

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

Atmospheric Transport Modeling 
and Input Data for Phasa 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 

Author, Date 

Beck, DM~ et al., 
1989 

Beck, DM, 1990 

Callaway, M, 1990 

. Ballinger, MY, and 
Hall, RA, 1989 

Ikenberry, T, 1990 

Ramsdell, JV, 
1989 

Ramsdell, JV, and 
Burk, KW, 1989 

Ramsdell, JV, 1990 

Heeb, CM, 1989 

Draft 
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Topic 

Source Term (contd) 

Milk Production 
and Di stri but ion 

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 Rele~se to the 
Atmosphere. PNL-7210 HEDR 

1-131· in Irradiated Fuel at 
Time of Processing From December 
1944 Through December 1947,. · 
PNL-7253 HEDR 

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

Author/Date 

Heeb, CM, 1989 

Napier, BA, 1990 

Burger, LL, 1989 · 

Morg~n. LG, 1990 

· Beck, OM, 1989 

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

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

2.3 

Woodruff, RK, 
1989 

Draft 
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PHASE I 

Model Development & Testing 

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

• Find, evaluate, and summarize 
historical data 

• Develop conceptual & mathematical 
• models and incorporate uncertainty 

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

PHASE II 

Sensitivity/Uncertainty Analysis 

• Evaluate Phase I model results 

• Identify key parameters for dose 
calculation via sensitivity analyses 

• Determine feasibility/value ofreducing 
uncertainty in parameters 

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

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

FIGURE 2.1. The HEDR Phased Approach 

PHASE III 

Expansion and Refining 

• Expand scope as warranted by Phase II 
work 

• Reduce uncertainty in key parameters 
per Phase II recommendations 

• Modify models per Phase II 
recommendations 

PHASE IV 

Dose Calculation 

• Calculate final estimated doses 
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FIGURE 2.2. Phase I Study Area 

2.1.2 Radionuclides and Time Periods 

The largest atmospheric releases of radionuclides that could have 
resulted in significant doses to offsite populations originated from the 

2.5 Draft 



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

An integral part of the dose-estimation process·used in the project is 
assessing the uncertainties in those estimates using uncertainty and sensi~ 
tivity analyses. Uncertainty and sensitivity analyses are needed because an 
individual's dose from exposure to radionuclides cannot be reconstructed with 
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 
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 Ftgure 2.4. Generic pathways are submersion 
in· contaminated air, i nha lat ion of contaminated air,. exposure to surfaces 
contaminated from· atmospheric deposition, consumption of contaminated food 
crops, and consumpti9n of contaminated animal products. Animal products 
complicate calculations, because the feed consumed by the animal may come 
from areas distant from. the animal's location, and in the. case of milk, the 
product may be shipped to proc~ssing and accumulation centers and then 
redistributed. The process of identifying parameters that descri.be each of 
the terms in the equation is described below. 

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

The computer coda for estimating doses obtains a dose-distribution for 
each of the 36 months in the 1945-1947 Phase I period for each ty~e of 
reference individual. For each reference individual, these.monthly distri
butions were converted to a dose distribution for each of the 3 years and ·for 
the 3 years combined by randomly selecting a dose from each month's ·dose dis
tribution and adding these 12 dose estimates together to get the dose for 
1· year. This random selection and addition process was repeated.1000 times 
to generate the dose d1istribution for the 12-month period. The same proce:.. 
dura was used to obtain the total (3-year) dose. 

2.3.1 Scale for Spatial and Temporal Resolution 

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

2.3.1.1 Spatial Resolution 

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

Demographic data are available mostly from the U.S. Census, and census 
divisions were found to be essentially unchanged over most of the potential 
study period, from initiation of Hanford operations in 1944 to the present. 
The census divisions were originally developed by the Census Bureau to 
create stable enumeration districts. Consideration was given in their· 
development to trade and service areas, principal settlements, and major land 
uses and physiographic differences. The census divisions also tend to follow 
political boundarie~ such as township and range lines, which in much of the 
potential study area also tend to follow a fairly regular grid pattern. Each 
of these characteristics is favorable for use by the project. Therefore, the 
county division was selected as the basic unit of spatial area, with some 
minor modifications (usually combinations of very small adjacent divisions, 
a 1 though division of 1 arge areas into. sma 11 er ones a 1 so was done) . The 
initial divisions selected for study are shown in Figure 2.5. 

2~3.1.2 Temporal Resolution 

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

2.3.2 Calculating and Compiling Source-Term Data 

For the atmospheric releases in the 194Os, 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 
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FIGURE 2.5. County Census Divisions in HEDR Phase I Study Area 

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

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

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

2.3.2.1 Meteorological Model 

Concentrations of radio.nucl ides _of Hanford or,g,n 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 
Phas·e I by modifying an existing version of the MESOI code (Ramsdell, Athey, 
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and Glantz 1983}. The HEDR-modified version, called MESOILT2 (Ramsdell 
-1990}, simulates the transport and diffusion of continuous_plumes by dividing. 
the plume into discrete increments, referred to as "puffs." the code gene-

. rates puffs every 15 minutes at· the source; the puffs are transported by 
historical wind. fields until they leave the model domain. As the puffs move, 
they expand (i.e., diffuse} in response to turbulence, and airborne material· 
is deposited as it comes in contact with the ground surface or is washed out 
by precipitation. The code also simulates radioactive decay. The winds and 
atmospheric stability data used by the model are updated each hour. Addi
tional details concerning the- structure of MESOILT2. are given in Appendix A. 
The code has been fully documented in Ramsdell (1990}. 

A square model domain--240 km on.a side centered at 46° 37' 30 11 N lati
tude, 119° 00' W longitude--was selected. for atmospheric transport modeling 
in Phase I (Figure 2. 6} . Phys i ~a 11 y, ·the domain extends from the Cascade 
Mountains east to approximately the Washington-Idaho border and from Spokane 
south to just beyond Pendleton •. Factors ·considered in selecting the model 

.domain for Phase I included prevailing weather patterns, topography, and the 
limitations of the interim atmospheric-transport modeling app~oach. 

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

· Atmospheric transport calculations were based on ~eteor~logical condi
tions for January 1983 through December 1987 because the meteorolog1cal data 
for 1944 through 1947 were not available in time to be used in the Phase I 

atmospheric-transport calculations. The data available for 1983 to 1987 
included wind speeds and directions from more than 20 locations on and 
adjacent to the Hanford Site and from 12 additional locations in eastern 
Washington, eastern Oregon, and northern Idaho. Figure 2.6 shows these loca~ 
tions relative to the model domain and the IO-county region . 

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

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

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

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

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

2.3.2.2 Deposition/Interception 

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

The flux of radionuclides to the ground and vegetation is proportional 
to the radionuclide concentration in the air just above the surface, with a 
constant of proportionality- that is ca1led a deposition velocity. Deposition 
velocities are generally determined experimentally. Sehmel (1980) summarizes 
the data for iodine-131 obtained prior to the Chernobyl reactor accident. 
The reported deposition velocities range from less than 0.001 to 0.1 m/s, 
with a large number of values near 0.01 m/s. Seinfeld (1986) also shows a 
larger range of deposition velocities for iodine, with a value of 0.01 m/s 
near the middle of the range. MESOILT2 assumes a constant value of 0.01 m/s 
for the deposition velocity of iodine-131 (see Section 2.3.2.3, "Vegetation 
Model," for further discussions). 

Radionuclides deposited on the ground and vegetation are no longer 
available in the atmosphere. MESOILT2 uses source depletion to account for 
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the effects of deposition on air concentrations. This ~ethod maintains a 
mass balance, but it is not tot a 11 y realistic from a pliys ica l 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 accoonting fcir deposition will be evaluated in later phases. 

Theory, supported by research, indicates that deposition velocities are 
related to the type of material and its physica~ properties, wind speed, 
atmospheric stability, and the nature of the surface (Sehmel 1980, Seinfeld 
1986). During Phase II, MESOILT2 will be modifi~d 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 interceptioh is found in 
Appendix 8. 

2 .. 3.2.3 Vegetation Model 

Radionuclide concentrations-in v~getation may be obtained either from 
calculations based on. source term, physical transport, and depc;,sition or from 
environmental measurements. Both approaches are being used in the project's 

~- computational scheme~ 

Crop types considered in the model include those eaten directly by 
humans and those consumed by animals: leafy vegetables, other vegetables, 
ftuits, 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 c6nstant interception fraction (S~ldat and 
Harr 1971). Combined with a feed-to-milk transfer factor, this model pro
vided an accurate prediction of milk concentrations for the Hanford environ~ 
ment. Recent results of the· Biospheric Model Validation Study (BIOMOVS), 
presented at the VII Workshop in Tokyo, Japan, November 7-10, 1988, but not 
yet published, indicate that this formulation tends to underpredict the 
concentrations on the grass but to overpredict the transfer from grass to 
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milk~ so that the final answer is in the right range. The observation of 
underprediction of deposition/interception is observed by Pinder et al. 
(1989). 

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

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

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

Weathering of deposited material from vege~ation surfaces was estimated 
with a weathering half-life. This rate constant can vary between about 5 and 
18 days. A triangular di stri but ion centered on 14 days, wi. th upper and lower 
limits of 5 and 18 days, respectively, was used to describe the uncertainty 
in the correct value. 

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

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

calculated results. 
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2.3.2.4 Agricultural Model 

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

Four prototypical feeding regimes are considered for milk cows. The 
simplest of these is a family cow th_at is fed grass hay year round, with a 
minor grain supplement. This regime_ was used in nonirrigated areas. Another 
feeding r~gime 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. sma 11 herd of dairy cows. The most comp 1 i cated regime 
includes pasture, hay, grain, and silage. The feed may be. stored for· a 
period of time before being fed to the cow. 

The feed.ing regimes were developed from information in the Yakima County 
" Dai_ry Herd Improvement Association publications and from the expert opinions 

of dairymen,- farmers,' ranchers,_and agricultural extension _agents who are 
familiar with conditions i.n the dairy industry during 1944-1947 (Beck et al. 
1990). The feeding regimes were allocated to the county census divisions 
based on the availability of irrigation during 1944-1947~ The dates used to 
start and stop the.various portions of the feeding regimes are linked to 
local variations in climate during the Phase I period. 

A-graphi~al representation of the most complicated feeding pattern is 
given as Figure 2~8 (adapted from Ward and Whicker 1981). Because there is 
considerable uncertainty in the reconstruction of these feeding patterns from 
over_40 years ago, associated uncertainties are addressed by using high and 
low estimates in addition to the central estimate. These are incorporated in 
the model through a. triangular distribution of each fraction. 

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

through the us~ 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 Appendix 8). 

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 cheesei sour cream, etc.) available from a 
distributor is calculated via accumulation-fraction arrays, defining the 
fraction of the product at each distribution center that originated in the 
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 (Beck et al. 1990). 
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Information on milk production and distribution was gathered from 
U.S. Census of Agriculture data, Washington State Dairy Products Commission 
statistics, and interviews •with retired dairy-industry employees. This 
information was used to identify the major milk-producing regions and the 
names of the commercial dairy producers and processing plants (Figure 2.9). 
Dairy· brand market shares for each HEDR county census division were developed 
by eliciting information from a. dairy-industry expert (Beck et 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 (Beck et al. 1990). Associated uncertainty arrays were also 
prepared to provide triangul~r distributions of the probability of the 

distribution fraction. 

2.3.2.5. Biological and Demographic Models 

The demographics of each courity 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 radfo
nuc 1 ides., uptake by the body, di st ri but f on and retention of the rad i onuc 1 ides 
in various organs, and information on the impacts on the various organs of 
radionuclide decay in other organs. The intake information is being devel
oped as a major portion of the .HEDR Project. Uptake, distribution, and 
retent~on of radionuclides in the body are functions of the chemical and 
physical forms of each particular element. For metabolism, data are avai.l
able for adults, and limited data for other age groups are available. 

2.3.2.6 Age Groups 

Seven age groups (with the inclusion of fetal thyroid) will eventually 
be considered. For Phase I, only the adult (20 years and older) and infant 
(0-1 years) categories were investigated. Each age group will also be 

· subdivided into males and females. 
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FIGURE 2.9. Milk Producers and Processing Plants Located to Date, 1944-1950 
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2.3.2.7 Population Groups 

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

The general population .determined for each of the census subdivisions. 
within the Phase I IO-county study area is further subdivid~d 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 wi 11 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~ral categories are the ones typically used in radiological ~valuations 
and are available in the preliminary mathematical models being used for HEDR 
sensitivity studies and Phase I initial development •. Unfortunately, these 
·categories do not correspond very well with the raw dietary survey informa
tion available. 

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

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

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

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

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

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

2.3.2.9 Model Structure 

The logic diagram of Figure 2.4 indicates that the calculation of dose 
is broken into modules. These modules represent individual pottions of the 
com~uter 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; infer~ 
mation on the potential distributions of environmental parameters such as 
air, vegetation, or milk concentrations can be saved and examined for each 
period. 
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Second, the modular structure of the model allows the input of either 
calculated or measured data at each step of the calculationo 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, b~cause 
the dose reconstruction project is supporting a parallel project being con
ducted by Fred Hutchinson Cancer Research Centei (FHCRC) for the Centers for 
Disease Control. The FHCRC is investigating ,tbY~<;>t.p,,di.se,ase that might have 

. . , - .', _i,-:. l ,:-:·~; e;~•'!.~-:-,( -~/: :: ·. ·: ·.~; · ... ~ ;·. ·\~- ·: '•·1 
• 

been caused by the atmospneti c_J:~e:l)fases :.Jr.om: Hanford 'in. the 1940s and 1950s. 
,: _:;•I~ •' 1 • • . ' .,,.,, :,.<t,.;i,>.,.•,. -!~ \i ';_ 

The FHCRC will be interviewing many,:-i;riQJv?fd:ua;(lsL~ab.¢ut their past lifestyle 
o,:• \i :: \~ :"< { . ., ~ "",. •.I 

and dietary habits and will be attempting to correlate estimated doses with 
thyroid disease. The HEDR computational model will be used to calculate 
doses for the FHCRC intervieweeso 
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3.0 RESULTS AND DISCUSSION 

This section. presents preliminary results of the Phase ·r air pathway 
dose reconstruction. The r~sults 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. 

3.1 SOURCE TERM 

Monthly estima~es .of. fod~·ne 7.13l releases from the separations plants 
during December 1944 through December 1947 are tabulated in Table 3.1 and 
illustrated in Figure:J.i (Morgan 1990). The estimates of average annual 
total releases agree well with previously published estimates of annual 
releases (Anderson 1974), as illustrated in Figure 3.2. Much -of the uncer
tainty in these estimates is due to uncertainties in the release frattion,. 
the proportion of potentially releasable iodine that actually was vented 
(released to the atmosphere): Previously p,ubl ished estimates of the release 
fraction vary from 50 to about 80%. The Phase I values that were used were 
50 to 85%, with a best-estimated value of 75%. Several other factors, such 
as incomplete historical records and imprecision in cooling-time estimates, 
were likely to contribute to uncertainty in the source term. 

3. 2 AIR AND VEGETATION .CONCENTRATIONS 

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

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

so% 75 % 85 % 
Year Month Release Release Release 

-------- -------- -------- --~----- ~-------
1944 December 1055 1583 1794 
1945 January 675 1013 1148 
1945 February 835 1253 1420 
1945 March 1120 1680 1904 
1945 April 13600 20400 23120 
1945 May 38000 57000 64600. 
1945 June 19861 29791 33763 
1945 July 17206 25808 29249 
1945 August 24055 36082 40893 
1945 September 29490 44234 50132 
1945 October 31264 46896 53149 
1945 November 13077 19616 22231 
1945 December 22005 33007 37408 
1946 January 6321 9482 10746 
1946 February 2740 4109 4657 
1946 March 2507 3761 4262 
1946 April 5398 8097 9177 
1946 May 5190 ,7794 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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FlGURE.3.1. Monthly Estimates of Iodine-131 Releases from the 
Separations Plants, 1944-1947 

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

3.3 MILK PRODUCTION AND DISTRIBUTION 

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

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

·3.4 MILK CONCENTRATIONS 

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

3.5 POPULATION DISTRIBUTIONS 

The relativ~ size of the county census divisions within the Phase I 
study area reflect relativ& populations d~nsities. The greatest changes in 
populations near the Hanford Site, and therefore the most critical changes 
for developing an assessment of population doses, occurred in Richland, as 
depicted in Figure 3.8. 

3.6 INGESTION DOSES 

Distributions of doses were·calculated for "reference" individuals, 
individuals who shared combinations of characteristics such as age, sex, 
lifestyle, food habits, and geographic location. These distributions were 
also combined into distributions representing selected populations. 
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Preliminary Phase I doses estimated for the period 1945, 1946, and 1947 
and summed over 1945-1947 from the consumption of milk contaminated with 
iodine-131 for the Phase I study area population are illustrated in Fig-
ure 3.9. These population distributions provide information about the range 
of doses, the percent or probability of doses 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 D. 

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 
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(See Figure 3.11 for estimated dose ranges) 

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

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

Of pathways other than the milk pathway, doses from fresh vegetables 
grown in the backyards of downwind populations were the highest. For adults, 
the vegetable pathway was more important than the milk pathway, because of 
assumptions discussed in Section 3.8. For Phase I, it was assumed tha~ all 
fresh vegetables eaten by individuals in a give~ census division during 
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the Phase I growing season were grown within that census division. The 
. . 

distribution of doses·for vegetables is shown in Figure 3.13. 

3.7 DOSES FROM INHALATION AND FROM IMMERSION AND GROUND SHINE 

Preliminary dose estimates for inhalation and for immersion and ground 
shine are depicted as CCD functions in Figure 3.14. 
3.8 RANKING OF DOSES 

The preliminary dose estimates vary with location, time, pathway, age, 
origin of milk, and dairy cow feeding regime. The relative importance of 
each pathway, for the case of infants downwind who drank milk from cows on 
l.ocal pasture, is illustrated in Figure 3.15. Doses generilly decrease in 
the following order of pathways: milk from local cows on pasture, local 

·vegetables, .inhalation, and immersion and ground shine (external exposure). 
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FIGURE 3.13. Distributions of Doses from Vegetables (assumes all 
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Doses from the separate pathways cannot be summed into a total dose. 
· The preliminary dose distributions for produce and animal products other than 

milk are limited to the assumptiori that all fresh vegetables, fruits and 
grain were grown within each censui divis~on.· Corisequently, these distribu
tions jeflect maximally exp~sed individuals only, and do not represent the 
true range of doses from the consumption of foods other than milk.. Neverthe-
1 ess, doses downwind to infants from the consumption of locally produced 
milk are clearly several times greater than doses from the consumption of 
locally produced vegetables, fruit, and grain. Phase rr•will address the 
need to develop an agricultural production/distribution model similar to the 
milk model used in Phase I. 
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3.9 EVALUATION OF PHASE I OBJECTIVES 

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

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

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

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

,.-, 
:·,: 

and ,, 

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

3.9.1 Previous Dose Estimate 

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

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

The total popul.ation in FR4 is estimated to have been between 110 and 125 -· 
people in the period 1945-1947 (Beck et 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· the_ir 
thyroids checked with a portable radiation detector. The thyroid checks 
wer~ used not to obtain highly accurate measurement but as a $Creening 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, 
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presumably, low amounts of iodine-131 in the thyroid glands of the workers 
who were monitored. Nevertheless, the measurements can be used to suggest 
the exposures that the workers might have received offsite from breathing 
contaminated air and drinking contaminated milk if the exposures were assumed 
to originate entirely offsite. The distribution of dose estimates based on 
the thyroid counts is compared with 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 
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FIGURE 3.17. HEDR Preliminary Dose Estimates (Richland adults, inhalation 
exposure pathway, median values) Compared with Measurements 
(median values) of Iodine-131 in Thyroid Glands of Hanford 
Workers 
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radiation protection and therefore are purposely conservative .. In 
_particular, the ICRP factors are based ori eff~cts o/ high-dose, hlgh-dose~ 
rate external radiation, 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 l dose estimates for the milk pathway are compared with cumulative 
doses from background radiation. 

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

3.9.4 Historical Regulatory Standards 

Some readers may be interested in what guid~lines were used to control 
radiation exposures in 1944-1947. Hanford Site officials adopted guidelines 

. . 
recommended by the medical profession for exposure of medical employees and 
reduced the allowable exposures for Hanford employees to half of those 
guidelines (Wilson 1987). Exposures to iodine-131 wer"e based on amounts that 
could be inhaled during a 24-hotJr period. The guideline translates roughly 
to about 1 rad to the thyroid per day. (There was also a guideline for 
v~getation in efforts to protect sheep and cattle that might graze on 
contaminat~d forage.) The guideline was not based on doses that might result 
to offsite populations from drinking contaminated milk because that pathway 
was not recognized as being the critical pathway until the mid-1950s (Comar 
et al. 1957; Parker 1956). 

(a) All doses here are Effective Dose Equivalent (EDE), rather than o~gan 
dose. 
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Radiation Doses from the Milk Exposure Pathway 

3 .10 UNCERTAINTIES IN PRELIMINARY DOSE ESTIMATES 

Preliminary dose estimates were calculated during Phase I to demon
strate the feasibility of the dose-reconstruction process, rather than to 
provide definitive dose estimates for offsite populations. The degree to 
which these preliminary dose estimates might represent actual or relative 

. doses that populations in the Phase I area during 1944-1947 received from 
atmospheric rel eases 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 
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be assessed during Phas~ II of the project. Examples of some of the varia

bilities and uncertainties that are known to be inherent in the preliminary 
Phase I estimates include 

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

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

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

• Uncertainties ~rising from the use of average meteorological data 
from 1983 to 1987 in place of data for 1944-1947, ·which w-re not 
available in time for the Phase I calculations. 

• Uncertainty about the iodine-131 release rate. For Phase I, 
. releases during a month were assumed to be continuous, when in· 

fact they were episodic. (Information about release times is still 
being retrieved and assessed.) · 

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

• Jhe 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 th~ 
interception of-deposited iodine-131 by vegetation . 

., The amount of contaminated pasture consumed by dairy cows. 

• The amount of iodine-131 ·transferred from the pasture to milk by 
individual cows, by location and time . 
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• The pooling of contaminated milk from different 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 metabtilic 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 -0f modifications in model 
structure. These changes will include reductions in uncertainty and changes 
in mean values and distributions of dose. Of the contributors to 
uncertainty/variability in dose estimates listed above, reductions in 
uncertainty in the atmospheric-transport/deposition,parameters and submodels 
are the most likely to result in reductions in uncertainties in the dose 
estimates. 
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PREFACE 

In recent years, concern has been mounting about_ poss it, le hea 1th effects 

to the pub 1i c from over 40 year~t of operations at the Hanford Site. This 

concern prompted the Washington State· Nu~lear Waste Board and the Indian 

Health Service to request the Centers for Disease.Control (CDC) to convene a 

Hanford Health Effects Review Panel to review and evaluate epidemiologicai · 

.and environmental data relevant to Hanford operations. ·rn_ 1986, based on

this review, the Panel recommended a study be initiated to reconst:-uct 

radiation doses poten~ially received by the public residing in the vicinity 

of Hanford, and a separate study 9f thyroid morbidity_ in the same population. 

ihe H_EDR Project is th~ outgrowth of that recommendat ior.. 

The HEDR. Project is divided into the following ·technical tasks. These 

- tasks. address· each of the primary steps in the path from radioactive releases 

to dose estimates: 

" Source Tenns 

• Envi ronmenta 1 Transport 

• Envi ronmenta 1 · Mani tori ng Data 

• Demograph-:Cs, Agriculture, and Food Habits 

• Environmental Pathways and OaseEstimates. 

The Source Tenus Task wi·ll develop estimates of radioactive emissions 

from Hanford facilities since 1944 •. These. estimates will be based on histor

ical measurements and production information. 

The Environmental Transport Task will reconstruct the probable movement 

of radioactive materials from the areas of release to populations. Movement 

via the atmosphere, surface water (Columbia River), and ground water wi11 be 

studied. 

The Environmental Monitoring Task will assemble, evaluate, and report 

historical monitoring data • 

. The Demographics, Agriculture, and Food Habits Task will develop the 

data needed to determine which population groups could have been affected by 

the releases. Population and demographic information will be developed for 

i i i 
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the general population within the study _area. This infonnation will also be 
developed for several specia~ population groups including the Native American 
tribes in the study area, military personnel stationed at Hanford, Hanford 
construction workers, and migrant fann workers. The food and water consump
t; on patterns and practices and sources of food ·and water must a 1 so be 
estimated. 

Historical dairy fanning practices and milk distribution systems will 
be studied because milk is a significant pathway for it.di rie-131 tc enter 
the human body. Cows could have eaten vegetation contaminated with this 
radionuclide. 

The Environmental Pathways and Dose Estimates Task will use the informa
tion pro

1
duced by the other tasks to estimate the radiation doses people could 

have r.ecei ved from Hanford· operations. 

This report is the result of a collaboration of the s~atistics Task and 
the Envi ronmenta 1 Pathways and Dose Estimates Task. ·rhi s report out lines the 
computations that will be needed to incorporate all of the data collected by 

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

The. objective of the Hanford Environmental Dose Reconstruction (HEDR) 
Project is to estimate the radiation dose that individuals could have 
received as a result of emissions from nuclear operations at Hanford since 
their inception in 1944. The.purpose of .this report is to outline the basic 
algorithm and necessary computer calculation; to be used to calcula:e radia
tion doses to both specific and hypothetical individuals in the vicinity of 
Hanford. The system design requirements, those things that must be acc:omp
li shed, ar.:= defined. The system design specifi cati ans, the techniques by 
which ·those requirements are me!, are outlined. Included are the basic equa
tions, logic diagram!:, and preliminary definition of the nature of each input 
distribution • 
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1.0 INTRODUCTION 

The objective of the Hanford Environmental Dose Reconstruction (HEDR) 
Project is to estimate the radiation dose that individuals could have 
received as a result of emissions from nuclear operations at Hanford since 
their inception in 1944. (a) This report documents the algorithms that will 
be implemented for initial com~uter calculations. 

In response to a directive from HEDR's Technical Steering Panel, the 
reconstruction of doses to offsite populations is being performed in a series 
of phases. The fir$t phase is the development of basic techniqties and proof 
of principle. ihe objective of Phase I is to demonstrate through calculation 
that adequate models and support data exist or can be developed to aliow 
estimation of realistic doses to individuals from releases of radionuclides 
to the environment that occurred as iong as 45 years ago. Later phases.will 
expand the capabilities and refine the dose estimations. Much of the data 
being used in Phase I is preliminary or approximate and, therefore, the doses 
calculated must a.l_so be considere~ preliminary apprcximations. \,fithin the 
constraints of Phase I, a computational methodology has been developed. This 
report documents the requirements that the resulting computer code ~ust meet 
and outlines a method· of meeti.ng the requirements. 

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

Development of the HEDR computer code(s) will be guided by the ?NL CA 
program requirements, which are embodied in a series of Software Control 
Procedures (SCPs). There are seven applicable procedures, dealing with 
1) determining and documenting software requirements (SCP-312), 2) final 
review and acceptance of codes and documentation (S~?-313), 3) software 
configuration management (SCP-314), 4) conversion testing, verification, 
and/or validation of software (SC?-315). ·5) application control (SC?-316), 

(a) The project is being managed and conducted by Battelle staff at the 
Pacific Northwest Laboratory under the direction of an independent 
Technical Steering Panel. 

l.J 

B.10 

,.-. 



. ·.,_.i 

:··, 
' . 
;·• 

r -=~~ 

_;) 

.:J 

5) transfer of software, data., and documentation into and out of th.e project 

(SCP-3li), and i) control of databases (SCP-318). 

Preparation of this document partially fulfills the requirements-of 

SCP-312, which stipulates code design requirements, d~sign-specifications, 

data input and output, tes:ir:g, and verification. Upon compl~tion of the 

code, a F'ina-1 Internal Development Review (FIDR) will be perfonned according 

to SCP-313, resi. iting in a documented review of t_he code for adequac~·-, 

applicability, and correctness. Fo l1 owing the FIDR, the co_de wi 11 be pl aced 

under configu:"'ation management, which controls methods of backup, storage, 

user ac:ess control, change requests, and u~~~ting. A11 applications of the 

c-:e will be tracked and documented under the requirements of SCP-316~. 
. . 

All procedures· used to support this report were written and·controned 

in accordance with PNL QA program requirements. Records that support the.· 

derivations in t!iis ·report were created and stored in accordance with_ applic

able HEDR Project record control requirements, including requirements on .the :::: 

generation of computer output, veri fi cation of computer codes, and review of -

all i~termediate output. 

Drafts of this document underwent internal independent technical review. 

Review comments were satisfactorily resolved, and there were no controversial 

resolutions to the comments. 
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2.0 SYSTEM DESIGN REQUIREMENTS 

This section identifies the system design requirements needed to make 
the computer codes easy to use, ~~mpatible with current com;~ter facilities, 
and well-suited to the calculational requirements of the project. 

The goal of the project is the calculation of estimates of radiation 
dose, with associated variability and uncertainty, for both hypothetical 
Reference Individyals and actual Specific Individuals. For representative 
Reference Individuals, information is being developed on ~he basis of 
geographic location, age, lifestyle, ethnic group, and dietary habits.· For 
Specific Individuals, additional informaticn will be required en actual 
values for each of these data categ~ries, along with definitior.s of the time 
frames of changes in each. It becomes immediately obvious that the number of 
variables and potential permutations is -very large, and the ievel of detan 
is very fine, so a major undertaking is simply the control and expiana:1or. of 
this much information. 

A.11 final dose results are being provided in terms of a range of 
potential doses, with a distri.bution of expected values. The calculations 
incorporate the uncertainty caused by both natural variability and lack of 
knowledge. 

2.1 GENERAL COMPUTATIONAL APPROACH 

Appropriate scales for spatial and temporal resolution have been 
i dend f i ed.. Recent s i mi 1 ar projects that attempt to reconstruct doses for 
releases of radionuclides from the Department of Energy's (DOE's) Nevada Test 
Site have used county-level grids, -with specific·locations sometimes 
superimposed (Dose A~sessment Advisory Group 1987). For releases from the 
Hanford facilities, it was qui:kiy determined that the county grid would be 
too coarse .because atmos-pheric concentration and deposition could be shown 
to vary significantly within individual counties. A simp_le rectilinear grid, 
such as that used in most atmospheric dispersion models, was found to be too 
inflexible: that is, no grid could be devised that did not have such 
undesirable features as splitting major population centers. Demographic data 
are mostly available from the U.S. Census Bureau, and census subdivisions 
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were found to be essentially uncha:.ged over most of the potential study 
perioc from initiation of Hanford operations in 1944 to the present. The 
census subdivisi~ns were originally developed by the Census Bureau to create 
stable enumeration districts. Consideration was given in their development 
to trade and service area's, principal settle:ients, major land uses, and 
physiographic differences. ·Additionally, the census tracts ten~ to follow 
political boundaries such as township and range lines, which in much of the 
potential study area also tend to follow a fairly regular grid pattern. Each 
of these characteristics is favorable for use by the project with the addea 
advantage of tending to. follow a regular grid. Therefore, the census 
subdivision was selected as the basic unit of spatial area, with some minor 
modifications (usually combinations of very small· adjacent subdivisions, · . 
although decomposition.of large areas into smaller ones was also done). A 
map of the initial subdivisions· selected for study is shown in Figure 2.1. 

Selection of a unit .of temporal measure proceeded in a manner similar to 
that for spat i a 1 resolution. ihe Hanford rel eases have for the most part 
been routine and continuous. Meteorological data used· to describe the 
atmospheric transport of released radionuclides are available for 15-minute 
intervals for much of Hanford's history. Census data on locations and 
numbers of exposed individuals are available for every decade since 1944. 
For some time periods, data on releases from the Hanford facilities and 
monitoring of -environmental contamination resulting from those release are 
available from archived monthly reports. However, other infonnation cannot 
be expected to be so we 11 documented. Reference dietary d.ata are ava i 1 ab 1 e, 
at best, on a seascnal basis. Fo_r lifestyle surveys, also, it seems 
unreasonable to expe~t.most people to remember habits and ac-civities up to 
45 years ago on anything more than a seasonal or monthly basis. Based on 
these considerations, therefore, the month was selected as the projeC't 1 s unit 
of temporal resolution. 

For the Phase I work to date,. the 10-county area shown in Figure 2.1 has 
been investigated. The years of initial interest have been 1944-1947 for the 
atmospheric releases and 1964-1966 for the surface water releases. These 
were selected to represent periods of relatively high release and, in the 
case of the surface water releases, comprehensive monitoring data • 
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-2.2 COMPUTATIONAL FACILITIES, HARDWARE, AND DATAB~SES 

The computer code shall be designed for implementation on.the PNL Y-VAX 
in conjunction with the Sequent data.base system. The code sha.11 be 

secondarily designed for in-house microVAX and other--minicomputer systems. 

If it is necessary to improve data prc_cessing speeds, provision should be 

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

system) Cray computer. 

Input data wi 11 be generated in several of the technical tasks an the 

project. Each task will be responsible far maintaining its awn separate 

_catabase and t.ransferring.the documented results to the main HEDR database. 

The main HEDR database should be kept on a c~ntral PNL mainfram~, such as the 

Seque'lt system in the Sigma V Building~ A database management system, e.g., 

Oracle, should be considered for controllina and acce~sing this data. . . . 

Because of the large quantities of spatially related da·ta that must be 

maintained and anaiyzed, provisions shall be made to adapt the calculated 

outputs to a Geographic Information System (GIS). Input and output data 

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

2.3 CODE LANGUAGE 

The computer code shal1 be written in standard ANSI FORTRAN-77· language. 

This choice will facilitate the communication and understanding of the code 

calculations, conversion to other computing systems, modifications to the 

cede, and necessary updating. 

2.4 CODING STANDARDS 

Programming shall follow the guidelines of the following coding 

standard. This coding s-:andard is intended to provide a concise, unifonn, 

and complete form of documentation and quality control; to streamline review 

efforts; _and to simply software maintenance. All FORTRAN routines shall 

consist of three blocks: 
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1. Definition blo~k (routine name, li~itations and prerequisite, arguments, 
logical names and files used, routines used), 

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

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

where applicable, the programmer should 

• localize system-dependent calls 

• avoid dependency on internal word size 

• place constants in an up-front parameter file 

• put variables in common blocks 

• use logical device names in front of file ·names 

• hold to a limit of one routine per file. 

2.5 DATA INPUT 

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

Source Terms 

• source terms by radionuclide (p·robably only two or three nucl ides 
in Phase I, up to 20 later) 

• number of curies released for each month 

• associated low and high estimates fo·r each nuclide and time period 

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

Transoort 

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

• best estimate and uncertainty descriptors given as the mean and 
standard deviation tif the logarithm (base 10) of the time-
; ntegrated air concentr•ati on 
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• atmospheric deposition data in terms of monthly averaged deposition 
rates, curies/square meter/second per curie released at each loca
tion for each month 

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

e best estimate values and an uncertainty descriptor - The transport 
model wi11 perform th1s calculation on a single-month basis and 
-:he sub!equent software models will aggregate the running total 

· in order to allow the statistical portion of the calculation to 
-proceed. · · 

" river·.water concentrations in terms of curies/1 iter monthly averag.e 
with an uncertainty descript6r for each river-adjacent location 
(approximately one for each river-adjacent census tract) 

• sediment concentrations in terms of .curies/square meter monthly 
average, if available (probably not available for Phase I) with an 
uncertainty descriptor for each river-adjacent location •. 

Monitorinc Data 

• measured vegetation concentrQ_ions in terms of curies/kilogram 
monthly average for each l-0cation -.This requires prior averaging 
of data, which results in a distribution descriptor. This.-is 
likely to be a sparse matrjx. 

• measured fish concentrations in terms of curies/kilogram month'; 
averaae at each of the 1 ocati ens us'ed above for water and sediment 
concentrations -.This requires prior averaging of data, which 
results in a distribution descriptor. This has the potential to 
be a fairli sparse matrix. 

• for.later phases, measured air concentrations in tenns of curies/ 
cubic meter for each location for each month - This requires. 
some averaging of data, which should result in a distribution 
descriptor. This is likely to be a ~parse matrix. 

.. for 1 ater phases, measured animal product concentrations in terms. 
of curies/kilogram or liter for each location for each month - This 
requires some averaging of data, which should result in a distri_; 
bution descriptor. This is likely to be a ·sparse matrix. 

Demoaraohv and Food Habits 

0 animal feeding practices (kilogram/day per animal for each feed 
type) by location and month - Five feed types will be used for 
Phase I. Associated unce~tainty descriptors will be defined as 
high and low estimates . 
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.• for later phases, fe~d distribution arrays (the fraction of feed 
consumed in one location that is produced in another location) by 
feed type and month - Associated uncertainty arrays, probably high 
and low estimates. This may be a sparse matrix. For Phase I, it 
will be assumed ~hat all feeds are produced locally. 

• milk accumulation arrays, the fraction of milk received at a 
distribution center (dairy) from each location - ~e ant:cipate 
about 20 dairies for Phase I. Associated uncertainty arrays, 
probably high and low estimates. This may be a sparse ffiatrix. 

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

• dietary consumption rates, in terms of kilograms/month for eacn food 
type, as a function of age, sex, lifestyle, and month. Associated 
distributions derived from the 1977 National Food Consumption Survey. 

Environmental Pathwavs and Doses 

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

2.6 OUTPUT REQUIREMENTS 

Radiation doses will be calculated for various intake~ of radionuclides, 
including uptake by the body, distribution and retention of the radionuclides 
in various organs, and infonnation on the resulting dose in the various 
organs from radionuclide decay in other o.rgans. Seven age groups, based on 
the resolution provided by available data (with _the inclusion of fetal 
thyroid), will eventua11y be used for _interpolation :o speci7~: age~. For 
Phase I, only the adult and infant categories are being investigated. Pro
visions for the age groups shown in Table 2.1 will be made in the code struc
ture. Each age group is also subdivided into male and female, with the adult 
female further subdivided into pregnant and non-pregnant. Dosimetry for male 
and female children through about age 15 w~ll be the same: the only potential 
variable would be uptake if there is a sex difference in food consumption. 
After age 15, the dosimetric calculations vary, as well. The number of 
people in the seven age groups will be provided for each of the major 
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TABLE 2.1. Age Groups Included in Code Structure 

Aae Grouo Aae Nominal Mass 

Prenatal a - 270 days Variable 
Newborn About O days 3.4 kg 

l - 4 yr l yr 9.8 kg 
5 9 yr 5 yr . 19 kg 

10 14 yr 10.yr 32 kg 
15. - 20 yr. 15 yr 55 kg (58 kg adult female-) 
Adult 20+yr 70 kg (male) 

subpopulations defined below, subdivided by spatial location o~ the census 
subdivision grid. 

2.6.1 Pooulation Grouos 

Population groups specifically identified in the HEDR Work Plan approved 
by the TS? include Native American tribes, Anny personne 1 stationed at 

. . 
Hanford, unbadged Han:ford construction workers, mi grant workers, and the . 
general population. The subcategories of population groups included in 
Table 2.2 are required. Those having a higher emphasis are needed for the 
Phase I study area in FY 1989-1990. Those having lower emphasis will be 

addressed in future worlc: however, this does not preclude some data 
collection when appropriate. 

The groups of higher emphasis are- being investigated fo.r each of· the 
census subdivisions within the Phase I 10-county study area. Each wi11 be· 

TABLE 2.2. Population Groups Emphasized in Cede 

Suboooulation Emohasis Additiona 1 Nctes 

General population -Higher Air and river re 1 eases 
Native Americans Higher Air and. river releases 
Unbadged site workers Lower Air rel eases 
On-site military Lower Air releases 
Mi grant workers Lower Air and river releases 
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further subdivided into the lifestyle categories, urban and rural. With the 
number of subpopulation categories., and the very limited occupation infor
mation available, ·a further breakdown probably could not be supported by the 
data at this time. We nave deliberately not included race as a discrim
inator for Phase I. 

2.6.2 Food Tvoes 

. The consumption of contaminated food was a major pathway of exposure for 
people who lived in the Hanford area during the years 1944-1947. A number of 

· different general food types, whic~ were identified as potentially important, 
are typically used in radiological evaluations and are available in the pre
liminary mathematical models being used for HEDR sensitivity studies and 
Phase I initial development. For each subpopulation/age/sex/lifestyle cate
gory, distributions of monthly consumption rates of the locally produced 
foods listed in Table 2.3 are required. Because of the similarity of the 
lists of general population and Native American foods, the·same basic models 
wi 11 be used for each. A 11 foods will be examined as both fresh and stored. 

2.7 GRAPHICS 
, 

Although· no graphics have been ·explicitly identified as necessary, a 
future need is expected for displaying numbers calculated by the computer 
code, for instance, a plot of air .concentration versus distance from the 
poin.t of release. A mechanism shall be designed to retain output in files 
for later graphics applications. 

2.8 DOCUMENTATI~N AND INSTRUCTIONS 

Documentaticn shall be prepared during code development. Documentation 
shall include code algorithms as well as a user manual that is updated as 
changes are made. A record .of changes made once the code is under configura
tion management shall be retained as project records. 

2.9 ERROR MESSAGES 

Error messages shall assist the user when improper input parameters or 
formats are used, or when illegal calculations are requested. A11 input 
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TABLE 2.3 .. Local Foods Requiring Calculation of Monthly 
Consumption Rates for Population Categories 

General Population 
Leafy vegetables 
Other (protected) vegetables and root vegetables· 
Legumes (if they can be brokeri out of other ve~etables) 
Grains (generally dried and stored) 
Orchard fruits, berries, melons 
Milk (subdivided· into cow and goat, if possible) 
Eggs . 
Beef,pork;lamb 
Poul try · 
Fish 

-anadromous 
-pi scivorous 
-bentliic 

Any other.aquatic biota 

Native American 
Exposed produce (leafy vegetables, pine. moss, etc.) 
Other vegetatton (roots, bulbs, etc.) 
Legumes (if available) 
Grains and seeds 
Fruit, berries, melons, etc.· 
Milk ·(subdiv~ded, ff possible) . 

-Eggs (chicken and others as applicable) 
Beef, pork, lamb, elk, deer, other native mammals 
Birds (including chicken, pheasant, partridge, quail, geese, etc.) 
Fish 

-anadromous 
-piscivorous 
-benthic 

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

errors shall be identified by the input .. routines prier to main program 
execution. Messages shall identify the issuing subroutine and provide a 
concise definition of the error. 

2.10 UPDATES AND REVISIONS 

Notices of code updates and revised instructions shall be provided to 
known·users. A list of potential users shall be maintained so that revisions 
and notices may be distributed as appropriate. This shall be performed by a 
designated code custodian. 
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2 .11 SECUR !TY 

The computer code and associated databases are to be considered sens
itive. Security measures shall be implemented to proteL: the code from 
access by unauthorized users. A control mechanism with sign-off procedures 
shall be implemented to protect the software from unauthorized modifications. 
Needed changes shal1 be verified before modifications are permitted to the 
final versions. 
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3 .-0 SYSTEM ~::SIGN SPECIFICATIONS 

The computer codes developed fer Phase I of the· HEOR Project are to be 
fully modular ana stochastic (using Monte Carlo techniques). The codes will 

/ 

use distributions of input data and produce dose estimates in the form of 
distribution rather than simply producing deterministic (single-point) 
estimates. 

A simplified projec: diagram for calculating doses from atmospheric 
releases is shown in Figure 3.1. Generic pathways are submersion in contami~ 
nated air, inhalat.ion of contaminated air, exposure to surfaces contaminated 
fr::m atmospheric deposition, consumption of contaminated food crops, and 
c:o:isumption of contaminat~d animal products. Animal products such as milk 
are complicated ·by the fact that the feed consumed· by the animal may come 
from areas distant from the animal's location, and the milk itself may be 
shipped to accumulation centers and then redistributed. 

A similar diagram has been prepared for surface water releases (Fig
ure 3 .• 2} and similar pathways are considered: immersion (swimming or 
.boating) in contamir.ated water, drinkin9 of contaminated water; consumption 
of fish and other aquat.ic foods, and consumption of foods contaminated via 
irrigation with contaminated water. The overall calculation of radiation 
dose will be the sum of parallel pathway calcu.lations. Parameterization of 
each of the terms in the equation is described in this section. 

The initial calculation of dominant radionuclides indicates no important 
decay chains that cannot be treated as either singl~ radionu:lides or pairs 
in equilibrium (Napier 1989). For the equilibrium pairs, the decay energies . 
of the daughter can be effectively considered to be included in the energies 
of the parent. Therefore-, calculation of radioactive decay in the HEDR Monte 
Carlo routines is greatly simplified. Decay can be exp1ic~tly written into 
each module as a simple exponential term. 
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GENERALIZED DATA FLOW; AIR 
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FIGURE 3 .1. Project Steps Required for Calculating Doses 
from Atmospheric Releases of Radionuclides 
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GENERALIZED DATA FLOW: SURFACE WATER 
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'f 
drinking water 
concentrations 

water 
concentrations 

lrrl ;atad 
Module 
Break 

lnpi.11: 
Input: 
lni,ut: 

input: 

.. I 
flsn consumi::,tlon ----. 
water consumJnlon ---, I 
1X'iarna1 exs,osures-... I 

T TT T 

toad 

,, T 

._ _______ ca_1cu_1a_e_-_in_,_•k_e_a_n_d_•_x_i,_o_su_,_•_--------...11 
dos11 factors l 

T 

calculate dON 

FIGURE 3.2. Project Steps Required for Calculating Doses 
from Surface Water Releases of Radionuclides 
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3.1 ATMOSPHERIC RELEASE MODEL 

The logic diagram of Figure 3.1 indicates Nmodule break~" for individual 
portions of the calculati.on. These represent individual portions of the 
computer code that can be run in a stochastic simulation (Monte Ca~lo 
analysis). There are three reasons for structuring the calculation with 
module breaks: the interdependence of information, the need to input data 
during calculations, and the use of the code in another ongoing Hanford 
study. 

Because of the interconnected nature of the cow feed/milk distribution 
model, no doses .can be calculated for individuals in a particular census 
subdivision without knowledge of the environmental conditions in many other 
locations. The calculation has been structured so that repetitive calcu
lations ar.e minimized, and information on the potential distribu~ions of 
environmental parameters such as air concentration, vegetation concentration, 
or milk concentration can be saved and examined for each time period. 

A second reason for the structure of the model is that it allows the 
input.of either calculated or measured data at each step of the calcu1ation. 
Where .monitoring data are available, it makes sense to re_ly on it rather than 
on simulated data. However, since the monitoring is not complete over all 
times, locations, and pathways, the st.ructure allows use of measurement data 
supported by calculations when necessary. 

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

3.1.l Module 1: Atmosoheric Transoort and Deoosition 

The proposed logic for Module l is illustrated in Figure 3.3. The 
objective of this module is to initiate calculations by providing 
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MO.CULE 1: ENVIRONMENTAL TRANSPORT 

For each Iocat1on L 

r · For eac:, month M 

For eac:: nuclide-N I 

I 

,, 
' ' 
' ·-

Selec: C' 

Setec: ,:10• 
SeIec c/0' 
Select d/0 
11 montn >0, select Cm., 

Calculate: 

Im .. a· va· 
c· ... a'. c1a· .m, 
c: • ~• c/Q' + d e·;. t m ,. _ Tn!1 r 

Store I, c,d 

Continue. 

?recess x. a, d arrays into 
parameterized distribution 

Input c,s,ribuuons tor a· 

lnpu: dis::ibuuons for ;c/C', c:C', CIC 

---- last month's distribution tor d for t:iis 
nuclide, location, mornh 

7 
--caicJ1atea 

distribution for .. ',., •d 
d- _____ ___, 

Oy nuclide, location, month 

Notes: ~ ) cotted line ( ____ } indicates Monte Carlo routine 
2) "Selec:• means pie!< from distiii:lution systematically 
3) "Store~ me.ans add to histogram array 
~} ·i=rocess· means convert stored histogram array into a mean + standard deviaton or 
ether d:s::ib::.ion parameters and save as ou:put. 

FIGURE 3.3. Proposed Logic for Module 1: Environmental iransport 
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!ime-integrated air concentrations, deposition rates, and mer.th-end concen
trations of radionuclides on the ground for each of the census divisions and 
monthly increments. (See Appendix A for equations us~d in calculating these 
parameters.) The solid lines in Figure 3.3 represent the computer looping 
structure, i.e., the code routines which repeat the same type of calculations 
for each location, each month, and each radionuclide. The dashed line indi
cates that portion of the code that must operate in a Monte Carlo fashion, 
repetitively calculating multiple values of each output variable on the basis 
of randomly selected parameter values from the multiple input distributions. 
The inputs to this module are the source-te!"ITI vectors and atmospheric disper
sion, deposition rate, and month-end deposition arrays described in Sec-
tion 2.S. The techniques for selecting realizations from these distributions 
for the Monte Carlo analysis are defined in a memo by A. Leibetrau (see 
Appendix 6). 

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

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

Source terms for Phase I will include only iodine-131. Allowance shouid 
be made in the code for expansi~n to additional radionuclides, as illustrated 
in Figure 3.3. Atmospheric transport results for Phase I will be the result 
of an interim model. In later phases, it may be found to be more convenient 
to combine source tenns with dispersion modelling. The modular structure of 
the HEDR code should allow this with minimal disruption. 
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TABLE "l , 
.., • .b. Anticipated Parameter Distribution Types for Module l 

Parameter Distribution Tvoe of Data Inout 

X / Q' Lognormal 
0 d IQ' Lognormal 
d / Q' Lognormal 

Q' Triangular 
' Constant Ar 

l Calculated Histogram 
• d Calculated Histogram 
d, Calculated Histogram 

3.1.2 Module 2: Veoetation Concentrations 

The proposed logic of Module 2 is shown in Figure 3.4. The· purpose of 
this module is to calculate or input concentrations of radionuclide~ on 
vegetation. The nomenclature of this figure is the same as that of Fig-
ure 3.3. I.nput to this module may be either the histograms of deposition 
rate and total deposition from Module l or measured values of air concen
tration from the monitoring databas,e. For Phase I, it may be assumed tha~ no 
monitoring data will be available, but the c~ding should anti:ipate. the 
po~:;;ibility that it may become available in later phases. Vegetation types 
that must be considered.: are those for human consumption (leafy vegetables, 
other vegetables, fruits, and grains) and for animal consumption (grains, 
pasture· grass, silage, and alfalfa hay). The grains for human and animal 
consumption may be considered to be the same. An additional category, sage
brush, will be added to ailow direct comparison to monitoring measurements. 

The equations to be used for, Module 2 are presented and the para.'lleters 
defined and units given in Appendix A. Additional detail on the 
interception/retention model is presented in a memo by a •. A. Napier provided 
as Appendix D. These equations are derived from differential equations of 
the rate of increas.e and weathering of the various types of vegetation. They 
have been integrated over the monthly time increment to a quasi-steady-state 
formulation,. Important parameters include time-dependent biomass, rates of 
wash-off and weathering, and soil-to-plant concentration ratios. Provision 
should be made to incorporate periodic harvesting of certain types of 
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MODULE 2: VEGETATION CONCENTRATIONS 

r 
r 

I 
! 

I 

I 

i=or eacn 1oca11cn L 

For each month M 

i=or each nuciioe N 

Se1ec:: •d 
Selec:: d 
SeleC:: CR 
Selec:: ;.w 
Select Ym 

lnou: calcuiateo or 
·c, d trom Mocule 1 

Measurec ·, c I , .. 
T 

}~ 
_j-- districuticns ct i.w,Y m by 

vegetation type 

Selec:: Cm-, -------- last month's distribution tor Cm 
For each forage/vegetation type V 
algorithm: harvest last month?Cm_,-o 

C1831•f (Ym.i..w."d,T,C1 m-,) 

Cl'00t= f(d,CR) 

Cm= c,eaf + Cl'00t 

Store C 

Continue 

Process C array into parameterized 
distribution 

Continue i 
Distributions ot vegetation ccncentrations C 
by vegetation type, nuc!ide, location, and month 
-leafy vegetables• pasture 
other vegetables 
fruit 
grain 
alfalfa, hay 
pasture grass 
com ensiiage 
sage brush 

FIGURE 3.4. Proposed Logic for Module 2: Vegetation Concentrations 
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·,egetation by biomass reduction and concent?"atfon reduction. ihe anticipated 

distributions of the input parameters are provided in Table 3.2. 

3.1.3 Module 3: Animal Product Concentrations 

The proposed logic $tructure for Module 3 is given in Figure 3.5. The 
purpose of this module is to calculate concentrations of radionucliaes in 

. meat, miik, and eggs produced in each census division for each month1y 

incremer.t. Input to this modu.le is either calculated vegetation 

concentrations from Module 2 or measured vegetation co.ncentrations from the 

monitoring database. Data structures for monitoring data should be 

established. in formats similar to those for the calculated values. These.may 

be used to supp: ement or rep lace the calc:u 1 ated va 1 ues. Addi ti on·a 1 input 

shall include information on the d.iets of farm animals as a function of 

location and time, provided to the main database by the Demographics, 

·Agriculture·, and Food Habits Task. (In later phases, this· will ;'nclude feed 

transport between census divisions.) 

TABLE 3.2. Anticipated Parameter Distribution Types for Module 2 

Parameter 
Di stri but ion Tvoe of Data Inout 

Bv 
,p 

Cm 

K 

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

Constant for each plant type and month 

Tri angular 

Trtangulaf distributions of Log(lO) B 

Constant 

Calculated histogram 

Constant for each p·l ant · type 
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MODULE 3: ANIMAL PRODUCT CONCENTRATIONS 

I 
.Ir 

i 

~ 
~ 

l 
! 
i 
I 
L 

For each 10cat1on L 

For eacn feed mor.::, M 

For each nuclide N 

For each animal proc:iuc: P 

Sele~ transter fac:or, FM 

For each feed type 

Selec: feed transpor: and harves: 
trac:ions. F 

Selec: feed quantity, QF 

Selec: feed c:mcentrations. C 
(based on month from feed 
transport frac-.ion, not necessarily 
current month) 

A • animal produc: concentrations 

• F (FM.OF, F,C)-r, r:,onth of harvest) 

Store A 

Continue 

Continue 

Process A arrays into parameterized 
distribution 

I 
T 

T,ranster fac:or 
c:i:stri::>ution 

c:iistributicn of a:iima; 
---- feed trac:icns (may 

ac::ess prior mon:hs) 

Feed quantity 
distribution 

-----,C arrays from Mocule 2 

A- Distributions cf animal proc:iuc: c:oncerr.:-aticns 
by month. lccaticn. and nuclide 
- meat 
• milk 
-cow milk 
-goat milk 
~eggs 

FIGURE 3~5. Proposed Logic for Module 3: Animal Product Concentrations 
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The equations: to be use~ in Mod:.ile 3 are listed in Ai:iJendix A, with 

parameter definitions ar.d units. Provision should be made for calculation of 

concentrations in meat, poultry, eggs, and milk. Mil~ may be assumed to be 

produced. by cows .or goats.· Ccws must be assumed to eat several types of 

diets. Each diet will be defined. as ·a sum of fractional feed type intakes. 

The frac:ion of each_ f:ed type eaten l::y the v·arious animals may be 

graphi~ally represente~, as illustrated in Figure 3.6. Currently, four 

· feeding ~egimes are planned to be provided by the Demographics, Agriculture, 

and Food Ha~its Task. 

Anticipated parameter distributions to be used as input· to Module 3 are 

presented .in Tabl~ 3.3. 

> a: 
Q: 
u.. o., 
0 
z 
0 o.:z 

' ;: 
' CJ 
< a: 
u.. 

PASi'URE 

J F M A· ~ J J A S 0 N 0 

MONTH 

FIGURE 3 .6. A Food-Chain Model to Predict Radionuclide Ingestion_ 
·(Whicker and Kirchner 1987) · 

TABLE 3.3 •. Anticipated· Parameter Distribution Types for Module 3 

Parameter Distribution . Tvoe of·Oata !neut . 

ft Triangular 

Qf Triangular 

FMp Log-normal 

Am1 Calculated histogram 
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The use cf fractional intakes of various types of feed introduces a 
·minor complication within the Monte Carlo routine for Module 3. Each of 
these fractions has its ·own distribution. The results of the selection 
process of the fractions must, h·owever, sum to 
structure. The ·means of handling this implied 
memo by B~ A. Napier, provided as Appendix 0. 
subsequent modules, as well. 

1, which implies a correlation 
correlation is described in a 
This ap~roach may be used in 

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

3.1.4. Modules 4 and 5: The Milk Accumulation/Distribution Model 

Milk produced in the various census divisions may be combined or pooled 
at creameries (milk-bottling plants). The p~oposed logic structure for 
Module 4 for handling the calculations in concentration of brand-name milk 
is presented in Figure 3.7. Input to this module is the output of Module 3, 
along with extensive data on sources of milk for creameries, from the Demo
graphics, Agriculture, ~nd Food Habits. Task. Output of this module is ·the 
concentration of milk from. each creamery in the Phase I study area as a 
function of time. This may be used directly in Module .6, i·f the milk source 
is known by name, or as i.nput to Madu 1 e 5. 

Calculation of doses to certain classes· of individuals -will require 
knowledge of the average concentration of a 11 mi 1 k avai 1 ab 1 e in a census 
tract. Module 5 is the milk distribution module. The proposed logic 
structure for this module is given in Figure 3.8. This module requires as 
input the pooled milk concentrations of Module 4, and a milk distribution 
database that is conceptua l1 y the inverse of that used to co 11 ect mi 1 k in 
Module 4. 

Equations and parameter definitions for Modules 4 and 5 are presented 
in Appendix A. The anticipated distribution types of the variables for 
Modules 4 and 5 are listed in Table 3.4. 
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MODULE 4: MILK ACCUMULATION (to Creamery) 

For eac:, month m 

For each ac...-u:-nu:auon center (c~eame:y) C 

Setec: trac:ions a: creamery 
trom eacn source location L: t t. 

For eac."1 source loca:Ion L 

Select lag time; t1 

For each nuclide N 

Selec milk concentration at 
location L; At. (only if ft. >0; otherwise 

skip this l0cation) 

Calculate ac::Jmufated milk 

c:mcantration: M1c •!ft, At. e•\t, 

Ccntlnue 

Stora Mi 

Process M1 (ci/1) into parameterized 

distribution 

Ccntinue 

milk ac::-.;mutauon 
distribution: selec: au 
together s0 tl"la: s;.;r:-: of 
trac:ions • 1 .0 

lag :ime array 

from A array su=set 

M1 • Distributions of milk CQncemration at 
c:-eameries for each creamery by nuclide by month 

FIGURE 3.7. Proposed Logic for Module 4: Milk Accumulation at Creameries 
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MODULE 5: MILK DISTRIBUTION (tc stores at each location) 

For eacn montn m 

,-

Fer each consum;:mon locat:on L 

Selec: frac:1on at stores in location L from 
each creamery; F c 

For each creamery C 

Selec: lag ·ume 12 

Fer each nuclide N 

if indicatec by (fc > O), 
Select Mic 

calculate distributed 
milk ccncemration: M21. •!:le M1ce·¥2 

Continue 

Store M2. 

?recess M2 into parameterized 
distribution 

Continue 

milk distrib:..:1on 
c1stribu11on; seiec: all 
together· so :hat tum of 
trac:ions = ~ .C 

:a; :1me array 

M2· Distributions of milk ccncentration available to 
be purchased in stores at location I, by nuclide and 
month 

FIGURE 3.8. Proposed Logic for Module 5: Milk Distribution to Stores 
in Each Census Tract 
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TABLE 3.4. Anticipated Parameter Distribution Types 
for Modules 4 and 5 

Parameter Distribution Tvoe of Data Inout 

tl Triangular 
t2 Triangular 
t3 Probably,. t2 
fc; 

I Triangular 
F~ Triangular 
MO Calculated Histogram 
~l Calculated histogram 
M2 Calculated histogram 

3.1.5 Individual Exoosure and Dose 

Modules 1 through 5 establish the environmental concentrations cf 
radionuclides in environmental media for all census subdivisions and months 
cf interest. Module 6, however, introduces humans exposed to the radio
nuclides. Module. 6 is designed for the calculation of doses to either. 
ureference 11 or 11 specific11 individuals. (Note that for Phase I, only input 
data for ~eference·individuals will be available.) The proposed logic 
structure for Module 6 is shown in Figure 3.9. Inputs to this module are the 
outputs from all prior modules, plus an extensive database of generic 
consumption and exposure rates for each category of individual type (age, 
sex, and lifestyle) developed by the Demographics Task. For calculations to 
reference individuals, exposure conditions shall be selected stochastically 
from this data~ase. For calculations to specific individual~, specific input 
values or distributions will be used, where known, and data from the generic 
databa~e will be used for unspecified or unknown parameters. 

Equations to be used for dose calculat.ions are provided in the system 
design outline for Module 6 (Appendix A). These equations describe dose via 
inhalation and exposure to contaminated air, irradiation by contaminated 
surfaces and soils, and ingestion of local farm products. Note that, for 
this phase of the code development, the formulations imply that all foods 
other than milk are produced in the census tract in which they are consumed. 
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MODULE 6: INDIVIDUAL Ex;:,osuRE & DOSE 
:11e:: 1oge1ner cecause 1na1v1QUal ccnsum:mon rates & cose :a:::ors will be correlated by age,sex] 

[ 

For spec1fiec: loca.ior.s I. 

For specified months rr. oeneric diet cata I ircm Tasi-. cs . 

' 
For soec:fied age,sex rangE:s 

Se1ec: ingestion rates 
~ specific diet data !!"Om 

_ V--- -Runencer 
Selec: ex;::csure parame?ers 

For each nuc::::::e 
~ generic exocsure cata 
~ specific exposure cma 

S.,1ec: age & sex-specific dose tac:or~ 

Continue 

For each exposure pa:hway specified 

For each radionuclide 
Select X, d, A, MO, Mi, M2, C 
as applicable 

Dose • Concentration • Rate ·cF 

Store Dose: need to determine if we need tc 
report totals only, or i1 breakdowns .by 
nudide/pathway are required! 

Pl"Ocass Dose into parameterized distribution 

' Distributions of dose .by month 

-, ,.. 
d 
A 
MO 
Mi 
M2 

distribution 
of DF 

Optional summation 

i 
TOTALOOSc 

FIGURE 3.9. Proposed Logic for Module 6: Individual Exposure and Dose 
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For certain individuals, this practice will tend to overestimate the dose, 
while for others it may tend to underestima~ 0 • The magnitude of the error in 
estimation will be evaluated as the project progresses, and revised _________ _ 
formulations (similar to the milk distr,bution model) may be us.ed. 

Because the results.of Module 6 may be required to support p~ojects 
other than HED~ (e.g., the CDC thyroid morbidity study), the input to 
Module 6 should be structured such that at a lat_er time, a simpie interactive 
driver may be developed for ease of µse. This will simplify the calculation 
cf large numbers of individual doses. 

The dose calculations shown in Figure 3.9 do not fully reflect the 
number cf calculations required. Doses must be provided for a number of 
internal organs, as must a weighted effective dose equivalent, which wiil 
require looping on the a~tual dose calculation once.the radionuclida -
exposures are known. Thus, consideration must be given to convenient storage 
of ·multiple outputs. 

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

3.2 SURFACE WATER RELEASE MODEL 

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

Unlike data for the early atmospheric releases~ detailed -effluent data 
are available for the releases from the operating production reactors during 
the period 1964-1966. In many instances, these data were available on a. 
daily or weekly basis. This infonnation was used directly as source term 
input to the surface water transport calculation without ~ecourse to model
ing. Thus, estimation of surface water concentration from Hanford releases 
in the mid-1960s was straightfo~Nard. A simple routing model was applied to 
the effluent data, accounting for dilution in the time-varying flow of the 
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TABLE 3.5. Anticipated Parameter Distribution Types for Module 6 

Parameter Distribution Tvoe of Data Inout 

El Uni form 
E2 Uni form 
DFs Constant 
DFG Constant 
DFHa, DF1a Lognormal 
BRa Constant 
K Constant 

Dsm Calculated histogram. 

DGm Calculated histogram 

DHm Calculated histogram 
RVma Triangular 
RPma Triangular 
ffva Triangular 
ffpa Triangular 

ffma Triangular 
Month-of-Harvest Fixed 
Holdup Times Constant 
fo, f1, f2 .Dei ta fµnctions, Phase I 

Sum• 1.0 for specific 

Div Calculated histogram 

Dip Calculated histogram 

Dim Calculated histogram 
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~iver as well as decay· for the various associated travel times of radio
nuclides to the locations of interest. The results of this model compare 
excellently to the measured values. The variability in the surface water 
estimates is derived from the upper and lower measured values found for each 
radionuclide at each sampling location and time. This databas·e provides the 
input to the surface water dose model. With 1 imited exceptions (e.g .. , FF"7F 
visitor's center}, ground water at the Hanford Site is not now and has not 
been used for any purpos~s by members of the general offsite public. Based 
on current understandiflg, radionucli~e sources within the 200 Area did not· 
contribute significantly to concentra-tions in the Columbia River until th~ 
early 1970s. Because of the proximity of the 100 and 300 Areas to the river, 
operations in these areas may have contributed more radionuclides to the 
river via the gr0undwater pathway. These additions are accounted for in the 
monitoring data and, thus, add to the variability of the estimates for 
Phase L 

The various stretches of the river can be conveniently assqciated with 
the census divisions used in the atmospheric release dose model. This is 
because the c!nsus tracts tend to use geographical divisions, such as tribu
taries to the Columbia River, as dividing lines. A memo fr.om B. A. Napier 

, 

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

3.2.1. Modular Aooroach 

As described above, modeling is not requfi-ed for surface water concen
trations. However, the measured data include parameter-; zati on of uncer~ 
tainty, which must be included in the subsequent steps of the calculati~n. 
This includes monitored data for fish caught in the Columbia River.·· Fish 
concentration data have also been extensively monitored, and calculations are 
necessary only for interpolation between measurements. The availability of 
fish concentration data is reflected in the logic diagram for Module l of the 
surface water code (see Figure_ 3.2). Fish concentrations are calculated only 
if such data are not available from the database. A.bioaccumulation model is 
to be used. 

Module 2 is used simply to account for the quantities of fish that were 
caught at various locations of the river and consumed. It is similar in 
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~oncept to the mi1k cistribution model described in Section 3.1.4, but the 
input is from a database from the Demographics, Agriculture, and Food Habits 

Task. 

Module 3 accounts for the fact that drinking water is almost entirely 
processed prior to human consumption, and that processing can remove radio
nuclides found in the untreated river water. At this time, it has not been 
decided whether or not to include irrigated foods as an explicit exposure 
;athway, or whether it is of sufficiently minor importance that a simple 
"transfer factor" approach may be adequate. Additional sensitivity studies 
wi_th simpler models will be perfor.ned befo.re the final structure is. 
determined. 

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

3.2.2 Models and Parameters 

The -equations to.be used in the surface water model are listed with 
Module 6 in Appendix A. The structure is similar to the more complex model 
described for atmospheric releases, but the equations_ are generally much 
simpler. The anticipated parameter distributions are listed in Table 3.6. 
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3. S. Anticioatec Parameter Distributions for the Surf ace 
Water Release Model 

Parameter Distribu~ion Tvoe of Data Inout 

Wm1 Triangular 
9Tm Tria:,gular 

Cf'lmst. Calculated histogram 
flst Triangular 
CF2mst Calculated histogram 
DWCF Uni form 

tw Triangular 
0Wm1 Ca lcu1 ated histogram 
DFra Lognonnal 
RFamT Triangular 
RWaml Triangular 
E3 Uniform 
E4 Unifor.n 
DFw Constant 

DFISH,a,1 Calculated histogram 

_ DWATER, a, l Calculated histogram . ~~ 

DSWIM, a, 1 Calculated histogram -'I 

DBOAT,a,1 Calculated histogram 

3.21 
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EQUATIONS FOR SYSTEM DESIGN MODUL;:S 
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Module 1 

EQUATIONS FOR CALCULATION OF 

• AIR CONCENTRATION - Xm 
• AVERAGE DEPOSITION RATE _-dm 

END-OF-MONTH SOIL CONCENTRATION ·dm 
(for each locat1on) 

Xm=(;c/Q~ • Cm 
·dm = a~ ·( diam) 
dm = Cm •(d/Q0 + dm.1 e·A.r t 

Q'm = Ci/month 

;c/Q'm = Ci -sec/m3 per Ci/month 

•d/Q~ = Cilm2 -sec per Ci/month 

d/Q'm = Ci/m2 per Ci/month at end of month 

X = time.:integrated air concentra~cn, Ci 0 sec1m3 • 
. m 

•cm= average d~positicn rate, c;;m2 -sec 

dm = month end soil c:,ncentration, Ci/m 2 • 

t = 1 month 

• Alternatively from Monitoring Data 

A. 1 
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Module 2 

EQUATIONS FOR CALCULA.TION OF 
&VEGETATION CONC.ENTRATION 
(at production, for each location I & vegetation type T) 

C -Tp. Cd r ~1-e ·(A.r+~· w)t LJ+c e·(A.r+il..w)t teat.m - m m m0 1 - ------
y m A.r+i\.w . y rrrry m-1 

-
p 

Cm = Cieat,m +Croot,m 

rm = 1--e·kY m: interception fraction 

k = functior. Jf plant type 

Y m = Biomass for month m for this plant type, kg!m2 

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

M, ')..,w = radiological &· weathering decay constants, day·1 

t = number of days in current month 

P = soil surface density .:. 240 kg/m2 

Bv = concentration ratio for plant type 

Note: if plant cut or harvested in month m_,, then Cm.1/(Y mfY m-,) term 

should go to zero 

T P = leave-to-edible-part translocation; T P = ~ .0 for pasture & leafy 

vegetation, alfalfa, ensilage, sagebrush 

"Cm alternatively from monitoring data 

1\.2 
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Module 3 

EQUATION FOR CALCULA~ :OH OF ANIMAL PRODUCT CONCENTRATIONS 
(AT PRODUCTION FOR EACH LOCATION AND MONTH) 

For each nuclide r .and each animal product: 
For each location and month rn, compute: 

Aml = 
m L i ml ml -';\'"(m-j) .. = l: f ·k• OFt · Cjkt FM ... J I, 

e 
j,•l k .. l t•l 

.. t .. 
i I Over. a1 i feed types 

I 

I I Over all locations that supply feed to location 1 
I 
I Over a11 months prier .to and including current month m 

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

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

• fraction of feed of type t eaten by animal at location 1 during 
month m that was harvested at location k during month j (from feed 
source/transport data). The sum of these fractions over all j and 
k for a given feed type t for-the current location 1 and month ·m 
must equal 1.0. Triangular 4tstribution. 

QF~1 • quantity of feed of type t that animal at location 1 eats during 
month m (kg/day dry weight). This is from the data on distribution 
of feeding regimes to census divisions (Ward/Darwin/Beck). 
Triangular distribution~ 

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

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

";\.,. • radioactive decay constant for nuclide r (months -l) . 
• 0.693/(half-lifer), Constant. 

(m-j) • decay correction time for feeds not consumed fresh (months). 
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Modules 4 &5 

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

i) Bac!<yard Cow: 

2) Specific Creamery 

L c 
MAcm = !. fL AmL 

L=1 
. • •h 
M1 cm= MAcme·A.r• 2 

3) Grocery Milk at location L 

M2 L - ~ F.L MA eoA.rth:3 
m - """ c cm 

Ca1 

M<!>mL = Ci/I from family cow at consumption in location L 

MA:m =Ci/Lat specific creamery C at accumulation (no decay} 

M1 cm = Ci/I from specific creamery C at consumption 

M2mL = Ci/I from groceries. at location L at consumption 

t, = generic holdup, milking-to-consumption; family cow 

¼=generic holdup, milking:-to-consumption; creamery 

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

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

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

AmL = milk concentration at production, Ci/I, at location I for month m 

B.49 



Module 6 

EQUATIONS FOR CALCULATION OF 

• SUBMERSION DOSE 

• GROUNOSHINE DOSE 

• INHALATION DOSE 

1) Air submersion doses, by month at location 1 for lifestyle or specific 

Dsm = Xml •El• DFs • K 

El= exposure time, hr/month for lifestyie or specific 

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

K = constant unit conversion, mo/sec 

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

DGm = dme • E2 • DFG 

E2 = exposure time, hr/month 

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

3) Inhalation doses, by month at location 1 for lifes~yle or specific 

DHm = Xml • El • [DFHa • BRa] • K 

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

BRa = breathing rate fo~ .age group a, m3/hr 

R -,-. . ::, 
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Module 5 (contd) 

EQUATIONS FOR CALCULATION OF 

e INGESTION DOSE 

1) Vegetables, for each vegetable type, age group, lifestyle, loeation 
. . 

Div = DFla R;a [ff vm Cml + (1 - ff vm) CHie•>.r(H-m}] 
al 

2} Meat a-nd eggs, for each age group, lifestyle-, location 

3) Milk 

Ra,m - ingestion rate, kg/month, for each age group 
(also probably lifestyle) 

ffv, ffp, ffm = fresh fraction 

DF1, a =· dose factor, rem/Ci, by age g_roup 

fo,f1,f2 = fractions of milk for each ~ource (probably delta function) 

A.5 
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1 ) 

2) 

3) 

SURFACE "ATER MODULES 

EQUATIONS FOR CALCULATION OF 

• FISH CONCENTRATION 

• DRINKING WATER CONSUMPTION 

At catch, if riot using measured values, for each of Ted's "River 
stretches," 1, for each month, for each fish type 

CFlmast= Wml • BTm 

"ms= water concen~ration at river locations for month m, 
Ci/1 

sTm = bioaccumulation factor for fish type T f::"' month m 
(under development by Ted) 

At consumption 

L 
f st • CFlmst 

fraction of fish of type T consumed at location L 
caught at river stretch s (this is the nfish 
transport modelu) 

Drinking water 

DWml mW ml• DWCF • e•Xrtw 

DWCF = drinking water cleanup factor, fraction removed by 
treatment facilities 

tw = time in drinking water distribution system 

~ ~ 
r •• I 
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Surface water Modules 

e FISH CONSUMPTION DOSE 

c DRINKING WATER DOSE 

e S~IMMING/BOATING DOSES 

l) F!SH CONSUMPTION, by age group, 1 if~style, etc., a: location L 

•-- h I r, s , a,.., 

2j DRINK~NG WATER, by age group 

F 
D = RamL • DFia e DWml wat.er,a,L 

3) SwIMMING 

4) 

D . L = E3mA • wmL. DFW sw,m,a, 

BOATING 

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

DFw = swimming dos~ factor rem/hr per Ci/L 

Db t L = E4ma. wmL 8 DFW/2 oa ,a, 

E4ma = exposure time boating, hr/month, a function 
of age and lifestyle 

A.8 
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APPENDIX B 

TECHNiou:s FOR SELECTING REALIZATIONS 
FROM ARBITRARY DISTRIBUTIONS 
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~LGORYTH~S FOR THE GENERATION OF SAMDL£S 
F;o~ SEL~CTE• P~06A6ILITY OISTRISUT!ONS 

by 

A. M. Li ebetrau. 

January 15, 1990 

Hanford Environmental Dose Reconstruction Project 

Pacific Northwest Laboratory 
Richland, WA 99352 

1.0 SUMMARY ANO !NT~CDUCTICN 

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

e U(a,b) 

• LU(a:,.8) 

• T(a,b,c) 

.. LN(e,-r2) 

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

-- a logunifonn distribution over the interval (a:,P), a:<~ 

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

a nonnal (Gaussian) distribution with meanµ. and 
variance c:2 

a iognonnal distribution with mean e and variance r'. 

Each algorithm requires the generation of random numbers or values f~om 
a U(O.l) distribution. It is anticipated that (pseudo) random numbers will 
be generated using currently available system routines. Because random 
numbers are crucial to the generation of realizations from any distribution, 
an alternative algorithm is presented in Section 4.0 for generating (pseudo) 
random numbers in case the system random number generator proves unacceptabie 
for some reason. 

B. 1 
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2. O GE:N;R.!.L METHOCS FOR UNIVA1'!ATE DISTRIBUTIONS 

A fundamen:a1 method that theoretically works for any univariate distri
bu:ion is the Inversion Method. This method, which requires the inversion of 
the cumulative distribution function (cdf), is based on the following theorem 
of probability (see Mood, Graybill, and Boes 1974, p. 202): 

If Xis a random variable with cumulative distribution function F, then 
the random varia~le U, defined by U • F(X), has a uniform distribution. 
over the i nterva 1 ( 0, l) . 

In practice, realizations are obtained by generating a ~seudo-random number u 
(a realization cf a U(O.l) random variable), setting this number equal to U 
in the above theorem, and solving fo1 X. For each realization u, this pro
cedure yieid: the realization x • F- (u) of the random variable X. The 
Inversion Method is shown schematica11y in Figure 1. The utility cf the 

1 

u 

X • F'1 (U} X 

RS912159.S . 

F'!GUR; l. The Inversion Method of Generating Realizations from the 
Cumulative Distribution Function F: xis the realization 
that corresponds to the random number -u. · 

~ ' ::i._ 
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Inversion Method is 1i~ited by the difficulty of obtaining F·l; consequently, 
alternative methods are preferable for many distributions whose cdfs are 
difficult to invert. ihe Ir.version Method is used to generate realizations 
~rom ur.iform ar.d triangular d~strib~tions. 

Technical Note· If Fis not continuous, then there exist values of 
u for which F•l(u) is not well defined. In this case, x shouid be 
taken as the largest value to x0 such that F(x) s u, i.e., 
x0 = supx F(x) s u. · 

A second method for ceneratina realizations of specified distributions 
is t:y means of· tra:,sfor:::aticns. If Y is obta~ned by transformatior: from the 
varia:::,ie X, say Y = g(X'), then realizations of Y cl:i be obtained by appi:1~ng 
the transformation a to rea.lizations of X. Transformations are used to 
aenerate ioauniformwvariates from uniform variates and loancrmai variates 
!r1m normalwvariates. Transformations may also be used to generate U(a.b) 
variates from U(O,l) variates and N(.u~a2) variates from N(O,l) variates. 

In addition to the two general methods identified above, special methods 
. exist that are efficient for specific distributions. The Box-Muller 

algorithm given in·Section 3.4 is a. special method for the generation of 
standard normal variab1es [e.g., N(O,l) variabies] . 

ihe algorithms obtained by applying the methods in this section to the 
distributions listed in Section 1.0 are aiven in Se::tion 3.0.· A aood • · 
overview of methods for generation of realizations from univariate distri
butions is given in Chapter ·2 of Johnson (1987); a .more extensive ·discussion 
is found in Chapter 5 of Bratley, Fox, and Schrage (1983) . 
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3.0 ALGORiTH~•S FOR S;LECiED D!STRISUT!ONS 

3.1 The Ur.ifo-.i Distribution 

The Inversion Method is used to obtain U(a.b) variates fro~ pseudo
random variates. If X has a U(a,b) distribution, then the cdf of Xis 

{ 
0, X S a 

Fu(x) = (x - a)/(b - a) , a S X s b 

1, X 2:. b 

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

x • Fu(x) (b - a) + a 

Therefore, we obtain the foilowing algorithm for generating a realization x 
from a U(aib) distribution. 

Aloor~thm 

Step 1. 
Step 2. 

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

Compute x • u (b - a)+ a. 

Iman and Shortencarier (1984, ~- 18) 
Mood, Graybill, and Boes (1974, p. 105) 
Any standard statistics textbook. 

3.2 The Loouniform Distribution 

Log uniform variates are obtained by transforming unifor:n variates. By 
definition, the random variable Y has a loguniform distribution over the 
interval (a:, p), a<~. a:> O, ~ :> 0, if, and only if, the random variable X 
• ln Y has a uniform distribution over the intel"Va1 (a,b), where a• ln a and 
b • ln {3. From this definition, it follows that 

Fu(x) • (x - 1n c:)/(ln f3 - ln a:) 

or 

S.4 
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x"" Fu(x)(ln f3 ° ln a).,. ln a: 

for ln ~ s x s 1n ~- 7herefare, we obtain the following algorithm for 
genera!ing a realization x fro~ a LU(a, ~) distribution. 

Alcori:hr.-: 

Step l. Ganerate a pseudo-random number u fro~ a U(O,l) distribution. 

Step 2. Compute y ~ ex: [u (1n e - ln a) + ln a]. 

Reference 

Iman and Shortsncarier (1984, p. 19) 

3.3 ihe irianau1ar Distribution 

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

Fr(x) .. 

0, 

(x m a) 2 
/ [(c a)(b - a)], 

X Sa 

a s x s b 
Q...:...i _ (x + b - 2c)(x - b). b S x Sc 
c - a (c a)(c - b) 

l, X ~ C 

Note that at x = b, Fr(x) = Fr(b) = (b - a)/(c - a). Inverting F1(x) yieids 
the foilowinc aicorithm for ceneratir.c a rea1ization x from a triangular 
distribution-with parameters-a, b, and c, as b s c. 

A1corithm 

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

Step 2. If u s (b - a)/(c - a) 

Set u a Fr(x) a (x - a)2/[(c - a)(b - a)] 

Compute x a a+ [u(c - a)(b - a)] 1 l2 

... -u.: 
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m·m s:n xe s ra: SW 

Step 3. Otherwise, 

Set u = F_(x) = ~ - {x. b - 2c)(x - b) 
1 c-a (c a)(c-b} 

C o:r.p u t e: X = C - [ ( b - C) 2 + ( b - a} ( C - b) • U ( C O a} ( C - b) r I 2 

Refere!'1ces 

Iman and Shortencarier (2984, p. 20) 
Johnson and Kotz (19i0) 

3.4 The Ncr.na1 Dis~ribution 

The inverse of the cdf of a normally distributed random variabie X 
cannot be expressed in ciosed form, so the inversion method is not the method 
of choice for generating normal variates. The method used to generate normal 
variates, which is due to Box and Muller (1958), involves transformation of a 
pair of pseudo-random numbers to obtain a pair of standard normal variates. 
These are further transformed to obtain a pair of realizations from a normal 
distribution with mean µ. and variance r?-. 

. . 

The Box-Muller algorithm is an efficient method for generating simpie 
random samples of nor.mal variates, but it may not be as efficient for Latin 
Hypercube Sampling, which involves partitioning the range of the simulated 
variables. To generate normal variates using Latin Hypercube Sampling, it is 

' desirable to use an algorithm that generates specified percentag~ points of a 
normal distribution. The algorithm cited below, due to Beasley a~d Spri~ger 
(1977}, is used for this purpose. 

The Box-Mu17~r A7cor4thm 

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

Step 2. Compute 91 - (-2 ln u, ) 1 / 2 cos(2,r u2 ) 

92 - (-2 ln u, ) 1 / 2 sin(2,r u2 ) 

Step 3. Compute x, - ag, + /J, 

x, - c,g, + /J, 

The quantities x1 and x2 are independent realizations from a normal· 
distribution with meanµ. and variance aZ. 
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Step 4. (optional) 

y·, "' g, 

are com~u:e~ for some p, -1 s P.S 1, then v, and Y~ are realizations from a 
standard bivariate (µ.. ,. 0, ~ = 0, a1

2 '"'L a, 2 =-·l) nor.nal distribution 
with correlation coefficient p. 

Sox and Muller (1553) 
Abramcwi:z and Steaun (19i0, p. 953) 
Johnson (1987, p. 29) 

Alaorithm for Comoutina Percentaae Points of the Nor.na1 Distribution 

Algorithm AS III, due to Beasley and Springer (19i7', is used to cal~ 
culate percentage points of the normal distribution in connection with Latin 
Hypercube Sampling methods. The algorithm is fast, numerically accurate, and 
portable without modification. FORTRAN code for implementing Algorithm 
AS III is given in the reference cited. 

3.5 The Loanormal Distribution 

Log normal variates are obtained by transferring normal variates. By 
definition, the random variable Y has a 1ognorma1 distribution with mean e 
and variance r2 if, and only if, the random variable X • ln Y has a normal 
distribution with mean~ and variance r:2,, where 

µ. "' i r. l 6 2 
/ J e2 

+ r2 j and a2 = 1 n [ ( e' + r2 
) / s2 

] .(1) 

This definition yields the following algorithm for generating a realization y 
from a lognormal distribution with mean e and variance r2 • 

A1aorithm 

Step l. Generate a realization x from a normal distribution with 
mean~ and variance r:2,, where~ and a'- are computed usina 
Equation (1) above. (See aigorithms in Section 3.4 for 
generating normal realizations.) 

Step 2. Compute y = exp (x). Then y is a realization from a 
lognormal distribution with mean e and variance r2 • 

,., -
::i. ,' 
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Iman and Shortencarier (1984 p. 17) 
Crow and Shimizu (1988) 
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Each alaorithm in Section 3.0 requires the generation of values from a 
U(C,1) distribution. It is anticipated that the pseudo-random number aener
atcr available on the PNL VAX network will prove adequate for HEDR Pro}ect 
dose calculations and related uncertainty ana~yses. In case the system 
generator proves inadequate for some reason, and for the sake of 
completeness, a pseudo-random number generator is given here. The selected 
generator is due to Wichmann and Hill (1982) and produces U(0,1) realizations 
by combining the results of three multiplicative congruential generators. 
The algorithm is short, reasonably fast, statistically souhd, and machine 
independent. A FORTR.C.~~ i:npiementation is given below. On machines that use 
only 23 bits· for representation of the frac~iona.1 part of a real numbe~. i: 
is pcssible for this algorithm to produc~ exact :eros becau~e of roundinc 
error; see McLeod (1985} fer a discussion of {his problem and possible • 
modifications. An e-xtensive discussion of uniform random number generators, 
inc i udi ng the a 1 gori thm present'ed here, is found in Chapter 6 of Brat l ey, . 

: Fox, and Schrage ( 1983). 

Aladrithm· AS·IS3 (Wichmann and Hill} 

C 
C 
c. 
C 

C 
C 
C 
C 

C 

C 
C 
C 
C 
c. 
C 
C 
C 
C 
C 
C 

. REAL FUNCiICH_ RAHDCMC.) 

ALGCRITl!M·AS· 1113 APPL. STATIST. (1982) VCL • .31, P. 188 

R:TIJRNS A PSE\J0Cl•IIAN00M NUMBER RECTAHGULARLT DISTIUBlJTE!) 
SE'i",i=ff O' AH01. . . 

IX, IT AND IZ SHaJLD BE SET TO INTEGa VALUES BETIJEN 
· 1 AND 30000 BEFORE FIR.ST ENTR'\'. · 

INT!Ga ARITHMETIC UP TO 303%3 IS. RECUIRED. 

C:::MMCIN·/RAN0/ IX, IT, tz· 
.?X • rn· • MCCCIX, 177) • 2 • (IX/ ,m 
I'!' ,. 17'2 • MCOCl'T, 176) • 35 ~ CIT / 176) 
!Z a 170 "' MCOC !Z, 1i!) • 63 • OZ / 178) 

IF C!X .!.7, 0) IX a lX • 30269 
!F (!~ ,Li, 0) !~ = !~ • 30307 
!F c:z .LT. 0) tz = IZ • 30323 

rF· INTEGER ARITHJl!!T:: UP TO s2,2iSJ2 IS AVAIUSL:, 
THE PRECS:UNCi 6. STATEMENTS MAY· SE ilEPLAC!O BT 

rx "HCDcin •·ix, 30269> 
tY·= MC:0(172 • IY, 30307) 
IZ = HCDC,70 '! IZ, 30323) 

CN SO!E 11ACIINES, THIS MAT S1.ICiifT!.Y INOEASE 
THE SPl:!tl. THE RESULTS ~ILL SE IDE!fTICAL. 

RANDOM ,. AKCD(FLOAT(!X) / 30269.0 • FlCAT(?Y) / 3C3C7 .0 • 
S FLc.\TCIZ) / 3~23.0, 1.:l) 

RETIJRN 
ENO 

: C .,. -
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June 25, 1989 
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Alcror~:~m 7or !n:ut of and Generation of 
Rea1~:a:~cns r~om c~mu1at1ve D1str~cu:,on 
Func-:,cns 

·as Dennis 
RO Gi 1 ber-: 
HA Haerer 
a.:. tlapier 
S Sagar 
File/LS 

;ne es:irnation cf dose estimate uncer-:ainties will involve simulating 
rea1i:a-:ions of orcba.bilitv distributions. The distributions mav be theoretical 
(i.e., e.xpressetf in a func~ional fonn) er empirical (estimated from real data or 
genera:ed by simulation from a hypothetical distribution). The distributions 
may be used to describe the distr~bution of input parameters to the dose model 
or the variability of submodel out?Ut variable(s). 

The followino alaorithm can be used to approximate a given distribution func~ion 
re~ardless of whether it is theoretical or emtJirical. The notation used in Eq. 
(1) beiow is illustrated in the attached figure. 

Step (a): 

Step (b): 

Divide the range of the distribution. into k intervals. For Phase I 
calculations, a maximum of k = 20 intervals will be used. 

The interval boundaries (denoted by .x 1 s) and-the cumulative proba
bilities (denoted by h's) associated with the right-hana endpoints 
of the k intervals are: 

Where x0 is t~e minimum value of the variabie and xh is the maximum value. 

ihe inte!'"Va1s defined by Eq. (1) defined a k-segment piecewise linear approxi
mation to the actual input distribution. A max'imum of k = 20 interlals will be 
used for Phase I calculation. A smaller value of k mav be used in cases where 
an adequate approximation to the actual input distribution does not require 20 
intervals. Note that when the distribution is expressed in cumulative font, 
both the x I s and the h I s are nondecreasing sequences of numbers. It is conven
ient to c~oose the representation in Eq. (1) so that either the x•s or the h's 
are equa 11 y spaced. For ·the Phase I study, we wi 11 use equa 1 spacing of the x' s., 

After a distribution such as that in Ste;:3 (b) has been assigned to a particular 
input variable, then reali:ation of the variable may be generated from the 
assigned distribution as follows: 

Step l: Generate a pseudo-random number, from the uniform distribution over 
the in~erva1 (0,1)). Denote the value of this number by h, where 
O<h<l. 
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Step 2: Deter.nine !he ir.dex i, = 1, 2, ooo, k, 

Step..:: 
h - h. 

1-1 
Compute x = xi-l + h. 

l 
• n. , 

l - .. 

(x. - x .• ) 
, 1-.1. 

such t~at h.- l. ch ch .. 
l Q 1 

( ., \ 
• '- I 

The cuan:ity x o~tained ~y (2) is the realization of a randcm ~ar1ab1e x whose 
c:f ~s given by (1). Steos l-3 can be re?eated, as necessary, to generate the 
desired number of rea1izations from the given distr1bution. 

AML/slc 

,. ' 1.. -

8.67 



APPENDIX D 

HANDLING ATMOSPHERIC DEPOSITION AND !NTERCE:?TION BY VEGETATION 

B.68 

.,.,:. 

,.· 
·.'·' 

•;-,, 

'· 
,i' ·. 
·---

-, ... 

' , ... _ 

... ' 
..;_:::] 



t:{i Bc1rre11e Pro1ect Numcer . .. f-1£!:~ 
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' 

.... u;. Ca-:a1do JK ~,..1116 .:• _ _,. _,..,.,. 

OM Seek JV Ramsce 11 
o~,e 1909 CL Bruneau RE Rhoaas 

Call awav 
'\"o 

"". . . . . . 
u1Str1:u~1c~~ . 

; ~-
I ..,;., C..· 

.;M JG Stel:lhan 
MO r'reshiey DL Strenoe 
RO G ii ber-: WH !,;c 1 ~ers 

From Sruce Nan, er ' /~ ,. . ./ S? Gydesen ~K 'ticc::-~.rff 

Suc,ec::. P.e~cmme!"!dat~ er. for irea'tir1c qad'i cnuc1 i de 
De~osit1on a~a I~terce~-:10~ un Veae:a:1on 
on ?hase 1 

!i q • >"I 

LG 
fiaerer ?P""I.; care I-.,: __ ..., Cff~c:e 
Morgan Fi le/LS 

Eval~a-:~o~ of tlte a:~ospheric tran~?or: and deposi:ibn cf radionuc1ides on 
soil and vegetation is one· of the major undertakings of the ·HEDR project. 
The injtial sensitivity studies, ~s mentioned in the·Sept•mber 1988 Wc~kplan 
to the TS?, perfon:ied by Dennis Strenge and Bruce Napier for the iodine air
cow-milk pathway, indicated that the parameterization of deposition and 
vegetation uptake was one of the most important to the final resulto _In 

·addi.tion, the demarcation between the Environmental Transport Task ana the 
E:wiior.rnental Pathways and Dose Est~mates Task comes at the point of depos~tior;o 
Van Ramsden and I have·had many discussions on the appropriate method of· 
doing this.and have reached a workjng agreement. 

Deposit~on and interception have been widely studied. They seem to be 
correlated with at.itospheric cor.ditions (such as wind speed, turbulence), type 
of surface (measured in terms of a "friction velocity 11 or a "surface 
roughnsss"), as well as with type and state of vegetation. Most studies ha•:e 
attempted to lump. many paramete'!"s into a 11 :eposition velocity 11 (e.g., Heinemann 
and Vogt 1980). Often, the deposition velocity also includes the inter:epticn 
fraction (i.e., _ Yg is deposition onto grass rather than onto the soil). 

DISCUSSION 

The original Hanford modei fo~ depositicn/in'ter::eptior incor,Jorated a 
"deposition velocity" ter::rwith a constant i:iter::epti.:..i fraction (So1dat and 
Harr l97l). Cotr.oi ned with a feed-to-milk transfer fac:·or, this model pr.ovi ded 
a fairly accurate prediction of miik concentrations for the Hanford environment. 
Recent results cf the Sfospheric Model .Validation Study (8IOMOVS), presented 
at the VII. Workshop in Takai, Japan, November 7-10, 1988, .but yet unp.ublished, 
indicate that this formulation tends to unde~redict the concentrations on 

. the grass., but to cverpredict the transfer ·from grass to mi1k, and therefore 
the final answer is in the· right. range. The obse'!"Vation of underprediction 
of deposition/interception is repeated by Pindel"', McLeod, and Adriano (1989}. 
The current Hanford model (Napier et al. 1988} uses a variable interception 
frac-:ion that is a function of veoetation biomass. The intercection frac:ticn 
is based on the model of Chamberlain (19i0). !t genera11y resu.lts in a highel"' 
value of intercection than the older constant fraction. The Chamberlain model 
is an emoirical fit .to a large amount of data, relating to both iodine and 
paz-:i cu 1 ate radi onud ides. 
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c:-:ar::ber1ain's ap;:roac::, ,s a fi1tl'"ation model cf the for.n r • 1 - e-,...a, where 
r is the irr:erce:::ticn frac:-:~cn, µ is an err:oir~ca1 constant, an: S is the 
::icmass. The constantµ and the variable 3 are ~sually definec to be in ter::s 
of dry bi c:nass. 

! performed a review of c:ul'"rent mode 1 i ng approaches to the prob 1 em of. 
cepcsition/interception. Sehmel (1;a;) provides an extensive ove~view of 
deocsition velocities, but does not differentiate between deposition on soils 
ar.d surfaces and on vegetation (which is i:::portant ~ecause deposition ve:c:ities 
onto ve~etation mav incorporate an interc:eoticn fract~cn imolicit1v). The 
I..:..E.~ Safet::· Series· 57 (1:82) suggests that· for forage, the quotient of the 
in:erce::rtion fraction and the dry weight of the bic::iass be heid a c:or.stant, 
and for food crops that the interception fraction be held at~ constant vaiue 
of 0.20. Use of a constant value of the quotient ~as investigated by ~he 
Nevada dose reconstruction and used in the Nevada "Sheep Study."' Hoiding the 
quotient of interception to biomass, a constant is equivalent to using a series 
expansion of the Chamberlain model truncated at the first term - it gives 
roughly equivalent results for low biomass. The IAEA position is a restatement 
of the recommendations given in several Cck Ridge National Laboratory documents 
(e.g. , Hoffman and Baes 1979, M_i 11 er et al • 1980) • The newer ORNL code TERRA 
(Baes et al. 1985) uses the Chamberlain formulation' for interception cy hay 
and pasture grasses, . and an ad hoc: variant. with the same mathemati ca 1 form 
for other vegetation. The British code FOOD-MARC (Linsley, Simmonds, and 
Haywood 1982) uses a constant. interc:~ption fraction approach. The Gennan , 
code ECOSYS (Prahl, Friedland, and Paretzke 1985) uses the Chamberlain 
formulation, in partfcular for iodine. The PATHWAY model used by the ORERP 

- study (Whicker and Kirchner 1987) uses the Chamberlain interception fracti.:.; 
model. The most recent literature on the topic by Pinder (Pinder, Ciravolc, 
and Bowling 1988; Pinder, McLeod, and Adriano 1989) also recommend the 
Chamberla.in formulation, with very minor revisions to the empirical constants. 
It appears that, over the past decade, most researchers have detennined that 
the Chamberlain filtration approach provides the most adequate method of 
predic::ing the interception fraction. · . 

Recen't1y declassified Hanford information from early 1946 indicates that the 
c:cncentrations of radioicdine measured on veoetation from Hanford releases 
varies from species to species by about a factor of eight (a 11 measureme?'lts 
were .done on the basis of activity per unit mass as c:ol lec:ted - i.e., without 
drying). One-gram samples were spread on a surface and_ counted. Dry grass 
and weeds were found to be more active (per unit mass as , co 11 ected) than 1i ve 
vegetation. Reproduci bi 1 i ty -of these measurements was said to ·be about pl us 
or minus 30% (Healy 1946). This indicates to me that· if these -had bee?'I 
nor:nalized to dry weight, the variability would have been less. A model using 
the interception fraction described by Chamberlain and corrected for the 
moisture c:on'tent of the veaeta'tion as a function of time of vear would aive a 
variabilitv the same as seen in these oricinal Hanford measurements. • 
(Chamberiain (1970) also reports a variabie weathering half-time., one that is 
longer in the winter. ihis seems also to be supported in the Hanford 
measurements.) 
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we p:--::cse t::: use a two-par-; desc:-iptio-n of deposf:ion and intercept ::n. :r:e 
total f1ux of racioac:ive material out cf the passing atrnosoheric pu , is 
needed ~Y Van Ramsdei1 in the atmospheric dispersion mocel to mainta n a mass 
~a1anc~ an~ ?rooer~y acc:~n: for piume d~pletion. Van proposes to use a ~otel 
that accounts for atmospheric conditions and radionuclide properties 
(;::a:--:i::.:1a:e vs. r.cole i;as vs. iodine) to :rovide the net 'Ne.-; and dry f1ux 
out of the oiume. I pro;::ose to use the Chamberlain filtration model to ac::~n: 
for interception of this flux on the vegetation. 7his two:.-part approach wiil 
allow ccnvenie!'lt da-:a transfer be1:·Neen the tasks. The acc:-oach is esserr:ia11v 
the same as that used for data tran~fer in the ORERP proi~c~. · ~ 

The model for interception frac~ion will be made variable as a function of plant 
biomass and moisture content, which means it will be a function of crop type 
and time of year. This model should explain most of the variability seen in 
the his~orical environmental measuremen'ts. 

Additional sensitivity s'tudies wi11 be possible once.this system becomes 
operationa1. This will allow us to investigate whether wind-tunnei exoerimen'ts 
with iodine-131 or field experiments with iodine-129 from PUREX will acid 
appred ab 1 e data to our study in the next fi sea 1 year. 
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Subiec: Har.di ~nc Correlations in Ccmole~entarv Frac~~ors 

In seve!'"al 9f t~e caic:.ilatio!'ls tc be ~e!'"~c:--:::ed fc-:- t:-:e H.:'.:R ?~ase l a~aly::es, 
a series of frac:icns must be seiectec from inout dis:-:-ibutions. Each of 
these fractions has its o•.-1n :is:ribu:ion. ihe· resu1ts of the seiec-:ion 
process of the f-:-actions must, however, sum to one, which implies a 
correlation struct:.ire. A technique is needed to handle the correlations 
between the various frac:ions. 

DISCUSSION 

Seve!'"al options are avaiiable. we could use a simp1e ru1e to adjust the 
ranccmiy drawn frac~ions, or we couid draw the fractions from a multivariate 
distribution with an assumed correiaticn structure. 

In general, the frac-:ions are being gene?"ated via expert opinion. There is 
considerable uncertainty about many of them. No information is currently 
available on correlations between the constituent parts of the sum desired, 
other than that it is constrained to add to unity. The structure of the 
proposed computer implementaticn also does not lend itse~f to incorporating 
large correlation matrices. · 

The question of how to har.dle these correlations was discussed by Bruce 
Nacier,. Al Liebetrau, Dick Gilbert, and Sudhi Sagar at a meeting on July 31, 
1989. 

CONCLUSIONS 

I: was conc1uded that for Phase 1, at least, a simple adjus"tr.tent rule wouid 
be adequate, give~ the lack of strcng information on corre:ations. The . 
various fractions should be d!'"awn independently from their distributions, a:-:d 
then the sum of the results should ~e used to normalize each value so that 
the total then adds to cne. 
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From 

Suc1ec1 Co!"~es:c~~e~ce Se:wee~ Columbia Rive!" Loca:icn and 
HE~~ Ce~sus s~:c~v,s,:~ Gr~c ?o,n:s 

~~~=~ cf ":Me ?ha::e l effor: ~as :c:ie in::, defi-~ir.o ca:--arneters to use fo~ :he 
a-:::os.:heric d~spersior. por-:icns·of :he HE!JR ca1cu1ations. Proportionaily 
less effort has been expended on the surface wate!" path~ays. However, 
definitic~ of the various locations of potential ex~osure :o the river or to 
river-related prcduc:s (water, fish, irrigated foods) is also necessa:--y. 

DISCUSSION 

Ted Poston, who was asked to accumulate and evaluate data on radionuclide 
ccncentrations of fish in the Columbia River for 1964-1966, devised a 
convention for coilecting data based on sampling locations. These areas 
are (memo, T. M. Poston to Dii:tribut.ion, June 12, 1989, "Location of Fish 
Sampling Sites"): · 

Si-:e 
·Priest Rapias 
Hanford 
Coyote Rapids 
Rinaold 
Richland 
Is land View 
Burbank 
Mc!:ary 

Acoroximate Rive~ Mile 
390 
365 
383 
·354 
345 
335 
322 
294 

The first three of these locaticns are inside of the Hanford .Site, and thus 
of minimal impor-:ance for public exposure considerations. 1ne others, 
however, are stre~:hes of the river for which ~ublic ac:ess is available. 

CCNCL!.!SIONS 

I have c:mnared Ted's river stretches to our HEDR census subdivisions on the 
map. There is a very convenient correspondence for the publicly available 
locations, as foliows: 

Site 
R1 nae I a 
Riciiiand 
Is 1 and 'Ii e\" 
Burbank 
McNary 

,.. , 
r" • I 

B.76 

HE~R Census Subdivision 
FR4 
BEi, FR5 
SE3, r'R3 
WA3, SEe. 
SES, UM4 

.,..._ •.. 

-~ 

,,:; .. 
tt 

[{\ 
t~} . 



,.-... ::. 
:··, 
;-:.·\~ 
~- .. ;• 

t -~; 
i·.: 
t.,·; 

~· 

Aucus~ 
Pa;e 2 

19cS 

Note that each stretch of the river touches t·.-10 suc..;ivisior:!::, one en either 
sice, if some minor overlaos are ignore~. (The Benton County side of :he 
~inacld s:re::h is s~ill Hanford Site). Given the inexact natur~ of the 
seiec:ior.s, this NOUld seem t~ ~e reasonable. 

These divisions should be used fer the transoort, demog~aphy, and dose 
ca1c~lations require~ for Phase 1. 

- ? r- 0 -
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APPENDIX C 

TABULATION OF BIOMASS AND INTERCEPTION FRACTION 

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

. . . 
-~·J.!,1 

C.l 



Plant 
Tvpe 

1 Leafy Vegetables 

2 Other Vegetables 

3 Grain 

Meat: Grain 

Poultry·& Eggs: Grain ...... 
, .. 
~: -

4 Fruit }· 

5 Meat: Forage/Hay 

Milk: Hay 

6 Milk: Fresh Forage 
'..;;.~ 

7 Milk: Ensilage 
r· 

8 Sagebrush· t~-

.--:-=:. 

·..'.. ! 

C 

C.2 



!""'J 
' ' 

Biomass (dry weight) (kg/m2) 
Pl ant I Month y 

\_-_; 1 2 3 4 5 6 7 8 9 10 11 12 t···: Type 
.. ! 

, .. ,~ 1 .04 .1 .2 .2 .2 .16 .1 ~"' rJ : ..... 

!] 
2 .05 .25 .4 .5 .5 .4 .25 

~:~ 
3 .014 .029 .058 .086 .us .144 .072 ;::~~ 

.·_.;,.; 

4 .27 .27 .27 .324 .378 .54 .54 .54 .432 .324 · .27 .27 
.• 

.-:i 5 .05 .l .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 

i~ a. .01 .02 .03 .04 .04 .04 .01 .01 .01 .01 .01 ·. 01 
,.-:~-..; 

t-•• :.~, Interception Fraction 
. ~ Pl ant j Month r 

\-J• 

1 2 3 4 5 6 7 8 10 11 12 9 

1 .11 .252 .44 .44 .44 .371 .252 

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

3 .041 .08 .154 .222 .284 .341 .188 
. ·t~ 

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 

-~l 7 .083 .23 .353 .456 .581 .353 
._ ... .; 

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

-~~ 
... 
' -} 

;;_1 

:_, ~ 

. ..., 

-1 
C.3 

;.,;.,! 

.-·-: 

<1 
_,.,.. 



re-. .. • 
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DOSES BY CENSUS DIVISION, AGE GROUP, VEAR, AND EXPOSURE PATHWAY 
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APPENDIX D 

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

The following 98 tables present summaries of the thyroid doses calcu
lated for Phase I of the HEDR Project~. All doses presented in these tables 
are in units of thyroid dose (rad) [essentially equivalent to thyro1d dose 
(rem)]. Each table presents the results of calculations for a single census 
division. The census divisions are illustrated tn Figure 2.5~ Within each 
census division; the· result$ are presented as annual summaries for 1945, 
1946, and 1947 and as the cumulative dose that would have been received by 
an individual wh~ lived in the· division over the entire 3 years. 

Doses are presented by exposure p·athway. Those l abe 11 ed II Extern a 1 11 

include contributions from air submersion and from material deposited on the 
ground. The doses labelled "Inhalation" are from bre~thing 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 fami lY ("backyard") cows and two for 
commercial sources. The feeding regimes, which are defined in the main 
report, are the following: 

Feedtng 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 gratn and 
alfalfa hay only, with no fresh pasture, similar to that of small family 
farms without irrigation. 

Feeding Regime 4 (BYCow Regime 4): A diet consisting of grain and grass 
hay only, similar to that of small family farms without irrigation. 

Commercial mil·k 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 

D. l 



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 age groups, infant and adult. Infants range· 
in age from birth to 1 year old. Adults are assumed to be more than 20 years, 
old. 

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. 

0.2 

,·_ 
· .. • 

, .. _ 

~: . 

,·•. , 



~-~ 

. -· 

·:.:;__:.· 

I \ --~~ 

;-__i 

~] 
r-~_:"J 
t-.:~'1 
·,_-.·.5: 
(.,:'.:] 

;-:.:, 

·.7 
'(·;·.! 
~--~.,.: 

.~-..;?, 
;~/i 
:·•:) 
;':,...-,.· 

; .. :, ... _ 
,.:·: 
[ ·~) 
1-,~·J 

f??': 

"--''" 

' --~·~ . 

•. I 
·-f 

'),>M-,,,¥ 

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

Adams County Census Division 01 

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

1945 External 0.000 0.001 0.013 0.000 0.001 0.008 
1945 Inhalation 0.009 0.035 0.193 0.008 0.027 0.178 

1945 Milk from BYCow Regime 3 0.020 0.183 1.924 0.001 0.015 0.169 
1945 Milk from BYCow Regime 4 0.001 0.019 0.584 0.000 0.002 0.051 
1945 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945 Fruit and Vegetables* 0.315 l.515 9.747 0.248 1.092 6.379 

1946 External 0.000 0.000 0.001 0.000. 0.000 0.001 
1946 Inhalation 0.002 0.007 0.034 0.002 0.005 0.027 

1946 Milk from BYCow Regime 3 0.002 0.024 0.249 0.000 0.002 0.019 
1946 Milk from BYCow Regime 4 0.000 0.005 0.082 0.000 0,000 0.006 
1946 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 a.coo 0.000 

1946 Fruit and Vegetables* 0.045 0.220 1.172 0.035 0.151 1.059 

1947 External 0.000 0.000 0.000 0.000 a.coo 0.000 
1947 Inhalation 0.001 0,002 0.009 0.001 0.002 0.006 

1947 Milk from BYCow Regime 3 0.001 0.006 0.065 0.000 0.001 0.006 
1947 Milk from BYCow Regime 4 0.000 0.001 0.035 0.000 0.000 0.004 
1947 Commercial Milk (Rural) a.coo 0.000 0.000 0.000 0.000 0.000 

1947 . Fruit and Vegetables* 0.008 0.041 0.246 0.007 0.031 0.193 

1945-1947 External 0.001 0.002 0.015 0.001 0.002 0.011 
1945-1947 Inhalation 0.018 0.050 0.221 0.014 0.038 0.197 

1945-1947 Milk from BYCow Regime 3 0.053 0.270 2.635 0.003 0.022 0.218 
1945-1947 Milk_ from BYCow Regime 4 0.006 0.048 0;721 0.000 0.004 0.055 
1-945-1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945-1947 Fruit and Vegetables* 0.602 1. 989 11.065 0,451 1.480 6.816 
·Y\ 

,...:,., 
:~ 

* 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 5th 50th 95th 5th 50th 95th 

1945 External 0,000 0,001 0.004 0.000 0.001 0.004 
1945 Inhalation 0.012 0.044 0.230 0.010 0.035 0.170 

1945 Milk from BYCow Regime 3 0.029 0.227 1.693 0,002 0.018 0.139 
1945 Milk from BYCow Regime 4 0.001 0.029 0.802 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 1.282 6.979 

1946 Extemal 0.000 0,000 0.001 0.000 0.000 0.001 
1946 Inhalation 0.003 0.009 0.052 0.002 0.007 0.039 

1946 Milk from BYCow Regime 3 0.003 0,033 0.2B7 0.000 0.002 0.023 
1946 Milk from BYCow Regime 4 0.000 0.004 0.132 0.000 0.000 0.006 
1946 Commercial Milk (Rural) 0.000 0.000 0.000 a.coo 0.000 0.000 

1946 Fruit and Vegetables* 0.061 0.258 1.576 0.045 0.193 1.351 

1947 Extemal 0.000 0.000 a.coo a.coo 0.000 0.000 
1947 Inhalation 0.001 0,003 0.026 0.001 0.002 0.015 

1947 Milk from BYCow Regime 3 0.001 . 0.007 0.076 0.000 0.001 0.010 
1947 Milk from BYCow Regime 4 0.000 0,002 0.029 0.000 0.000 0.002 
1947 Commercial Milk (Rural) 0.000 0.000 a.coo a.coo 0.000 0.000 

" 
1947 Fruit and Vegetables* 0.010 . 0.047 0.269 0.010 0.042 0.233 

1945-1947 Extemal 0.001 0.002 0.006 0.001 0.002 0.006 
1945-1947 Inhalation 0.025 0.067 0.343 0.020 0.051 0.23B 

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 a.ass o. 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 1.741 7.837 

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

Year 

1945 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

1947 

1945-1947 
1945-1947 

1945-1947 
1945-1947 
1945-1947 

Dose Pat:tiway 

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) 

1945-1947 Fruit and Vegetables• 

Infant.Dose Percentiles 
5th 50th 95th 

0.001 
0.016 

0.033 
0.001 
0.000 

0.503 

0.000 
0.004 

0.003 
0.000 
0.000 

0.068 

0.000 
0.001 

0.001 
0:000 
0.000 

0.012 

0.001 
0.033 

0.071 
0.009 
0.000 

0.860 

0.002 
a.ass 

0.296 
0.044 
0.000 

2.143 

0.000 
0.013 

0.030 
0.006 
0.000 

0.278 

0.000 
0.004 

0.006 
0.002 
0.000 

0.053 

0.003 
0,089 

0.399 
0.081 
0.000 

2.753 

0,007 
0.263 

2.708 
0.773 
0.000 

12.455 

0.007 
0.153 

0,252 
0.071 
0.000 

l. 747 

0.003 
0.077 

0.105 
0.050 
0.000 

0.263 

0.020 
0.571 

3.214 
0.946 
0.000 

12.956 

Adult Dose- Percentiles 
5th 50th 95th 

0.001 
0.014 

0.002 
0.000 
0.000 

0.361 

0,000 
0.003 

0.000 
a.coo 
0.000 

0.051 

0.000 
0.001 

0.000 
0.000 
0.000 

0.009 

0,001 
0.027 

0.006 
0.001 
0.000· 

a. 658 

0.002 
0.045 

0.025 
0.003 
0.000 

1.617 

0.000 
0.010 

0.003 
0.000 
0.000 

Q.215 

0.000 
0.003 

0.001 
0.000 
0.000 

0.042 

0.003 
0.073 

0.034 
0.005 
0.000 

2.091 

0.007 
0.185 

0.222 
0.045 
0.000 

8.816 

0.005 
0.127 

0.028 
a.011 
0.000 

l.092 

0.003 
0.064 

0.010 
0.002 
0.000 

0.265 

0.015 
0.454 

0.191 
0.042 
0.000 

10.355 

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

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

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

1945 Milk from BYCow Regime 3 0.045 0.437 4.126 0.003 0.030 0.286 
1945 Milk from BYCow Regime 4 0.004 0.068 1.216 0.000 0.005 0.182 
1945 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945 Fruit and Vegetables* 0.795 3.199 15.669 0.576 2.106 10.009 

1946 External 0.000 0.001 0.003 0.000 0.000 0.002 
1946 Inhalation 0.005 0.017 0.105 0.005 0.013 0.079 

1946 Milk from BYCow Regime 3 0.005 0.048 0.455 0.000 0.004 0.034 r:.:-· 1946 Milk from BYCow Regime 4 0.000 0.011 0.262 0.000 0.001 0.012 
1946 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1946 Fruit and Vegetables* 0.097 0.453 2.430 0.080 0.319 1.852 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.001 0.005 0.058 0.001 0.004 0.039 

1947 Milk ·from BYCow Regime 3 0.001 0.015 0.156 a.coo 0.001 0.011 
1947 Milk from BYCow Regime 4 0.000 0.004 0.128 0.000 0.000 0.006 
1947 Commercial Milk (Rural) 0.000 0.000 0.000 a.coo 0.000 0.000 

1947 Fruit and Vegetables* 0.019 0.080 0.426 0.016 0.065 0.280 

1945-1947 External 0.002 0.003 0.009 0.002 0.003 0.009 
1945-1947 Inhalation 0.047 0.117 0.435 0.038 0.090 0.361 

1945-1947 Milk from BYCow Regime 3 0.112 0.618 4. 711 0.008 0.041 0.289 
1945-1947 Milk from BYCow Regime 4 0.012 0.125 1.510 0.001 0.008 0.129 ~-' 

1945-1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945-1947 Fruit and Vegetables* 1.318 4,083 16.465 0.976 2.791 11.932 >. 

'. 

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

r . .... 
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Adams County Census Division 05 

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

1945 External 0.001 0.002 0.008 0.001 0.002 0.007 
1945 Inhalation 0.022 0.077 0.361 0.019 0.060 0.249 

1945 Milk from BYCow Regime 3 0.055 0.435 4.135 0.003 0.029 0.263 
1945 Milk from BYCow Regime 4 0.003 0.087 1.319 0.000 0.006 0.087 
1945 Commercial. Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945 Fruit and Vegetables* 0.8,fi 3.271 16.307 0.605 2.345 11.214 

1946 External 0.000 0.000 0.003 0.000 0.000 0.002 
1946 Inhalation o~o·os 0.016 0.069 0.004 0.013 0.060 

1946 Milk from BYCow Regime 3 0.006 0.061 0.541 0.001 0.004 0.044 
1946 Milk from BYCow Regime 4 0.000 0.008 0.277 0.000 0.001 0.011 
1946 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1946 Fruit and Vegetables* 0.122 0.483 2.340 0.089 0.344 1. 743 

1947 External 0.000 0.000 0.000 0.000 0.000 0.001 
1947 Inhalation 0.001 0.005 0.020 0.001. ·0.004 0.016 

1947 Milk from BYCow Regime 3 0.002 0.014 0.171 0.000 0.001 0.010 
1947 Milk from BYCow Regime 4 0.000 ·0.003 0,062 0.000 0.000 . 0.007 
1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1947 Fruit and Vegetables* 0.020 0.081 0.445 0.017 0.069 0.378 

1945-1947 External 0.001 0.003 0.009 0.001 0.003 0.010 
. 1945-1947 Inhalation 0.044 0.107 0.397 0.035 0.084 0.313 .-r 

1945-1947 Milk from BYCow Regime 3 0.116 0.595 3.809 0.009 0.041 0.325 
1945=1947 Milk from BYCow Regime 4 0.015 0.134 1.543 0.001 0.009 0.090 
1945-1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945-1947 Fruit and Vegetables* 1.467 4.388 17.541 
.f,. 

1.096 3.147 12. 623 
''-'.L 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Adams County Census Division 06 

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

1945 External 0.001 0,002 0,008 
1945 Inhalation 0.019 0,065 0.909 

1945 Milk from BYCow Regime 3 0.046 0.378 2. 715 
1945 Milk from BYCow Regime 4 0.003 0.067 1.414 
1945 Commercial Milk (Rural) 0.000 0.000 0.000 

1945 Fruit and Vegetables* 0.682 2.492 10.393 

1946 External 0.000 0,000 0.006 
1946 Inhalation 0.004 0.014 0.380 

1946 Milk from BYCow Regime 3 0.006 0,043 0,363 
1946 Milk from BYCow Regime 4 0.000 0.009 0.079 
1946 Commercial Milk (Rural) 0.000 0.000 0.000 

1946 Fruit and Vegetables* 0.089 0.349 1. 709 

1947 External 0.000 0.000 0.001 
1947 Inhalation 0.001 0.004 0.039 

1947 Milk from BYCow Regime 3 0.001 0.010 0.105 
1947 Milk from BYCow Regime 4 0.000 0,003 0.061 
1947 Commercial Milk (Rural) 0.000 0.000 0,000 

1947 Fruit and Vegetables* 0.016 0.069 0.315 

1945-1947 External. 0.001 0.003 0.020 
1945-1947 Inhalation 0.038 0,106 1.669 

1945-1947 Milk from BYCow Regime 3 0.098 0.498 3.113 
1945-1947 Milk from BYCow Regime 4 0.013 0.114 1.386 
1945-194'7 Commercial Milk (Rural) 0.000 0.000 0.000 

1945-1947 Fruit and Vegetables* 1.140 3.237 11.544 

* Dose from the fruit and vegetables pathway assumes that 100%' of diet 

D.8 

Adult Dose Percentiles 
5th 50th 95th 

0.001 0,002 0.007 
0.017 0.053 0.485 

0.003 0.024 0.259 
0.000 0.004 0.120 
0.000 0.000 0.000 

0.481 1.839 9.242 

0.000 0.000 0.006 
0.004 0.011 0.176 

0.000 0.003 0.023 
0.000 0.001 0.014 
0.000 0.000 0.000 

0.067 0.268 1.228 

0.000 0.000 o.ooi 
0.001 0.003 0.030 

0.000 0.001 0.011 
0.000 0.000 0.003 
0.000 0.000 0.000 

0.014 0.056 0.255 

0.001 0.003 0.022 
0.029 0.079 1.239 

0·.007 0.037 0.208 
0.001 0.008 0.140 
0.000 0.000 0.000 

0.801 2.351 . 9. 728 

comes from local sources 
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,...,. Adams County Census .Division 07 
. ' 

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

·:• .~:( 1945 External 0.001 0.002 0.006 0.001 0.001 0.006 
. -- i 1945 Inhalation 0.017 0.057 0.301 0.014 0.045 0.210 
'~,: :,:' 

1945 Milk from BYCow Regime 3 0,042 0.363 2.967 0.003 0.034 0.295 
1945 Milk from BYCow Regime 4 0.001 0,056 1.093 0.000 0.004 0.113 

Fl 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 1.75_4 8.828 

r-~ ., ... 
1946 External 0.000 0.000 0,002 - 0.000 0.000 0,003 

[··-: 1946 Inhalation 0,004 0.013 0.087 0.003 0.009 0.077 

1946 Milk from BYCow Regime 3 0.006 0.040 0.369 0.000 0.005 0.030 
µ•··-J 1946 Milk from BYCow Regime 4 0.000 0.007 0.139 0.000 0.001 0.017 
:- : 1946 Commercial Milk (Rural) 0.000 0,000 0.000 0.000 0.000 0.000 
._, __ 

1946 Fruit· and Vegetables* 0.083 0.324 1.671 0.065 0.264 1.300 

1947 External 0,000 0,000 0.001 0.000 0.000 0,001 
, ... ~.:.. 1947 Inhalation 0.001 0.004 0.045 0,001 0.003 0.037 

.•~1 1947 Milk from BYCow Regime 3 0.001 0.009 0.103 0,000 0,001 0.007 

.- '~-:. 1947 Milk from BYCow Regime 4 0.000 0.002· 0.076 0,000 0,000 0.004 ..... : 
1947 Commercial Milk (Rural) 0,000 0.000 0.000 a.coo 0,000 a.coo ---~j 

1947 Fruit and Vegetables* 0,014 a.ass 0.311 0.012 0.047 0:220 
~:-~-:,~ 

(~) 
.. ::.:..} 1945-1947 External 0.001 0.002 0.010 0.001 0.002 0.011 

1945-1947 Inhalation 0.033 0.086 0.479 0.028 0.070 0.450 

.. ) 1945-1947 Milk from BYCow Regime 3 0.108 0.495 3.408 0.008 0.046 0.328 
1945-1947 Milk f~om BYCow Regime 4 0.010 0.101 1.259 0.001 0.007 0.107 
1945-1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945-1947 Fruit and Vegetables* 1.019 2.933 11. 638 o. 773 2.312 9.886 

L.;; 
* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

.. , 

-v 
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Adams County Census Division 08 

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

1945 External 0.001 0.002 0.009 0.001 0.002 0.007 
1945 Inhalation 0.026 0.080 . 0.334 0.021 0.062 0.222 

1945 Milk from BYCow Regime 3 0.051 0.531 4.599 0.004 0.042 0.360 
1945 Milk from BYCow Regime 4 0.002 0.065 1.280 0.000 0.004 0.124 
1945 Commercial Milk (Rural) 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 0.000 0.001 0.002 0.000 0.001 0.002 
1946 Inhalation 0.006 0.017 0.079 0.005 0.013 0.051 

1946 Milk from BYCow Regime 3 0.008 0.075 0.582 0.001 0.005 0.076 
1946 Milk from BYCow Regime 4 0.001 0.016 0.360 0.000 0.001 0.034 
1946 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0,000 0.000 

~-.-: 

1946 Fruit and Vegetables* 0.130 0.509 2.412 0.096 0,379 1.830 

1947 External 0.000 0.000 0.001 0.000 0,000 0.001 
1947 Inhalation 0.002 0.005 0.024 0.001 0,004 0.017 

1947 Milk·from BYCow Regime 3 0.002 0.014 0.118 0.000 0.001 0.014 F ', 

1947 Milk from BYCow Regime 4 0.000 0.004 0.039 0.000 0.000 0.011 
,. 

1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0,000 ,•, 
' 

1947 Fruit and Vegetables* 0.023 0.091 0.430 0.019 0.012 0.323 
F ,· 

I· 

1945-1947 External 0.002 0.003 0.010 0.062 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 0.37~ 
1945-1947 Milk from BYCow Regime 4 0.016 0.145 1. 761 0.002 0.012 0.160 
1945-1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

1945-1947 Fruit and Vegetables* 1.511 4.441 18.424 1.214 3.313 13.689 "'· ~-~ ' t.-. 
~ . -; 
i '! 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Adams County Census Division 09 

· .. ~ 
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

:':'; 1945 External 0.002 0.004 0.013 0.002 0.004 0.013 
1945 Inhalation 0.048 0.153 o. 627 0.041 0.115 0.404 

; ~,) 
1945 Milk from BYCow Regime 3 0.108 1.131 8,098 0.007 0,069 0.589 
1945 Milk from BYCow Regime 4 0,003 0.130 3.143 0.000 0.012 0.188 

,::-;}; 1945 Commercial Milk (Rural) 0.000 0.000 0.000 0,000 0,000 0.000 t~j J r- ,; 
t.. ~-:; 1945 Fruit and Vegetables* 1.691 6.302 28.201 1.263 4.993 26.944 

,...~:) 
1946 External 0,000 0.001 0.002 0.000 0.001 0.002 

;.:~ 1946 Inhalation 0.011 0.031 0.124 0,009 0.025 0.078 

1946 Milk from BYCow.Regime 3 0.014 0.107 1.200 0.001 0.009 0.086 
1946 Milk from BYCow Regime 4 0.001 0.019 0.391 0.000 0.001 0,025 
1946 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

,_,;,; 

1946 Fruit and Vegetables* 0.214 0.853 4.349 0.171 0.653 2.879 

~~ 

:' .• ;:•~- 1947 External 0.000 0.000 0,001 0,000 0.000 0.001 
. -:~ 1947 Inhalation 0.003 0.008 0,034 0.002 0.007 0.025 

~\' ! 1947 Milk from BYCow Regime 3 0.003 0.028 0,193 0,000 0.002 0.024 
1947 Milk from BYCow Regime 4 0.000 0.008 0.220 0,000 0.001 0.019 

-:~• 1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0,000 

1947 Fruit and Vegetables* 0.043 0.171 0,798 0.034 0.133 0.734 
.. , 

- 1945-1947 External 0.003 0.006 0,014 0.003 0.006 0.014 
1945-1947 Inhalation 0.087 0.210 o. 715 0.072 0.160 0.462 

<) 1945-1947 Milk from BYCow Regime 3 0.259 1.357 8.473 o.·019 0.104 0.683 
1945-1947 Milk from BYCow Regime 4 0.025 0.273 2. 629 0.002 0.020 0.201 
1945-1947 Commercial Mil,k (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 

. >: 1945-1947 Fruit and Vegetables* 2.793 8.182 30.641 2.078 6.234 28.223 

-,:.~• 

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

... 
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Adams County Census Division 10 

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

1945 External 0.003 0.007 0.031 0.003 0.007 0.033 
1945 Inhalation 0.076 0.246 1.420 0.066 0.201 0.992 

1945 Milk from BYCow Regime 3 0.147 1.459 15.088 0.013 0.113 1.046 
1945 Milk from BYCow Regime 4 0.007 0.182 2.832 0.001 0.019 0.465 
1945 Commercial Milk (Rural) 0.304 1.932 18.166 0.024 0.183 2.096 

1945 Fruit and Vegetables* 2.644 10.695 48.307 2.035 7.538 38.742 

1946 External 0.001 0.002 0.007 0.001 0.002 0.007 
1946 Inhalation 0.018 0.055 0.292 0.015 0.044 0.171 

1946 Milk from BYCow Regime 3 0.019 0.158 2.457 0.001 0.013 0.126 
1946 Milk from BYCow Regime 4 0.001 0.027 0.554 0.000 0.002 0.039 
1946 Commercial Milk (Rural) 0.060 0.365 3.131 0.004 0.025 0.218 

1946 Fruit and Vegetables* 0.330 1.424 7.152 0.255 1.023 5.262 · 

1947 External 0.000 0.001 0.002 0.000 0.001 0.002 
1947 Inhalation 0.005 0.016 0.073 0.004 0.012 0.049 

1947 Milk from BYCow Regime 3 0.004 0.037 0.347 0.000 0.003 0.037 
1947 Milk from BYCow Regime 4 0.000 0.012 0.225 0.000 0.001 0.017 
1947 Commercial Milk (Rural) 0.016 0.151 2.024 0.001 0.011 0.122 

1947 Fruit and Vegetables* 0.061 0.252 1.249 0.052 0.203 0.988 

1945-1947 External 0.005 0.010 0.033 0.005 0.011 0.0.42 
1945-19F 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 pathway assumes that 100% of diet comes from local sources 
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f~: 
Benton County Census Division 01 

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

r:-:::: 1945 External 0.008 0.020 0.061 0.008 0.020 0.064 
1,··-•: 1945 Inhalation 0.176 0.575 2.879 0.153 0.483 2.062 
:,.> 

1945 Milk from BYCow Regime 1 15.754 103.117 680.336 1.159 7.091 58.231 
1945 Milk from BYCow Regime 2 13.506 84.308 543.274 1.019 8.109 63.145 

CJ; 1945 Milk from BYCow Regime 3 0.242 2.566 29.954 0.031 0.224 1.401 

b1 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 

f.? 
1945 Fruit and Vegetables* 6.075 26.054 113. 725 4.314 16. 713 76.452 

i ·, 
·. --~' 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 1.053 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 0,321 
1946 Milk from BYCow Regime 4 0.007 0.077 2.490 0.001 0.010 0.085 
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 11. 573 

r--;·~ 
~. 1 1947 External 0.001 0.001 0.004 0.001 0.002 0.005 ,i. '!:; 

~~I 1947 Inhalation 0.013 0.042 0.203 0.011 0.034 0.156 

1947 Milk from BYCow Regime 1 0.612 3.769 23.360 0,045 0.335 1.858 
1947 Milk from BYCow Regime 2 0.731 3.928 22. 779 0.042 0.248 1. 768 
1947 Milk from BYCow Regime 3 0.015 0.122 1. 686 0.002 0.011 0.119 
1947 Milk from BYCow Regime 4 0,001 0.021 0.462 0.000 0.003 0,031 
1947 Commercial Milk (Rural) o. 922 3.717 18.114 0.078 0.360 1.083 

•:·>. 

1947 Fruit and Vegetables• 0.155 o. 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 1. 722 
1945-1947 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 from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

.. · 
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0.13 



Benton County Census Division 03 

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

1945 External 0.013 0.031 0.088 0.014 0 .. 030 0.082 
1945 Inhalation 0.339 0.961 3.633 0.281 0.757 2.561 

1945 Milk from BYCow Regime 1 24.844 155.935 673.061 2.147 13.903 66.469 
1945 Milk from BYCow Regime 2 23.609 142.973 728.004 2.046 11.869 68.538 
1945 Milk from BYCow Regime 3 0.324 3.675 44.586 0.047 0.402 3.842 
1945 Milk from BYCow Regime 4 0.040 0.620 18.188 0.012 0.106 1.421 \:~. 
1945 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 0.008 0.017 
1946 Inhalation 0.089 0.243 0.878 0.078 0.191 0. 620 

1946 Milk from BYCow Regime 1 4.235 22.610 138.124 0.382 1.824 9.589 
1946 Milk from BYCow Regime 2 3.328 23.280 153.316 0.265 2.077 12.161 
1946 Milk from BYCow Regime 3 0.082 0.655 5.892 0.009 0.060 0.656 
1946 Milk from BYCow Regime 4 0.008 0.128 1.898 0.002 0.017 0.181 
1946 Commercial Milk (Rural) 5.360 23.079 77.478 a.sos 2.102 8.772 
1946 Commercial Milk (Urban) 7.517 30.543 113.219 0.354 1.636 7.847 

1946 Fruit and Vegetables* 1.374 5.448 24.817 1.006 3.565 15.161 r~-· 
t>· 

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 i,, 

1947 Milk from BYCow Regime l 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 0.014 0.115 
1947 Milk from BYCow Regime 4 0.002· 0.034 0.463 0.000 0.004 0.056 
1947 Commercial 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 (~:. 

•~•L' 

1947 Fruit and Vegetables* 0.240 0.910 4.248 0.181 0.683 3.664 
t:, 

r.-.1 
1945-1947 External 0.023 0.043 0.101 0.023 0.043 0.095 
1945-1947 Inhalation 0.651 1.447 4.343 0,516 1.096 3.090 

1945-1947 Milk from BYCow Regime l 61.070 209.050 762.789 4.315 16.782 74.443 
1945-1947 Milk from BYCow Regime 2 51.399 198.004 871.563 4.667 17.986 71. 910 
1945-1947 Milk from BYCow Regime 3 1.203 6.602 46.031 0.123 0.581 4.047 
1945-1947 Milk from BYCow Regime 4 0.179 1.155 16.402 0,033 . 0.164 1.314 
1945-1947 Commercial Milk (Rural) 58. 645 205.878 671.565 4.948 16.378 49.524 
1945-1947 Commercial Milk (Urban) 93.894 258.026 951.247 4.416 14.354 50.263 

1945-1947 Fruit and Vegetables* 15.761 48.403 189.696 11.516 31.629 114. 674 

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

i-!1 
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Benton County Census Division 04 

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

r;:~ 1945 External 0.010 0.022 0.064 0.010 0.021 0.064 
' . .-. =-~ 1945 Inhalation 0.235 
;·/i; 

0.689 2.475 0.203 0.530 1.788 

1945 Milk from BYCow Regime l 23.622 118.840 674.846. 1.655 10.404 75.012 
1945 Milk from BYCow Regime 2 15.793 107.019 879.343 1.165 8.039 44.703 

f% 1945 Milk from BYCow Regime 3 0.295 3.346 32.937 0.043 0.323 2.690 
1945 Milk from BYCow Regime 4 0.052 0.644 10.428 o.oro 0.093. 0.697 ft~ 1945 Commercial Milk (Rural) 40.113 163.258 789.131 2.696 12.644. 42.393 

~ 1945 Fruit and Vegetables* 7.388 28.204 156.356 5.504 19.778 92.052 
. C·,1 
·· .. ·: 
i··-:; 
'-".:t :-::::.1-

1946 External 0.003 0.005 0.013 0.005 0.012 0.003 
1946 · Inhalation 0.063 0.171. 0.554 0.055 0.134 0.425 

~--::-~, 
' ' 1946 Milk from BYCow Regime 1 2.901 18.733 113.505 1.558 9.512 
;·. ~~ 

0.301 
., __ ,;. 1946 Milk from BYCow Regime 2 2.589 18.615 110.582 0.213 1.248 8.376 

1946 Milk from BYCow Regime 3 0.071 0.481 3.869 0.006 0.038 0.342 
1946 Milk from BYCow Regime 4 0.006 0.073 1.933 0.002 0.015 0.134 
1946 Commercial Milk (Rural) 5.448 23.795 102.257 0.455 2.139 7. 712 

'-
1946 Fruit and Vegetables* 1.029 4.185 .21.420 0.734 2.705 12. 630 

·---? 
;_) 1947 · External 0.001 0.002 0.004 0.001 0.002 0.004 

,:.,, 
- .. -r: 1947 Inhalation 0.018 0.052 0.199 0.014 0.040 0.151 

1947 Milk from BYCow Regime 1 1.217 5.960 30.861 0.060 0.381 2.563 
1947 Milk from· BYCow Regime 2 · 0.975 5.149 31.163. 0.065 0.433 2.606 
1947 Milk from BYCow Regime 3 0.020 0.167 1.382 0.002 0.016 0.187. ,,,. 

1947 Milk from BYCow Regime 4 0.002 0.027 0.572 0.001 0.004 0.030 .,.--
.•,; .. • 

1947 Commercial Milk (Rural) 1.584 7.632 26.798 0.131 0.522 2.178 ,t•, 
._-',"." 

,;'Y 

1947 Fruit and Vegetables* 0.182- 0.751 3.571 ·0.14_1 0.525 2.30"6 
... 

1945..:.1947 External 0.017 0.031 0.073 0-.017 0.029 0.073 
1945-1947 Inhalation 0,446 0.99_2 2.852 0.372 0.762 2.054 

'. 

1945-1947 Milk from BYCow Regime 1 47.261 160.407 744.781 3.113 12.769 67. 653 
1945-1947 Milk from BYCow Regime 2 39.700 155.017 818 •. 839 3.079 11. 781 52: 725 
1945-1947 Milk from BYCow ·Regime 3 1.023 5.012 41.012 0.100 0.458 2.651 
1945-1947 Milk from BYCow Regime 4 0.157 1.257 13.523 0.031 0.139 0.949 
1945-1947 Commercial Milk (Rural) 72.826 206.692 763.043 5.689 17.40,2 50.394 

1945-1947 · Fruit and Vegetables* 12. 677 36.859 158.245 9.029 25.381 104.336 
·_-:; 

., .... * Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Benton County Census Division 05 

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

1945 External 0.002 0.008 0.069 0.002 0.008 0.073 
1945 Inhalation 0.049 0.219 2.764 0.039 0.160 2.429 

1945 Milk from BYCow Regime 1 4.453 34.044 216.915 0.431 2. 622 21.662 
1945 Milk from BYCow Regime 2 4.425 30.925 252.496 0.426 2.764 18.609 
1945 Milk from BYCow Regime 3 0.107 0.962 12.458 0.010 0.091 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 l.678 6. 715 36.701 

1946 External 0.001 0.002 0.015 0.001 0.002 0.015 
1946 Inhalation 0.012 0.049 0.453 0.010 0.039 0.335 

1946 Milk from BYCow Regime l 0.622 4.330 37.128 ci.072 0.512 3.484 
1946 Milk from BYCow Regime 2 o. 771 5.933 38.881 0.045 0.337 2.561 

;.-:• 
.,,__ .•. j 

1946 Milk fro~ BYCow Regime 3 0.013 0.131 1.253 ·0.002 0.013 0.095 
1946 Milk from BYCow Regime 4 0.002 0.043 0.837 0.000 0.005 0.086 
1946 Commercial Milk (Rural) a. 617 3.812 27.947 0.042 0.280 1.813 

1946 Fruit and Vegetables• 0.298 1.277 6.736 0.239 0.946 4.497 

1947 External 0.000 0.001 0.004 0.000 0.001 0.004 
1947 Inhalation 0.003 0.014 0.138 0.003 0.012 0.128 

1947 Milk from BYCow Regime 1 0.213 1.437 8.879 0.013 0.102 0.656 
1947 Milk from BYCow Regime 2 0.232 1.444 9.383 0.014 0.092 0.711 
1947 Milk from BYCow Regime 3 0.004 0 •. 049 0.672 0.000 0.004 O.Q38 
1947 Milk from BYCow Regime 4 0.000 0.007 0.191 0.000 0.001 0.015 
1947 Commercial Milk (Rural) 0.170 1.048 5.913 0.012 0.080 0.'509 

1947 Fruit and Vegetables• 0.056 0.249 1.442 0.043 0.184 1.071 

1945-1947 External a.cos 0.012 0.084 0.005 0.012 0.094 
.1945-1947 Inhalation .0.111 0.367 3.500 0.088 0.277 3.774 

1945-1947 Milk from BYCow Regime· 1 11.337 48.974 261.390 0.902 3.565 26.247 
1945-1947 Milk from BYCow Regime 2 · 11.019 45.306 312.118 0.841 3.528 17.465 
1945-1947 Milk from BYCow Regime 3 0.252 1.425 11.867 0.029 0.129 1.053' 
1945-1947 Milk from BYCow Regime 4 0.062 0.551 6.049 0.009 a.ass 0.5"41 
1945-1947 Commercial Milk (Rural) 8.969 35.999 177 .290 0.669 2.946 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 
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Benton County census Division 06 

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

(:-:1 1945 External 0.001 0.004 0.027 0.001 0.004 0.019 
~ .. ~ 1945 Inhalation 0.024 0.102 0.871 0.020 0.079 0.890 
:,~ _:.~ 

1945 Milk from BYCow Regime 1 3.233 21.456 144.883 0.170 1.413 8.516 
1945 Milk from BYCow Regime 2 3,009 20.621 137.078 0.213 1.575 11.451 

fTI 1945 Milk from.BYCow Regime 3 0.056 0.526 7.256 0.007 0.056 . 0.529 

U1 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 

F-'~ 1945 Fruit and. Vegetables*. l.208 5.482 33.012 0.940 3.703 17.112 .-.:-: 
•-.:.1 

~ 

1946 External 0.000 0.001 0.005 0.000 0,001 0.005 
{~ 1946 Inhalation 0.005 0.023 0.357 0.005 0.018 0.261 ' . j-:.:1 
_; ~\J 1946 Milk from BYCow Regime 1 0.546 3.460 28.656 0.037 0.248 1.719 ;.,_;_g 

1946 Milk from BYCow Regime 2 0.374 2.635 29.077 0.028 0.208 1.827 
1946 Milk from BYCOW, Regime 3 0.009 0.097 0.774 0.001 0.009 0.105 

r:-~ 1946 Milk from·BYCow Regime 4 0.001 0.024 0.455 0,000 0,003 0.041 
I.. ':; 

_;:j 1946 Commercial Milk (Rural) 0.543 3.680 21.787 0.041 0,281 2.085 
t ~,~· 1946 Commercial Milk (Urban) 0.888 3.811 20.539 0.051 0,232 1.173 

1946 Fruit and Vegetablesw 0.169 0.828 5.241 0.134 0.519 2.439 

1947 External 0.000 0.000 0.002 0.000 0.000 0.002 
1947 Inhalation 0.002 0.007 0.088 0.001 0.006 0.047 

l'"~ 

b:. 1947 Milk from BYCow Regime 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 0.000 0,003 0.028 •.··: 

_T""-1: 
1947 Milk from BYCow Regime 4 0.000 o.oos 0.-125 0.000 0.001 0.006 · 

,-:._.·: 1947 Commercial Milk (Rural) 0.1B1 1,014 5.556 0.014 0.076 0.395 
1947 Commercial Milk (Urban) 0.309 1.177 5.585 0.012 0.060 0.293 • ' ' - -i-

\ . .:.,,. 

1947 Fruit and Vegetables* 0.029 0.136 0.754 0.027 0.104 0.595 
;·-..... 
: ·j 

't" 

c.:·j 1945-1947 External 0.002 0.006 0.037 0.002 0.006 0.025 ·,'. 

';\ 1945-1947 Inhalation 0.052. 0.171 1.627 0.043 0.135 1.408 ,.'i 

1945-1947 Milk from BYCow Regime l. B.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 2.388 11.891 

:-•S' 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.B56 203.842 0.629 · 2.711 17.017 
}f 1945-1947 Commercial Milk (Urbani 13.704 44.302 214.933 0,707 2.573 9.925 
'· 

1945-1947 Fruit and Vegetables* 2.246 7.419 36.907 1.62B 4.888 19.913 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local source.s . 

. :.:_,; 

_..,, 

.. ·• 0.17 -~ 
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Benton County Census Division 0,7 

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

1945 External 0.023 0.050 0.140 0.023 0.050 0.130 
1945 Inhalation 0.586 1.746 6.506 0.48!? 1.350 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 20.153 123.607 
1945 Milk from BYCow Regime 3 0.471 6.062 43.702 0.047 0.481 6.309 
1945 Milk from BYCow Regime 4 0.046 1.375 29.080 0.005 0.110 2.216 \.:c~: 

1945 Commercial Milk (Rural) 3.091 18.571 144.203 0.244 1.449 12.883 
1945 Commercial Milk (Urban) 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 0.030 .. 
1946 Inhalation 0.149 0.407 1.472 0.123 0.320 0.971 

1946 Milk from BYCow Regime 1 9.572 45.894 249.715 0.641 3.646 22.179 ~-· 

1946 Milk f~om BYCow Regime 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 0.014 0.251 
1946 Commercial Milk (Rural) 0.378 2.675 20.518 0.040 0.224 1.445 
1946 Commercial Milk (Urban) 0.467 3.116 23.933 0.030 0.188 1.269 

1946 Fruit and Vegetables• 2.297 9.249 45.558 1.846 6.722 29.014 

1947 External 0.002 0.004 0.011 0.002 0.004 0.010 
1947 Inhalation 0.041 0.128 0.501 0.033 0.095 0.357 

1947 Milk from BYCow Regime 1 2.232 12.110 53.403 0.152 0.809 4. 731 
1947 Milk from BYCow Regime 2 2.161 11.258 83.979 0.187 0.917 5.707 
1947 Milk from BYCow Regime 3 0.034 0.336 2.830 0.002 0.028 0.440 
1947 Milk from BYCow Regime 4 0.002 0.037 1.432 0.000 0.004 0.087 
1947 Commercial 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 1.166 6.0.57 

1945-1947 External 0.039 0.071 0.162 0.040 0.072 0.160 
1945-19.47 Inhalation 1.100 2.446 7.196 0.925 1.918 5.678 

,.~.--
:, ... : 

1945-1947 Milk from BYCow Regime 1 104.553 351.325 1644.674 7.640 32.213 119.260 L, ~ 
(.' 

1945-1947 Milk from BYCow Regime 2 102.946 394.415 1736.697 8.035 27.229 118.270 <;';! 
1945-1947 Milk from BYCow Regime 3 1.700 9.381 53.725 0.147 0.890 6.395 
1945-1947 Milk from BYCow Regime 4 0.235 2,093 29.064 .0.020 0.165 2. 711 
1945-1947 Commercial Milk (Rural) 6.661 27.837 153.569 0.489 1. 933 11. 035 
1945-1947 Commercial Milk (Urban) 8,832 34.978 207.718 a.sos 1.829 9.811 

1945-1947 Fruit and Vegetables• 28.255 87.078 291.353 20.751 59.809 208.838 

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

L.o 

Ci 
t) 

,CT] l7"·;· 
'.,:., 

t:· __ j 

;· 1 

.:,.; ~ 

(· ' ·,t·-":f 
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_,.__ Benton County Census Division 08 

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

:? 1945 External 0.002 0.008 0.056 0.002 0.007 0.051 
1945 Inhalation 0.041 0.199 2.349 0.036 0.155 1.·103 

t) 
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 

'[A 
1945 Milk from BYCow Regime· 3 0.086 0.821 7.350 0.018 0.106 l.150 
1945 Milk from~BYCow Regime 4 0.021 0.204 2.508 0.006 0.046 0.352 
1945 Commercial Milk (Rural) 27.700 113.484 425.294 2.356 8.927 33. 606 

1945 Fruit and Vegetables* 1.743 
!"~ 
; •; 

8.936 63.115 l.353 6.007 42.032 

i".:.i 1946. External 0.001 0.002 0.039 0.001 0.002 0.040 
1946 Inhalation 0.010 0.052 0.881 0.008 0.041 0.853 

~<;cs 

t <~ 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 0.101 
1946 Milk from BYCow Regime 4 0.002 0.023 0.330 0.001 0.006 0.047 

r::~1 1946 Commercial Milk (Rural) 3.498 15.798 58.670 0.281 l.261 5.352 
·,.: 

1946 Fruit and Vegetabies* 0.239 1.201 8.921 0.202 0.848 6.341 

r;~ 1947 External 0.000 0.001 0.009 0.000 0.001 0.009 _i,::} 
1947 Inhalation 0.003 0.014 0.345 0.002 0.011 0.260 t.I) 

1947 Milk from BYCow Regime 1 0.205 1.416 14. 924 0.015 0.103 o. 687 

a 1947 Milk from·BYCow Regime 2. 0.222 1.613 11.422 0.016. 0.101 . 0.757 
1947 Milk from BYCow Regime 3 0.005 0.043 0.435 0.001 0.005 0.041 ... 
1947 Milk from BYCow Regime 4 0.001 0.008 0.216 0.000 0.002 ,,, 0.018 ,,,,,~~ 

-~. 
1947 Commercial Milk (Rural) 1.010 3.964 14.307 0.098 0.386 1.456 .r11-!,:-

--~ 
r-·1 1947 ·Fruit and Vegetables* 0.047 0.235 1.614 0.037 0.158 0.8:40 '. ·-3 .. 

; .~,. 
L~j~ 

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 Regime 1 9.702 44.688 272.649 0.860 3. 716. 28.949 l.~J 
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 
1945-1947 Commercial Milk (Rural) 47.322 151.999 448.543 3.411 12.017 38.380 

1945-1947 Fruit and Vegetables* 3.378 11. 838 70.449 2.372 7.859 41.852 
.. ~~ 
. ·.·; 
'.-·;,_, 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources. '':"•" 
-.-.'ii 
• .,,,j' 

·:z·, 
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Benton County Census Division 09 

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

1945 External 0.011 0.026 0.074 0.011 0.027 0.078 
1945 · Inhalation 0.250 o. 767 3.051 0.216 0.613 2.065 

~.-
1945 Milk from BYCow Regime 1 23.050 135.586 764.820 1. 783 10.459 66.468 
1945 Milk from BYCow Regime 2 16.875 117.308 897.344 1.669 11.040 64.134 
1945 Milk from BYCow Regime 3 0.388 3.769 44.207 0.040 0.311 4.799 
1945 Milk from BYCow Regime 4 0.032 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 0.017 
1946 Inhalation 0.070 . 0.206 0.769 0.057 0.156 0.571 

1946 Milk from BYCow Regime 1 3.398 19.124 86.741 0.249 1.538 10.852 
1946 Milk from BYCow Regime 2 2.509 15.652 91.264 0.228 1.222 6.401 
1946 Milk from BYCow Regime 3 0.069 0.587 3.633 0.009 0.060 0.389 
1946 Milk from BYCow Regime 4 0.004 0.072 1.637 0.001 0.008 0.144 
1946 Commercial Milk (Rural) 3.390 1-3.980 65.364 0.296 1.164 5.126 

1946 Fruit and Vegetables* 1.054 4.318 24.687 0.779 2.868 13.745 

1947 External 0.001 0.002 0.006 0.001 0.002 0.006 
1947 Inhalation 0.019 0.062 0.275 0.016 0.048 0.224 

1947 Milk from BYCow Regime 1 0.866 5.497 30.918 0.073 0.425 2.583 
1947 Milk from BYCow Regime 2 1.154 5.888 26.838 0.076 0.463 3.005 
1947 Milk from BYCow Regime 3 0.021 0.183 2.347 0.002 0.013 0.114 
1947 Milk from BYCow Regime 4 0.002 0.021 0.393 0.000 0.003 0.025 

~{: .. 

1947 Commercial Milk (Rural) 0.976 3. 779 16.494 0.082 0.311 1.271 

,1947 Fruit and Vegetables* 0.195 0.791 4.182 0.153 0.599 2.945 

1945-1947 External 0.020 0.037 0.088 0.020 o.o::n 0.088 
1945-1947 Inhalation 0.520 1.172 3.680 0.430 0.921 2.400 

1945-1947 Milk from BYCow Regime 1 52.895 177.231 799.446 3.908 14.764 74. 948 
1945-1947 Milk from BYCow Regime 2 39.879 155.621 855.390 3.516 13.922 65.614 
1945-1947 Milk from BYCow Regime 3 1.047 5.575 46.314 0.102 0.504 5.658 r. ~, 

1945-1947 Milk from BYCow Regime 4 0.125 0.932 10.642 0.024 0.133 1.780 hJ 
?\i 1945-1947 Commercial Milk (Rural) 44.487 128.426 402.016 3.339 9.970 29.298 \.'.~~ 

1945-1947 Fruit and Vegetables* 13.694 41. 529 165.356 9.552 27.762 113.728 
?-·:.'i 

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

0.20 



.. - Franklin County Census Division 01 
':--: 

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

1945 External 0.007 0.017 0.065 0.007 0.018 0.077 
1945 Inhalation 0.173 a. 609 2.690 0.153 0.469 2.168 

1945 Milk from BYCow Regime 1 23.853 128.773 839.428 1.381 8.588 60.387 
1945 Milk from BYCow Regime 2 20.105 135.794 1345.038 1.515 9.753 64.399 

("l. 1945 Milk from BYCow Regime 3 0.253 2. 624 26.866 0.044 0.370 4.563 i · .. :.1 1945 Milk from BYCow Regime 4 0.037 0.610 15.987 0.010 0.081 1.450 t{ 1945 Commercial Milk (Rural) 33.650 143.702 614.072 2.196 10.246 37.712 

:~-~ 
\ '.:! 

1945 Fruit and Vegetables* 5.945 26.154 156.054 4.748 19.380 95.810 

!: 1 
~ :-,' 

1946 External 0.002 0.004 0.012 0.002 0.004 0.013 
1946 Inhalation 0.040 0.131 0.546 0.034 0.105 0.432 

1" ~'\-

; 
L -; 1946 Milk from BYCow Regime 1 2.883 19.866 113. 619 0.216 1.305 9.891 
·.· . .:::. 1946 Milk from BYCow Regime 2 3.019 15.965 105.023 0.256 1.628 10 .064 

1946 Milk from BYCow Regime 3 0.097 0.811 8.992 0.006 0.050 0.627 
1946 Milk from BYCow Regime 4 0.006 0.107 2.885 0.001 0.014 0.130 

S? 1946 Commercial Milk (Rural) 4.946 19.389 79.231 0.388 2.000 7 .946 .. 
,_ . .-·:., 
-'1·'1 1946 Fruit and Vegetables* 0.843 3.727 18.550 0.632 2.720 14.891 

1947 External 0.000 0.001 0.004 a.coo 0.001 0.004 
1947 Inhalation 0.011 0.036 0.149 0.009 0.030 0.136 

1947 Milk from BYCow Regime 1 1.097 5.995 46.817 0.065 0.499 3.854 
1947 Milk from BYCow Regime 2 0.804 5.407 42.348 0.086 0.463 3.055 
1947 Milk from BYCow Regime 3 0.014 0.156 1. 626 0.002 0.020 0.198 
1947 Milk from BYCow Regime 4 0.001 0.024 0.687 0.000 0.004 0.043 
1947 Commercial Milk (Rural) a. 986 3.878 16.794 0.077 0.306 1.428 

[.0 1947 Fruit and Vegetables* 0.146 0.587 3.065 0.119 0.513 3.123 
: . __ ; 

; . .,} 

1945-1947 External 0.012 0.024 0.068 0.012 0.025 0.081 
1945-1947 Inhalation 0.337 0.848 2.922 0.280 0.677 2.463 

1945-1947 Milk from BYCow Regime 1 46.362 165.192 876.968 2.856 12. 948 64.661 
1945-1947 Milk from BYCow Regime 2 45.290 199.758 1273.091 3.503 13.817 75.442 
1945-1947 Milk from BYCow Regime 3 1.084 5.792 30.559 0.116 0,563 4.347 ,. ~:: 

1945-1947 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 24.522 101.622 

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

.- -~ 
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( ·:. 

Franklin County Census Division 02 

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

1945 External 0.004 0.010 0.040 0.004 0.010 0.035 
1945 Inhalation 0.093 0.325 1.590 0.081 0.263 1.128 

1945 Milk from BYCow Regime 3 0.197 2.026 21.237 0.019 0.222 3.468 
1945 Milk from BYCow Regime 4 0.018 0.298 4.923 0.006 0,056 1.057 
1945 Commercial Milk (Rural) 9,906 45.510 184.056 0,880 4.115 21. 481 

1945 Fruit and Vegetables* 3,754 16.422 78.970 2.926 12.080 67.357 

1946 External 0.001 0.002 0.007 0.001 0.002 0,008 
1946 Inhalation 0.020 0.066 0.324 0.018 0,055 0.222 

1946 Milk from BYCow Regime 3 0.037 0.434 3,762 0.004 0.030 0.240 
1946 Milk from BYCow Regime 4 0.002 0.038 0.855 0,001 0,006 0.089 
1946 Commercial Milk (Rural) 1.626 6.928 28.314 0,133 0.545 2.256 

1946 Fruit and Vegetables* 0.531 2.415 13.332 0.440 1.685 8.043 

1947 External 0,000 0.001 0.002 0,000 0.001 0.002 
1947 Inhalation 0.005 0.020 0.101 0.005 0.015 0,068 

1947 Milk from BYCow Regime 3 0.012 0.116 1.313 0.001 0.008 · 0.099 
1947 Milk from BYCow Regime 4 0,001 0.015 0.409 0,000 0,002 0.030 
1947 Commercial Milk (Rural) 0.483 1.827 7.229 0.041 0,178 0,568 

1947 Fruit and Vegetables* 0;098 0.444 2.761 0.077 0,349 2,0.72 

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 from BYCow Regime 3 0.573 3.382 25.509 0.061 0.352 3.991 
1945-1947 Milk from BYCow Regime 4 0.066 0.573 5.979 0.016 0.083 1.232. 
1945-1947 Commercial Milk (Rural) 20.056 61.141 196.976 1. 760 5.129 21.712 

1945-1947 Fruit and Vegetables*· 6.605 21.450 84.197 4.863 16.009 I 79.858 

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

0.22 
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Franklin County Census Division 03 
~-~"'' 

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

1945 External 0.015 0.032 0.088 0.015 0.033 0.090 
1945 Inhalation 0.374 1.081 4.230 0.301 0.813 2.838 

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 

r:? 1945 Milk from. BYCow Regime 3 0,393 4.255 54.666 0.040 0.393 4.310 

f;:::i 
1945 Milk from BYCow Regime 4 0.025 0.814 23.656 0.002 0,056 0.950 
1945 Commercial Milk (Urban) 56.500 212.253 730.926 2.478 10.254 48.438 

r1~ 
1945 Fruit and: Vegetables* 12.165 46.837 224.091 8.484 30.558 126.382 

!.c! 
:s; 
(;;.;! 1946 External 0.004 0.008 0.020 0.004 0.008 0.020 

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 16.837 
1946 Milk from BYCow Regime 2 4.618 25.165 154.045 0.381 2.132 12.535 
1946 Milk from BYCow Regime 3 0.084 0.729 6.330 0.007 0.060 0.503 
1946 Milk from BYCow Regime 4 0.002 0.111 2.437 0.000 0.008 0.173 
1946 Commercial Milk (Urban) 7.430 28.855 117. 648 0.353 1.646 8.554 

1946 Fruit and Vegetables* 1.518 5.990 24.728 1.147 4.217 19.557 

[~! 1947 External 0.001 0.002 0.006 0.001 0.002 0.007 ,._: 
1947 Inhalation 0.026 0.078 0.314 0.021 0.058 0.217 ~~2 
1947 Milk from BYCow Regime 1 1.674 8.572 43.299 0.106 0.634 3.855 ,-, 

1947 - Milk from BYCow Regime 2 1.588 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 Cormnercial Milk (Urban)- 1.134 4.145 13.744 0.056 0.255 0:031 . ,.:•.:.' 

,-.::,: 

• 1947 Fruit. and Vegetables* 0.286 1.151 5.948 0.227 0.871 4.283 '.::1: 
.".:;~ 

<~-
-:\\ 

1945-1947 External 0.026 0.045 0.096 0.026 0.046 0.098 
}:~·J ;J;, 1945-1947 Inhalation 0.727 1.581 5.212 0.562 1.148 3.176 

1945-1947 Milk from BYCow Regime l 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 20.411 87.008 
1945-1947 Milk from BYCow Regime 3 1.424 7.440 52.244 0.114 0,588 4.291 
1945-1947 Milk from BYCow Regime 4 0.153 1.656 26.942 0.015 0.114 L215 
1945-1947 Commercial Milk (Rural) 0.672 2.660 11.335 0.045 0.219 0.871 
1945-1947 Commercial Milk (Urban) 75.320 269.119 811. 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 local sources 

·.'. .. .: 
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Franklin County Census Division 04 ,,--, .. 

Infant Dose Percentiles Adult Dose Percentiles (:" 

Year Dose P~thway 5th 50th 95th 5th 50th 95th 

1945 External 0.017 0.041 0.124 0.017 0.041 0.124 
1945 Inhalation 0.448 1.443 6.205 0.345 1.025 4.133 

1945 Milk from BYCow Regime l 53.667 374.062 2333.612 4.228 24.537 158.372 
1945 Milk from BYCow Regime 2 44.880 331.324 2422.336 3.748 25.599 184.824 
1945 Milk from BYCow Regime 3 1.022 11.383 96.287 0.065 0.626 5.527 
1945 Milk from BYCow Regime 4 0.032 1.245 46.328 0.009 0.123 1.631 
1945 Commercial Milk (Rural) 11.220 57.517 271.159 1.019 5.062 24.984 

1945 Fruit and Vegetables* 16.127 68.403 376.078 12.065 45.992 225.894 

1946 External 0,004 0.009 0.022 0.004 0,009 0.022 
1946 Inhalation 0.092 0.281 1.039 0.080 0.222 o. 773 

1946 Milk from BYCow Regime l 7.633 47.328 330.601 0.540 3.507 .22.859 
1946 Milk from BYCow 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 0.361 
1946 Commercial Milk (Rural) 1.655 7.502 37.542 0.156 0.702 2.904 

1946 Fruit and Vegetables* 2.089 9.310 55.574 1.626 6. 717 39.140 

1947 External 0.001 0.003 0.000 0.001 0.003 0.007 
1947 Inhalation 0.025 0.079 0.364 0.022 0.061 0.236 

1947 Milk from BYCow Regime l 2.184 12.616 77.950 0.149 0.996 6.078 
1947 Milk from BYCow Regime 2 2.627 13.387 103.772 0.182 1.208 6.921 
1947 Milk from BYCow Regime 3 0.035 0.359 4.146 0.003 0.031 0.368 
1947 Milk from BYCow Regime 4 0.003 0.054 1.149 0.001 0.006 O.ll: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 9.495 0.322 1.291 7.443 u· 
io...,:., 

1945-1947 External 0.029 0.055 0.137 0.028 ·, 0.054 0.139 
1945-1947 Inhalation 0.809 1.967 6.746 0.628 1.432 4.500 

-r;·;~·:-. 

~j 
1945-1947 Milk from BYCow Regime 1 119.807 537.761 2947.060 8.591 34.404 185.385 
1945-1947 Milk from BYCow Regime 2 124.682 464.733 2746.339 9.219 34.859 179.974 
1945-1947 Milk from BYCow Regime 3 . 2.834 14.662 100 .. 953 0.201 1.126 8.415 .,;,-, 

1945-1947 Milk from BYCow Regime 4 0.239 2.542 25.229 0.036 0.221 l. 709 ;-=! 

1945-1947 Commercial Milk (Rural) 21.683 74.580 258.258 1.950 5.865 26.162 h;:~ 
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 

D.24 



r~~-. F•ranklln County Census.Division 05 

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

....,. 1945 External. 0.026 0.056 0.144 0.026 0.057 0.149 
1945 Inhalation 0.638 1.943 7.163 0.544 1.457 5.011 

1945 Milk from BYCow Regime 1 65.276 310.059 1868.696 4.553 33. 424 220.642 
1945 Milk from BYCow Regime 2 63.081 364.338 1838.439 3. 776 25.794 192.846 

ft 1945 Milk from-BYCow Regime 3 1.182 10.664 101.203 0.089 0.931 8.386 
:ti 1945 Milk.from BYCow Regime 4 0.073 2.126 38.254 0.009 0.169 2.674 
Vil· 1945 Commercial Milk (Rural) 15.122 61.327 229.403 1.116 4.632 18.827 

~l 1945 Fruit and Vegetables* 22.199 92.155 454.014 16.708 58.348 240.638 
r,.o, 

Fi 
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 1.001 

.;:.>:: .:··! 
1946 Milk from BYCow Regime 1 10.379 57.979 400.299 0.764 3.892 24.505 ,;.-;;~- 19.46 Milk from·BYCow Regime 2 8.793 60.526 284.780 0.756 4,517 27. 974 
1946 .Milk from BYCow Regime 3 0.199 1.577 12.136 0.016 .0.141 1.397 
1946 Milk from BYCow Regime 4 0.014 0.307 5.720 0.002 0.021 0.388 

[Ji 1946 Commercial.Milk (Rural) 2.071 8.570 35.549 0.170 0.685 2.811 
~- .·;f . 
f·.J. 1946 Fruit and Vegetables* 3.266 12.867 66.262 2.365 8.706 40 •. 089 

1947 External 0.002 0.004 0.010 0.002 0.004 0.010 
1947 Inhalation 0.039 0.118 0.479 0.036 0.090 0,331 

1947 Milk from. BYCow·Regime 1 2.614 16.322 81.725 0.233 1.431 0. 715 · 
1947 Milk from BYCow Regime 2 2.852 15.118 72. 671 0.185 1.100 8.371 
1947 Milk from BYCow Regime 3 0.054 0.479 4.288 0.005 0.045 0.443 
1947 Milk from BYCow Regime. 4 0.003 0.054 0.921 0.000 0,007 0.142 
1947 Commercial Milk (Rural) 0.511 2.176 6.229 0.051 0.193 0.629 

t 
Fruit and Vegetables* 1947 a.sos 2.120 12.000 0.416 1.511 6 •. 7~6 

1945-1947 · External 0.043 0.077 0.163 0.043 0.077 0.173 
•:;:-.,,. 1945-1947 Inhalation 1.168 2.,631 8.287 0 .• 929 2.023 5.704 .';~·\ 

r-·' 
L:~; 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 38.215 205.350 

.· ... 
1945-1947 Milk from BYCow Regime 3 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 1.823 5.381 19.237 

1945-1947 Fruit and Vegetables* 37.188 118. 455 487.382 27.761 73.975 251.070 

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

;:~ 
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Grant County Census Division 01 •:, 

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

1945 External 0.000 0.001 0.011 0.000 0.001 0.013 t~ 
'. 

1945 Inhalation 0.004 0.018 0.432 0.004 0.015 0.203 
'.•. 

1945 Milk from BYCow Regime 3 0.006 0.082 0.760 0.000 0.005 0.087 
1945 Milk from BYCow Regime 4 0.000 0.015 0.281 0.000 0.001 0.020 
1945 Commercial Milk (Rural) 0.000 0.005 0.071 0.000 0.000 0.006 

1945 Fruit and Vegetables* 0.136 0.697 9.384 0.097 0.491 4.511 

('· 
1946 External 0.000 0.000 0.002 0.000 0.000 0.002 
1946 Inhalation 0.001 0.004 0.045 0.001 0.003 0.034 (: ... 

1946 Milk from BYCow Regime 3 0.001 0.010 0.200 0.000 0.001 0.008 r:-·; 1946 Milk from BYCow Regime 4 0.000 0.001 0.026 0.000 0.000 0.002 t~ 1946 Commercial Milk (Rural) 0.000 0.001 0.009 0.000 0.000 0.001 .:::: 
1946 Fruit and Vegetables* 0.018 0.102 0.944 0.014 0.067 0.743 

1947 External 0.000 0.000 . 0.000 0.000 0.000 0.000 
1947 · Inhalation 0.000 0.001 0.008 0.000 0.001 0.007 

1947 Milk from BYCow Regime 3 0.000 0.004 0.045 0.000 0.000 0.007 1947 Milk from BYCow Regime 4 0.000 0.000 0.012 0.000 0.000 0.001 
1947 Commercial Milk (Rural) 0.000 0.000 0.006 0.000 0.000 0.000 

1947 Fruit and Vegetables* 0.003 0.019 0.211 0.003 0.013 0.151 

1945-1947 External. 0.000 0.001 0.017 0.000 0.001 0.020 
1945-1947 Inhalation 0.009 0.029 0.426 0.008 0.024 0.239 

1945-1947 Milk from BYCow Regime 3 0.021 0.122 0.760 0.002 0.009 0.085 1945-1947 Milk from BYCow Regime 4 0.002 0.025 0.359 0.000 0.002 0.022 
1945-1947 Commercial Milk (Rural) 0.001 0.010 0.093 0.000 0.001 0.006 

1945-1947 Fruit and Vegetables* 0.258 0.996 10.762 0.190 0.687 5.208 fj' 
1.\-i 
L::'. 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
f::-:1 

~\l 
P"'". :,·J 
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Gran.t County Census. Division 02 

i:;_.;:-
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

•·:';!. 1945 External 0.000 0.001 0.011 ·o.ooo 0.001 0.010 r---:i 1945 Inhalation 0.004 0.017 0.275 0.003 0.014 0.380 

1945 Milk from BYCow Regime 3 0.006 0.072 0.985 0.000 0.005 0.061 

ii· 
1945 Milk from BYCow Regime 4 0.000 0.006 0.132 0.000 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 o. 715 7.414 0.097 o •. 504 6.548 

ti 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 0.033 

1946 Milk from BYCow Regime 3 0.001 0.009 0.141 0.000 0.001 0.009 
!..' •• ~ 1946 Milk from BYCow Regime 4 0.000 0.001 0.017 0.000 0.000 0.002 
i : 
i ·-· 

1946 Commercial Milk (Rural) 0.000 0.001 0.015 0.000 0.000 0.001 

1946 Fruit and Vegetables* ·0.018 0.106 1.674 0.013 0.071 1.086 

(.~". ' . ,'.,; 

1947 External 0.000 0.000 0.000 0.000 0.000 0.000 r-~1 1947 Inhalation 0.000 0.001 0.010 0.000 .0.001 0~006 

~-~ 1947 Milk from BYCow Regime 3 0.000 0.002 0.023 0.000. 0.000 0.001 
. i~:ij 1947 Milk from BYCow Regime 4 · 0.000 0.000 0.008 0.000 0.000 0.001 

t-_·:; 1947 Commercial Milk (Rural) 0.000 0.000 0.002 0.000 0.000: 0.000 

1947 Fruit and.Vegetables* 0.003 0.017 '0.197 0.003 0.013 0.110 

m ~'f 

r:-· ·;~ 
i'~!, 1945-1947 External 0.000 0.001 0.019 0.000 0.001 0.013 

1945-1947 Inhalation 0.009 0.030 0.366 0.00~ 0.023 0.390 
.1 

1945-1947 Milk from BYCow Regime 3 0.019 0.106 1.103 0.001 .. 0.007 0.068 
I 1945..:.1947 Milk from BYCow Regime 4 0.001 0.014 0.135 0.000 0.001 0.024 
1945-1947 Commercial Milk (Rural) 0.002 0.010 0.095 0.000 0.001 0.008 

1945-1947 Fruit and Vegetables* 0.269 1.041 10.869 0.189 0 .. 708 8.198 '""'' Li .~, ... 

* Dose from the fruit and·vegetables pathway assumes that 100% of diet comes from ·local sources 
;,J::1,: 
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Grant 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 0.010 0.000 0.001 0.009 
1945 Inhalation 0.008 0.030 0.248 0.006 0.022 0.165 ,; ~ 

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 0.071 

1945 Fruit and Vegetables* 0.255 1.294 10.966 0.186 0.784 5.348 

r:-~ 
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 0.001 0.010 
1946 Milk from BYCow Regime 4 0.000 0.003 0.054 0.000 0.000 0.005 
1946 Commercial Milk (Rural) 0.001 0.006 0.059 0.000 0.000 0.008 

1946 Fruit and Vegetables• 0.034 0.161 1.203 0.026 0.106_ o. 612 

1947 External 0.000 0.000 0.000 0.000 0.000 0.001 
1947 Inhalation 0.001 0.002 0.028 0.000 0.002 0.017 

1947 Milk from BYCow Regime 3 0.000 0.004 0.036 0.000 0.000 0.002 
1947 Milk from BYCow Regime 4 0.000 0.001 0.009 0.000 0.000 0.001 
1947 Commercial Milk (Rural) 0.000 0.003 0.024 0.000 0.000 0.002 

1947 Fruit and Vegetables• 0.006 0.027 0.144 0.005 0.019 0.100 

1945-1947 External 0.001 0.002 0.013 0.001 0.002 0.015 
1945-1947 Inhalation 0.017 0.048 0.316 0.014 0.037 0.266 

1945-1947 Milk from BYCow Regime 3 0.039 0.212 1. 713 0.002 0.012 0:095 i } 
1945-1947 Milk from BYCow Regime 4 o.oo~ 0.029 0.434 0.000 0.003' 0.040 ~ 

1945-1947 Commercial Milk (Rural) 0.013 0.065 0.756 0.001 0.006 0.083 

1945-1947 Fruit and Vegetables• 0.443 1.689 11.907 0.333 1.056 5.890 
r-·:-., 
[·;. 

t:::1 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes f·rom local sources 

~\; 
t;:,,; 
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Grant,County Census Division 04 -
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.002 0.007 0.001 0,002 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 0.214 
1945 Milk from BYCow Regime 4 0.002 0.041 o.578 0.000 0.006 0.086 
1945 Colil!llercial Milk (Rural) 0.413 3.337 51.820 0.027 0.201 3.155 

1945 Fruit and Vegetables* o.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 o.Oll 
1946 Commercial Milk (Rural) 0.070 0.485 3.597 0.008 0.046 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 0.000 0.002 
1947 Inhalation 0.001 0.004 0.042 0.001 0,003 0.034 

1947 Milk from BYCow Regime 3 0.001 0.007 0.067 0.000 0.001 0.006 
1947 Milk from BYCow-Regime 4 0.000 0.003 0.043 0.000 0.000 0.004 
1947 Commercial Milk (Rural) 0.029 0.224 4.637 0.002 0.016 0.211 

1947 Fruit and Vegetables* 0.012 0.054 0.275 0.010 0.042 0.247 

1945-1947 External 0.001 0.003 0.012 0.001 0.003 0.013 ~f. 1945-1947 Inhalation 0.034 0.094 0.572 0.028 0.073 a.sos 

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 t,,,) 

1945-1947 Commercial Milk (Rural) 1.181 5.184 58.745 0,082 0.374 3.677 ,1,,l 

1945-1947 Fruit and Vegetables* 0.903 2.990 14.677 0.685 2.074 ••,;. 9.633 

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

0.29 



~-?~. 
~;-.- . 

;->:; 
}{~! 

Grant County Census Division 05 ,~:-• 

Infant Dose Percentiles Adult Dose Percentiles f:;-
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.001 0.002 0.007 0.001 0.002 0.007 
1945 Inhalation 0.018 0.060 0.269 0.014 0.045 0.218 

1945 Milk from BYCow Regime 3 0.028 0.260 2.901 0.002 0.019 0.281 
1945 Milk from "BYCow Regime 4 0.002 0.032 0.721 0.000 0.005 0.097 
1945 Commercial Milk (Rural) 0.211 1.408 16.194 0.016 0.135 1.146 

1945 Fruit and -Vegetables* 0.519 2.249 12.451 0.393 1.676 8.952 

1946 External 0.000 0.000 0.003 0.000 0.000 0.003 
1946 Inhalation 0.004 0.012 0.068 0.003 0.010 0.046 

1946 Milk from BYCow Regime 3 0.003 0.037 0.542 0.000 0.003 0.036 
1946 Milk from BYCow.Regime 4 0.000 0,005 0.136 0 •. 000 0.001 0.009 
1946 Commercial Milk (Rural) 0.045 0.306 3.507 0.003 0.024 0.295 

1946 Fruit and Vegetables* 0.072 0.325 2.004 0.060 0.256 1.514 

1947 External 0.000 0.000 0.001· 0.000 0.000 0.001 
1947 Inhalation 0.001 0.003 0.028 0.001 0.003 0.016 

1947 Milk from BYCow Regime 3 0.0'01 0.017 0.137 0.000 0.001 0.017 
1947 Milk from BYCow Regime 4 0.000 0.002 0.025 0.000 0.000 0.004 
1947 Commercial Milk (Rural) 0.015 0.122 1.191 0.001 0.008 0.092 

1947 Fruit and Vegetables* 0.013 0.053 0.289 0.010 0.044 0.276 

1945-1947 External 0.001 0.003 0.016 0.001 0.003 0.0·12 
1945-1947 Inhalation 0.032 0.088 0.398 0.026 0.067 o._306 

.. -,:--
1945-1947 Milk from BYCow Regime 3 0.074 0.35G 2.899 0.007 0.031 0.311 i;--~ 
1945-1947 Milk from BYCow Regime 4 0.006 0.063 0.777 0.001 0.009 0.106, u. 
1945-1947 Commercial Milk (Rurali 0.623 2.340 22. 711 ·o.046 0.211 1.435 

1945-1947 Fruit and Vegetables* 0.888 3.028 13.779 0.709 2.244 9.822 

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

I'::-•-~ 
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:~~- Grant.County Census Division 06 

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

f7\ 1945 External. 0.001 0.002 0.032 0.001 0.002 0.034 
: ., 1945 Inhalation 0.012 0.058 0.848 0.009 0.045 0.535 •·' 
L1: 

1945 M1l.k from BYCow Regime 3 0.020 0.219 2.075 0.002 0.018 0.221 

ti~\ 
1945 Milk from BYCow Regime 4 0.001 0.026 0.984 0.000 0.003 0.064 
1945 Commercial..M1l.k (Rural) 0.191 1.630 24.615 0.013 0.112 1.232. 

, .. -0:~ 
,_.;.:, 1945 Fmit and Vegetables*- 0.393 1.902 11.925, 0.309 1.363 8.568 

m 1946 External 0.000 0.001 0.010 0.000 0.001 0.010 
1946 Inhalation 0.003 0.012 0.264 0.002 0.010 0.180 

1946 Milk from BYCow Regime 3 0.003 0.039 0.445 0.000 0.004 0.050 

t ··-i 1946 Milk from BYCow Regime 4 0.000 0.004 0.152 0.000 0.001 0.014. 
1946 Commercial. Milk (Rural) 0.049 0.399 4.597 0.005 0.030 0.609 

:.-·::t 

1946 Fruit and Vegetables* 0.055 0.293 2.112 0.042 0.211 1.468 

1947 External 0.000 0.000 0.002 0.000 a.coo 0.002 
1947 Inhalation 0.001 0.004 0,072 0.001. 0.003 0.049 

.•.; 1947 Milk from BYCow Regime 3 0.001 0.011 0.117 0.000 0.001 0.015 } ... \ 
1947 Milk from BYCow Regime 4 0.000 0.001 0.023 0.000 0.000 0.003 f ... ;_:~· 

~- ·,-'; 1947. Commercial Milk (Rural) 0.018 0.119 1.358 0,001 0.008 0.082 

1947 
r..::i 

Fruit and Vegetables.* 0.011 0.054 0.343 O.Q09 0.040 0.247 

\·' 
hi 1945-1947 External 0.001 0.004 0.056 0.001 0.004 0.053 :>i 

1945-1947 Inhalation 0.026 0.102 1.202 0.022 0.080 0.946 .~i 
J:'; 1945-1947 Milk from BYCow Regime 3 0.078 0.388 2.268 0.006 0.034 0.267 
\. 1945-194'7 . Milk from BYCow Regime 4 0.006 0.050 1.200 0.001 0.006 0.062 

"' 1945-1947 Commercial. Milk (Rural) 0,609 3.076 24.058 0.048 0.219 2.007 t"a!,. .,. , ... , ... 

'.,, 1945-1947 Fruit and.Vegetables* 0.770 2.627 12.572 0.574 ,· 1.953 9.885 .~1(:' 

f'1 
·;,;.:./ 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
. - ,· •· ~. 
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Grant County Census Division 07 

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

1945 External 0.001 0.003 0.010 0.001 0.003 0.010 
1945 Inhalation 0.037 0.119 0.512 0.031 0.090 0.327 

1945 Milk from BYCow Regime 3 0.064 0.507 3.053 0.005 0.037 0.349' 
1945 Milk from BYCow Regime 4 0.003 0.091 1.653 0.001 0.016 0.145 
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 0.033 
1946 Commercial Milk (Rural) 0.102 0.669 4.711 0.008 a.ass 0.755 

1946 Fruit and Vegetables* 0.163 0.613 3.111 .0.117 0.455 2.311 

1947 External 0.000 0 .• 000 0.001 a.coo 0.000 0.-001 
1947 Inhalation 0.002 0.007 0.032 0.002 0.006 0.025 

1947 Milk from BYCow Regime 3 0.002 0.018 0.175 0.000 0.001 0.009 
1947 Milk from BYCow Regime 4 0.000 0.004 0.072 0.000 a.coo 0.009 
1947 Commercial Milk (Rural) 0.029 0.199 3.128 0.002 0.016 0.226 

1947 Fruit and Vegetables* 0.028 0.113 0.542 0.021 0.081 0.409 

1945-1947 External 0.002 0.005 0.012 0.003 0.005 0.612 
1945-1947 Inhalation 0.069 0.166 0.578 0.058 0.126 0.346 

1945-1947 Milk from BYCow Regime 3 0.157 0.834 3.415 0.014 0.057 0.405 
1945-1947 Milk from BYCow Regime 4 0.021 0.150 1. 715 0.002 0.016 0.180 
1945-1947 Commercial Milk (Rural) 1.321 5.502 86.814 0~087 0.432 4.832 

1945-1947 Fruit and Vegetables* 1.899 5.887 24.432 1.335 4.123 14. 867 

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

D.32 
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;~} - Grant County Census Division 08 

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

r:) 1945 External 0.001 0.002 0.008 0.001 0,002 0.008 
1945 Inhalation 0.020 0.064 0.296 0.017 0~052 0.256 . _,_i; 

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 

F:51 1945 Commercial Milk (Rural) 0.425 2.958 35.517 0,031 0.322 3.661 :: .. ,-t. 

fo¥ 1945 Fruit and·vegetables* 0.636 2.514 12.588 0.465 1.811 10.178 

,'0''~ 

f.:/4 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 }_•.i:J 

1946 Milk from BYCow Regime 3 0.005 0.043 0.316 0.000 0.003 0.032 
r'"- 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 1.455 

1947· External 0.000 0.000 0.002 0.000 0.000 0.001 
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 0.118 

1947 Fruit and Vegetables* . 0.014 0.061 0.332 0.012 0.047 0.261 
-- ~ 

1945-1947 External 0.001 0.003 0.016 0.001 0.003 0.016 
1945-1947 Inhalation 0.038 0.099 0.472 0 .• 033 0.079 0.485 

1945-1947 Milk from BYCow Regime 3 0.090 0.452 3.118 0.008 0.038 0.285 
1945-1947 Milk from BYCow Regime 4 0.011 0.083 0.942 0.001 0.009 0.084 ,,,.,,, 

·, 1945-1947 Commercial Milk (Rural) 1.160 5.833 36.823 0~105 o •. 516 3.647 )'!.~ 

;;:; 
···-~ 1945-1947 Fruit and Vegetables* 1.070 3.275 14.151· 0. 779 2.358 11.693 

•.· ·'•fr 

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

·.:·_.,,. 
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--------------- Grant County Census Division 09 

Year 

1945 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

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 ~d Vegetables* 

External 
Inhalation 

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

Fruit and Vegetables* 

External 
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 

0.002 0.004 0.013 
0.045 0.138 0.509 

0.084 0.622 5.619 
0.005 0.112 . 1.916 
0.442 2.675 43.515 

1.427 6.006 30.233 

0.000 0.001 0.002 
0.011 0.031 0.120 

0.011 0.105 0.899 
0.001 0.018 - 0.483 
0.104 0.720 8.238 

0.179 0.764 4.022 

0.000 0.000 0.001 
0.003 0.010 0.039 

0.003 0.026 0.294, 
0.000 0.008 0.114 
0.033 0.216 .1.597 

0,032 0.145 0.715 

0.003 0.006 0.015 
0 .• 084 0.194 0.621 

0.216 0.944 5.585 
0.026 0.222 2.235 
1.315 5.901 62.769 

2.429 7.658 33.·417 

Adult Dose Perc~ntiles 
5th 50th 95th 

0.002 0.004 
0.038 0.109 

0.006 0.057 
0.001 0.015 
0.034 0.278 

1.004 3.857 

0.000 0.001 
0.009 0.025 

0.001 0.008 
0.000 0.002 
0.007 0.046 

0.144 0.574 

0.000 0.000 
0.003 0.008 

0.000 0.002 
0.000 0.001 
0.002 0.015 

0.026 0.104 

0.003 0.006 
0.071 0.156 

0.016 0.083 
0.003 0.023 
0.089 0.402 

1.747 4.966 

0.013 
0.370 

0.514 
0.377 
2.283 

16.758 

0.003 
0.083 

0.081 
0.030 
0.447 

3.052 

0.001 
0.028 

O.Oi9 
0.011 
0.240 

0.511 

0.016 
0.442 

.0.523 
0.326 
3.239 

.18.'862 

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

D.34 
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,~~~~r Grant County Census Division- .10 ----· 
Infant-Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

F1 1945 'External 0.002 0.004 0.013 0.002 0.004 0.013 

i.;.~ 1945 Inhalation 0.050 0.152 0.573 0.043 0.127 0.459 

1945 Milk from BY'Cow Regime 3 0.092 0.810 7.646 0.008 0.088 0.874 
1945 Milk from BYCow Regime 4 0.007 0.147 2.759 0.001 0.011 0.341 

j~ 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 

(1· 1946 External· 0.000 0~001 0.003 0.000 0.001 0.003 
' - ~ 
t.-.,; 1946 Inhalation 0.011 0.033 0.121 0.010 0.026 0.086 
··•:;r 

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 0.000 0.002 0.032 

, .. : 1946 Commercial Milk (Rural) 0.096 · o. 649 6.398 0.009 0.050 0.823 
.-.:.":;. 

1946 Fruit and. Vegetables* 0.211 0.941 5.019 0.171 0.66L 3.410 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.003 0.010 0.048 0.003 0.008 0.031 

1947 Milk from BYCow Regime 3 0.002 0.024 0.182 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. 0~319 

1947 Fruit and-vegetables* 0.039 0.148 
f-':· 

0.784 0.030 0.117 , , 0.572 

\3 1945-1947 External .0.003 0.006 0.015 0.003 0.006 0;01s 
1945-1947 Inhalation. 0.095 0.216 0.617 0.076 0,176 0.502 

1945-1947 Milk from BYCow Regime 3 0.196 1.041 7.493 0,020 0,113 0.811 
1945-1947 Milk from BYCow Regime 4 0.030 0.264 3.172 0.003 0.023 0.350 
1945-1947 Commercial Milk (Rural) 1.248 5.413 38.784 0.092 0.463 5.282 

. 1945-1947 Fruit and Vegetables* 2.608 8.567 35,592 1.993 6.066 24.910 

"''": "' Dose from the fruit and vegetables pathway assumes that 100%- of diet comes from local sources 

!.: .. ,: 

. ·-1 
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Grant 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 0.041 0.002 0,005 0.060 
1945 Inhalation 0.039 0.172 2.022 0.034 0.139 1.528 

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 0.191 , .. 
1945 Commercial Milk (Rural) 0.381 3.260 85.456 0.035 0.231 2.106 ,. 

1945 Fruit and Vegetables* 1.323 6.118 40.527 0.965 3.956 21.990 

1946 External 0.000 0.001 0.014 0.000 0.001 0.011 
1946 Inhalation 0.009 0.037 0.492 0.008 0.028 0.330 

1946 Milk from BYCow Regime 3 0.010 0.083 o. 711 0.001 0.008 0.085 r~~-1946 Milk from BYCow Regime 4 0.000 0,016 0.655 0.000 0.001 0.025 
~:. •.• 

1946 Commercial Milk (Rural) 0,109 0.709 6.952 0.007 0.052 0.396 ~ -

1946 Fruit and Vegetables* 0.199 0,841 4.642 0.145 0.608 3.261 

1947 External 0.000 0.000 0.003 0.000 0.000 0.003 
1947 Inhalation 0.002 0.010 0.095 0.002 0.008 0.067 

1947 Milk from BYCow Regime 3 0.002 0.023 0.294 0,000 0.002 0.018 ,. 
C 

1947 Milk from BYCow Regime 4 0.000 . 0.006 0.164 0.000 0.001 0;016 t; 1947 Commercial Milk (Rural) 0.031 0.216 2.144 0.002 0.016 0.238 

1947 Fruit and Vegetables* 0,034 0.132 0.740 0.026 0.112 0,586 

1945-1947 External 0.003 0.009 0.061 0.003 0.009 0.091 
1945-1947 Inhalation 0.086 0.279 3.187 0.071 0.214 l. 722 

::--=--· 

1945-1947 Milk from BYCow Regime 3 0.180 1.045 7.210 0.014 0.075 0.513 f·: 
r\·\. 

1945-1947 Milk from BYCow Regime 4 0.022, 0.207 2.847 0.003 0.018 0.214 );·t· 

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 sources 

.l., 

(j 
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Grant County Census Division 12 ----· 
Infant· Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.004 0.013 0.124 . 0.004 0.013 0.133 
1945 Inhalation 0.099 ·o.404 4.833 0.079 0.313 2.724 

1945 Milk from BYCow Regime 3 0.125 1.143 13.638 0.012 0.122 1.222 
1945 Milk from BYCow Regime 4 0.006 0.165 6.362 0.001 0.021 a.sos 
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 0.010. 0.190 
1946 Milk from BYCow Regime 4 ·0.001 0.035 1.074 0.000 0.004 0.110 
1946 Commercial Milk (Rural) 0.083 . o. 602 11.518 . 0 .• 007 0.044 0.898 

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 0.009 
1947 Inhalation 0.006 0.027 . 0.267 0.005 0.020 0.215 

1947 Milk from BYCow Regime 3 0.005 0.050 0,723 0.000 0.005 0.074 
1947 MUk from BYCow Regime. 4 0.000 0.011 0.283 0.000 0,001 0.032 
1947 Commercial Milk (Rural) 0.031 0.243 3.230 0.002 · 0.018 0.255 

,1947 Fruit and Vegetables* 0.082' 0.335 1. 751 0.067 0.267 1.708 

1945-1947 External 0.008 0.022 0.197 0.008 0.023 0.219 
1945-1947 Inhalation · 0.211 0.683 6.693 0.166 0.520 4.297 

,-c:i-

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 0.378 7.392 0.006 0.046·; 0,638 
1945-1947 Commercial.Milk (Rural) 1.158 6,140 54.325 0.086 0.415 5.200 

-t~ 
1945-1947 Fruit and Vegetables* 6.046 19.098 91.842 4.190 12.784 63. 472 

::,:: 

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

D.37 



Grant County Census Division 13 r··· 

Infant Dose Percentiles Adult 
(··' 

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

1945 External 0.009 0.029 0.261 0.009 0.031 0.349 
1945 Inhalation 0.190 0,902 7. 717 0.167 0.681 5.296 

1945 Milk from BYCow Regime 3 0.318 3.387 50.021 0.020 0.240 3.071 
1945 Milk from BYCow Regime 4 0.024 0.529 15.050 0.002 0.047 1.369 
1945 Commercial Milk (Rural) 0.405 3.287 30.255 0.033 0.244 3.282 

1945 Fruit and Vegetables* 7.580 33.758 205.059 5.160 22.095 126.201 

1946 External 0.002 0.009 0.093 0.002 0.008 0.118 ;-·, 

1946 Inhalation 0.048 0.212 1. 791 0.041 0.161 1.175 t,·; 

1946 Milk from BYCow Regime 3 . 0.046 0.456 3.914 0.003 0.037 0.316 
1946 Milk from BYCow Regime 4 0.003 0.064 1.668 0.000 0.006 0.180 
1946 Commercial Milk (Rural) 0.089 0.660 6,875 0.008 0.053 0.378 

1946 Fruit and Vegetables* 0.996 4.446 28.894 0.751 3.120 15.736 

1947 External 0.001 0.002 0.023 0.001 0.002 0.023 
1947 Inhalation 0.013 0.056 0.446 0.011 0.048 0.425 

1947 Milk from BYCow Regime 3 0.013 0.127 1.952 0.001 0.010 0.189 
1947 Milk from BYCow Regime 4 0.001 0.026 0.678 0.000 0.002 0.040 
1947 Commercial Milk (Rural) 0.027 0.204 3.254 0.002 0.018 0.200 

1947 Fruit and Vegetables* 0.171 0.728 3.550 0.140 0.547 3.090 

1945-1947 External 0.019 0.052 0.441 0.019 0.053 0.643 
1945-1947 Inhalation 0.457 1.448 10. 711 0.353 1.092 7.270 

1945-1947 Milk from BYCow Regime 3 0.897 4.833 42.150 0.068 0.411 3.248 
1945-1947 Milk from BYCow Regime 4 0.090 1.039 15.251 0.009 0.077 1.007 ~:_ . .' 
1945-1947 Commercial Milk (Rural) 1.204 5.538 34.260 O,OF 0.405 3.103 

1945-1947 Fruit and Vegetables* 13.208 44.630 209.932 9.299 29.815 131.675 

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

D.38 ~- .,. \ 
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:.-1 Grant County_Census Division· 14 

; . .< Infant. Dose,Percentiles Adult Dose Percentiles 
' ,; Year Dose Pathway 5th 50th 95th 5th 50th 95th 

[?] 1945 External 0.001 0.001 0.006 0.001 0.002 0.006 
1945 Inhalation 0.015 0.051 0.252 0.012 0.041 0.171 

' . ~:-2 
1945 Milk from BYCow Regime 3 0.013 0.236 4.329 0.002 0.020 0.392 
1945 Milk from BYCow Regim~ 4 0.001 · ·0.031 0.619 0.000 0.002 0.080 

[}j 1945 Commercial.Milk (Urbani 0.348 1.987 20.417 0.014 0.117 l.389 

t~O.:}~ 1945 Fruit and. Yegetables* 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 (Urbani 0.090 0.541 6.021 0.003 0,025 0.194 

1946 Fruit and Vegetables• 0.067 .0.292 1. 719 0.050 0 .• 211 L003 

1947 External 0.000 0.000 0;001 0.000 . 0.000 0.001 
1947 Inllalation. 0.001 0.003 0.022 0.001 0.003 0.018 

.1947 .Milk from BYCow Regime 3 0.002 0.014 0.173 0.000 0.001 0.013 
1947 Milk from BYCow Regime 4 0.000 0.002 0.060 0.000 0,000 0.004 
1947 Commercial·Milk (Urban)· 0.019 0.163 2.242 0.001' 0.010 0.142 

1947 Fruit and Vegetables* 0.012 0.049 0.248 0~009 0.037 0.19,3 

1945-1947 External. · 0.001 0.002 0.012 0.001 0.002 0.014 
1945-1947 Inhalation 0.029 0.077· 0.365 • 0.024 0.060 0.251 ~.~ 

'~~; 1945-1947 Milk from BYCow Regime 3 0.070 0.446. 4.195 0.006 0,038 0.324 
1945-1947 Milk from BYCow Regime 4 . 0.007 0.070 0.789 0.000 0.004 · 0.071 
1945-1947 Commercia1·M11k (Urban) a.ass 3.729 21.803 0.049 0.213 1.469 

_.,, 
,.,. 

, .. ,. 
. . 

1945-1947 Fruit and Vegetables• 0.840 2.635 12.278 o. 660 1.987 9.336 
,,1• 

~F• 

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

0.39 
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Kit~itas County Census Division 01 r·· 
, 

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

1945 External 0.000 0.003 0.063 0.000 0.003' 0.048 
1945 Inhalation 0.005 0.065 1.561 0.004 0.055 1.499 

(•" 
t,.-

1945 Milk from BYCow Regime 1 0.393 6.121 176.947 0.023 0.509 12.337 
1945 Milk from BYCow Regime 2 0.263 4.708 141.827 0.020 0.397 11.003 

1·~~-~1 

1945 Milk from BYCow Regime 3 0.012 0.320 23.972 0.001 0.022 1.063 
1945 Milk from BYCow Regime 4 0.001 0.060 6.509 0.000 0.006 0.339 
1945 Commercial Milk (Rural) 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 BYCow· Regime 1 0.066 1.023 36.425 0.005 0.084 2.574 
1946 Milk from BYCow Regime 2 0.063 0.740 38.198 0.004 0.096 3.046 
1946 Milk from 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 0.203 0.000 0.001 0.023 
1946 Commercial Milk (Rural) 0.067 0.787 11.189 0,005 0.056 3.077 

1946 Fruit and Vegetables* 0.036 0.332 6.594 0.028 0,262 4.929 

r· 

1947 External 0.000 0 .• 000 0.005 0.000 0,000 0.006 i 
1947 Inhalation 0.000 0.005 0.178 0.000 0.004 0.156 -'" 

1947 Milk from BYCow Regime 1 0.017 0.272 7.387 0.002 0.027 0.550 
1947 Milk from BYCow Regime 2 0.022 0.440 8,971 0.001 0.023 0.516 
1947 Milk from BYCow Regime 3 0.000 0.005 0.101 0.000 0.001 0.012 
1947 Milk from BYCow Regime 4 0.000 0.002 0.076 0.000 0.000 0.005 

':-,. __ , I 

1947 Commercial Milk (Rural) 0.016 0 .. 210 5.222 0.001 0.017 0.334 

1947 Fruit and Vegetables* 0.006 0.068 1.055 0.005 0,057 1.237 

1945-1947 External 0.001 0.007 0.'099 0.001 0.007 0.092. 
1945-1947 Inhalation 0.021 0.172 2.709 0.019 0.133 2.960" 

....... 
i:·1 

1945-1947 Milk from BYCow Regime 1 1.522 12.937 259.068 0.124 1.151 17.635 tJ ·' 
1945-1947 Milk-from BYCow Regime 2 1.464 11. 791 154.393 0.095 0.844 26.830 
1945-1947 Milk from BYCow Regime 3 0.044 0.511 32.895 0.005 0.048 1.150 r..~,. 

1945-1947 Milk from BYCow Regime 4 0.009 0.104 3.503 0.001 0.011 0.247 l\.:, 

1945-1947 Commercial Milk (Rural) 1.252 9.693 238.984 0.113 0.724 10.109 ~-:.) 
L: 

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 

.. 
t~ ·1 
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Kittitas County Census Division 02 
,···· 

:. ~- Infant Dose Percentiles Adult Dose Percentiles 
·.-.·:: Year Dose Pathway 5th 50th 95th 5th 50th 95th 

F 1945 External 0.000 0.000 0.010 0.000 0.000 0.019 
1945 Inhalation 0.001 0.006 1.021 0.000 o.oos 2.220 

~:} 
1945 Milk from BYCow Regime 3 0.000 0.008 0.252 0.000 0.001 0.024 
1945 Milk from BYCow Regime 4 0.000 0.002 0.165 0.000 0.000 0.017 

!"1~ 
1945 Commercial Milk (Rural) 0.016 0.261 13.186 0.001 0.033 1.803 

1945 Fruit and-vegetables* 0.012 0.149 11.913 0.010 0.106 5.777 

1946 External 0.000 0.000 0.006 0.000 0.000 0.006 
1946 Inhalation 0.000 0.002 o. 614 0.000 0.001 0.421 

1946 Milk from BYCow Regime 3 0.000 0.002 0.186 0.000 0.000 0.010 
1946 Milk from BY'Cow Regime 4 0.000 0.000 0.017 0.000 a.coo 0.003 
1946 Commercial Milk (Rural) 0.003 0.063 1.571 0.000 0.005 0.344 

t-.~ : 
1946 Fruit and Vegetables* 0.002 0.016 0.549 0.002 0.017 1.064 

•"-;::."', 

.·,;: 1947 External 0.000 0.000 0.003 0.000 0.000 0.004 :.-: 
,-_ .. 1947 Inhalation 0.000 0.001 0.228 0.000 0.001 0.146 

r~:-:~ 1947 Milk from BYCow Regime 3 0.000 0.000 0,102 0.000 0.000 0.012 
1'' -''~!"; 1947 Milk from BYCow Regime 4 0.000 a.coo 0.011 0.000 0,000 0.001 ! ;-._ 

;-._.) 1947 Commercial Milk (Rural) 0.001 0.014 1.598 0.000 0.001 0.256 
L::;1 

1947 Fruit and Vegetables• 0.000 0.005 0.447 0.000 0.004 0.356 

1945-1947 External 0,000 0.001 0.042 0.000 0,001 0.041 
1945-1947 Inhalation 0.002 0.029 8.973 0.002 0.024 7.363 

1945-1947 Milk from BYCow Regime 3 0.002 0.024 o. 603 0.000 0.003 a.ass 
1945-1947 Milk from BYCow Regime 4 0.000 0.005 0.196 0,000 0.001 0.020 

:_-__ .; 1945-1947 Commercial Milk (Rural) 0.078 0.793 18.024 0.007 0.085 2.589 

1945-1947 Fruit and Vegetables* 
-:•~-

0,037 0.287 15.439 0.029 0.244 9. 713 

·_..55 
* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 

-/~'; .·-. 

0.41 
·,-:.: 



.. 

t: ... 

Kittitas County Census Division 03 

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

1945 External 0.000 0,000 0.007 0.000 0.000 0.014 
1945 Inhalation 0.001 0.007 0.585 0.000 0.006 0.732 

1945 Milk from BYCow Regime 3 0,000 0.010 0.388 0.000 0.001 0.040 
1945 Milk from BYCow Regime 4 0.000 0.002 0.064 0.000 0.000 0.015 r-1945 Commercial Milk (Rural) 0.013 0.297 25.249 0.001 0.024 4.425 

1945 Fruit and Vegetables* 0.011 0.134 0. 906 0.010 0.117 8.457 
\ 

1946 External 0.000 0.000 0.008 0.000 0.000 0.006 
1946 Inhalation 0.000 0.002 0.580 0.000 0.002 0.570 

1946 Milk from BYCow Regime 3 0.000 0,002 0.100 0.000 0.000 0.017 ,--
1946 Milk from BYCow Regime 4 0.000 0.000 0.016 0.000 0.000 0.002 
1946 Commercial Milk (Rural) 0.004 0.053 1.931 0.000 0.004 0.204 

··-
1946 Fruit and Vegetables* 0.002 0.019 1.051 0.001 0.016 1.057 

1947 External 0.000 0,000 0.003 0.000 0.000 0.003 
1947 Inhalation 0.000 0.001 0.672 0.000 0.001 0.178 

1947 Milk from BYCow Regime 3 0.000 0.000 0.034 0.000 0.000 0.008 
1947 Milk from BYCow Regime 4 0.000 0,000 0.004 0.000 0.000 0.001 
1947 Commercial Milk (Rural) 0.001 0.014 6.985 0.000 0.001 0.095 

1947 Fruit and Vegetables* 0.000 0.005 0.182 0.000 0.004 0.294 

1945-1947 External 0.000 0.001 0.025 0.000 0.001 0.030 
,. 

1945-1947 Inhalation 0.003 0.030 4.361 0.002 0.023 4.120 

1945-1947 Milk from BYCow Regime 3 0.002 0.032 0,511 0.000 0.003 0.079 
1945-1947 Milk from BYCow Regime 4 0.000 0.004 0.125 0.000 0.001 0.020 i ... 
1945-1947 Commercial Milk (Rural) 0.089 0.793 41.945 0.006 0.068 5.510 

1945-1947 Fruit and Vegetables* 0.034 0.257 11.868 0.029 0.257 13;112 

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

t.: •. 

~:~--
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Kittitas County Census Division 04 
________ _,, . .,., 

f?-'. : . ~· 
Dose_ Percentiles . Infant Adult Dose Percentiles 

·--~· Year Dose Pathway 5th ·soth 95th 5th 50th 95th 

p, 1945 External 0.000 0.001 0.011 0.000 0.001 0.012 
.•-; 1945 · Inhalation 0.001 0.012 0.482 0.001 0.009 0.331 

: ;:~ 
L"••·• 

1945 Milk from.BYCow Regime 3 0.001 0.023- 1.452 0.000 0.003 0.128 
1945 Milk from BYCow Regime 4 0.000 0.010 1.570 0.000 0.001 0.050 

u~ 1945 Coinmercial-Milk (Rura.ll 0.015 0.426 12.894 0.001 0.020 l.528 

1945 · Fruit and-Vegetables* 0.064 o. 714 1s·. 791 0.056 0.571 21 • .140 

J~ii 
'· ~-~ 1946 External 0.000 0.000 0.003 0.000. 0.000 0.003-~·- '-' 

~'.i~l 1946 Inhalation· 0.000 0;002 0.116 Q.000 0.003 0.130 

1946 Milk from BYCow Regime 3 0.000 0.007 0.753 0.000 0.000 0.020 
1946 · Milk from BYCow Regime 4 0.000 0.001 0.226 0.000 0.000 o.oos 
1946 Commercial Milk (Rural) 0.003 0.051 1.593 0.000 0.004 0.217 

. 1946 Fruit and-vegetables* 0.010 o.000 1.968 0.007 0.069 l. 638 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation- 0.000 0.001 0,047 0.000 0.001 0.034 

r~) 1947 Milk from BYCow Regime 3 0.000 .0.002 0.115 0.0.00 - 0.000 0.009 

i ':} 1947 .Milk from BYCow Regime 4 0.000 · 0.000 0.019 .0.000 0.000 0.003 
?_~i 1947 Commercial Milk (Rural) 0.001 0.021 1.287 0.000 0.001 0.101 

1947 Fruit and Vegetables* 0.002 0.019 0.504 0.002 0.017 0.433 · 

1945-1947 External 0.000 0.001 0.016 0.000 0.001 0.019 ,·" 

1945-1947 
I. 

Inhalation 0.004 0.031 0.731 0.003 0.025 0.567 

:~~-~ 1945-1947 Milk from BYCow Reg~me 3 0.007 0.086 2.321 0.001 0.007· 0.214 
1945-1947 Milk from BYCow Regime 4 0.002 0.030 1.058 O.OQO 0.003 0.048 

:_. ~ ,': 
1945-1947 Commercial Milk (Rural) 0.097 0.955 16.737 0.006 0.055 1.561 

:·.'J ~' 

. '·:·: 1945-1947 Fruit and Vegetables* 0.178 l.137 20.902 0.151 0.998 23.438 
·t::., 

'.;. 
* Dose from the fruit and vegetables.pathway 

·;';~-
assi.tmes that 100% of'diet comes from local sources 

' . 
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Kittitas County Census Division 05 

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

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 0.764 :- . 

...... ' 
1945 Milk from BYCow Regime 3 0.001 -0.036 2.118 0.000 0.003 0.554 
1945 Milk from BYCow Regime 4 0.000 0.006 0.159 0.000 0.001 0.038 r''""', 

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 

1!':•:~. 

1946 External 0.000 0.000 0,012 0.000 0.000 0.014 
1946 Inhalation 0.000 0.002 o. 629 0.000 0.002 0.199 

1946 Milk from BYCow Regime 3 0.000 0.005 0.568 0.000 0.000 0.!)30 
1946 Milk from BYCow Regime 4 0.000 0.001 0.035 0,000 0,000 0.005 
1946 Commercial Milk (Rural) 0,004 0,064 2.282 0.000 0,004 0.227 

1946 Fruit and Vegetables* 0,003 0.036 2.194 0.003 0.030 1.683 

1947 External 0.000 0.000 0.002 0.000 0.000 0.002 
1947 Inhalation 0.000 0,001 0.138 0,000 0.001 0.126 

1947 Milk from BYCow Regime 3 0.000 0,001 0.062 0.000 0.000 0.016 
1947 Milk from BYCow Regime 4 0.000 0.000 0.008 0.000 0.000 0.001 
1947 Commercial Milk (Rural) 0.001 0.012 4.517 0.000 0.001 0.437 

1947 Fruit and Vegetables* 0.001 0,008 0.232 0.001 0.007 0.364 

1945-1947 · External 0.000 0.001 0.044 0.000 0,001 0.063 
°G. I 

1945-1947 Inhalation 0.002 0.026 3.874 0.002 0.021 5.117 

1945-1947 Milk from BYCow Regime 3 0.005 0.083 3.446 0.001 0.014 1.267 
1945-1947 Milk from BYCow Regime 4. 0.001 0.012 0.228 0.000 0.002 0.050 t~: 
1945-1947 Commercial Milk (Rural) 0.082 0.837 26.473 0.006 0.064 2.021 

1945-1947 Fruit and Vegetables* 0.066 0.585 18.368 0.058 0.458 18 .811 

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

.. ··.'1 
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- Kittitas.County Census Division 06. 

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

r:r 1945 External 0.000. 0.000 0.025 0.000 0.000 0.017 
1945 Inhalation 0.000 0.007 1.077 0.000 0.005 0.550 

1945 Milk from BYCow Regime 1 0.029 0.967 175.513 0.002 0.086 11.553 · 
1945 Milk from BYCow Regime 2 0.022 0.826 80.051 0.002 0.048 3.306 

f?.1 1945 Milk from-BYCow Regime 3 0.001 0.011· 0.739 0.000 0.002 0.063 
t?::1 1945 Milk from:BYCow Regime 4 0.000 0.003 0.199 0.000 0.001 0.022 
~t~?. 1945 conunercial Milk (Rural) 0.035 .0. 641 28·.395 0.003 0.066 2.086 

;"f_~ 
1945 Fruit and Vegetables* 0.023 0.261 10.883 0.020 0.218 19.804 

i~t~ 
;; ...... 
~---; 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 0.195 
,-:..-_;, 

\.·,:; 1946 Milk from BYCow Regime 1 0.006 0.148 15.469 a.coo 0.011 0.399 
1946 Milk from BYCOw Reg.µne 2 0.00·4 0.122 6.591 0.000 0.009 0.207 
1946 .. · · Milk· from BYCow Regime 3 . 0.000 0.003 0.199 0~000 0.000 · 0.017 
1946 Milk from BYCow·Regime 4· 0.000 0.001 ·0.067 ., 0.000 0.000 0.004 

_.·~:::} 1946 · Commercial Milk (Rural) 0.006 0.097 3.056 0.000 0.006 0.365 

\:ii 1946 Fruit and Vegetables* 0.003 0.035 1.660 0.002 0.027 1. 712 

r!~ 
(I_:;; 1947 External 0.000 0.000 0.002 0.000 0.000 0.003 
r:, ~ 1947 I.nhalation 0.000 0.001 0.154 0.000 0.001 0.164 
;,__";,._) 

,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 l-ti 1947 · Milk from . BYCow Regime 3 0.060 0.001 0 .19.4 a.coo .0.000 · 0.012 
, •. ::i 1947 Milk from BYCow Regime 4 0.000 a.coo 0.025 0.000 0.000 0.002 

1947 Commercial Milk (Rural) 0.001 0.023 11. 743 0.000 0.003 0.283 
.. .::..,..., 

Fruit and Vegetables* 0.843 ! F:;'; · 1947 0.001 0.010 0.454 0.001 0.008 . ;.· . ; :~t 
La· 

~~: . 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 2.134 -~ 
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 1.221 0.001 0.004 0.072 
1945-1947 Milk from BYCow Regime. 4 0.0()1 .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 

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

~a·-~ 
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-------------- Kittitas County Census Division 07 -----------------

Year 

1945 
1945 

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 

Dose Pathway 

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* 

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) 

1945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

0.000 
0.000 

0.030 
0.026 
0.001 
0.000 
0.349 

0.023 

0.000 
0.000 

0.006 
0.006 
0.000 
0.000 
0.052 

0.003 

0.000 
0.000 

0.002 
0.002 
0.000 
0.000 
0.019 

0.001 

0.000 
0.002 

0.215 
0.170 
0.007 
0.002 
0.926 

0.065 

0.000 
0.006 

0.858 
0.880 
0.044 
0.011 
5.191 

0.269 

0.000 
0.002 

0.173 
0.136 
0.008 
0.001 
0.631 

0.038 

0.000 
0.001 

0.049 
0.039 
0.001 
0.000 
0.189 

0.008 

0.001 
0.032 

2.314 
2.388 
0.116 
0.018 
8.415 

0.543 

0.014 
1.264 

134.019 
77 .151 
8.097 
0.413 

160.808 

17.451 

0.007 
0.575 

15.906 
24. 714 

0.968 
0.028 

16.899 

1.546 

0.004 
0.114 

2.380 
4.991 
0.087 
0.015 
4.295 

0.294 

0.039 
4.427 

138.123 
138.637 

13.220 
0.291 

126.357 

25.591 

Adult Dose Percentiles 
5th 50th 95th 

0.000 
0.000 

0.003 
0.002 
0.000 
0.000 
0.029 

0.019 

0.000 
0.000 

0.001 
0.001 
0.000 
0.000· 
0.004 

0.003 

0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.001 

0.001 

0.000 
0.002 

0.016 
0.013 
0.001 
0.000 
0,088 

0.058 

0.000 
0.006 

0.076 
0.086 
0.007 
0.002 
0.367 

0.218 

0.000 
0.002 

0.012 
0.011 

.0.001 
0.000 
0.055 

0.034 

0.000 
0.000 

0.003 
0.004 
0.000 
0.000 
0.013-

0.008 

0.001 
0.028 

0.205 
0.197 
0.014 
0.004 
0.689 

0.482 

0.011 
1.404 

5.247 
7,041 
0.918 
a.ass 

· 19.071 

16.119 

0.010 
0.557 

1.172 
0.777 
0.044 
0.008 
1.188 

2.221 

0.005 
0.112 

0.200 
0.497 
0.0,07 
0.002 
0.293 

0.591 

0.049 
6.046 

8.640 
7.679 
0.803 
0.063 

25.902 

24.010 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from .local sources 
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--------------- Kittitas County Census Division 08 

Year 

1945 
1945 

1945 
1°945 
1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 
1947 
1947 

1947 

Dose Pathway 

External. 
Inhalation 

Milk from BYCow Regime 1 
Milk from.BYCow Regime 2 
Milk from.BYCow Regime 3 
Milk from .·BYCow Regime · 4 
Commercia1·M11k (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* 

1945-1947 External 
1945-1947 Inhalation 

1945-1947 
1945-1947 
1945-1947 
1945-1947 
1945-1947 

Milk from .BYCOW• Regime 1 
Milk from BYCow Regime 2 
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 
0.010 

o. 715 
0.710 
0.042 
0.003 
0.371 

0.727 

0.000 
0.003 

0.108 
0.123 
0.004 
0.000 
0.040 

0.097 

0.000 
0.001 

0.032 
0.039 
0.001 
0.000 
0.013 

0.018 

0.002 
0.041 

2.865 
2.612 
0.158 
0.013 
1.145 

1.674 

0.006 
0.116 

13.875 
10.295 
0,824 
0,099 
4.878 

5.668 

0.001 
0.031 

1.436 
2.383 
0.076 
0,013 
0.667 

0.784 

0.000 
0.007 

0.516 
0.477 
0.015 
0.003 
0.164 

0.167 

0.012 
0.284 

24.269 
23.014 
1.440 
0.223 
8·.863 

8.900 

0.131 
4~ 718 

369.249 
186,163 
17.241 

4.542 
129.458 

111.064 

0,026 
0.942 

29. 678 
52.240 
2.631 
0.702 

25.019 

12.358 

0.014 
0.237 

9.655 
14.193 

0-.285 
0.144 
5.753 

2.144 

0.182 
5.313 

464 .113 
257.489 
23.410 

5.800 
151. 610 

140.317 

Adult Dose Percentiles 
5th 50th 95th 

0.001 
0.008 

0.060 
0,066 
0,003 
0,000 
0.030 

0.531 

0.000 
0.002 

0.012 
0.008 
0.000 
0.000 
0.004 

0.076 

0.000 
0.001 

0.002 
0.003 
0.000 
0.000 
0.001 

0.015 

0.002 
0.035 

0.284 
0.213 
0.010 
0.002 
0.101 

1.309 

0.006 
0.097 

0.933 
1.030 
0.044 
0.012 
0.373 

4.243 

0.002 
0.024 

0.150 
0.137 
0.007 
0.002 
0.042 

0.545 

0.000 
0.006 

0.046 
0.036 
0 •. 001 
0.000 
0.015 

· 0.127 

0.012 
0.234 

1.891 
l.590 
0.082 
0.023 
0.765 

6.747 

0.112 
3.291 

26.025 
23.029 
1.627 
0.492 
8.037 

66.887 

0.046 
0.711 

2.656 
3.161 
0.119 
0.028 
0.876 

7.292 

0.014 
0.221 

1.644 
0.511 
0.036 
0.011 
0.352 

2.376 

0.181 
4.406 

26. 062 
22.198 

1.688 
0.430 
9.752 

71. 077 

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

) 
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Kittitas County Census Division 09 

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

1945 External 0.000 0.001 0.020 
1945 Inhalation 0.001 0.012 0.311 

1945 Milk from BYCow Regime 1 0.079 1.419 76.289 
1945 Milk from BYCow Regime 2 0.093 1. 774 43.229 
1945 Milk from BYCow Regime 3 0.004 0.084 4.697 
1945 Milk from BYCow Regime_4 0.001 0.021 1.359 
1945 .Commercial Milk (Rural) 0,270 4.388 245.295 

1945 Fruit and Vegetables* 0,066 0.687 13.294 

1946 External 0.000 0.000 0.002 
1946 Inhalation 0.000 0.003 0.127 

1946 Milk from BYCow Regime 1 0,013 0.225 14.580 
1946 Milk from BYCow Regime 2 0.014 0.197 18.335 
1946 Milk from BYCow Regime 3 0.001 0.012 1.065 
1946 Milk from BYCow Regime 4 0.000 0.003 0.135 
1946 Commercial Milk (Rural) 0.054 0.952 44.806 

1946 Fruit and Vegetables* 0.009 0.093 1.655 

1947 External 0.000 0.000 0.001 
1947 Inhalation 0.000 0.001 0.063 

1947 Milk from BYCow Regime 1 0.005 0.115 1.885 
1947 Milk from BYCow Regime 2 0.005 0.090 4.009 
1947 Milk from BYCow Regime 3 0.000 0.002 0.230 
1947 Milk from BYCow Regime 4 0.000 0.001 0.043 
1947 Commercial Milk (Rural) 0.017 0.156 3.566 

1947 Fruit and Vegetables* 0.002 0.019 0.686 

1945-1947 External 0.000 0.001 0.036 
1945-1947 Inhalation 0.004 0.033 0.636 

1945-1947 Milk from BYCow Regime 1 0.396 3.947 128.743 
1945-1947 Milk from BYCow Regime 2 0.353 3.586. 86.422 
1945-1947 Milk from BYCow Regime 3 0.016 0.194 ~.679 
1945-1947 Milk from BYCow Regime 4 0.004 0.055 1.989 
1945-1947 Commercial Milk (Rural) 1.243 9.744 337.011 

1945-1947 Fruit and Vegetables* 0.185 1.222 17.400 

* Dose from the fruit and vegetables pathway assumes that 100% of diet 

D .48 

Adult Dose Percentiles 
5th 50th 95th 

0.000 0.001 0.026 
0.001 0.011 0.409 

0.007 0.108 3.387 
0.006 0.126 8.640 
0.001 0.010 1.100 
0.000 0.004 0.105 
0.025 0.353 6,508 

0.062 0.593 17.092 

0.000 0.000 0.004 
0.000 0.0.02 0.067 

0.001 0.014 0.562 
0.001 0.021 1.027 
0.000 0.001 0.037 
0.000 0.001 0.012 
0.004 0.048 1.677 

0.008 0.079 3.030 

0.000 0.000 0.002 
0.000 0.001 0.053 

0.000 0.009 0.382 
0.000 0.006 Q.283 
0.000 0.000 0.020 
0.000 0.000 0.004 
0.001 0.016 0.324 

0.002 0.019 0.496 

0.000 0.001 0.035 
0.004 0.029 0.683 

0.033 0.300 6.134 
0.036 0.316 11.038 
0.002 0.024 1.189 
0.001 0.008 0.120 
0.080 0.750 8.214 

0.158 0.994 26.392 

comes from local sources 
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--------------- Kittitas County Census Division·10 

Year 

1945 
1945 

1945 
1945 
1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 
1947 
1947 

1947 

Dose Pathway 

External· 
Inhalation 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
Milk from:BYCow Regime 3 
Milk from 0 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 l 
Milk from BYCow·Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Rural) 

Fruit and Vegetables• 

1945-1947 External 
1945-1947 Inhalation 

1945-1947 
1945-1947 
1945-1947 
1945-1947 
1945-1947 

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

1945-1947 Fruit and Vegetabl~s• 

Infant Dose Percentiles 
5th 50th 95th 

0.000 
0.001 

0.081 
0.100 
0.005 
0.001 
0.303 

0.070 

0.000 
0.000 

0.016 
0 •. 013 
0.001 
0.000 
0.045 

0.008 

0.000 
0.000 

0.004 
0.004 
0.000 
0.000 
0.014 

0.002 

0.000 
0.004 

0,424 
0.333 
0.020 
0.004 
1.256 

0.187 

0.001 
0.013 

1.690 
1.871 
0.097 
0~015 
4.556 

0.669 

0.000 
0.003 

0.288 
0.233 
0.011 
0.003 
0.527 

0.078 

0.000 
0.001 

0.072 
0,061 
0.003 
0.001 

. 0.197 

0.019 

0.001 
0.033 

3.955 
4.038 
0.187 
0.031 
8.954 

1.161 

0.610 
0.484 

44.607 
114.118 

4.957 
0.632 

127.786 

16.623 

0.003 
0.162 

16.249 
6.532 
0.356 
0.112 

12.599 

1.567 

0,001 
0.032 

5.131 
2.195 
0.137 
0.018 
4.125 

0.445 

0.014 
0.847 

57 .371 
119.592 

7.938 
0.758 

124.663 

21.080 

Adult.Dose Percentiles 
5th 50th . 95th 

0. 0.00 
0.001 

0.007 
0.006 
0.001 
0.000 
0.027 

0.057 

0.000 
0.000 

0.001 
0.001 
0.000 
a.coo 
0.004 

0.008 

0.000 
0.000 

0.000 
0.000 
a.coo 
0.000 
0.001 

0.002 

0.000 
0.003 

0.027 
0.032 
0.002 
0.001 
0.075 

0.153 

0.001 
0.010 

0.109 
0.097 
0.010 
0.002 
0.453 

0.513 

0.000 
0.002 

0.020 
0,023 
0.001 
0.000 
0.046 

0.074 

0.000 
0.001 

0.006 
0.007 
0.000 
0.000 
0.012 cl 

0.019 

0.001 
0.026 

0.229 
0.234 
0.020 
0.005 
0.597 

0.939 

0.013 
0.540 

5.477 
3.524 
0.232 
0.059 

11. 418 

12,585 

0,004 
0.080 

1.524 
0.662 
0.043 
0,014 
1.141 

1.840 

0.001 
0.034 

0.160 
0.331 
0.011 
0.003 
0 .• 304 

0.563 

0.023 
0.801 

6.130 
3.926 
0.389 
0.092 

10.373 

17,404 

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

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

Year 

1945 
1945 

1945 
1945 
1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 
1947 
1947 

1947 

Dose Pathway 

External 
Inhalation 

Milk from BYCow Regime 1 • 
Milk from BYCow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 
Commercial Milk (Urban) 

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 (Urban) 

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 (Urban) 

Fruit and Vegetables* 

1945-1947 External 
1945-1947 Inhalation 

1945-1947 
1945-1947 
1945-1947 
1945-1947 
1945-1947 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
Milk from BYCow Regime 3 
Milk from BYCow Regime 4 -
Commercial Milk (Urban) 

1945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

0.000 
0.001 

0.119 
0.042 
0.002 
0.000 
0.865 

0.074 

0.000 
0.000 

0.016 
0.011 
0.000 
0.000 
0.139 

0.010 

0.000 
0.000 

a.cos 
0.003 
0.000 
0.000 
0.046 

0.002 

0.000 
0.004 

a.soc 
0.409 
0.014 
0.002 
2.396 

0.196 

0.001 
0.012 

2.259 
1.885 
0.062 
0.012 
6.892 

0.661 

0.000 
0.003 

0.255 
0.221 
0.010 
0.002 
1.185 

0.098 

0.000 
0.001 

0.086 
0.094 
0.002 
0.001 
0.333 

0.023 

0.001 
0.033 

4.268 
4.885 
0.153 
0:039 

10.977 

1.170 

0.010 
0.506 

134.451 
154.504 

2.496 
1.184 

156.185 

17 .232 

0.003 
0.120 

7.786 
15.918 

0.614 
0.247 

20.251 

1.763 

0.001 
0.041 

2.135 
4.573 
0.133 
0.036 
3.957 

0.535 

0.018 
0.752 

83.113 
112.074 

7.909 
1.984 

112.349 

19.249 

Adult Dose Percentiles 
5th 50th 95th 

0.000 
0.001 

0.007 
0.005 
0.000 
0.000 
0.046 

0.061 

0.000 
0.000 

0.001 
0.001 
0.000 · 
0.000 
0.007 

ci.010 

0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.002 

0.002 

0.000 
0.004 

0.033 
0.025 
0.001 
0.000 
0.135 

0.166 

0.001 
0.011 

0.142 
0.093 
0.004 
0.001 
0.490 

0.537 

0.000 
0.003 

0.024 
0.027 
0.001 
0.000 
0.083 

0.089 

0.000 
0.001 

0.008 
0.006 
0.000 
0.000 
0.025 

0.017 

0 .. 001 
0.031 

0.291 
0.260 
0.012 
0.002 
0.779 

1.019 

0.010 
0.304 

3.261 
.4.394 
0.525 
0.090 
9.223 

18.228 

0.004 
b.095 

1.307 
1.474 
0.032 
0.011 
1.028 

2.564 

0.001 
0.038 

0.353 
0.730 
0.014 
0.003 
0.332 

0.557 

0.021 
1.014 

6.717 
5.962 
0.493 
0.090 

10.220 

23.518 

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

·o .5• 
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---------~----- Klickitat County Census Division 01 

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

1945 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

1947 

1945-1947 
1945-1947 

1945-1947 
1945-1947 
1945-1947 

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) 

1945-1947 Fruit and Vegetables* 

0.000 
0.001 

0.003 
0.000 
9.001 

0.126 

0.000 
0.000 

0.000 
0.000 
0.000 

·0.018 

0.000 
0.000 

0.000 
0.000 
0.000 

0.003 

0.000 
0.005 

0.011 
0.003 
0.003 

0.304 

0.001 
0.015 

0.057 
0.014 
0.011 

1.092 

0.000 
0.004 

0.008 
0.003 
0.002 

0.136 

0.000 
0.001 

0.001 
0.001 
0.001 

0.027 

0.002 
0.032 

0.126 
0.045 

· 0.022 

1.650 

0.018 
0.431 

1.484 
1.529 
0.280 

15.583 

0.004 
0.112 

0.321 
0.187 
0.029 

1.800 

0.001 
0.030 

0.063 
0.037 
0,042 

0.440 

0.024 
0.578 

1.950 
1. 759 
0.591 

16.131 

Adult Dose Percentiles· 
5th 50th 95th 

0.000 
0.001 

0.000 
0.000 
0,000 

0.077 

0.000 
0.000 

0.000 
0.000 
0.000 

0.012 

0.000 
0.000 

0.000 
0.000 
0.000 

0.003 

0.000 
0.004 

0.001 
o·.ooo 
0.000 

0.192 

0.001 
0.011 

0.005 
0.002 
0.001 

0.554 

0.000 
0.003 

0.000 
0.000 
0.000 

0.086 

0.000 
0.001 

0.000 
0.000 
0.000 

0.019 

0.002 
0.027 

0.008 
0.004 
0.002 

0.973 

0.018 
0.323 

0.193 
0.074 
o".022 

9.002 

0.004 
0.099 

0.015 
0.008 
0.003 

1.465 

0.001 
0.023 

0.003 
0.004 
0.002 

0.297 

0.023 
0.577 

0.237 
0.061 
0.025 

10.873 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Klickitat County Census Division 02 '"' 

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

1945 External 0.000 0.001 0.015 0.000 0.001 0.017 1945 Inhalation 0.002 0.017 0.511 0.001 0.012 0.391 

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 0.000 0.002 0.076 
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 o. 714 9.753 

1946 External 0.000 0.000 0.007 0.000 0.000 0.008 
1946 Inhalation 0.000 0.004 0.146 0.000 0.004 0.130 

1946 Milk from BYCow Regime 3 0.001 0.007 0.195 ·0.000 0.001 0.015 
1946 Milk from BYCow Regime 4 0.000 0.003 0.106 0.000 0.000 0,005 
1946 Commercial Milk (Rural) 0.000 0.002 0.035 0.000 0.000 0.004 

1946 Fruit and Vegetables* 0.021 0.183 2.900 0.016 0.123 1.503 

1947 External 0.000 0.000 0.001 0.000 0.000 0.002 1947 Inhalation 0.000 0.001 0.042 0.000 0.001 0.036 
r:·-1947 Milk from 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 0.000 0.003 ~ ·. .' '·. 1947 Commercial Milk (Rural) 0.000 0.000 0.016 · 0.000 0.000 0.001 !.::·~. 

1947 Fruit and Vegetables* 0.004 0.035 0.441 0.003 0.022 0.346 ,.. .... 

1945-1947 External 0.000 0.002 0.029 0.000 0.002 0.031 
194~-1947 Inhalation 0.006 0.041 0.977 o.·005 0.031 0.749 

i·:,: 1945-1947 Milk from BYCow Regime 3 0.016 0.146 2.028 . · 0.001 0.011 0.143 t~: 1945-1947 Milk from BYCow Regime 4 0.004 0.041 o. 718 . 0.000 0.004 0.185 1945-1947 Commercial Milk (Rural) 0.003 0.027 0.356 0.000 0.002 0.030 
,..~_, 

1945-1947 Fruit and Vegetables* 0.345 1.736 13.705 0.244 1.152 11.887 :,: I 

~- .\ 
~: - ; 
C·j 

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

t-t 
r:: =. 

(~-:_";: 
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Klickitat County Census Division 03 

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

~- 1945 External 0.000 0.000 0.003 0.000 0.000 0.002 ~-:;., 
1945 Inhalation 0.000 0.003 0.083 0.000 0.002 0.070 

-.;...' 

1945 Milk from BYCow Regime 3 0 •. 001 0.011 0.378 0.000 0,001 0.024 
1945 Milk from BYCow Regime 4 0.000 0.003 0.172 0.000 0.000 0.016 n 1945 Commercial Milk (Rural) 0.000 0.001 0.051 0.000 0.000 0.004 ,. ~ ... 

t1. 1945 Fruit and Vegetables* 0.028 0.223 5.977 0.018 0.131 2.562 

.. ~ 
1.·.'l 1946 External 0.000 0.000 0.001: 0.000 0.000 0.001 f-- ··-i 
j-J 1946 Inhalation 0.000 0.001 0.023 0.000 0.000 0.016 

1946 Milk from BYCow Regime 3 0.000 0.002 0.037 0.000 0.000 0.004 
1946 Milk from BYCow Regime 4 0.000 0.000 0,009 0.000 0.000 0.001 
1946 Commercial Milk (Rural) 0.000 0,000 0.007 0.000 0.000 0.001 

_._, 

1946 Fruit and Vegetables* 0.004 0.037 0.832 0.003 0.022 0,474 
"7"; 

;::-3 
1947 External 0.000 0.000 0.000 0.000 0.000 0,000 :··~ 
1947 Inhalation 0.000 0.000 0.005 0.000 0.000 0.00:4 

·~ 1947 Milk from BYCow Regime 3 0.000 0.000 0.010 0.000 0.000 0.001 
., .. ::' 1947 Milk from BYCow Regime 4 0.000 0.000 0.007 0.000 0.000 0,000 · ·--i1 
. ·- 1947 Commercial Milk (Rural) 0.000 0.000 0.002 0.000 0.000 0.000 

1947 Fruit and Vegetables* 0.001 0.006 0.105 0.000 0.004 0.065 
_:_".:"; 

' ·:-~ 
1945-1947 External 0.000 0.000 0.005 0.000 0.000 0.004 
1945-1947 Inhalation 0.001 0,006 0.128 0.001 0.005 0.090 

. ~ .. \ 
1945-1947 Milk from BYCow Regime 3 0.003 0.025 0.355 0.000 0.002 0.024 

") 
1945-1947 Milk from BYCow Regime 4 . 0.001 0,005 0.151 0.000 0.000· 0.019 
1945-1947 Commercial Milk (Rural) a.coo 0.003 0.056 0.000 0.000 0.004 

1945-1947 Fruit and Vegetables* 0.069 0.383 6,486 0.041 0.215 3.239 

~~·'.: 

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

.; 

__ ..,,,.:; 
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Klickitat County Census Division 04 ,,.::-· 
:· 

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

1945 Extemal 0.000 0.000 0.002 a.coo a.coo 0.002 
1945 Inhalation a.coo 0.003 0.044 0.000 0.002 0.043 

L· 

1945 Milk from BYCow Regime 3 0.001 0.016 0.216 0.000 0.001 0.020 
1945 Milk from BYCow Regime 4 a.coo 0.003 0.118 0.000 0.000 0.020 ,. ...... 
1945 Commercial Milk (Rural) a.coo 0.002 0.044 0.000 0.000 0.005 i:_. 

i·· 
1945 Fruit and Vegetables* 0.029 0.187 1.921 0.019 0.119 1.179 

1946 Extemal 0.000 0.000 0.000 0.000 a.coo 0.000 f.":c· ~ 

1946 Inhalation a.coo 0.000 0.011 0.000 0.000 0.005 ~;. .. 

1946 Milk from BYCow Regime 3 0.000 0.002 0.039 0.000 0.000 0.004 f:,'"" 
1946 Milk from BYCow Regime 4 0.000 0.001 0.015 0.000 0.000 0.001 

:,/ 
1946 Commercial Milk (Rural) 0.000 o.oob 0.006 0.000 0.000 0.000 --· 
1946 Fruit and Vegetables* 0.004 0.025 0.249 0.003 0.016 0.169 

1947 Extemal 0.000 0.000 0.000 0.000 0.000 0.000 , .... -. 
1947 Inhalation 0.000 0.000 0.002 0.000 0.000 0.002 

. 1947 Milk from BYCow Regime 3 0.000 0.000 0.010 0.000 0.000 0.000 

t: 1947 Milk from BYCow Regime 4 0.000 0.000 0.002 0.000 0.000 0.000 
1947 Commercial Milk (Rural) 0.000 0.000 0.003 0.000 0.000 0.000 

1947 Fruit and Vegetables* 0.001 0.005 0.056 0.000 0.003 0.031 
:,.:_ 

1945-1947 External 0.000 0.000 0.003 0.000 0.000 0.003 
~:;:,__ 

1945-1~47 Inhalation 0.001 0.005 0.066 0.001 0.004 0.063 
_ ..... 

1945-1947 Milk from BYCow Regime 3 0.003 0.023 0.231 0.000 0.002 0.016 
i-;-_ 

1945-1947 Milk from BYCow Regime 4 0.000 0.007 0.135 0.000 0.000 .0.013 K~ 
1945-1947 Commercial Milk (Rural) 0.000 0.004 0.065 0.000 0.000 0.006 

1945-1947 Fruit and Vegetables* 0.062 0.267 1.945 0.038 0.171 1.363 y.:: .... 
;.··: 
;._- .. 

0:-;-~ 

* _Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Year 

1945 
1945 

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 from 

Klickitat County Census Division 05 

Infant Dose Percentiles 
Dose Pathway 5th 50th 95th 

External 0.000 0.000 0.005 
Inhalation 0.000 0.003 0.142 

Milk from BYCow Regime 1 0.036 0.569 18.231 
Milk from BYCow Regime 2 0.024 0.324 6.381 
Milk from BYCow Regime 3 0.001 0.015 0.420 
Milk from:. BYCow Regime 4 0.000 0.004 0.177 
Commercial Milk (Rural) 0.008 0.160 2.694 

Fruit and Vegetables* 0.027 0.235 6.009 

External 0.000 0.000 0.001 
Inhalation 0.000 0.001 0,012 

Milk from BYCow Regime 1 0.005 0.077 1.561 
Milk from BYCow Regime 2 0.004 0.065 2.870 
Milk from BYCow Regime 3 0.000 0.002 0.092 
Milk from BYCow Regime 4 0.000 0.000 0.032 
Commercia.l Milk (Rura.l) 0.002 0.019 0.394 

Fruit and Vegetables* 0.004 0.034 0.823 

·External 0~000 0.000 0.000 
Inhalation 0.000 0.000 0.003 

Milk from BYCow Regime 1 0.001 0.020 0.682 
Milk from BYCow Regime 2 0.001 0.019 0.378 
Milk from BYCow Regime, 3 0.000 0,000 0.015 
Milk from BYCow Regime 4 0.000 0.000 0.007 
Commercial Milk (Rural) 0,000 0.005 0.121 

Fruit and Vegetables* 0.001 0.006 0.089 

External 0.000 0.000 0.001 
Inhalation 0.001 0.006 0.184 

Milk from BYCow Regime 1 0.101 0,971 15.089 
Milk from BYCow Regime 2 0.095 0.659 7.799 
Milk from BYCow Regime 3 0.003 0,031 0.476 
Milk from BYCow Regime 4 0.001 0.000 0.286 
Commercial Milk (Rural) 0.034 0.282 3.296 

Fruit and Vegetables* 0.068. 0.395 8.541 

the fruit and vegetables pathway assumes that 100% of diet 

D.55 

Adult Dose Percentiles 
5th 50th 95th 

0.000 0.000 0.004 
. 0.000 0.002 0.069 

0.003 0.032 0.660· 
0.002 0.030 0.553 
0.000 0.001 0.053 
0.000 0.000 0.022 
0.001 0.010 0.168 

0.019 0.149 2.485 

0.000 0.000 0.001 
0.000 0.000 0.010 

0.000 0.005 0.173 
0.000 0.004 0.111 
c.ooo 0.000 0.008 
0.000 0.000 0.003 
,J. 000 0.002 0.053 

0,003 0.018 0.340 

0.000 0.000 0.000 
0.000 0.000 0.004 

0.000 0.001 0.035 
0.000 0.002 0.031 
0.000 0.000 0.001 
0.000 0.000 0,001 
0,.000 0.000 0.014 

0.000 0.004 0.067 

0.000 0.000 0.005 
0.001 0.004 0.084 

0.008 0.065 1.092 
0.007 0.056 0.707 
0,000 0.003 0.053 
0.000 0.001 0.024 
0.002 0.017 0.214 

0.044 0.233 2.710 

comes from local sources 



Klickitat County Census Division 06 

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

1945 External 0.000 0.000 0.005 0.000 0.000 0.004 
1945 Inhalation 0.000 0.003 0.097 0.000 0.002 0.074 

1945 Milk from BYCow Regime 1 0.026 0.395 7.273 0.002 0.033 0.868 
1945 Milk from BYCow Regime 2 0.023 0.454 19.261 0.002 0.027 0.790 
1945 Milk from BYCow Regime 3 0.001 0.016 0.445 0.000 0.001 0 .062 
1945 Milk from BYCow Regime 4 0.000 0.003 0.264 0.000 0.000 0.018 
1945 Commercial Milk (Rural) 0.011 0.180 5.086 0.001 0.011 0.680 

1945 Fruit and Vegetables* 0.027 0.237 4.435 0.019 0.153 2. 697 

1946 External 0.000 a.coo 0.001 0.000 0.000 0.001 
1946 Inhalation 0.000 0.001 0.021 0.000 0.000 0.010 

1946 Milk from BYCow Regime 1 0.005 0.077 1.324 0.000 0.004 0.130 L:· 
1946 Milk from BYCow Regime 2 0.004 0.052 1.235 0.000 0.003 0.060 L.~ 
1946 Milk from BYCow Regime 3 0.000 0.002 0.043 0.000 a.coo 0.006 
1946 Milk from BYCow Regime 4 0.000 0.001 0.035 a.coo a.coo 0.002 
1946 . Commercial Milk (Rural) 0.001 0.015 0.244 0.000 0.002 0.034 r•:'\ 

.-, 

.. '. 

1946 Fruit.and Vegetables* .0.004 0.033 0.652 0.003 0.022 0.362 ..,; __ . 

~ 

1947 External 0.000 a.coo 0.000 a.coo 0,000 0.000 ,~ ': 

1947 Inhalation 0.000 a.coo 0.003 0.000 a.coo 0.002 

1947 Milk from BYCow Regime 1 0.001 0.014 0.306 a.coo 0.001 0.019 
1947 Milk 'from BYCow -Regime 2 0.001 0.018 0.326 0.000 0.001 0.027 .,...,.., 

1947 Milk from BYCow Regime 3 0.000 a.coo 0.011 a.coo a.coo 0.001 t, .. 

1947 Milk from BYCow Regime 4 0.000 a.coo 0.014 0.000 0.000 0.001 
1947 Commercial Milk (Rural) 0.000 a.cos 0.149 0.000 0.000 0.012 

1947 Fruit and Vegetables* 0.001 0.005 0.070 0.000 0.004 0.071 
" '_, 
; ' 
·i.:.·r.· 

1945-1947 External a.coo 0.000 0.008 0.000 0.000 0.005 
1945-1947 Inhalation 0.001 0.006 0.152 0.001 0.004 0.090 ;7-J,,_,' 

{•:: 

1945-1947 Milk from BYCow Regime 1 0.095 0.666 7.805 0.007 0.054 1.159 
;-

L-:, 
1945-1947 Milk from BYCow Regime 2 0.087 0.727 20.511 0.007 0.049 0.707 
1945-1947 Milk from BYCow Regime 3 0.003 0.027 0.637 0.000 0.003 0.062 
1945-1947 Milk from BYCow Regime 4 0.001 0.009 0.225 0.000 0.001 0.021 fv. 

1945-1947 Commercial Milk (Rural) 0.026 0.247 4.564 0:003 0.022 0.729 
r-:.• 

[;~} 
1945-1947 Fruit and Yegetables* 0.064 0.375 5.673 0.043 0.249 2.735 

,•;·. 
c-';, 
~~ ._. 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources i>; ,_...:J 
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Klickitat_County Census Division 07 
r.~; 
~ ._..;. 

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

J~? 
1945 External 0,000 0,000 0.004 0.000 0.000 0.006 
1945 Inhalation 0.000 0.002 0.083 0.000 0.002 0.073 

1945 Milk from BYCow Regime 3 0.001 0.011 0.243 0.000 0.001 0.039 
1945 Milk from BYCow Regime 4 0.000 0.003 0.093 0.000 0.000 0.023 

m 1945 Commercial Milk (Rural) 0.000 0.002 0.045 0.000 0,000 0.004 

tJ 1945 Fruit and Vegetables* 0.026 0.233 4.765 0.018 0.142 2.915 

{::'~:~ 1946 External 0.000 0.000 0.001 0.000 0.000 0.001 
·- ~ 1946 Inhalation 0.000 0.001 0.020 0.000 0.000 0.012 ;":) 

1946 Milk from BYCow Regime 3 0.000 0.002 0.072 0.000 0.000 0.002 
1946 Milk from BYCow Regime 4 0.000 0.000 0.032 0.000 0.000 0.002 
1946 Commercial Milk (Rural) 0.000 0.000 0.008 0.000 0.000 0.001 

1946 Fruit and Vegetables* 0.004 0.032 0.640 0.003 0.018 0.334 

::\ 1947 External 0.000 0.000 0.000 0.000 0.000 0.000 : _;,•. 
___ ;j 1947 Inhalation 0.000 0.000 0.004 0.000 0.000 0.003 

f~ 
1947 Milk from BYCow Regime 3 0.000 a.coo a.cos 0,000 0.000 0.001 

:<·1 
1947 Milk from BYCow Regime 4 0.000 0.000 0.006 0,000 0.000 0.001 

\.: .. } 1947 Commercial Milk (Rural) 0.000 0.000 0,005 0,000 0,000 0,000 

1947 Fruit and Vegetables* 0,001 0.005 0.126 0.001 0.004 0.056 
t-:;<~ 
f -:·~\ 1945-1947 External 0.000 0.000 0.005 0.000 0.000 0,009 ,._ .:.: 

1945-1947 Inhalation 0.001 0,006 0.115 0.001 0,004 0,083 

,!"'.) 1945-1947 Milk from BYCow Regime 3 0.003 0.020 0.294 0.000 0,002 0.043 
1945-1947 Milk from BYCow Regime 4 0,000 0 .• 008 0.156 0.000 0.001 0,020 

·--· 1945-1947 Commercial Milk (Rural) 0.000 0.063 0.048 0.000 0.000 0.004 

1945-1947 Fruit and Vegetables* 0.069 0.410 6.169 0,042 0.217 3.101 

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

-... ;.-.-· 
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--------------- Klickitat County Census Division 08 

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

1945 External 
1945 Inhalation 

1945 Milk from BYCow Regime 3 
1945 Milk from BYCow Regime 4 
1945 Commercial Milk (Rural) 

1945 

1946 
1946 

1946 
1946 
1946 

Fruit and Vegetables* 

External 
Inhalation 

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

1946 Fruit and Vegetables* 

1947 External 
1947 Inhalation 

1947 Milk from BYCow Regime 3 
1947 Milk from BYCow Regime 4 
1947 Commercial Milk (Rural) 

1947 Fruit and Vegetables* 

1945-1947 
1945-1947 

1945-1947 
1945-1947 
1945-1947 

1945-1947 

External· 
Inhalation 

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

Fruit and Vegetables* 

0.000 0.000 a.cos 
0.000 0.003 · 0.095 

0.001 0.013 0.485 
0.000 0.002 0.133 
0.000 0.002 0.045 

0.026 0.227 3.576 

0.000 0.000 0.001 
0.000 0.000 0.012 

0.000 0.002 0.063 
0.000 0.000 0.026 
0.000 0.000 0.006 

0.003 0.030. 0.597 

0.000 0.000 0.000 
0.000 0.000 0.003 

0.000 0.000 0.004 
0.000 0.000 0.007 
0.000 0.000 0.003 

0.001 0.006 0.077 

0.000 0.000 o.oos 
0.001 0.005 0.126 

0.003· 0.021 0.564 
0.000 0.006 0.164 
0.000 0.004 0.059 

0.060 0.353 4.329 

Adult Dose Percentiles 
5th 50th 95th 

0.000 0.000 0.006 
a.coo 0.002 0.078 

0.000 0.001 0.022 
0.000 0.000 0.008 
0.000 0.000 0.004 

0.018 0.132 2.250 

0.000 0.000 0.001 
0.000 0.000 0.010 

0.000 0.000 0.003 
0.000 0.000 0.001 
0.000 0.000 0.001 

0.003 0.019 0.287 

0.000 0.000 0.000 
0.000 0.000 0.002 

0.000 0.000 0.001 
0.000 0.000 0.000 
0.000 0.000 0.000 

0.001 0.004 0.054 

0.000 0.000 0.006 
0.001 0.004 0.104 

0.000 0.002 0.026 
0.000 0.000 0.012 
0.000 0.000 0.005 

0.040 0.213 2.408 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Klickitat County Census Division 09 
G! 

Infant Dose Percentiles Adult Dose Percentiles 
: .\ 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.000 0.003 0.000 0.000 0.003 ,.,... 
1945 Inhalation 0.000 0.003 0.102 0.000 0.002 0.096 .. , • .1,: 

::.:; 1945 Milk from BYCow Regime 3 0.001 0.011 0.170 0.000 0.001 0.024 
1945 Milk from BYCow Regime 4 0.000 0.003 0.196 0.000 0.000 0.012 

Ii~ 
1945 Commercial Milk (Rural) 0.000 0.002 0,041 0,000 0.000 0.005 

1945 Fruit and Vegetables* 0.025 0,220 3.659 0.016 0.124 2,307 

,---~~ 1946 External 0,000 0,000 0,001 0.000 0,000 0.001 ;···-
1 ~ ) 1946 Inhalation 0.000 0.001 0.016 0.000 0.000 0.013 
·,! 

;::,;_·,t 

1946 Milk from BYCow Regime 3 0.000 0.001 0.038 0.000 0.000 0.003 
1946 Milk from BYCow Regime -4 0.000 0.000 0.018 0.000 0.000 0.003 
1946 Commercial Milk (Rural) 0.000 0.000 0.009 0.000 0.000 0.000 

1946 Fruit and Vegetables* 0.004 0.035 1.451 0.002 0.021 o. 713 

~ -~~-
~ -~:1 1947 External 0.000 0.000 0.000 0.000 0,000 0.000 
._-_:. 1947 Inhalation 0.000 0.000 0.006 0.000 ,0.000 0.002 

1947 Milk from BYCow Regime 3 0.000 0.001 0.009 0.000 0.000 0.001 ,.-~--
1947 Milk from BYCow ~egime 4 0.000 0.000 0.013 0.000 0.000 0.001 ,_:••; 

; 1947 Commercial Milk (Rural) 0.000 0.000 0.002 0.000 0.000 0.000 
~=a' 

1947 Fruit and Vegetables* 0.001 0.006 0.092 0,000 0.004 0.067 

1945-1947 External 0,000 0.000 0.004 0,000 0.000 0.003 
1945-1947 Inhalation ·0.001 0.005 0,131 0.001 0,004 0.102 

'.;::'•· 1945-1947 Milk from BYCow Regime 3 0.003 0.019 0.184 0.000 0.002 0 •. 026 
1945-1947 Milk from BYCow Regime 4 0.000 0.007 0.204 0.000 0.000 0.016 "'. 

1945-1947 Commercial Milk (Rural) 0.000 0 •. 003 0.047 0.000 0.000 0.005 

1945-1947 Fruit and Vegetables* 0.065 0.401 6.255 0.040 0.212 3.525 

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

I 
.1. 

,,·,.} 
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Klickitat County Census Division 10 

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

1945 External 0.000 0.000 0.003 0.000 0.000 0.003 
1945 Inhalation 0.000 0.002 0.089 0.000 0.002 0.081 

1945 Milk from BYCow Regime 3 0.001 0.012 0.171 0.000 0.001 0.020 
(:'· 

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 0.003 

1945 Fruit and Vegetables* 0.025 0.222 5.056 0.017 0.127 1.860 

1946 External 0.000 0.000 0.001 0.000 a.coo 0.001 ~--. 

1946 Inhalation 0.000 0.001 0.017 0.000 0.000 0.012 \' 
' 

1946 Milk from BYCow Regime 3 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 0.002 
1946 Commercial Milk (Rural) 0.000 0.000 0.008 0.000 0.000 0.001 

1946 Fruit and Vegetables* 0.004 0.037 0.670 0.003 0.020 0.421 

1947 External 0.000 0.000 0.000 0.000 0.000 0.000 
1947 Inhalation 0.000 0.000 0.004 0.000 0.000 0.003 

1947 Milk from BYCow Regime 3 0.000 0.000 0.007 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 0.003 a.coo 0.000 0.000 f. 

:.· 

1947 Fruit and Vegetables* 0.001 0.006 0.101 0.000 0.004 0.069 

1945-1947 External 0.000 0.000 0.005 0.000 a.coo 0.004 
,. 
·•-

1945-1947 Inhalation 0.001 0.005 0.126 0.001 0.004 0.108 

1945-1947 Milk from BYCow Regime 3 0.003 0.020 0.240 0.000 0.002 0.021 
1945-1947 Milk from BYCow Regime 4 0.000 0.006 0.130 0.000 0.001 0.013 
1945-1947 Commercial Milk (Rural) 0.000 0.004 0.129 0.0.00 0.000 0.005 i:,.'. 

1945-1947 Fruit and Vegetables* 0.060 0.383 5.312 0.040 0.215 2.132 r~:-: 
(· .: 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
,:c-·:·: 

\: .. 
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Morrow County Census Division 01 
r:s,,· 
'.-! Infant Dose Percentiles Adult Dose Percentiles ~- .. : 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.000 0.002 0.019 0.000 0.002 0.017 
~ 1945 Inhalation 0.009 0.044 0.680 o._ooa 0.040 0.469 

~~:) 1945 Milk from BYCow Regime 1 1.104 10.292 129.015 0.082 0.687 9.386 
1945 Milk from BYCow Regime 2 0.926 9.335 91.555 a.ass 0.845 12.468 

ff! 
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 
1? 
~:)~ 
t(4i 1946 External 0.000 0.000 0.005 0.000 0.001 0.007 

1946 Inhalation 0.002 0.011 0.166 0.002 0.009 0.148 
~ .. :-.. 

1946 Milk from BYCow Regime 1 0.158 1.337 10.902 0,014 0.117 0.948 
1946 Milk from BYCow Regime 2 0.155 1.449 14.093 0.014 0.106 1.353 

.";-_; 1946 Milk from BYCow Regime 3 0.005 a.ass 0.663 0.001 0.005 0.045 
1946 Milk from BYCow Regime 4 0.000 0.006 0.160 0.000 0.001 0.013 

f) 1946 Commercial Milk (Rural) 0.141 0.933 6.992 0.013 0.083 0.665 
~ ·:~! 

1946 Fruit and Vegetables* 0.075 0.455 4.649 0.063 0.308 4.667 LJ 

,.., 1947 External· 0.000 0.000 0.002 0.000 o·.ooo 0 .. 002 t- ~ 

l:~; 1947 Inhalation 0.001 . Q;003 0.098 o.oo·o 0.002 0.042 

1947 Milk from BYCow Regime 1 0.055 0.359 2.920 0.004 0.034 0.574 
r-~i 1947 Milk from BYCow Regime 2 0.046 0.397 2.612 0.004 0.035 0~385 
L;: 1947 Milk from BYCow Regime. 3 0.001 0.016 0.236 0.000 0.001 0.013 
Lil 1947 Milk from BYCow Regime 4 0.000 0.001 0.035 0.000 0.000 0.006 

1947 Commercial Milk (Rural). 0.039 0.256 1.945 0.004 0.022 0.144 
•::-;..:::I 

r:~ 1947 ~Fruit and Vegetables* 0.015 . 0.084 0.694 0.013 0.061 0.485 
----~, 

1945-1947 External 0.001 0.004 0.028 0,001 0.003 0.033 
1945-1947 Inhalation 0.022 o.000 1.194 0.018 0.071 0.786 

1945-1947 Milk from BYCow Regime 1 3.148 16.305 223. 673 0.248 1.107 8.4H 
1945-1947 Milk from BYCow Regime 2 2.647 11.710 72.632 0.261 1.398 11.306 

-~{).'.". 1945-1947 Milk from BYCow Regime 3 0.089 0.509 4.442 0.008 0.043 0.444 
1945-1947 Milk from BYCow Regime 4 0.010 0.110 2.290 . 0.002 0.015 · 0.149 

{. ··: 1945-1947 Commercial Milk (Rural) 1.977 9.200 76.954 0.175 0.767 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% of diet comes from local sources 

I.:•.~ 
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--------------- Morrow County Census Division 02 

Year 

1945 
1945 

1945 
1945 
1945 
1945 
1945 

1945 

1946 
1946 

Dose/ Pathway 

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 

1946 Milk from BYCow Regime 1 
1946 Milk from BYCow Regime 2 
1946 Milk from BYCow Regime 3 
1946 Milk from BYCow Regime 4 
1946 Commercial Milk (Rural) 

1946 ·Fruit and Vegetables* 

1947 
1947 

1947 
1947 
1947 
1947 
1947 

1947 

1945-1947 
1945-1947 

1945-1947 
1945-1947 
1945-1947 
1945-1947 
1945-1947 

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) 

1945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th 

0.001 0.002 0.008 
0.011 0.042 0.337 

1.130 7.225 66.275 
1.052 6.991 43.385 
0.030 0.187 1.352 
0.003 0.059 1.190 
0.377 2.704 19.109 

0.542 2.320 14.029 

0.000 0.000 0.002 
0.002 0.008 0.059 

0.168 1.269 10.500 
0.166 0.969 6.526 -
0.004 0.030 0.251 
0.001 0.011 0.188 
0.059 0.425 3.230 

0.078 0.36+ 2.647 

0.000 0.000 0.001 
0.001 0.002 0.025 

0.044 0.324 2.263 
0.048 0.327 2.121 
0.001 0.009 0.100 
0.000 0.003 0.054 
0.016 0.110 1.029 

0.013 0.069 0.407 

0.001 0.002 0.012 
0.022 0.064 0.405 

2.605 10.842 61.320 
2.570 10.089 51.385 
0.076 0.296 1.681 
0.014 0.112 1.039 
0.958 3. 771 20.136 

0.979 3.233 15.725 

Ad.ult Dose Percentiles 
5th 50th 95th 

0.001 0.002 0.008 
0.009 0.032 0.182 

0.082 0.561 4.571 
0.063 0.554 3.895 
0.003 0.018 0.162 
0.001 0.007 0.075 
0.026 0.177 1.490 

0.382 1.548 7.859 

0.000 0.000 0.003 
0.002 0.007 0.048 

0.017 0.094 0.738 
0.014 0.097 0.695 
0.000 0.003 0.019 
0.000 0.001 0.009 
0.004 0.031 0.266 

0.056 0.250 1.723 

0\000 0.000 0.001 
0.001 0.002 0.017 

0.005 0.029 0.215 
0.004 0.027 0.159 
0.000 0.001 0.0_08 
0.000 0.000 0.005 
0.001 o_.010 0.080 

0.012 0.048 0.270· 

0.001 - 0.002 0.013 
0.018 0.048 0.318 

0.211 0.872 3.877 
0.198 0.847 4.788 
0.006 0.029 0.179 
0.002 0-.011 0.077 
0.071 0.304 1. 974 

0.692 2.164 9.025 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Morrow County Census Division 03 r~ 
Infant Dose·Percentiles Adult Dose Percentiles '.' 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

0. 
1945 External 0.000 0.002 0.031 0.000 0.002 0.022 
1945 Inhalation 0.006 0.033 0.609 0.005 0.028 0.456 

,: _,_., 

1945 Milk from BYCow Regime 1 0,724 5.582 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 r:::; 
() 1945 Milk from BYCow Regime 4 0.003 0.045 1.437 0.000 0.006 0.082 
L~-i 1945 Commercial Milk (Rural) 0.270 2.384 26.744 0.020 0.173 2.154 

1945 Fruit and Vegetablesw 0.402 2.113 28.995 0.298 1.406 13.231 

1946 External 0.000 0.000 0.010 0.000 0.000 0.010 
1946 Inhalation 0.001 0.007 0.322 0.001 0.006 0.180 

.,.--. 
1946 Milk from BYCow Regime 1 0.103 0.767 19.728 0.008 0.056 0.632 

:.Ji 1946 Milk from BYCow Regime 2 0.099 0.813 10.294 0.000 0.069 0.798 
1946 Milk from BYCow Regime 3 0.003 0.021 0.253 0.000 0.002 0.019 
1946 Milk from BYCow Regime 4 0.000 0.008 O.J.00· 0.000 0.001 0.011 

;?:~ 1946 Commercial.Milk (Rural) 0.032 0.253 2.446 0.003 0.022 0.311 
L; 

!~.--~ 
1946 Fruit and Vegetablesw 0.056 0.307 3.929 0.036 0.200 2.510 ·.- . ..: 

r-·~·- 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 0.047 ;~. 

1947 Milk from BYCow Regime 1 0.028 0.234 2.461 0.003 0.021 0.202 
t-=: 1947 Milk from BYCow Regime 2 0.029 0.249 2.311 0.003 0.025 0.279 
{ ., 1947 Milk from BYCow Regime 3 0.001 0.005 0.055 0.000 0.000 0.006 i·:, 

1947 Milk from BYCow Regime 4 0.000 0.003 0.044 0.000 0.000 0.008 
1947 Commercial. Milk (Rural) 0.011 0.077 1.109 0.001 0.006 0.052 

"":,-'_") 1947 Fruit and Vegetables* 0.010 0.059 0.523 0.008 0.046 0.440 

-., .;;,. 

1945-1947 External 0.001 0.003 0.085 0.001 0.003 0.059 
1945-1947 Inhalation 0.016 0.065 1. 644 0.013 0.055 1.319 

1945-1947 Milk from BYCow Regime 1 1. 917 7.984 69.349 0.131 0.680 7.698 
1945-1947 Milk from BYCow Regime 2 1.493 7.405 60. 981 0.135 0.767 8.684 
1945-1947 Milk from BYCow Regime 3 0.050 0.293 2.814 o.oos 0.024 0.177 

,-:-~ 1945-1947 Milk from BYCow Regime 4 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* 0.784 3.185 38. 608 0.562 2.066 16.537 

_, 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Umatilla County Census Divisio~ 01 ~-:· 
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0,003 0,005 0.014 0.003 0,006 0.015 ,. 
1945 Inhalation 0.062 0,185 0.665 0.054 0.148 0,503 :: 

1945 Milk from BYCow Regime 1 7,364 45.923 230.356 0.483 3.159 12.987 
1945 Milk from BYCow Regime 2 7.661 41.733 226.333 0,461 2.817 14.446 
1945 Milk from BYCow Regime 3 0,148 1.473 14.175 0.015 0.103 1.418 r.-~ 
1945 Milk from BYCow Regime 4 O.Oi5 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 ;~-. I 

1945 Fruit and Vegetables* 2.382 9.344 44.364 1. 614 5,832 25.861 :·--· 
:-·' 

1946 External 0.001 0,001 0,003 0.001 0.001 0.003 
1946 Inhalation 0.014 0.041. 0.156 0.013 0.031 0.100 

:-·~-
1946 Milk from BYCow Regime 1 1.065 5-.961 38.543 0.095 0.512 2.607 i <, 1946 Milk from BYCow Regime 2 1.100 6,193 33.303 0,079 0.458 2.305 
1946 Milk from BYCow Regime 3 0.026 0.217 2.280 0.002 0,016 0.097 
1946 Milk from BYCow Regime 4 0,002 0.040 0.542 0.001 0.005 0.048 
1946 Commercial Milk (Rural) 1.356 6.286 16.171 0.116 0.420 l.267 

•.--. 

f: 
1946 Fruit and Vegetables* 0.321 1.158 . 5.342 0.240 0.860 3.870 

1947 External 0,000 0,000 0.001 0.000 a.coo 0.001 
1,~-
i·; 

1947 Inhalation 0,004 0,012 0.054 0,003 0,009 0.037 
t _; 

·t.,"'.:' 

1947 Milk from BYCow Regime 1 0,333 1.828 10.276 0.025 0.134 0.996 
1947 Milk from BYCow Regime 2 0,330 1.866 16.517 0.028 0.161 0.755 r--: 
1947 Milk from BYCow Regime 3 0,007 0.049 0.438 0,001 a.cos 0.031 ,,. 
1947 Milk from BYCow Regime 4 0.001 0.008 0,169 0.000 0,001 0.013 -, 

\!,;,, 

1947 Commercial Milk (Rural) 0.451 1.646 5,796 0.034 0.120 0.482 

1947 Fruit and Vegetables* 0.056 0.213 0.914 0.042 0·.171 0.746 r~: -

1945-1947 External 0,004 0.008 0.017 0.004 0.008 0.017 
1945-1947 Inhalation 0.115 0.260 0.758 0,097 0.206 0,561 !l"/-, 

{ ·: ~ 
~ '· . 
,;. ., 

1945-1947 Milk from BYCow Regime 1 15.845 61.603 244.861 1.185 4.578 15.263 l ·, 

.- ' 
1945-1947 Milk from BYCow Regime 2 17,000 56.686 277.984 1.100 3.563 15.974 
1945-1947 Milk from BYCow Regime 3 0.415 2.243 19.620 0.036 · 0.152 1.566 
1945-1947 Milk from BYCow Regime 4 0.047 0,380 6,886 0.009 0.043 0.341 l'':'i 

1945-1947 Commercial Milk (Rural) 16.734 46.171 131.171 1.246 3.398 9.709 td 
1945-1947 Fruit and Vegetables* 3.768 11.723 48.666 2.739 1.s·51 26.450 

,; 1 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources f) 
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Umatilla County Census. Division 02 
(;": 

Infant ,Dose Percentiles Adult Dose Percentiles-
Year ·Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0.005 0.014 0.002 · o.oos 0.014 
~::i:'f 1945 Inhalation 0.064 0.182 0.688 0.051 0.139 0.460 

.;~:; 1945 Milk from BYCow Regime 1 7.179 42.235 215.978 0.612 3.627 23.602 
1945 Milk from·BYCow Regime 2 7.499 41~ 770 188.629 0.732 4.303 19.473 

f?.J 1945 Milk from BYCow Regime 3 0.165 1.360 12.566 0.019 0.135 1.478 

r' 1945 Milk from: _BYCow Regime 4 0.014 0.207 6.283 0.004 0.034 0.463 
c;l 1945 Commercial Milk (Rural) 11. 632 55.640 177.815 1.002 4.274 12.946 

1945 Fruit and Vegetables* 2.348 8.902 42.593 1.628 6.129 26.174 
r·? 
-=--- ·. 1-• .:.: 
<;~ 
' , .. 1946 External 0.001 o·.001. 0.003 0.001 . 0.001 0.003 •;.;.r 

1946 Inhalation 0.013 0.035 0.113 0.012 0.030 0.090 
... -i; 

1946 Milk from BYCow Regime 1 l.310. 6.187 29.018 0.115 0.649 3.625 
1946 Milk from BYCow Regime 2 1.373 7.360 53.208 0.095 0.590 3.661 
1946 Milk. from BYCow Regime 3 0.022 0:221 2.730 0.003 0.018. 0.147 
1946 Milk from BYCow Regime 4 0.003 0.029 0.834 0.001 ' 0.006 0.068 

CJ 1946 Commercial Milk (Rural) 2.i23 8.838 31.051 0.164 0.652 2.301 
;-::..:: 

Fruit and Vegetables* 3.965 ,. __ a 1946 0.340 1.246 5.489 0.263- 0.940 

-~~ 1947 External a.coo 0.000 0.001 0.000 0,000 0.001 .. ·S 
1947 Inhalation 0;004 0.011 0.042 0.003 0.008 0.030 :;.5 
1947 Milk from BYCow Regime 1 o.·364 2.100 12.987 0.028 0.157 1.005 

,,~( 1947 Milk from BYCow Regime 2 0.350 1.980 11.121 0.023 0.137 0.912 
.... 1947 . Milk from BYCow Regime 3 0.006 0.061 o. 713 0.001 a.cos 0.041 ,:.·u, 

• -;f~• 1947 ·Milk. from BYCow Regime 4 0.001 0.009 0.227 0.000 0.001 0.010 
1947. ·Commercial Milk (Rural) 0.571 2.274 6.665 0.051 0.184 0.627. 

1947 Fruit and.Vegetables* 0.059 0.233 1.103 o.oso 0.190 1.014 
,, 

\.;...,.> 

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 0.534 

: •·"? 

:,_::~ '~·"' 
1945-1947 Milk from BYCow Regime.l 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 17. 724 
1945-1947 Milk. from BYCow Regime 3 0.462 2.263 14.583 0.044 0.206 1.564 
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 1. 776 5.482 13.294 

1945-1947 Fruit and Vegetables.* 3.840 11.375 44 .117 2.~02 8.037 29.798 

::~~ 
* Dose from the fruit and vegetables_ pathway assumes that 100% of diet comes fr~m local sources 

;.a 

' •, 
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--------------- Umatilla County Census Division 03 ---------------

Year Dose Pathway 

1945 External 
1945 Inhalation 

1945 Milk from BYCow Regime l 
1945 Milk from BYCow Regime 2 
1945 Milk from BYCow Regime 3 
1945 Milk from BYCow Regime 4 
1945 Commercial Milk (Rural) 

1945 Fruit and Vegetables* 

1946 External 
1946 Inhalation 

1946 
1946 
1946 
1946 
1946 

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

1946 Fruit and Vegetables• 

1947 External 
1947 Inhalation 

. 1947 
1947 
1947 
1947 
1947 

Milk.from BYCow Regime 1 
Milk from BYCow Regime 2 

.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 
1945-1947 
1945-1947 

Milk from BYCow Regime 1 
Milk from BYCow Regime 2 
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 0.004 0.014 
0.040 0.129 0.583 

3.761 21.291 142.917 
3.261 23.897 185.316 
0.094 0.870 6.813 
0.010 0.170 3.436 
2.508 13.242 90.469 

1.454 6.221 29.803 

0.000 0.001 0.003 
0.009 0.027 0.100 

0.547 2.946 15.940 
0.538 3.274 17.961 
0.009 0.082 0.791 
0.002 0.023 0.500 
0.405 2.037 11. 781 

0.213 0.824 4.220 

0.000 0.000 0.001 
0.003 0.008 0.033 · 

0.136 1.017 8.274 
0.155 0.867 5.693 
0.003 0.022 0.284 
0.000 0.006 0.096 
0.107 0.584 3.100 

0.038 ·0.139 0.706 

0.003 0.006 0.017 
0.074 0.176 0.643 

8.111 29.995 169;071 
7.949 31.020 132.663 
0.230 1.072 5.668 
0.042 0.288 3.965 
5.868 20.671 113.480 

2.572 7.925 30.309 

Adult Dose Percentiles 
5th 50th 95th 

0.002 0.004 0.015 
0.034 0.101 0.415 

0.288 2.154 14.498 
0.247 1.899 12.548 
0.008 0.061 0.474 
0.002 0.017 0.217 
0.201 1.133 6.578 

1.072 4.126 21.272 

0.000 0.001 0.003 
0.008 0.021 0.076 

0.037 0.240 1. 745 
0.035 0.257 1.567 
0.001 0.007 0.054 
0.000 0.003 0.035 
0.033 0.159 1.504 

·0.157 0.572 2.646 

0.000 0.000 0.001 
0.002 0.006 0.026 

0.012 0.075 0.391 
0.010 0.062 0.397 
0.000 0.002 0.019 
0.000 0.001 0.009 
0.008 0.046 0.256 

0.030 0.114 0.521 

0.003 0.006 0.017 
0.064 0.141 0.461 

0.622 2.800 15.389· 
0.653 2.563 13.196 
0.019 0.082 0.457 
0.005 0.027 0.226 
0.389 l.521 6.447 

1.817 5.225 22.787 

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

D.66 



Umatilla County Census Division 04 ----
;-:; 
t ~ Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External . 0.003 0.007 0.019 0.003 0.007 0.019 .~. 1945 Inhalation .0.074 0.220 0.742 0.065 0.181 0.586 . ~·.f 

-.. ~:-:; 1945 Milk from BYCow Regime 3 0.108 1.114 12.250 0.007 0.076 o. 637 
1945 Milk from BYCow Regime 4 o.ooa 0 .260 5.977 0.001 0.016 0.367 

~~3 
1945 Commercial Milk (Rural) 0.704 3.973 36.053 0.045 0.295 3.398 

t;J 1945 Fruit and Vegetables* 2.425 10.173 45.079 1. 716 6.500 32.661 

!'~ 1946 External 0.001 0.002 0.004 0.001 0.002 0.004 r:·:~:~ 1946 Inhalation 0.019 0.054 0.174 0.017 0.043 0.134 . -.~J, 
~-3"i 

1946 Milk from BYCow Regime 3 0.016 0.189 1.531 0.001 0.012 0.078 
·c• 1946 Milk from BYCow Regime 4 0.001 0.028 o. 623 0.000 0.002 0.041 
--~ 1946 Commercial Milk (Rural) 0.105 0.580 4.002 0.008 0.038 0.230 

·.:-• 1946 Fruit and Vegetables* 0.343 1.337 6.733 0.268 ·0.987 4.195 

:"-:~. 
~:::; 1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
~--j 1947 Inhalation 0.005 0.016 0.065 0.005 0.013 0.046 

1947 Milk from BYCow Regime 3 0.005 0.053 0.335 0.000 0.004 0.041 
?:~~- 1947 Milk from BYCow Regime 4 0.000 0.009 0.163 0.000 0.001 0.022 
.? 1947 Commercial Milk (Rural) 0.031 0.169 1.037 · 0.002 0.013 0.065 
;:J 

1947 Fruit and Vegetables* 0.059 0.230 1.027 0.047 0.166 0.699 

~ ::} 
·' 1945-1947 External 0.005 0.009 0.023 0.005 0.010 0.021 

1945-1947 Inhalation· 0.144 0.315 0.871 0.120 0.257 o. 686 

c•~ 1945-1947 Milk from BYCow Regime 3 0.298 1. 735 12. 652 0.022 0.106 0.700 "._.;; 

1945-1947 Milk from BYCow Regime 4 0.038 0.420 6.325 0.004 0.033 0.387 
1945-1947 Commercial Milk (Rural) 1.350 5.366 35.371 0.105 0.404 3.525 

1945-1947 Fruit and Vegetables* 4.034 12.559 48.504 3.075 8.447 35.884 

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

a 

~-;,; 

t.,..i' 
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Umatilla County Census Division 05 

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

1945 External 0.002 0.004 0.012 
1945 Inhalation 0.055 0.164 0.605 

1945 Milk from BYCow Regime 3 0.133 1.117 9.926 
1945 Milk from BYCow Regime 4 0.005 0.160 4.246 
1945 Commercial Milk (Urban) 17.306 65.692 212.094 

1945 Fruit and Vegetables* 2.101 7.535 35.827 

1946 External 0.000 0.001 0.003 
1946 Inhalation 0.012 0.033 0.109 

1946 Milk from BYCow Regime 3 0.025 0.180 1.879 
1946 Milk from BYCow Regime 4 0.001 0.026 0.414 
1946 Commercial Milk (Urban) 2.610 10.270 28.271 

1946 Fruit and Vegetables* 0.298 1.105 4.836 

1947 External 0.000 0.000 0.001 
1947 Inhalation 0.003 0.010 0.049 

1947 Milk from BYCow Regime 3 0.004 0.042 0.475 
1947 Milk from BYCow Regime 4 0.000 0.007 0.220 
1947 Commercial Milk (Urban) 0.756 2.579 8.564 

1947 Fruit and Vegetables* 0.052 0.207 1.088 

1945-1947 External 0.003 0.006 0.014 
1945-1947 Inhalation 0.098 0.226 0.706 

1945-1947 Milk from'BYCow Regime 3 0.320 1.660 11. 615 
1945-1947 Milk from BYCow Regime 4 0.031 0.284 3.647 
1945-1947 C~ercial Milk (Urban) 30.267 78.022 236.069 

1945-1947 Fruit and Vegetables* 3.547 9.866 39.367 

* Dose from the fruit and vegetables pathway assumes that 100% of diet 

D .68 

Adult Dose Percentiles . · _ 
5th 50th 95th 

0.002 0.004 0.012 
0.046 0.126 0.409 

0.009 0.091 1.025 
0.000 0.012 0.567 
0.823 3.616 11.185 

1.508 5.273 22.369 

0.000 0.001 0.003 
0.010 0.026 0.087 

0.001 0.014 0.153 
0.000 0.002 0.048 
0.158 0.577 1.865 

0.210 0.825 3.561 

0.000 o.ooci 0.001 
0.003 0.008 _0.030 

0.001 0.004 0.039 
0.000 0.001 0.015 
0.040 0.165 0.687 

0.041 - 0.152 0.745 

0.003 0.006 0.014 
0.082 0.175 0.466 

0.030 0.134 0.953 . 
0.002 0.02:i; 0.529 
1.626 4.640 I' 11.931 

2.465 6.772 23.296 

comes from local sources 

,,. 
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Umatilla.County Census Division 06 
l7 Infant Dose Percentiles Adult Dose Percentiles 

Y:ear Dose Pathway 5th 50th 95th 5th. 50th 95th· 

1945 External 0.002 0.005 0.012- 0.002 0,005 0.014 
.. ~ 1945 Inhalation -0.052 . 0.152 o. 600 0.043 0.117 0.419 

.--.;~ 1945 Milk from BYCow Regime 3 0.105 0.806 5.378 0.009 0.074 0.547 
1945 Milk from BYCow Regime 4 0.004 0.146 3.544 0.000 0.014 0.279 

D 1945 Commercial Milk (Urban) 6.230 · 24.725 91. 725 0,303 1.309 5.259 
! .,~ ~ 

rJ. 1945 Fruit and Vegetables* 1. 753 6.891 30. 679· 1.318 4.610 21. 682 

,-_""';~ 1946 External 0.001 0.001 0.003 0.001 0.001 0.003 ~?f. 1946 Inhalation 0.013 0.037 0.123 0.011 0,02B 0.079 
'. ~-_;_ 

1946 Milk.from.BYCow Regime 3 .0,014 0.104 1.016 0.001 0.009 0,065 
1946·· Milk from_BYCow Regime 4 0.001 0.021 0,610 0.000 0.002 0.038 

<. ~- 1946 Commercial Milk (Urban) 0.918 3.666 14.189 0.044 0.203 0.730 

1946 Fruit and· Vegetables•· 0.239 0,B91 4.693 0.185 0.656 2.690 

1947 External o.ood 0.000 0.001 · .0,000 0,000 0.001 
1947 Inhalation. 0.004 0-.011 0,047 0.003 0.009 0.031 

1947 -Milk from BYCow Regime 3 0,003 0.024 0.172 0.000 0.002 0.016 . 
1947 Milk from.BYCow Regime 4 0.000 0.006 0.121 0.000 0.001 0.011 
1947 Commercial'.Milk (Urban) 0.269 o. 990. 3.937 0.015 0.057 0.258 

1947 Fruit and Vegetables* 0.043 0.171 0.884. 0.034 0.12B 0.652 

1945~1947 External .0.004 0.007 0,014 0.004 ·0.001 0.015 
1945-1947 . Inhalation 0.096 0.215 0.652 0,0B1. 0.168 0.470 

!":~ 1945-1947 Milk from BYCow Regim~ 3 0.215 1.16B 5.565 0.020 0.098 0.653 
1945-1947 Milk from BYCow Regime. 4 0,032- 0.289 3;439 Q.003 o·.025 0.296 
1945-19-•P Commercial Milk (Urban) 12.298 31.356 87.524 0,629 1. 729 9.096 . 

1_945-1947 Fruit and Vegetables* 2.970 B.786 32.489 2.175 5.784 22; 969 -;: ,. 

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

=-~ 

~j . 
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Umatilla County Census Division 07 ~· 
:::, 

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

1945 External d.001 0,002 0,007 0.001 0.002 0.009 
1945 Inhalation 0.021 0,067 0.290 0.018 0.054 0,190 

1945 Milk from BYCow Regime 1 1.534 10.016 
.. :_.: 

64.882 0.141 0.914 7.084 
1945 Milk from BYCow Regime 2 1. 712 11.278 72.251 0.122 0,878 5,754 
1945 Milk from BYCow Regime 3 0.051 0.411 3,458 0,005 0.037 0.298 r··· 
1945 Milk from BYCow Regime 4 0,006 0,090 2.293 0.601 0.012 0.193 
1945 Commercial Milk (Rural) 1.874 10.403 51.673 0.126 0.658 3,754 ::--,._._ 

1945 Fruit and Vegetables* 0,857 3 .• 432 17.623 0.629 2.365 9,636 
:;,,-: 

1946 External 0.000 0.001 0,002 0.000 0.001 0.002 
1946 Inhalation 0.005 0,016 Q.,Q69 0.004 0.012 0.046 

1946 Milk from BYCow Regime 1 0,306 1.652 11.160 0.024 0.152 0.985 
1946 Milk from BYCow Regime 2 0.253 1.537 7.787 0.018 0.121 0.859 
1946 Milk from BYCow Regime 3 0.007 0.047 0,361 0.001 0.004 0.034 
1946 Milk from BYCow Regime 4 0.001 0.014 0.331 a.coo 0,002 0.032 
1946 Commercial Milk (Rural) 0.302 1.261 5.457 0.021 0.107 0.564 

1946 Fruit and Vegetables* 0.123 0.481 2.414 0.087 0.345 1.624 

1947 External 0.000 0,000 0.001 0.000 0.000 0,001 
1947 Inhalation 0.001 0,004 0.023 0,001 0.003 0.017 

1947 Milk from BYCow Regime 1 0.077 0.451 2.842 a.cos 0,040 0.239 
1947 Milk from BYCow Regime 2 0.098 0,543 2.965 0.007 0.043 0.280 
1947 Milk from BYCow Regime 3 0,002 0.011 0.085 0.000 0.001 0,009 
1947 Milk from BYCow Regime 4 0,000 0.004 0.108 0.000 0.000 a.ore 
1947 Commercial Milk (Rural) 0.079 0.402 1.921 0.006 0,031 0.128 

1947 Fruit and Vegetables* 0,021 0.087 0,461 0.017 0,066 0.307 

1945-1947 External 0.002 0,003 0.009 0,002 0,003 0.010 
1945-1947 Inhalation 0.041 0.098 0.358 0.033 0,077 0.227 

1945-1947 Milk from BYCow Regime 1 4.045 14.287 75.597 0.356 1.307 7 •. 9:75 
1945-1947 Milk from BYCow Regime 2 3,727 16.147 99.204 0.319 1.246 6,568 
1945-1947 Milk from BYCow Regime 3 0.117 0,580 3,645 0.012 0,051 0,290 
1945-1947 Milk from BYCow Regime 4 0.024 0.178 2.206 0.003 0,019 0.183 {? 
1945-1947 Commercial Milk (Rural) 3.580 12.627 62.043 0.277 0.934 4.821 ,:.1 

b§ 
1945-1947 Fruit and Vegetables* 1.487 4.520 18.736 1.142 2.993 10.470 

~-tt 
t .... ~ 

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

l;J 
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Umatilla County Census Division 08 
., 

Infant Dose Percentil~s Adult Dose Percentiles 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0.004 0,009 0.002 0.004 0..010 
1945 Inhalation 0.041 0.123 0.460 0.037 0.098 0.299 

1945 Milk _from BYCow Regime 3 0.078 0.715 5.909 0.006 0.060 0.550. 
1945 Milk from BYCow Regime 4 0.005 0.157 3.030 0.001 0.014 0.198 

·r~l 1945 Commercial Milk (Rural) 0.541 3.033 17.087 0.034 0.202 1.292 

1945 Fruit and.Vegetables* 1.504 5.511 25.049 1.065 3. 918. 18.312· t:J 

ri 1946 External 0.000 0 •. 001 0.002 0.000 0.001 0.002 
;: t] 1946 Inhalation 0.010 0.029 0.097 0.009 0.023 0.065 
t:;.:{ 

1946 Milk from BYCow Regime 3 0.014 0.082 a.sos 0.001 0.007 0.066 
1946 Milk from BYCow Regime 4 0.001 O.OJ:8 0.396 0.000 o.ob2 0.028 
1946 Commercial Milk (Rural) 0.072 0.451 2.681 0.006 0.030 0.163 

:_-,:~ 1946 Fruit·and Vegetables• 0.202 0.761 3. 716 0.163 0.560 2.757 
~ 

1-,-~ 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001· 
1947 Inhalation 0.003 0.009 0.032 0.002 0.007 0.027 

1947 Milk from. BYCow Regime 3 0;002 0.023 0.154 0.000 0.002 0.013 
1947 Milk from BYCow Regime· 4 0.000 0.007 0.127 0.000 0.001 ·0.010 
1947 Commercial Milk (Rural). 0.019 0.117 0.699 0.002 0.009 0.054 

1947 Fruit and Vegetables* 0.039 0.1.45 0.664 0.031 0.115 0.495 

,·:, 
.,1,-

External 1945-1947 0.003 · 0.005 0.010 0.003 0.005. 0.012 
· 1945-1947 Inhalati(?n 0.078 0.177 0.537 0.066 0.137 0.358 

\>?/ 1945-1947 Milk from BYCow Regime 3 0.201· 0.920 6.441 0.016 0.083 a·.s1a 
1945-1947 Milk from BYCow Regime 4 0.028 0.234 2.368 0.003 0.021 0.260 

·-' 1945-1947 Commercial Milk (Rural) 1.010 3. 790 18.157 0.084 0.281 1.389 

•.• 1945-1947 Fruit and Vegetables* 2.411 7.178 27.948 1. 794 5.084 19.675 ;;,,, 

•')I~ ·• Dose from the fruit and vegetables pathway assumes that 100%-of diet comes fr?m local sources · . .t~{ 

I -~ 

: . ..,; 
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Umatilla County Census Division 09 

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

1945 External 0.001 0.003 0.010 
1945 Inhalation 0.026 0.086 0.400 

1945 Milk from BYCow Regime 1 2.988 16.981 88.182 
1945 Milk from BYCow Regime 2 2.343 14.380 91. 610 
1945 Milk from BYCow Regime 3 0.055 0.576 5.462 
1945 Milk from BYCow Regime 4 0.011 0.138 2.559 
1945 Commercial Milk (Rural) 1.945 9.973 60.287 

1945 Fruit and Vegetables* 1.025 4.323 23.013 

1946 External 0.000 0.001 0.002 
1946 Inhalation 0.006 0.018 0.075 

1946 Milk from BYCow Regime 1 0.444 2.435 17.573 
1946 Milk from BYCow Regime 2 0.363 2.413 16.241 
1946 Milk from BYCow Regime 3 0.008 0.057 0.398 
1946 Milk from BYCow Regime 4 0.001 0.017 0.658 
1946 Commercial Milk (Rural) 0.278 1. 729 11.965 

1946 Fruit and Vegetables* 0.150 0.617 3.379 

1947 External 0.000 0.000 0.001 
1947 Inhalation 0.002 0.005 0.026 

1947 Milk from BYCow Regime 1 0.109 0.691 4.998 
1947 Milk from BYCow Regime 2 0.094 o.6j0 4.698 
1947 Milk.from BYCow Regime 3 0.002 0.016 0.157 
1947 Milk from BYCow Regime 4 0.000 0.008 0.173 
1947 Commercial Milk (Rural) 0.080 0.391 2.126 

1947 Fruit and Vegetables* 0.026 0.111 0.587 

1945-1947 External 0.002 0.004 0.011 
1945-1947 Inhalation 0.049 0.126 0.469 

1945-1947 Milk from BYCow Regime 1 5.274 24.947 104.916 
1945-1947 Milk from BYCow Regime 2 5.500 22.214 95.209 
1945-1947 Milk from BYCow Regime 3 0.137 0.731 5.759 
1945-1947 Milk from BYCow Regime 4 0.037 0.265 2.728 
1945-1947 Commercial Milk (Rural) 4.192 15.431 69.460 

1945-1947 Fruit and Vegetables* 1. 737 5.489 24.726 

* Dose from the fruit and vegetables pathway assumes that 100% of diet 

0.72 

Adult Dose Percentiles 
5th 50th 95th 

0.001 0.003 0.009 
0.022 0.064 0.314 

0.185 1.323 9.373 
0.224 1.282 10.600 
0.007 0.049 0.452 
0.002 0.019 0.239 
0.163 1.029 7.504 

0.796 3.022 15.839 

0.000 0.001 0.002 
0.005 0.014 0.048 

0.028 0.177 1.089 
0.024 0.172 1.148 
0.001 0.006 0.046 
0.000 0.002 0.030 
0.022 0.122 0.788 

0.124 . 0. 451 2.236 

0.000 0.000 0.001 
o.ooi 0.004 0.018 

0.007 0.049 0.365 
0.007 0.040 0.216 
0.000 . 0.002 0.011 
0.000 0.001 0.015 
0.006 0.037 0.227 

0.022 0.080 • 0.358 

0.002 0.004 0.011 
0.039 0.090 o .. 351 

0.434 1. 764 8.321 
0.478 1.708 10.342 
0.014 0.067 0.450 
0.005 0.025 0.348 
0.359 1.356 10.701 

1.350 3. 942 16.895 

comes from local sources 
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----------~---- Um~tilla County Census Division 10 

Year 

1945 
1945 

1945 
1945 
1945 

1945 

1946 
1946 

1946 
1946 
1946 

.1946 

1947 
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 

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

1947 Fruit and Vegetables* 

1945-1947' 
., 1945-1947 

1945-1947 
1945-1947 
1945-1947 

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 

0.001 0.003 0.007 
0.027 0.082 0.349 

0.064 0.504 4.749 
0.004 0.096 1.255 

· 0.591 3.292 27.371 

1..097 3.961 18.434 

0.000 0.001 0.001 
0.006 0.017 0.058 

0.009 0.059 0.497 
0.001 0.015 0,379 
0.072 0.489 3.534 

0.141 0.570 2.736 

0.000 0.000 0.000 
0.002 a.cos 0.024 

0.002 0.016 0.138 
0.000 0.005 0.077 
0.027 0.155 1.129 

0.024 0.094 0.421 

0.002 0.003 0.008 
0.050 0.111 0.391 

0.148 0.708 4.665 
0.020 0.170 1.693 
1.214 5.372 38.428 

1. 768 5.159 19.948 

Adult Dose Percentiles 
5th 50th 95th 

0.001 0.002 0.006 
0.024 0.063 0.211 

0.005 0.046 0.561 
0.001 0.006 0.110 
0.039 0.245 1. 759 

0.735 2.785 12.444 

0.000 0.001 0.002 
0.005 0.014 0.045 

0.001 0.004 0.035 
0.000 0.001 0.033 
0.008 0.045 0.229 

0.106 0.399 1.921 

0.000 0.000 0.000 
0.001 0.004 0.015 

0.000 0.002 0.018 
0.000 a.coo 0.008 
0.002 0.012 0.072 

0.020 0.077 0.327 

0.002 0.003 0.007 
0.042 0.090 0.260 

0.012 0.056 0.458 
0.002 0.013 0.145 
0.094 0.330 1.945 

1.261 3.467 12.998 

* Dose from the fruit· and vegetables pathway assumes that 100% of diet comes from local sources 
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Umatilla County Census Division 11 

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

1945 External 0.003 0.006 0.015 0.003 0.006 0.015 
1945 Inhalation 0.070 0.208 0.703 0.058 0.160 0.565 

1945 Milk from BYCow Regime 1 8.631 47.430 266.519 0.552 3.631 19.963 
1945 Milk from BYCow Regime 2 8.553 40.012 255.990 0.542 3.219 22.083 
1945 Milk from BYCow Regime 3 0.219 1.635 15.334 0.023 0.157. 1.517 
1945 Milk from BYCow Regime 4 · 0.015 0.222 4.760 0.004 0.034 0.542 
1945 Commercial Milk (Rural) 12.710 41.894 172. 762 0.929 4.324 13.453 

1945 Fruit and Vegetables* 2.420 10.092 45.108 1.863 6.366 28.967 ... 
~. 7 

'·' 
1946 External 0.001 0.001 0.003 0.001 0.001 0,003 
1946 Inhalation 0.016 0.044 0.151 0.013 0.033 0.105 

1946 Milk from BYCow Regime 1 1.478 8.393 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 0.022 0.224 
1946 Milk from BYCow Regime 4 0.003 0.035 0.564 0.001 0.005 0.052 
1946 Commercial Milk (Rural) 2.266 8.165 31.894 0.181 0.622 2.375 

1946 Fruit and Vegetables* 0.354 1.419 7.356 0.268 0.979 4.129 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.004 0.013 0.050 0.003 0.010 0.033 

1947 Milk from BYCow Regime 1 0.443 1.939 8.665 0.041 0.240 1.644 
1947 Milk from BYCow Regime 2 0.437 2.201 12 .188 0.028 0.191 1.960 
1947 Milk from BYCow Regime 3 0.010 0.086 1.176 0.001 0.006 0,055 
1947 Milk from BYCow Regime 4 0.001 0.010 0.177 0.000 0.002 0.018 
1947 Commercial Milk (Rural) 0.585 2.601 7.261 0.043 0.188 0.788 

1947 Fruit and Vegetables* 0.065 0.253 1.290 0.052 0.191 0.876 
, .. 
[-._1 

1945-1947 External 0.004 0.008 0 •. 010 0.005 0.008 0.017 
1945-1947 Inhalation 0,128 0.292 0.811 0.100 0.216 0.631 

1945-1947 Milk from BYCow Regime 1 19.225 68.349 290.392 1.608 5.100 19.8.42 
1945-1947 Milk from BYCow Regime 2 ' 19.309 62.038 286.945 1.289 4. 713 22.995 
1945-1947 Milk from BYCow Regime 3 0.494 2.440 17.311 0,051 0.221 1.639 
1945-1947 Milk from BYCow Regime 4 0.046 0,398 5.400 0;011 0.052 0,640 
1945-1947 Commercial Milk (Rural) 24.458 59.174 191.765 1. 791 5.411 14.814 

1945-1947 Fruit and Vegetables* 4.251 12.889 47.980 3.141 8.188 29.854 

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

·-_:.,.' 
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Umatilla County Census Division 12 
"', 

Infant Dose Percentiles Adult Dose .Percentiles : ···=: 

,.,. ~- < Y~ar Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0,002 0.004 0.014 0.002 0.004 0.015 
1"'? 1945 Inhalation 0.040 o •. 132 0.563 0.034 0.097 0.401 

·.:..J 1945 Milk from BYCow Regime 1 3.607 22.836 142.605 0.364 1.964 15.395 
1945 Milk from BYCow Regime 2 3.404 21.936 101.051 0.260 1. 771 12.092 
1945 Milk from BYCow Regime 3 0.067 0.665 6.905 0.008. 0.077 0.606 

f.l 1945 . Milk from· BYCow Regime 4 0.009 0.189 4.945 0.001 0.013 0.220 
t:,.! 1945 Comniercial:Milk (Rural) 2.596 13.983 98.428 0.257 1.376 14.752 
~,~...J 

1945 Fruit and Vegetables* 1.414 · 5.924 28.802 1.130 4.174 21.056 
!-~~ 

-.·. 

1946. Externai 0.000 0.001 0.003 0.000 0.001 0.003 
1946 Inhalation 0.009 0.028 0.116 0.008 0.022 0.080 

; ,! 1946 Milk from.BYCow Regime 1 0.737 ~~935 21.739 0.043 0.251 1.286 
;···:; 1946 Milk from.BYCow Regime 2 0.479 3.437 26.648 0.039 0.264 1.895 .... ,:, 1946 Milk from BYCow Regime 3 0.013 0.119 1.050 0~001 0.012 0.129 

1946 · Milk from . BYCow Regime 4 ·0.001 0.013 0.417 -0.000 0.002 0.030 
,,-.... "l 1946 .Commercial Milk (Rural) 0.423 2.296 15.568 0.030 0.171 1.055 -., 
~ ;:) 1946 Fruit and Vegetables* 0.206 0.842 4.500 0.158 .. 0.584 2.s·oo 
CJ~ 

rn 1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
lt~? .1947' Inhalation 0.003 0.008 0,034 0.002 0.006 0.028 
:?: 

1947 Milk from·BYCow'Regime 1 0.194 1.062 6.315 0.012 0.086 0.535 

r~~ . 1947 Milk from BYCow.Regime 2 0.188 1.024 6.495 0.015. 0.070 0.525 
r··,~ 1947 Milk.from BYCow Regime 3 0.005 0,034 0.202 0.000 0.003 0.029 
t···•· 1947 Milk from BYCow Regime 4 0.000 · 0.006 0.144 0.000 0.-001 0.007 L..:5 1947 •Commercial Milk (Rural) 0.127 0.607 3.659 0.008 0.040 0.206 

I':-;.;;. 
{ . .;. 

1947 Fruit ·and Vegetables• 0.039 0.161 0.748 0~031 0.117 0.510 
,. 

'\.'._;:; 

1945-1947 External 0.003 0,006 0.016 0.003 0.006 ·0.011 
1945-1947 Inhalation 0.078 0.188 0.659 0.061 0.142 0.456 

1945-1947 Milk from BYCow Regime 1 8.522 34.283 173.025 0.724 2.498 14.966 
'<\l' 

1945-1947 Milk from BYCow Regime 2 8.230 31.528 99.941 0.639 2.543 13.248 ,l.1{"" 

1945-1947 Milk from BYCow Regime 3 0.203 1.042 8 .175. ·0.020 0.110 0.635 
1945-1947 Milk from BYCow Regime 4 0.029 0.312 5 •. 334 0.004 0.021 - 0.260 
1945-1947 Commercial Mi1.k (Rural) 5.539 19.180 99.044 0.466 1.886 13.488 

1945-1947 · 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% of diet comes from local sources 

'' ~ 
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Umatilla County Census Division 13 -
Infant Dose Percentiles Adult Dose Percentiles 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.002 0.004 0.010 0.002 0,004 0.010 
1945 Inhalation 0.049 0.145 0.600 0.042 0.114 0.379 

1945 Milk from BYCow Regime 3 0.135 1.025 8.645 0.014 0.083 0.703 
1945 Milk from BYCow Regime 4 0.018 0,218 4.414 0.003 0.031 0.346 
1945 · Commercial Milk (Rural) 8.172 34.387 96.769 0.595 2.774 8.529 t;;'F• 

~ -_ ·' 
/ ... ~ 

1945 Fruit and Vegetables* 1.922 7.318 33.573 1.400 5.087 22.180 

1946 External 0.000 0.001 0.002 0.000 0.001 0.002 
1946 Inhalation 0.011 0.029 0.107 0.008 0.022 0.072 

1946 Milk from BYCow Regime 3 0.016 0.125 1.202 0.002 0.012 0.053 
1946 Milk from BYCow Regime 4 0.002 0.040 0.778 0.001 0.005 0.026 ,; ... ~ 

,". 
.1946 Commercial Milk (Rural) 1.561 5.453 16.750 0.108 0.390 1.623 ,_,_ 

r.-·· 

(~ 

1946 Fruit and Vegetables* 0.273 1.051 4.830 0.218 0.753 3.193 

1947 External 0.000 0,000 0.001 0.000 0.000 0.001 (-·, 
1947 Inhalation 0.003 0,007 0.030 0.002 0,006 0.023 '·· 

1947 Milk from BYCow Regime 3 0.004 0.029 0.274 0.000 0.003 0.028 
1947 Milk from BYCow Regime 4 0.001 0.011 0.136 0.000 0.001 0.019 
1947 Commercial Milk (Rural) 0.371 1.527 4.813 0.032 0,133 0.441 

1947 Fruit and Vegetables* 0.047 0.183 0.854 0.038 0.147 0.735 

1945-1947 External 0.003 0.005 0.012 0.003 0.005 0.012 
1945-1947 Inhalation 0.087 0.202 0.678 0.069 0.152 0.421 

1945-1947 Milk from BYCow Regime 3 0.286 1.380 9.392 0.028 0.109 0.748 
1945-1947 Milk from BYCow Regime 4 0.066 0.401 3.540 0.011 0.046 0.357 
1945-1947 Commercial Milk (Rural) 15.001 44.166 110.111 .l.202 3.464 9.080 

1945-1947 Fruit and Vegetables* 3.214 9.541 37.553 2.352 6.678 25.034 r. ~ 
r_.~j I 

*Dose.from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Umatilla County Census Division 14 

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

1945 External 0.002 0.003 0;009 
1945 Inhalation 0.038 0.115 0.449 

1945 Milk from BYCow Regime 3 0.088 0.745 7.321 
1945 Milk from BYCow Regime 4 0.013 0.177 · 3.399 
1945' Commercial Milk (Rural) 7.684 34.177 93.559 

1945 Fruit and Vegetablesw 1.398 5.132 23.153 

1946 External 0.000 0.001 0.002 
1946 . Inhalation 0.008 0.023 0.090 

1946 Milk from BYCow Regime 3 0.011 0.075 0.665 
1946 Milk from BYCow Regime 4 0.001 0.019 0.469 
1946 Commercial Milk (Rural). 1.423 5.594 21.161 

1946 Fruit and Vegetables• 0.207 0.786 3.287. 

1947 External 0.000 0.000 0.001 
1947 Inhalation 0.002 0.007 0.029 

1947 Milk from BYCow Regime 3 0.003 0.021 0.155 
1947. Milk from BYCow Regime 4 0.000 0;000 0.129 
1947 _Commercial Milk (Rural) 0.439 · 1. 623 5.265 

1947- Fruit and Vegetables• 0.034 0.134 0.614 

1945-'-1947 External 0,002 0.004 0.010 
1945-1947 Inhalation· 0.070 0.158 0.489 

1945-1947 Milk from BYCow Regime 3 0.180 0.945 7.107 
1945-1947 Milk.from BYCow Regime 4 0.050 0.327 4.881 
1945~1947 Commercial Milk (Rural) 15.579 45.966 108.179 

1945-1947 Fruit and Vegetables* 2.350 6.689 24.969 

* Dose from the fruit and vegetables pathway assumes that 100% of diet 

D.7.7 

Adult Dose Percentiles 
5th 50th 95th 

0.001 0.003 0.009 
0.033 0.094 0.322 

0.011 0.064 0.562 
0.004 0.025 0.221 
0.564 2.505 8.175 

1.095 4.029 16.561 

0.000 0.001 0.002 
0.007 0.018 0.057 

0.001 0.008 0.049 
0.000 0.004 0.044 
0.107 0.422 1.294 

0.151 o •. 513 2.496 

0.000 0.000 0.001 
0.002 0.005. · 0.022 

0.000 0.002 0.014 
0.000 0 .• 001 0.012 
0~031 0.129 0.:421 

0.028 0.105 0.463 

0.002 0.004 0.010. 
0.058 0.124 0.347 

0,023 0;091 0.547 
0.000 0.039 0.313 
1.145 3.261 8.222 ,: .,~-

1. 749 · 4. 966 17.627 
//! :~ 

comes from local sources 

~ 



Walla Walla County Census Division 01 

Infant Dose Percentiles Adult Dose Percentiles ( 

Year Dose Pathway 5th 50th 95th 5th 50th 95th '•·, 

1945 External 0.002 0.005 0.013 0.002 0.005 0.014 
1945 Inhalation 0.048 0.150 0.663 0.043 0.120 0.452 

1945 Milk from BYCow 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 3.328 ."/. 

f. 

1945 Fruit and Vegetables* 1.891 7.724 35.967 1.486 5.435 26.753 

1946 External a.coo 0.001 0.003 0.000 0.001 0.002 
1946 Inhalation 0.010 0.029 0.102 0.009 0.024 0.079 

1946 Milk from BYCow Regime 3 0.016 0.152 1.528 0.002 0.014 0.138 
1946 Milk from_ BYCow Regime 4 0.002 0.037 0.515 a.coo 0.003 0.077 
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 3.712 

1947 External 0.000 a.coo 0.001 0.000 a.coo 0.001 
1947 Inhalation 0,003 0.009 0.040 0.003 0.007 0.027 

1947 Milk from BYCow Regime 3 0.003 0.044 0.534 0.000 0.003 0.032 ,. 1947 Milk from BYCow Regime 4 0.000 0.009 0.142 0.000 0.001 0.015 .. , 

1947 Commercial Milk (Rural) 0.138 0.519 2.143 0.010 0.041 0.164 i,,-

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 0.016 i...:. 
1945-1947 Inhalation 0.089 0.205 0.741 0.074 0.165 0.485 

1945-1947 Milk from BYCow Regime 3 0.299 1.429 10.098 0.028 0.122 0.941 
1945-1947 Milk from BYCow Regime 4 0.045 0.382 3.995 0.005 0.031 0.319 

,. 

1945-1947 Commercial Milk (Rural)- 5.350 14.744 43.'970 0.421 1.138 3.570 ~ 

1945-1947 Fruit and Vegetables* 3.185 9.538 36.579 2.484 7.086 29.463 

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

~ 
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Walla Walla County Census Division 02 
r~-

Infant Dose- Percentiles Adult Dose Percentiles_ 
Year Dose _Path~ay_ 5th 50th 95th 5th 501:h 95th 

1945 External 0.005 0.011 0.028 0.005 0.011 o.o:n 
f'-'.'), 1945 Inhalation 0.133 0.380 1.479 0.107 0.290 1.048 

1945 Milk from BYCow Regime 3 0.317 2.004 15.936 0.036 0,213 1.558 
1945 Milk from BYCow Regime 4 0.041 0.481 11.103. 0,008 0.069 0.793 

{J 
1945 Commercial Milk (Rural) 16.946 78.401 281.513 1.547 6.297 22.497 

f'' 1945 Fruit and Vegetables* 4.845 19.076 80.523 3.576 13.094 56.854 l~J 

f"!·~ 1946 External 0.001 0.002 0.006 0.001 0.002 0.006 · 
i:. ~~ 1946. Inhalation 0.028 0.080 0.281 0.023 0.058 0.194 
LA 

1946 Milk from BYCow Regime 3 0.038 0.302 3.089 0.004 0.028 o.235 
1946 Milk from BYCow Regime 4 0.006 0.095 1.834 0.001 0.012 0.140 
1946 commercial Milk· (Rural) 3.222 11. 415 47.384 0.239 0.910 3.238 

1946 Fruit and.Vegetables* 0.677 2.656 11.385 0.569 2.067 8.234 

~ ~-,- .• 

1947 External 0.000 0.001 0.002 0.000 0.001 0.002 r~~; 
{,.'; 1947 Inhalation 0.007 0.022 0.090 0.006 0.017 0.067 ,-.·.-..: 

1947 Milk from BYCow Regime 3 0.008 0.095 0.887 0.001 0.007 0.065 
l';', 1947 Milk- from BYCow Regime 4 0.001 0.022 0.526 · 0.000 0.003 0.034 

1947 Commercial Milk (Rural) 0.910 3._329 15.136 0.079 0.292 1.398 

1947 Fruit and.Vegetables* 0.124· 0.466 1.883 0.099 0.353 1,611 

'{?; 
,<-~ 

i\:1 1945-1947 External 0.008 0.014 0.032 0 •. 008 0.015 0.035 
~ . .:.::, 

1945-1947 Inhalation 0.238 0.533 1.695 0.181 0.390 1.043 •. •.. 
f.'.:"'·~ 1945-1947 Milk from BYCow Regime 3 0.643 3.043 16.165 0.071 0.295 1.673 

1945-1947 Milk from BYCow Regime 4 0.128 .i.006 12.412 0.023 0.121 o. 940 -•>;:~;':, 

"':·,' 1945-1947 Commercial Milk (Rural) 37.566 101.897 306.174 2.632 8.090 24.086 
' -.~1:~ 

1945-1947 Fruit and Vegetables* 8.084 23.180 85.392 6.137 16.805 63.259 
;./~ -~ ..... ' .. ·~ .. ,.,. 

,:-:f 
~ .. ;.;., * Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Walla Walla County Census Division 03 

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

1945 External 0.007 0.016 0.044 0.007 0.016 0.043 
1945 Inhalation 0.194 0.564 2.002 0.160 0.433 1.474 

1945 Milk from BYCow Regime 3 0.302 2.889 22.469 0.042 0.307 2.931 
1945 Milk from BYCow Regime 4 0.064 0.596 6.379 0.011 0.098 1.251 
1945 Commercial Milk (Rural) 27.870 135.803 441.484 2.320 10.805 40.833 

1945 Fruit and Vegetables* 6.833 25.484 113.132 4.504 16.972 83.557 

1946 External 0.002 0.004 0.009 0.002 0.004 0.009 
1946 Inhalation 0.044 0.125 0.408 ·0.031 0.095 0.285 

1946 Milk from BYCow Regime 3 0.037 0.371 3.094 0.006 0.043 0.488 
1946 Milk from BYCow Regime 4 0.007 0.103 1. 709 0.002 0.014 0.168 
1946 Commercial Milk (Rural) 4.590 19.514 81.440 0.362 1.435 5.994 

1946 Fruit and Vegetables* 0.851 3.253' 16.048 0.650 2.380 10.703 

1947 External 0.001 0.001 0.003 0.001 0.001 0.003 
1947 Inhalation 0.012 0.034 0.156 0.010 0.028 0.103 

1947 Milk from BYCow Regime 3 0.017 0.156 1.240 0.002 0.013 0.107 
1947 Milk from BYCow Regime 4 0.002 0.024 0.858 0.001 0.005 0.069 
1947 Commercial Milk (Rural) 1.270 5.355 17.420 0.111 0.474 2.337 

1947 Fruit and Vegetables* 0.164 0.654 3.473 0.128 0.477 2.044 

1945-1947 External 0.012 0.022 0.050 0.012 0.022 0.051 
1945-1947 Inhalation 0.351 0.777 2.298 0.280 0.603 1. 763 

. 1945-1947 Milk from BYCow Regime 3 0.881 4.341 30 .509 ·0.102 0.421 3.004 
1945-1947 Milk from 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 12. 676 . 42. 776 

1945-1947 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 local sources 

,',.'. ~-· 
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Walla Walla County Census Division 04 ---
p- Infant Dose Percentiles Adult "Dose Percentiles 
·--~·.:. Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.004 0.010 0.025 0.004 0.009 0.023 

rA 1945 Inhalation 0.109 0 •. 326 1.185 0.093 0.250 0.791 
-~ .. 

\.:~:i 1945 Milk from BYCow Regime 1 11. 653 60.342 311.884 0.975 5.585 29.638 
1945 Milk from BYCow Regime 2 12.339 62.493 406.724 0.841 5.689 25.542 
1945 Milk from BYCow Regime 3 0.195 1.577 11.011 0.022 0.166 0.976 

f/~ 1945 Milk·from. BYCow Regime 4 0.034 0.530 6.530 0.008 0.057 0.841 

vB 1945 Commercial Milk (Rural) 14.174 54.173 165.491 1.204 4.611 18. 717 

1945 Fruit and Vegetables~ 4.167 15.352 73.492 2.979 10.665 41. 638 
r-j 
!::··~~ 

1946 Extern~l 0.001 0.002 0.005 0.001 0.002 0.005 ~:-1 
1946 Inhalation 0.025 0.070 0 •. 237 0.021 0.054 0.171 

,- ... 
1946 Milk from BYCow Regime 1 2.026 10.298 61. 717 0.149 0.918 5.464 i :: 

? -; 1946 Milk from BYCow Regime 2 1.866 9.120 48.241 0.130 o. 716 3.802 
L.~ 1946 Milk from BYCow Regime 3 0.037 0;313 2.390 · 0.004 0.029 0.176 

1946 Milk from BYCow Regime· 4 0.003 0.053 1.190 0.001 0.007 0.104 

;1 1946 Commercial_ Milk, (Rural) 2.455 10.559 32.023 0.205 0.842 2.169 

L, 1946 · Frui_t and-Vegetables• 0.559 2.308 11. 664 0.395, 1.499 6.696 
'(~ 

4''.."-~ 194.7 External· 0.000 0.001 0.002 0.000 0,001 0.002 
11' 1947 Inhalation 0.007 0.021 0.090 o".006 0,015 0,062 \_. __ ; 

~ 
1947 Milk from BYCow Regime 1 0.575 2.846 17.207 0.047 0.262 1.643 

l-
1947 · Milk fromBYCow_Regime 2 0.542 2.666 17.212 · 0;046 0 .• 219 1.230 
1947 Milk from BYCow Regime 3 0.008 ·0.070 0.750 0)001 0.007 0.087 
1947 Milk from BYCow Regime 4 0.001 0.020 0.524 · 0.000 0.002 0.067 
1947 Commercial Milk. (Rural) ·0.720 2.782 11.028 0.047 . 0.218 0.608 

\ 
Fruit and Vegetables* f 1947 0.107 0.420 2.050 0.084 0.307, 1.413 

.. >- ... 
. . 

1945-1947' External 0;001. · 0.013 0.029 0~001, O.Ol:3 0.028 
1945-1~47 Inhalation 0.202 0,455 1.396 0.159 0,341· 0.876. i!'. 

_j.' 

1945-1947· Milk from BYCow Regime 1 23.623 87.910 399.690 2; 311 8.424 35.215 
1945-1947 Milk from BYCow Regime 2 .26. 698 89.500 417.777 2.026 7.330 26 .• 448 .. ~~-

j 1945-1947 • Milk from 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 1.302 
1945-1947 Commercial Milk (Rural) 26. 989 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 
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Walla Walla County Census Division 05 ,,,~-
~/. 

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

1945 External Q.003 0.006 0.017 0.003 0.007 0.018 ,r"· 

1945 Inhalation 0.072 0.221 0.800 0.060 0.171 0.536 
f,; 

1945 Milk from BYCow Regime 3 0.148 1.280 10.078 0.015 0 .• 102 0.780 
1945 Milk from BYCow Regime 4 0.023 0.293 8.976 0.005 0.050 0.598 
1945 Commercial Milk (Rural) 14.500 58.614 158.803 1.148 4.569 12.841 

,., 
r 
~ 

1945 Fruit and Vegetables* 2.838 11.224 41.839 2.191 7;992 39.502 r-, 

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 1. 754 0.003 0.022 0.167 
1946 Milk from BYCow Regime 4 0.003 0.042 0.585 0.001 0.007 0.069 F~ 
1946 Commercial Milk (Rural) 2.382 9.499 31. 373 0.173 0.733 2.674 

·-1946 Fruit and Vegetables* 0.393 1.626 7.085 0 .• 290 1.123 5.082 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.004 0.012 0.047 0.004 0.010 0.032 ,.·.· 

1947 Milk from BYCow Regime 3 0.008 0.074 0.599 0.001 0.006 0.054 ,. 

1947 Milk from BYCow Regime 4 0.001 0.014 0.236 0.000 0.002 0.017 f· 
1947 Commercial Milk (Rural) 0.692 2.705 8.970 0.057 0.203 0.603 ?{. 
1947 Fruit and Vegetables* 0.072 0.309 1.440 0.061 0.230 1.003 

r-~ 
f,. 

1945-1947 External 0.005 0.008 0.020 0.005 · 0.009 0.020 f-. 
"-· 

1945-1947 Inhalation 0.128 0.295 0.923 0.103 0.226 0.605 
-

1945-1947 Milk from BYCow Regime 3 0.426 1. 914 10.679 0.053 0.180 0.785 
1945-1947 Milk from BYCow Regime 4 0,081 0.563 9.439 0.014 0.075 0.640 

~:~ 1945-1947 Commercial·Milk (Rural) 25.415 77 ;31.4 178.712 2.030 5.822 13.956 

1945-1947 Fruit and Vegetables* 4.830 14.414 46.512 3.582 10.388 42.584 {""' 
\.:·. 

(.~- : 

* Dose ·from the fruit and vegetables 
i~·.:. 

pathway assumes that 100% of diet comes from local sources 

r··.·. 

t;A 

0.82 



,.: 

~ .-_. 

P: 
! .. 

\:~.: 
~; ·-. 

,_. 

\_ .. 

-~------------ Walla Walla County Census Division 06 

Year 

1945 
1945 

1945 
1945 
1945 

1945 

1946 
1946. 

1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 

1947 

1945-1947 
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) 

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 

0.002 
0.050 

0.096 
0.019 

14.42B 

2.092 

0.000 
0.010 

0.019 
0.003 
2.737 

0.2B5 

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.B17 
0.264 

61.193 

7.6B4 

0.001 
0.030 

0.18B 
0.036 

10.974 

1.092 

0.000 
0.009 

0.054 
0,009 
2.B69 

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 
0.B45 

2B.53B 

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 

0.002 
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 

0.045 

0.003 
0.078 

0.036 
0.011 
2.024 

2.5B4 

0.005 
0.134 

0.096 
0.033 
4.206 

5.759 

0.001 
0.024 

0.016 
0.005 
0.761 

0.796 

0.000 
0.007 

0.006 
0.002 
0.204 

0.167 

0.006 
0.178 

0.134 
·0.054 
5.358 

7.208 

0.015 
0.576 

0.604 
0.459 

14.116 

24.265 

0.002 
0.092 

0.133 
0.047 
2.578 

3.615 

0.001 
0.024 

0.039 
0.017 
0.736 

0.749 

0.017 
0.707 

0.662 
0.483 

15.982 

25.126 

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

0.83 
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- Walla Walla County Census Division 07 

Infant Dose Percentiles Adult Dose Percentiles •· .. · 
Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External o. 002 , 0.004 0.011 0.002 0.004 0.012 r. 
1945 Inhalation 0.044 0.146 0.691 0.036 0.107 0.450 

1945 Milk from BYCow Regime 3 0.111 0.806 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 1.378 5.034 22.451 

1946 External 0.000 0.001 0.002 0.000 0.001 0.002 
1946 Inhalation 0.009 0.026 0.106 0.007 0.019 0.073 

1946 Milk from BYCow Regime 3 0.016 0.106 0.857 0.002 0.014 0.094 
1946 Milk from BYCow Regime 4 0.003 0.046 0.643 0.001 0.005 0.046 
1946 Commer~ial Milk (Rural) 2.305 9.948 29.589 0.191 0.760 2.317 

1946 Fruit and Vegetables* 0.258 1.057 5.097 0.209 0.751 3.248 

1947 External 0.000 0.000 0.001 .0.000 0.000 0.001 
1947 Inhalation 0.002 0.007 0.028 0.002 0.005 0.019 

1947 Milk from BYCow Regime 3 0.004 0.039 0.470 0.001 0.003 0.019 I";·' 

1947 Milk from BYCow Regime 4 0.001 0.010 0.211 a.coo 0.002 0.009 t·.:_. 

1947 Commercial Milk (Rural) 0.734 2.566 10.264 0.045 0.200 0.582 

1947 Fruit and Vegetables* 0.046 0.179 0.906 0.037 0.146 0.617 

1945-1947 External 0.003 0.005 0.013 0.003 0.005 0.014 
1945-1947 Inhalation 0.078 0.197 0.737 0.064 0.143 0.531 

1945-1947 Milk from BYCow Regime 3 0.305 1.182 6.903 · 0.033 0.110 0.644 
1945-1947 Milk from BYCow Regipte 4 0.069 0.496 7.402 0.011 0.042 0.258 
1945-1947 Commercial Milk (Rural) 29.254 . 75.857 214.087 2.221 5.799 16.359 

1945-1947 Fruit and Vegetables* 3.026 8.734 31:543 2.291 6.529 24.008 

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

,-·.,.., 
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-------------- Walla Walla County Census Division 08 --------------

Yea:r 

1-945 
1945 

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 
Inhalation 

Milk from BYCow Regime l 
Milk from BYCow Regime2 
Milk from BYCow Regime 3 

· Milk from· BYCow Regime. 4 
Commercial Milk (Rural) 

Fruit and.Vegetables* 

External 
Inhalation 

Milk from BYCow Regime l 
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 l 
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 l 
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 

0.002 
0,060 . 

7.663 
8.292 
0.138 
0.018 

11.534 

2.355 

0.000 
0.012 

l.034 
1.121 
0.035 
0.001 
2.007 

0.330 

0.000 
0.003 

0.319 
0.365 
0.008 
0.001 
0.586 

0.062 

0.004 
. 0.106 

15.771 
15.671 

0.410 
0.052 

24.640 

3.918 

0.005 
0.171 

48.833 
41.152 
1.435 
0.259 

45.871 

8.553 

0.001 
0.034 

6.628 
6.280 
.0.224 
0.024 

· 8.652 

1.278 

0.000 
0.010 

l.981 
2.168 
0.078 
,0.011 
2.177 

0.245 

0.007 
0.230 

63.168 
58.837 
2.140 

· 0. 390 
64.487 

11.006 

0.012 
0.633 

254 .161 
273.290 
15.508 

3.453 
162.513 

34.463 

0.003 
0.124 

49.989 
40.443 
l. 816 . 
0.545 

25~190 

6.113 

0.001 
0.037 

12.798 
15.206 
0.587. 
0.236 
8.304. 

1.141 

0.015 
Q.695 

293.903 
307.992 
14.560 

3 .• 852 
175.394 

30·.001. 

Adult Dose Percentiles 
5th 50th . 95th 

0.002 
0.049 

0.549 
0.466 
0.020 
0.006 
0.968 

1.721 

0.000 
0.010 

0.088 
0.094 
0.003 

, 0.001 
0.162 · 

0.253 

0.000 
0.003 

0.026 
.0.024 
0.001 
0.000 
0.046 

0.049 

0.004 
0.082 

l.384 
1.193 
0.045 
0.011· 
l.794 

2.823 

0.005 
0.138 

3.300 
3.210 
0.111 
0.043 
3.828 

6.274 

0.001 
0.027 

0. 50.4 
o. 656 
0.020 
0.005 
0.672 

o. 902. 

0.000 . 
0.008 

0.157 
0.152 

· 0. 006 
0.002 
0.169 

0.192 

0.007 
0.181 

4.455 
5.010 · 
Q.166 
0.061 
4.819 

8.067 

0.013 
0.448 

19.960 
22.346 

0.690 
0.476 

· 14.260 

28.833 

0. 003 ' 
0.086 

2.314 
3.654 
0.132 
0.102 
2.598 

. 3. 969 

0.001 
0.029 

0.779 
1..049 
0.045 
0.017· 

. o. 656 

6.792 

0.015 
0.478 

22.168 
22.447 

o:648 
0.551 

13.996 

31.144 

* Dose from the fruit and vegetables. pathway ·assumes that 100% of diet comes f.rom local sources 

D .85·. 



Walla Walla County Census Division 09 
,···. ~ 

Infant Dose Percentiles Adult Dose Percentiles 
; ~-' 
;"-·· 

Year Dose Pathway 5th 50th 95th 5th 50th 95th 

1945 External 0.003 0.006 0.017 0.003 0.006 0.016 ·:·~·-
1945 Inhalation 0.076 0.228 0.827 0.062 0.166 0.537 

:f·,. 

1945 Milk from BYCow Regime 1 9.245 47.565 248.857 0.754 3.836 22.576 i.) 

1945 Milk from BYCow Regime 2 9.813 58.405 319.694 0.558 3.373 14.983 
1945 Milk from BYCow Regime 3 0.153 1.318 19.496 0.018 0.127 0.784 r-
1945 Milk from BYCow Regime 4 0.017 0.264 7.843 0.005 0.037 0.502 I'.-·. 
1945 Commercial Milk (Rural) 14.211 55.398 196.899 1.129 4.841 17 .292 

:-:· 
\::.· 

19.45 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 Regim~ 2 1.330 8."305 48.366 0.100 0.618 3.418 
1946 Milk from BYCow Regime 3 0.034 0.284 2.835 0.004 0.025 0.239 
1946 Milk from BYCow Regime 4 0.002 0.029 0.542 0.001 0.005 0.055 
1946 Commercial Milk (Rural) 2.157 8.641 29.936 0.189 0.670 2.652 

1946 Fruit and Vegetables* 0.386 1.424 6.601 0.290 1.045 4.951 

~-:!-. 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
:·v-: 
r .~ 

1947 Inhalation 0.004 0.013 0.058 0.004 0.010 0.035 ".•::,! 

:. '-i 
i],,.: 

1947 Milk from BYCow Regime 1 0.488 2.273 14. 643 0.029 0.185 0.9'17 
1947 Milk from BYCow Regime 2 0.468 2.167 14.509 0.032 0.179 0.956. 
1947 Milk from BYCow Regime 3 0.009 0.071 0.677 0.001 - 0.007 0.058 
1947 Milk from BYCow Regime 4 . 0.001 0.011 0.240 0.000 0.001 o. ol 1 
1947 Commercial Milk (Rural) 0.680 2.453 8.817 0.047 0.195 0.791 

1947 Fruit and Vegetables* 0.067 ·0.292 1.399 0.058 0.21°9 1.079 t~.' 

tJ 
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 ' 

fl~\ 
1945-1947 Milk from BYCow Regime 1. 18.391 69.346 241.773 1.683 5.486 25.098 r_•;;:. 

f·-",:-.j 

1945-1947 . Milk from BYCow Regime 2 19.424 71.,453 308.233 1.383 4.867 17.686 ":,.;J 

1945-1947 Milk from BYCow Regime 3 0.515 2.205 24.557 0.043 0.201 0.980 
1945-1947 Milk from BYCow Regime 4 0.056 0.464 8.273 0.012 0.057 0.442 ,".), 

F. • 

1945-1947 Commercial Milk (Rural) 24.164 72.179 222.889 2.071 6.326 17.454 i)J 
t'/;:i 

1945-1947 Fruit and Vegetables* 
..... •· 

4.826 13.489 57.671 3.621 9.735 35.380 
,-.., .. 
•':.·3 
i! ~ l 

of diet * Dose from the fruit and vegetables pathway assumes that 100% comes from local sources ,·,·1 

u 
. ~~: 
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Walla Walla County Census Division 10 

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

1945 External ,0.002. 0.005 0;014 0.002 0.005 0.014 
1945 Inhalation 0.063 0.185 0.650 0.051 0.140 0.440 

1945 Milk from BYCow Regime 1 7.314 41.593 284.734 0.554 3.308 21.877 
1945 Milk from _BYCow Regime 2 7.347 41. 989 223.377. o. 640 3.274 18.659 

iT~ 1945 Milk frQm BYCow- Regime 3 0.148 1.244 14.40.4 0.008 0.098 1.105 

rn 1945 Milk from,BYCow Regime 4 0.009 0.209 6.216 0.001 0.020 0.780 
~ ;•_;,j· 1945 Commercial'.Milk (Urban) 22.188 69.049 198.440 1.021 3.920 12.813. 

(.:-i 
1945 Fruit.and:Vegetables* 2.432 9.198 39.161 1.831 6.584 29.834 

: .. :) 
.f-1 ··-·:~ i946 External 0.001 0.001 0.002 0.001 0.001 0.003 

1946 Inhalation 0.013 0.036 0.113 0.011 0.028 .0.094 

1946 Milk from BYCow Regime 1 1.496 6.632 28.305 0.088 0.502 3.154 
1946 Milk from BYCow Regime 2 1.170 6.389 38.025 0.084 0.546 2.789 
1946 'Milk from BYCow Regime 3 0.022 0.185 l.823 0.002 0.016 0.142 
1946 Milk from.BYCow-Regime 4 0.000 0.028 0.764 0.000 0.002 0.042 

1.}1 1946 Commercial:Milk (Urban) 3,442: 11. 700 31.399 0.152 0.757 2.062 

~::~-i 1946 Fruit and Vegetables* 0.348 1.418 7.774 0.280 1.018 4.205 

1947 External 0.000 0~000 0.001 0.000 0,000 0.001 
1947 Inhalation .0;003 0.011 0.045 0.003 0.009 0.032 

1947 Milk from·BYCow Regime-1 0.355 2.140 10.819 0,025 0.176 1.086 
1947 Milk from BYCowRegime 2 0.377 2.208 14.446 0.026 0.144 0.783 
1947 _Milk from, BYCow Regime -3 0.009 0.068 0.619 0.001 0.005 0.064 
1947 ·Milk from.BYCow Regime 4 0.000 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 a~d-Vegetables* 0.057, 0.232 1.296 0.046 0.176 0.868 .... ~.·-· 

1945-1947 External 0.004 0,007 0.016 0.004 0.007 0.016 
1945-1947 Inhalation .0.111 0.251 o. 718 0.091 0 •. 100 0.487 .. 

: :;~J' i945-1947 Milk frol!l,"BYCow Regime 1 16.957 55.369 272.129 1.146 4.728 26.343 _ .. f 
1945-194] Milk from BYCow Regime 2 16.816 64.072 231.542 1.254 4.597 19.785 
1945-1947 Milk from BYCow Regime 3 0,431 2.002 13.263 0,033 0.174 1.235 
1945-1947 Milk from BYCow Regime 4 0.036 0.409 6.923 0.003 0.033 0.705 
1945-1947 Commercial Milk (Urban) 35.523 84.725 216.080 1.707 5.404 14.950 

1945-1947 Fruit and Vegetables* 4.036 11. 840 43 •. 457 3.168 8.988 33.331 

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

D.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 o.oos 0.013 0.002 0.005 0.014 
1945 Inhalation 0.061 0.190 0.733 0.052 0.137 0.446 

1945 Milk from BYCow Regime 1 7.720 44.814 225.865 0.517 3.398 22.556 
1945 Milk from BYCow Regime 2 7;949 42.807 236.336 0.515 3.006 17.640 
1945 Milk from BYCow Regime 3 0.124 1.371 11.701 0.009 0.094 0.768 
1945 Milk from BYCow Regime 4 0.008 0.379 8.334 0.001 0.024 0.418 
1945 Commercial Milk (Urban) 19.644 73.411 177.311 0.819 3.823 12.585 

1945 Fruit and Vegetables* 2.414 9.595 42.553 1.884 _6.568 27.923 

1946 External 0.001 0.001 0.003 0.001 0.001 0.003 
1946 Inhalation 0.013 0.036 0.117 0.011 0.028 0.083 

1946 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 0.588 0.000 0.001 0.040 
1946 Commercial Milk <Prban) 3.390 13.166 33.669 0.173 0.786 2.410 

1946 Fruit and·vegetables• 0.347 ·1.385 6.331 0.257 0.954 4.309 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
1947 Inhalation 0.004 0.010 0.039 0.003 0.008 0.029 

1947 Milk from BYCow Regime 1 0.362 1.905 10.091 0.022 0.141 0.965 
1947 Milk from BYCow Regime 2 0.382 2.221 14.045 .0.026. 0.163 0.810 
1947 Milk from BYCow Regime 3 0.008 0.072 0.845 .0.001- 0.006 0.049 
1947 Milk from BYCow Regime 4 0.000 0.008 0.146 0.000 0.001 0.012 
1947 Commercial Milk (Urbani 0.850 3.039 8.268 0.049 0.183 0.635 

1947 Fruit·and Vegetables• 0.068 0.250 1.214 o.oso 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 0.088 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 a.sos 7.025 0.003 0.036 0.411 
1945-1947 Commercial Milk (Urban) 34.124 87.023 202.229 1. 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 100% of diet comes from local sources 

0.88 



Yakima- County Census Division 01 

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

1945 External 0.001 0.006 0. l-44 0.001 0.006 0.09:7 
1945 Inhalation 0.008 0.104 3.112 0.007 0.099 5.164 

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 0.990 8.996 

1945 Fruit and Vegetables* 0.574 5.724 178.704 0.419 4.021 126.297 

1946 External 0.000 0.002 0.060 0.000 0.002 0.065 
1946 Inhalation 0.002 0.031 1.669 0.002 0.023 2.044 

1946 Milk from BYCow Regime 3 0.003 0.051 2.102 0.000 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* a.on 0.596 11.171 0.058 0.489 9-. 956 

1947 External 0.000 0.000 0.015 0.000 0.000 0.011 
1947 Inhalation 0.001 0.007 0.174 0.000 0.006 0.162 

1947 Milk from BYCow Regime 3 0.001 0.014 0.260 0.000 0.001 0.034 
1947 Milk from BYCow Regime 4 0.000 0.003 0.102 0.000 0.000 0.017 
1947 Commercial Milk (Rural) 0.108 0.431 2.276 0.008 0.041 0.228 

1947 Fruit and Vegetables* 0.012 0.122 1.980 0.011 0.101 2.223 

"1945-1947 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 Milk from BYCow Regime 3 0.096 o. 712 10. 605 d.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 

. l945-1947 Fruit. and Vegetables* 1.382 8,620 181.683 1.009 6.490 137.064 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
,.,f!_' 
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Yakima County Census Division 02 

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

1945 External 0,000 0,001 0.020 
1945 Inhalation 0,001 0.014 0,517 

1945 Milk from BYCow Regime 3 0,007 0.112 3,680 
1945 Milk from BYCow Regime 4 0.001 0.010 0.576 
1945 Commercial Milk (Rural) 1.391 8.006 80.669 

1945 Fruit and Vegetables* 0.079 0.731 17.531 

1946 External 0.000 0.000 0.005 
1946 Inhalation 0,000 0.003 0.136 

1946 Milk from BYCow Regime 3 0.001 0.014 0.244 
1946 Milk from BYCow Regime 4 0.000 0.001 0.145 
1946 Commercial Milk (Rural) 0.207 0.969 5.245 

1946 Fruit and Vegetables* 0.010 0,098 2.975 

1947 External 0.000 0.000 0,001 
1947 Inhalation 0.000 0.001 0.033 

1947 Milk from BYCow Regime 3 0.000 0.003 0.063 
1947 Milk from BYCow Regime 4 0.000 0,001 0.023 
1947 Commercial Milk (Rural) 0.049 0.254 1.805 

1947 Fruit and Vegetables* 0.002 0.024 0.611 

1945-1947 External 0.000 0.001 0.031 
1945-1947 Inhalation 0,004 0.032 0.846 

1945-1947 Milk from BYCow Regime 3 0.027 0.204 3.841 
1945-1947 Milk from BYCow Regime 4 0.003 0.023 0.729 
1945-1947 Commercial Milk (Rural) 2.764 10.413 80.266 

1945-1947 Fruit and Vegetables* 0.216 1.313 21.413 

* Dose from the fruit and vegetables pathway as~umes that 100% of diet 

D.90 

Adult Dose Percentiles 
5th 50th 95th 

0,000 0.001 0.016 
0,001 0,011 0.420 

0.001 0.012 0.300 
0,000 0,003 0.047 
0.117 0.588 4.667 

0.063 0.643 12.331 

0.000 0,000 0.005 
0.000 0.002 0.109 

0,000 0.001 0.016 
0,000 0,000 0.006 
0.016 0,079 0.665 

0.009 0,085 1. 747 

0.000 0.000 0,001 
0,000 0.000 0.020 

0,000 0.000 0,006 
0.000 0.000 0.004 
0.004 0.023 0,110 

0,002 0,020 0.436 

0.000 0,001 0.023 
0,003 0.024 0.640 

0.003 0.019 0.412 
0,001 0.005 0.058 
0.198 a.sos 4.883 

0,165 1.063 14.791 

comes from local sources 

•:=-: 
i" 
'.:.:. 
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Yakima County Census Division 04 
~ .. -.. 
,:·· 

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

1945 External 0.000 0.000 0.020 0.000 0.000 0.015 
1945 Inhalation 0.001 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 ff: 1945 Milk from 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 ~ .. i 

1945 Fruit and Vegetables* 0.058 0.662 29.611 0.054 0.542 24.554 

1946 External 0.000 0.000 0.003 0.000 0.000 0.005 
1946 Inhalation 0.000 0.001 0.035 0.000 0.001 0.025 

r'.'? 

1946 Milk from·BYCow Regime 1 0.014 0.199 8.731 · 0.002 0.014 0.562 .. 
1946 Milk from BYCow Regime 2 0.015 0.255 10.771 0.001 0.018 0.472 ~~--•:• "~--
1946 Milk from BYCow Regime 3 0.001 0.009 0.177 0.000 0.001 0.030 
1946 Milk from BYCow Regime 4 0.000 0.002 0.057 0.000 0.001 0.005 
1946 Commercial Milk (Rural) 0.271 1.392 8.302 0.018 0.106 0.623 

1946 Fruit and Vegetables• 0.008 0.097 4.166 0.007 0.069 2.557 

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 
t'.~\ 
.t· 

1947 Inhalation 0.000 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 0.125 
1947 Milk from BYCow Regime 3 0.000 0.002 0.054 0.000 0.000 0.006 
1947 Milk from BYCow Regime. 4 0.000 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 
~.":,; 

r .: 
~. ~ -· 
l' -i 
~--:·~-; 

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 .r? 
1945-1947 Milk from BYCow Regime 1 .0.353 3.116 87.966 0.034 0.240 4.806 fJ 

\."•.-• 

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 (Rural) 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 from tne fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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Yakima County Census Division 05 
r•.-.::; 
; ,_:.--~ Infant Dose Percentiles, Adult Dose Percentiles i-: :~: Year . Dose Pathway 5th 50th 95th 5th 50th 95th. 

1945 External 0,000· 0.000 0.020 a.coo 0.000 0.013 
1~ . ·-~ 1945 Inhalation 0.001 0.006 0.209 0.001 0.006 0.186 

!/J 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 

r·1 1945 Milk from BYCow Regime 3 0.006 0.065 1.325 0.001 0~009 0.156 

rn 1945 Milk from.BYCow Regime 4 0.001 0.013 0.833 a.coo.< 0.004 0.136 
1945 Commercial: Milk (Rural) 2.052 9~331 61.562 0.162 1.051 7.933 

~945 Fruit and'Vegetables* 0.062 0.649 22. 711 0.055 0.552. 15.859 

ll 1946 External 0.000 0.000 0.003 a.coo 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< 0.692 
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 a.coo 0.000 · 0.012 

i~J- 1946 Commercial Milk (Rural) 0.329 1.653 11. 704 0.025 0.131 0.640 
'~ ·'r. 

1946 Fruit and·vegetables* 0.009 \'...,; 0.109 3.699 0,008 0.091 3.871 ~ ........ d-

f,'.:;.1 1947 External 0.000 a.coo 0.000 0.000 0.000 a.coo 
!. ~:'I' 1947 Inhalation , 0.000 0.000 0.012 0.000 a.coo 0.006 (J 

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 a.coo. 0.006 0.189 .. ~ 

H 1947 Milk from BYCow Regime 3 .o.ooo 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 

,I 

f"~j 1947 Fruit and Vegetables* 0.002 0.021 1.053 0.002 0.018 0.700 
!": 
: -;~ 
L.•! 

1945-1947 External a.coo 0.001 0.028 0,000 0,001 0.022 i.· 
.. /1 

1945-1947 , Inhalation 0.002 0.012 0.410 0.()02 0.011 0.312 
·.:,,;, I .. ...,~.• 

1945-1947 Milk from BYCow Regime l 0.425 3.094 39.029 0.027 0.198 2.483 
1945-1947 , Milk from BYCow Regime 2 0.297 2. 616 41.705 0.026 0.190 4.537 

.,, 1945-1947 Milk from BYCow Regime 3 0.016 0.123 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 'l.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 assumes that 100% of diet comes from local sources 
:·::; 

;~ :1. 
I ,A:;~ 

tJ 

' 
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- Yakima County Census Division 06 
r, •. 

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 4.558 ~::.,· 

~..,.::~: 
1945 Milk from BYCow Regime 1 2.127 28.541 569.757 0.127 1.639 32. 771 
1945 Milk from BYCow Regime 2 1.369 19.018 469.741 0.096 1. 781 .41.096 
1945 Milk from BYCow Regime 3 0.041 0.626 20.028 0.005 0.068 8.504 

_ .. 
k.·1 

1945 Milk from BYCow Regime 4 0.006 0.109 3.760 0.001 0.016 0.570 t· 
1945 Commercial Milk (Rural) 2.628 20.067 234.385 0.224 1.673 25.920 t;~ 

1945 Fruit and Vegetables* 1.100 10.800 284.426 0.895 6.990 117.825 r£· 
f 

1946 External 0.000 0.004 0.149 0.000 0.003 0.237 
1946 Inhalation 0.004 0.053 3.115 0.003 0.039 1.972 

.. 
1946 ·Milk from BYCow 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· 0.000 0.002 0.059 
1946 Commercial Milk (Rural) 0.462 2.755 26.281 0.034 0.248 2.801 

1946 Fruit and Vegetables* 0.157 1.334 28.721 0.118 0.912 18.473 

1947 External 0.000 0.001 0.033 0.000 0.001 0.043 
[:~·. 
F,:, . 

1947 Inhalation 0.001 0.012 0.622 0.001 0.010 0.402 
..,, . 

iC,.l 

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 0.079 1.201 \,"':· . 
1947 Milk from BYCow Regime 3 0.001 0.019 0.480 0.000 0.002 o.058·· .;.,_-.: 

1947 Milk from BYCow Regime 4 0.000 0.005 0.389 0.000 0.001 0 .0·43 
4,. 
i,_;. 

1947 Commercial Milk (Rural) 0.120 0.813 5.045 0.011 0.072 0.601 

1947 Fruit and Vegetables* 0.276 
,~~": 

0,032 5.081 0.024 0.184 . 3,680 
t~-,i 

1945-1947 .External 0.004 0.028 0.791 0.004 0.026 0.993 
1945-1947 Inhalation 0.069 0.533 23.125 0.053 0.379 8.931 [;'.] 
1945-1947 Milk from BYCow Regime 1 6.823 50,339 976.336 0.520 3.481 57.923 l', ~: 

t:,\./ 

1945-1947 Milk from BYCow Regime 2 5.906 41.210 716.339 0.350 2.815 50.051 
1945-1947 Milk from BYCow Regime 3 0.120 1.043 21.157 0.017 0.129 5.197 
1945-1947 Milk from BYCow Regime 4 0.028 0.288 5,830 0.004. 0.033 0.614 

r.,·, 
1-'•,.· 

t"°'.. ,: 
1945-1947 Commercial Milk (Rural) 6.314 30.110 280.143 0.598 2.581 18.175 t;?. 
1945-1947 Fruit and Vegetables* 2.887 18.124 289.400 2.048 11.488 139.040 

r-:~ 
* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources iJ-~ 

;;;-~1 

.-, ... "!_ 
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-------------- Yakima county Census· Division 07 --------------

Year 

1945 
1945 

i945 
1945 
1945 
1945 

-1945 

1945 

1946 
1946 

1946 
1946. 
1946 
1946 
1946 

1946 

1947 
1947 

1947 
1947 
1947 
1947 
1947 

1947 

1945-1947 
s 1945-1947 

1945-1947 
1945:..1947 
1945-1947 
1945-1947 
1945-1947 

Dose Pathway 

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* 

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) 

1945-1947 Fruit and Vegetables* 

Infant Dose Percentiles 
5th 50th 95th . 

0.000 
0.001 

0.244 
0.192 
0.007 
0.002 
2.484 

0.167 

0.000 
0.000 

0.037 
0.027 
0.001 
0.000 
0.286 

0.024 

0.000 
·o.ooo 

0.010 
0.009 
0.000 
0 .• 000 
0.101 

0.005 

0.000 
0.006 

0.885 
0.699 
0.027 
0.006 
4.459 

0.443 

0.001 
0.023 

3.506 
3.651 
0.110 
0.029 

14.048 

1.530 

0.000 
0.004 

0.592 
0.459 
o.01s
o.003 
1.549 

0.2.41 · 

0.000 
0.001 

0.133 
0.137 · 
0.005 
0.001 
0.539 

0.046. 

0.002 
0.048 

7.500 
5.974 
0.198. 
0.053 

17.747 

2.881 

0.030 
0.814 

56.852 
67.360 
2.838 
1.141 

155.390 

47.420 

0.006 
0.191 

17.500 
13.429 

0.378 
0.087 
9.270 

4.749 

0.001 
0.026 

3,479 
3.185 
0.132 
0.045 
2.782 

1.027 

0.042 
1.088 

109.139 
84.472 

4 .116 
a.ass· 

165. 678 

63.278 

Adult Dose Percentiles • 
5th 50th 95th 

0.000 
0.001 

0.018 
0.020 
0.001 
0.001 
0.184 

0.107 

0.000 
0.000 

0.003 
0.002 
0.000 
0.000 
0.023 

0.016 

0.000 
0.000. 

p.001 
0.001 
0.000 
0.000 
0.006 

0 •. 003 

0.000 
0.005 

0.067 
0.055 
0.004 
0,002 
0.383 

0.280 

0.001 
0.017 

0.291 
0.232 
0.013 
0.006 
0.921 

0.949 

0.000 
0.003 

0.044. 
0.027 
0.002 
0.001 
0.135 

0.154 

0.000 
0.001 

0.011 
0.008 
0.000 
0,000 
0.042 

0.030 

0.002 
0.034 .. 

0,626 
0.464 
0 •. 021 
0.011 
1.251 

1.733 

0.026 
0.470 

8.176 
7.595 
0.203 
0.072 
7,508 

25.661 

0.008 
0.123 

1.657 
o. 722 
0;055 
0.021 
o. 729 

4.212 

0.001 
0.023 

0.287 
0.308 
0.013 
0.003 
0.349 

0.602 

0.052 
0.963 

10.486 
s. 775 
0.276 
0.099 
7.843 

32.337 

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

0.95 



r:-I• 
;·,: 
~!.- ; 

tJ 
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 1.385 

L"-< 
1945 Milk from BYCow Regime 3 0.010 0.171 7.579 0.002 0.018 0.478 

'1.!., ~ 

1945 Milk from BYCow Regime 4 0.002 0.030 0.796 0.001 0.007 0.150 
1945 Commercial Milk (Rural) 2.284 10.658 92.128 0.173 0.946 13.141 ;t'·"·\ r~-; 
1945 Fruit and Vegetables* 0.252 3.018 83.171 0.191 1.815 55.736 i~~~: 

1946 External 0.000 0.000 0.010 0.000 0.000 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 0.005 0,132 0.000 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 0.005 
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* o. 714 5.072 89.645 0.490 3.261 58.337 n 
;.:.1 

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local_ sources 
,.·; 
1.: .. ,\ 
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Yakima County Census Division 09 

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

1945 External 0.002 0.006 0.070 0.001 0.006 0.077 
194S- 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 1.593 12.864 
1945 Milk from BYCow Regime 2 3.218 21.990 169.718 0.258 1.940 15.152 

ffi~ 
1945 Milk from BYCow Regime 3 0.065 0.731 9,045 0.009 0.062 0.696 
1945 Milk from BYCow Regime 4 0,016 0.329 4.623 0.003 0.028 0.445 

Ft 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 
f}'1 
i ,;; 
;;;:·i 
t:~:~; 1946 External 0.000 0.002 0 •. 021 0.000 0.002 0.030 

1946 Inhalation 0.007 0.034 0.583 .0.006 0.029 0.490 

1946 Milk from BYCow Regime 1 0.467 3.650 34.281 0.029 0.232 l.812 
1946 Milk from BYCow Regime 2 0.399 2.854 22.185 0.039 0.314 2.312 
1946 Milk from BYCow Regime 3 0.009 0.111 1.171 0.001 0.009 0.077 
1946 Milk from BYCow Regime 4 0.001 0.032 0.587 0.000 0.004 0.040 
1946 Commercial Milk (Rural) 0.624 3.533 22.419 0.049 0.273 1.680 

1946 Fruit and Vegetables* 0.210 1.002 6.686 0.153 0.683 4.075 

[;] 1947 Externa.l 0.000 a.coo 0.004 0.000 0.000 0.004 
1947 Inhalation 0.002 0.011 0.143 0.002 0.008 0.091 

C • 
~~-~t' 

1947 Milk from BYCow Regime 1 0.123 0.702 5.089 0.012 0.108 0.911 
!"':C 

1947 Milk from BYCow Regime 2 0.144 1.207 13.067 0.009 0,086 0.792 
L:,.•1 1947 Milk from.BYCow Regime 3 0.002 0;032 0.252 .0.000 0.003 0.028 
~ ·.~ 

t~} 1947 Milk from BYCow 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 
1··: 
:,• .. ·-
;_,. 

1945-1947 External 0.003 0.011 0.115 0.003 0.011 0.143 
- 1945-1947 Inhalation o;o67 0.253 3,660 0.054 0.205 3.472 

1945-1947 Milk from BYCow Regime 1 7.160 40.983 282.023 0.630 2.535 17.673 
"':1945-1947 Milk from BYCow Regime 2 7.471 32.111 196 • .112 . 0.644 2.931 15.765 
.• 1945-1947 Milk from BYCow Regime 3 0.194 1.167 9.209 0.022 0.101 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) 8.694 31.150 155.666 0.765 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 local sources 

·--/·"; 
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Yakima County Census Division 10 
"'" 

Infant Dose Percentiles Adult Dose Percentiles 
Year Dose Pathway I 5th 50th 95th 5th 50th 95th ~=---

1945 External 0,000 0,002 0.022 0.000 0,002 0.026 
1945 Inhalation 0.008 0.052 1.228 0.007 0.040 1.206 

1945 Milk from BYCow Regime 1 0.923 7.922 83.687 0,080 0.639 7.012 
1945 Milk from BYCow Regime 2 0,810 8.572 85.756 0.080 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 L,_ .. 

1945 Fruit and Vegetables• 0.478 3.025 32. 775 0.358 1.861 19.339 

1946 External . 0.000 0.001 0.008 0.000 0,001 0.011 f,/: 
1946 Inhalation 0.002 0.012 0.237 0.002 0.010 0.188 

1946 Milk from BYCow Regime 1 0.149 - 1.291 12.494 0.014 0.118 1.377 [r 
;-,. 

1946 Milk from BYCow Regime 2 0.143 1.240 15.306 0.012 0,11:1 1.329 t~-~-
1946 Milk from BYCow Regime 3 0,005 0.048 0.669 0.000 0,005 0.059 
1946 Milk from BYCow Regime 4 0.001 0.017 0.408 0.000 0.002 0.051 
1946 Commercial Milk (Rural) 0,737 3.369 23.613 o .. 046 0.232 1.437 

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 t" 
~ , .. 

1947 Inhalation 0.001 0.004 0.128 0.000 0.003 0.102 t~~--
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 0.481 5.511 0.003 0.028 0.279 
1947 Milk from BYCow·Regime 3 0.001 0.015 0.220 0.000 0.001 0.012 
1947 Milk from BYCow Regime 4 0.000 0.003 0.085 0.000 0,001 0.006 
1947 Commercial Milk (Rural) 0,191 0.862 4.660 0.015 0.071 0.519 

1947 F~it and Vegetables* 0.014 0,079 o. 719 0.011 0.061 0.503 -
t"' 

t .. :s,· 

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 !'<'1 

"j ',•: 

1945-1947 Milk from BYCow Regime 1 -2.460 12.620 105.711 0.174 0.953 8.498 ~;:'. 
~,-J 

1945-1947 Milk from BYCow Regime 2 2.685 13.241 113.189 0.204 1.150 9.838 
1945-1947 Milk from BYCow Regime 3 0.080 0.493 3.946 0.010 0.045 0.296 
1945-1947 Milk from BYCow Regime 4 0.021 0.215 3.652 0.005 0.026 0,185 rn 1945-1947 Commercial Milk (Rural) 9.483 37.232 184.967 0.730 2.393 11.160 t;•. 

~-;s-1.: 
1945-1947 Fruit and Vegetables• 1.006 4.4-59 41. 332 0.712 2.696 20.956 

r-:..:~ s-::•; 
* Dose from the fruit and·vegetables pathway assumes _that 100% of diet comes from local sources 
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Yakima County Census Division 11 
c;·:-

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 

r:~ 1945, Inhalation 0.001 0.017 o. 676 0.001 0.014 0.455 

,,. -~ 
i'_ . ., 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 

f~)1 
1945 Fruit and.Vegetables* 0.162 1.550 46.272 0.115 0.954 14. 717 !'' ~}J 

[) 
1946 External. 0.000 0.000 0.004 0.000 0.000 0.007 
1946 Inhalation 0.000 0.004 0.092 0.000 0.003 0.098 

k_j 
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 0,001 0.009 
1946 Commercial Milk (Rural) 0.311 1.581 8.453 0.026 0.139 0.961 

1946 Fruit and Vegetables* 0.024 0.197 3.193 0 .• 016 0.121 2.989 

1·,-:; 
1947 External. 0.000 0.000 0.001 0.000 0.000 0.001 l ,~~ 

(tJ 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 

F] 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 

t~f 
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 L0 1945-1947 Inhalat'ion 0,005 0.040 0.874 0.005 0.031 0.663 

,I• 

1945-1947 Milk from BYCow Regime 3 0.022 0.167 2.608 0.003 0.019 0.258 
1945-1947- Milk from BYCow Regime 4 ,0.006 0,061 0.829 0.001 0.008 0.097 
1945-1947 Commercial Milk (Rural) 4.562 16.648 148.327 0.358 1.318 5.833 

1945-1947 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 ccimes from local sources 
.,.. .. 
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Yakima County Census Division 12 

Infant Dose Percentiles Adult Dose Percentiles 
i£_.· 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 BYCow Regime 3 0.006 0.094 2.991 0.001 0.013 0.501 
:,_:_ 

1945 Milk from BYCow Regime 4 0.001 0.028 2.008 0.001 0.007 0.098 
1945 Commercial Milk (Rural) 2.069 10.914 77.368 0.174 0.997 11. 657 

1945 Fruit and Vegetables* 0.200 2.386 52.324 0.129 1.181 28.836 

1946 External 0.000 0.000 0.010 0.000 0.000 0.013 r· 
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 0.000 0.001 0.019 
1946 Commercial Milk (Rural) 0.337 1.599 8.386 0.027 0.136 0.824 

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 0.000 0.001 0.030 

1947 Milk from BYCow Regime 3 0.000 0.002 0.094 0,000 0.000 0.006 
1947 Milk from BYCow Regime 4 0.000 0.001 0.041 0.000 0.000 0.005 
1947 Commercial Milk (Rural) 0.104 0.479 2.651 0.006 0.033 0.194 

1947 Fruit and Vegetables* 0.005 0,043 0.810 0.003 0.027 0.443 

fj 
1945-1947 External 0.001 0.004 0.095 0.001 0.003 0.079 6'.-:i 

it:J 1945-1947 Inhalation 0.008 0.072 3.235 0.006 0.052 1.984 

1945-1947 Milk from BYCow Regime 3 0.019 0.162 2.928 0,003 0.021 0.341 ri 1945-1947 Milk from BYCow Regime 4 0.006 0.060 2.012 0.002 0.010 0.101 Lj 1945-1947 Commercial Milk (Rural) 4.668 15.318 96.954 0.356 1.365 15.410 

1945-1947 Fruit and Vegetabies* 0.550 3.611 66.036 0.307 1.993 38,815 r~ 
* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources 
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. 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 for the 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 does. not necessarily constitute or imply its endorsement, recommendation or favoring by 
the U.S. Government or any agency thereof, nor by Battelle Memorial Institute. Results in this 
report, including preliminary dose estimates, are based on the use of unverified software. No 
assurance is expressed·orimplied as to the accuracy, completeness, or usefulness of this 
information. 
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