





PREFACE

This is one of three draft réports that summarize the first phase of a
four-phase historical radiation dose assessment effort titled the Hanford

Environmental Dose Reconstruction (HEDR) Project. This, the Draft Air Path-
way Report, is directed to technical audiences, as is the Draft Columbia

River‘Pathway‘Report. The Draft Summary .Report, which presents both the air
and river pathways, is intended for a generél<audience. jDetéiled descrip-
tions of all aspects of the HEDR Project and the dose reconstruction process
are available in more than 20 supporting. documents (Appendix A).

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

‘among these is to determine that sufficient historical information exists or

can be reconstructed from incomplete records to enable a dose reconstruction
study to proceed and to demonstrate that this is the case. A second objec-
tive is to ‘design conceptual and computational models to specifically deal
with uncertainties in the dozens of variables needed to estimate historical
doses to offsite populations. The final objective is to determine whether

* the data and models are sufficient to enable credible doses to be calculated.
“In summary, Phase I is a pilot or demonstration phase. The Phase I prelimi-
nary dose estimates, which were calculated to demonstrate the feasibility of

reconstructing doses, will definitely change as input and model structures
are refined in later phases.

The reader must recognize -the pre]iminaryvnatUre of the dose estimates
that are presented and discussed in this and the two Companion reports.  As
the HEDR Project continues, the averages; ranges, andldistributiOns 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 yié]ds
Tower average doses, a greater range of doses, and a greater proportion of
Tower doses.

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

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

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

This report summarizes: the air pathway portion of the first phase of the
Hanford Environmental Dose Reconstruction (HEDR) Project, conducted by |
Battelle staff at the Pacific Northwest Laboratory under the direction of an

" independent Technical Steering Panel. The HEDR Project is estimating histor-

ical radiation doses that could have been received by populations near the
Department of Energy s Hanford Site, in southeastern washlngton State.

Phase I of the a1r pathway dose neeonstruct1on sought to determ1ne -

o whether dose estimates cou]d be‘ca]culated”ﬁor bopu]at1ons in the 10 counties

nearest the Hanford Site from atmospher1§ releases of iodine- 131 from the
site from 1944-1947. Phase I demonstrated the following:

o HEDR-calculated source-term estimates of 1od1ne 131 re1easesvto the
‘ atmosphere were within 20% of previously pub11shed estimates.

. Ca]cu]ated vegetat1on concentrations of 1od1ne 131 agree we11 W1th
prev1ous]y published measurements.

o 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.

e Relatively crude, previously pub]ished measurements of thyroid
. burdens. for Hanford workers are in-the range of average burdens
that the HEDR model estimated for similar "reference 1nd1v1dua1s
for the period 1944-1947. : :

Preliminary median dose estimates summed over the years 1945-1947 for
the primary pathway, air-pasture-cow-mi]k~thyrojd, ranged from Tow median '

' values of 0.006 rad (0.00006 Gy) for upwind adults (4.5% of the Phase I

population) who obtained milk from backyard cows not on pasture to high

- median values of 68.0 rad (0.68 Gy) for downwind infants who drank milk from

pasture-fed cows (0.5% of the Phase I population).

About 0.004% of the Phase I population was estimated to have received

» thyroid}doses exceeding a previously published estimate (Washington State

Department of Social and Health Services 1986) of 2,530 rem to a maximally
exposed infant in Pasco, 1945-1947. Future work will expand the time, area,
and radionuclides considered.
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EXECUTIVE SUMMARY

This is one of three draft reports that summarize Phase I of a four-
phase historical radiation dose assessment effort titled the Hanford
Environmental Dose Reconstruction (HEDR) Project. Preliminary dose estimates
were calculated to demonstrate the feasibility of reconstructing doses.

These estimates will definitely change as input and model structures are
refined in later phases.

BACKGROUND

The HEDR Project was prompted by mount1ng concern about possible health
effects to the public from more than 40 years of nuclear operations at the
Hanford Site. The Site was se]ected in 1943 (Figure 1) as the location for
the plutonium-production facilities for producing atomic bombs used in World -

. War II. The first three nuclear reactors began operating in 1944 and 1945.

Chemical separation plants T and B were started up in December 1944 and April
1945. The greatest releases of radionuclides to the atmosphere from Hanford
operations -came from these separations facilities.

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

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

» Onsite personnel monitoring of radiation exposure began when Hanford
employees. first began working at the site (Wilson 1987). In addition to
measuring external exposure using pencil dosimeters, hand and foot counters,
and scans of c]dthing.and extremities with Geiger counters, a bioassay pro-
gram and 1limited scans of the thyroid glands of specific workers were also | '
begun. The thyrdidlmeasurements-provideduan important check on exposures of

offsite populations estimated by the HEDR Project.

PHASES

The HEDR Project consists of fodr'distinct phases° _The first phase of
the air pathway portion of HEDR, a'pi1ot 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, jodine-131. The unit. of monthsvwas selected as the level of -
temporal resolution for Phase I. These factors influenced the selection of
models and parameters and resulted in some conservatism in the-designation‘
of the ranges and fbrms.of distributions. ‘

Phase II is designated .a review and testing phdse, during which sensi-
tivity analyses will be used to identify key parameters and the effects of
model structure on dose estimates. Phases III and IV will be used to refine
parameters, modify models, expand areas, extend time periods, and ensure that

~all key emissions of radioactive materials from Hanford will have been
‘addressed. '
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,APPROACH

A simplified prOJect conceptua] 1og1c diagram’ for calculating doses from
~atmospheric releases is shown in F1gure 3. Gener1c pathways are submersion
in contaminated air, inhalation of contaminated air, exposure to surfaces
contaminated from atmospheric deposition, consumption of contaminated food
crops, and consumption of contaminated animal products. Input to the HEDR »
model consists of distributions for most of the parameters, rather than point
estimates, an approach that results in distributions of dose estimates.

This approach incorporates estimates of .uncertainties resulting from
spatial and temporal variébi]jty, incomplete historical infdrmation, sampling
errors, and unavoidable biases in individuals’ recall o%ilifestyle and food-
habit {nformation_from the 1940s. - This approach also provides a basis for |
focusing pfoject resource5~on‘redu¢ing uncertainties of key parameters and
refining the model structure through the application of sensitivity and
uncertainty analyses. Distributions of doses were calculated for "reference"
individuals, individuals who shared combinations of characteristics such as
age, seX, 1ife$ty1é,'food habits, geographic 1ocations,_etc. These distri-
butions were also combined into distributions representing selected .
populations. ' |

Source Term

. In the early yearé 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-
jated fuel processed were based on records, reports, and a calculation of
iodine-131 content in the spent fuel. The important input parameters of fue1
~irradiation history and cooling time were estimated from the previously
published accounts. The calculations were within 20% of estimates made using
other techniques (Anderson 1974).

Atmospheric Transport

An interim aimospheric transport and‘dispersion mode] wés’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, éa]]ed MESOILT?2 (Ramsde]T
1990), simulates the transport and diffusion of continuous plumes by dividing
the plumes into discrete increments, referred to as "puffs." The code gen-
erates puffs every 15 minutes at the source; the puffs are transported by

the wind until they Teave 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 wiih the ground surface or is washed out by precipi- ,
tation (washout was not considered in Phase I). The code also simulates
radioactive decay.. The wind fields and atmospheric stability daﬁa 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 transpbrt,modeTing in

Phase I. Physically, the domain extends east from the Cascade'Mouhtains to

approximately the Washington-Idaho border and south from Spokane to just
below Pendleton. '

MESOILT2 was used to compute monthly average radionuclide ;onéentrat{bns ‘

in the atmosphere,'monthly average rates of radionuclide deposition, and
month-end surface contamination at nodes within the model domain for a con-
stant monthly release of iodine-131 from a stack between the 200-W and 200-E
Areas. Atmospheric-transport calculations were based on meteorological con-
ditions for January 1983 through December 1987, because the meteorological
data for 1944 through 1947 were not available fn_time to be used in the
Phase I atmospheric-transport calculations. Mefeoro]ogica] data for 1944-
1947 became available after the Phase I atmospheric transport and diffusion

~ calculations were completed. Estimates made with the 1983-1987 meteorologi-
~cal data do not differ greatly from those made with the 1944-1947 data.

Thus, it is reasonable to conclude that using the 1983-1987 meteorological
data in Phase I does not invalidate the results of the calculations or pre-
vent the achievement of Phase I objectives.

Deposition/Interception

Most simulations of dry-deposition phenomena have attempted to lump many
parameters into a "deposition velocity." This approach has been used in
Phase I as a preliminary estimator. The project will eventually incorporate
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a model that accounts for atmospheric conditions and radionuclide properties
to provide the net wet and dfy 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, hay, and grain) were considered. The location of
feed production areas adds another dimension to the factors that influence
milk concentrations.

Food products such as'milk may be consumed directly by members of the
producing farm family, or they may be sold. Most products that were sold

were purchased for redistribution by distributors (such as milk purchases by W

creameries). These distributors tended to blend or average their inventory
over a number of producers. '

Demographic/Dosimetric Variables

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

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

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

leafy vegetables

other (protected) vegetables and root vegetables
grains (generally dried and stored)

orchard fruits, berries, melons

milk.
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Because the aquatic pathway was not included for the 1944-1947 period,
fish were not considered. Phase I assumed that all-vegetables and fruits
were'produced»locale. Most of the Phase I effort was focused on recon-
structing the production and distribution of milk, because of the importance
- of the pasture-cow-milk-thyroid pathway for iodine-131.

Calculational Framework

‘The logic diagram of Figure 3 indicates "modu]evbreaks" for individual
- portions of the dose calculation., These moduTe breaks define individual
portions of thé computer code that can be run in a stochastic simulation
(Monté'Car]o-anaTysis). Because of the interconnected nature of the cow/
feed/mi]k'distribution model, no doses can be calculated for individuals in a
particular census subdivision without knowing‘the environmental.conditions in
many other locations. The dose calculation has been‘structured'{nto moduies
so that repetitive calculations are minimized, and information on the poten-
tial distributions of environmental parameters such as air concentration,
vegetation concentrat1on or milk concentration can be saved. ‘and examined-for
each period. This approach results in the loss of some correlation informa- ',
tion, but the Tosses.do not detectably alter the dose distributions.. This
issue will be examined further in. Phase II.

PRELIMINARY RESULTS

Phése’I results demohstfate that the key objectives were attained.
First, SUfficientuhistorical,information was retrieved and reconstructed.
Second, preliminary cohceptua] and éomputationa] models were constructed to
deal with uncertainties and to establish the foundation for extensive sensi-
tivity analyses to be conducted in Phase II. Fina]]y,ithe data and modeling
approach produced credible, a1though clearly pre]iminary,_dosé distributions.
These objectives were attained by demdnstrating that

¢ the source-term estimates agree well with previsouly pub]ished estimates

e calculated vegetation concentrations are consistent with previous
‘measurements in several locations

e the range of preliminary dosé-esfimates encloses independent esti-
mates of doses to maximally exposed individuals, and
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e relatively crude, previously published measurements of thyroid
burdens of workers are in the range of average burdens that the
HEDR model estimated for similar "reference individuals."

Dose Estimates

Preliminary doses estimated for 1945, 1946, and 1947 and summed over
1945-1947 for the entire Phase I study population from the consumption of
milk contaminated with iodine-131 are illustrated by complementary cumulative
distribution functions in Figure 4. Doses, clearly greafest in 1945, ranged
over several orders of magnitude. About 10% of the population in the
Phase I study area was Tikely 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 3.
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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 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 miik. 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, Baéed on Median Values
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Comparison of Dose Estimates with Independent Ihformation

In_1986; the Washington State Department of Social and Health Services
(DSHS) (Washington State Office of Radiation Protection 1986) issued pre-
Timinary dose estimates for infants in Pasco. These pre]iminary estimates

- were based on previously published measurements of jodine-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
receiyed thyroid doses exceeding the DSHS estimate of 2,530 rem to a
maximally exposed infant in Pasco, 1945-1947.

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

1945-1946.

Comparison of Dose Estimates with'Background.Radiation

Ong way of placing the preliminary Phase I doses in perspective is to

compare the doses with background radiation. Such a comparison requires the

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

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

Sources of Uncertainty and Future Work

Uncertainties in the preliminary Phase [ dose estimates result from
parameter uncertainties, model uncertainties, and variability (Finkel 1990;
IAEA 1989). The extent of these uncertainties and their contributions to the
uncertainty in dose estimates will be assessed 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 include reductions in uncertainty and changes in mean and median
values. Of the contributors to,uncerteinty/variab{]ity in dose estimates
that. were listed above, reductions in uncertainty in the atmospheric
transport/deposition parameters and submodels are the most 1ikely to result
in the greatest reductions in uncertainties in the dose estimates.

In future HEDR work, doses will be estimated for an expanded- t1me, a.
1arger geographic area, a. greater numberﬁof rad1onuc]1des, and additional
pathways. In the interim, it 1s 11ke1y th 16d1ne 131 releases accounted
for more than 80% of cumu]at1ve doses’ to 1nd V1euals in downwind areas. from
 the atmospheric pathway from 1944 to the present. This is because most of
. the jodine-131 released from the Hanford Site~from 1944 to the present was )
released dur1ng 1944-1947 and because iodine-131 accounted for more than 90%
of the doses during 1944 1947.
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1.0 INTRODUCTION

1.1 PROJECT OBJECTIVES

. The primary objective of the HEDR Project is to estimate the radiation
doses that people could have received from nuclear operations at the Hanford
Site. The secondary objective is to make project records available to the
public. Copies of projedtfréébrd?*h?e?maintained in the Department of
Energy - Richland Operations (DOE RL) Pub11c Read1ng Room in the Federal
Bu11d1ng, Richland, Wash1ngton :

1.2 PROJECT‘HISTORY

The HEDR Project was. prompted by mounting concern about possible health
effects to the pubTic resulting from more -than 40 years of nuclear onerations
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 .
WashingtonvState NucTlear Waste Board and the Indian Health Service--recom-.

mended as a top priority that potential doses from radioactive reléases at
- the Hanford Site be reconstructed. The.Panel'a1so~recommended that a

thyro1d disease study be initiated.

Representat1ves from the states of Washington and Oregon, from three
regional Native American tribes, and from the U.S. DOE agreed that a dose

,reconstruction study should be funded by the DOE, be conducteduby Battelle
Vstaff‘at the Pacific Northwest Laboratory, and be directed by an independent
| panel of scientists and state and Native American representatives. A TSP was

deemed necessary to provide credible, independent scientific direction and to
provide a forum.for participation by the states, Native American tribes, and
the public.

Representatives from four Northwest universities selected the technical
members of the independent TSP, which directs the dose reconstruction work.
The TSP includes members with technical expertise in .environmental pathways{
epidemiology, surface-water transport, ground-water_trensport, statistics,
demography, agriculture, meteorology, nuclear engineering, radiation dosim-
etry, and cultural anthropology. The TSP also includes individuals

1.1 . ‘ Draft-



1978 | |1985 | 1986 | 1987 | 1988 | 1983 | 1990
‘ Public interest/concern about radioactivity from U
| Hantord intensifies e

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

"Downwinders” and HEAL ask DOE to provide
historical information on Hanford radiation e - — w

DOE places 19,000 pages of Hanford historical
documents in DOE Public Reading Room in v
Richlend, Washington @~ = e e

HHERP meets and recommends 1) dose
reconstruction study and 2) thyroid disease study | _ _ _ _ _ _ _ . _ _ _v

DOE direcis PNL to begin HEDR Project and to ' v
convenealTSP = b emmem e e e e e e e — -

Professors from four Northwest universities select
technical members of TSP, Washington and Oregon
governorg and Native American tribes appoint

¢'1

representatives to serve on TSP; TSP appoints v

‘ member of public to serve on TSP L ____________________

| .

i TSP meets for the first time Attt ;V
CDC directed by Congress to conduct the Hanford ' . v
Thyroid Disease Study F —————————————————————

CDC = Centers for Disease Control

DOE = U.S. Department of Energy, Richland Operations

HEAL = Hanford Education Action League

HHERP = Hanlord Health Effects Review Panel

PNL = Pacific Northwest Laboratory

TSP = Technical Steering Panel

HEDR = Hanford Environmental Dose Reconstruction (Project) $9006024.53

FIGURE 1.1. Timeline of Events Leading to Establishment of HEDR 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 decisions and reports. ‘

A seﬁarate thyroid-disease study is being conducted in the'Hanford area

by the Fred Hutchinson Cancer Research Center for the Centers for Disease

Control.

/

1.3 HANFORD SITE

The Hanford Site in southeastern Washington. State (Figure.l,Z) 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 brimary processes, fuel fabrication, irradiation, and

- separation, separation resulted in the greatest releases of rgdionut]ides to-

the atmosphere. The separation process is the focus of the Air Pathway

_Report.

N

The first three nuclear reactors--B, D, and Fiebegan operatihg in 1944
and 1945. -Chemical separation plants T and B were started up in December
1944 and April 1945, respectively. After World War II ended.in 1945, the

reactors continued to irradiate uranium fuel and to prbduce plutonium. From
1949 through 1963, six new reactors--H, DR, C, KW, KE, .and N--and‘fqurvﬁew
- separations plants--C, REDOX, U, and PUREX--began operating.

- From 1964-1988, as the government needed Tess plutonium, it eventually

, c]osed'alf of its production reactors and separations plants, except the
* 'PUREX Plant. The PUREX Plant, which .was shut. down from 1972 to 1984, con-
tinues to be available to process plutonium from a backlog of irradiated

fuel.

1.4 MONITORING OF RADIQACTIVE MATERIALS FROM HANFORD

The release of radioactive materials from Hanford was cbntro]]ed.through‘
several steps (Figure 1.4). OperationsVWere adjusted to meet guidelines of

the time. Several types of guidé]ines were used (personnel exposure, envi-
ronmental concentrations, emissions). Processes were controlled by adjusting
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FIGURE 1.3. Nuclear Fuel Cycle

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

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

- Effluent monitoring, which'began with the startup of Hanford facilities
in 1944, consisted of measuring the amounts of radioactive materials vented
to the atmosphere and released to soils-and to the Columbia River. Measure-
ments of materijals released to the river were reliable from startup, but
efforts to develop the technology to accurately measure atmospheric releases
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FIGURE 1.4. Methods Used tovContro1 Releases from Hanford Site Facilities

continued for several years before measurements became reliable. In the i
interim, atmospheric releases were estimated from process information and

from estimated filter efficiencies (effluent filters were installed beginning
in 1948) (Ballinger and Hall 1989).

Meteorological measurements and observations of plume behavior began in
1943, in efforts to predict concentrations of atmospheric releases of radio-
active materials. It was determined early that releases should be confined
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to meteoroiogica] conditions that-would 1imit the possibility of worker
exposures and that® wou]d result in maximum dilution by the atmosphere
(Gosline 1945). e 7f?£v:;?g;4ss

Environmental monitoring was expanded to inc1ude measurements of radio-

activity in the air, on the ground, on vegetation, in food and wildlife, and

in Columbia River water, drinking water, ground water, sediment, fish, and
other aquatic Tife. 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
jodine-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 jodine-131, 1945-1947.

| Monitoring:of personnel for radiation exposure started when Hanford
emp]oyees'first began working at the: site (Wi]son“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 aiso

begun. The thyroid measurements provide an important check on exposures of

4 offsite populations estimated by the HEDR ProJect as described more fully by
" lkenberry (1990). ‘

Potential radiation doses to offsite populations were reported for the .
first time in 1957. Estimates of these doses have been included in annual
environmental monitoring reports ever since. As technology has improved,

- dose-calculation methods have evolved and improved. Through 1973, dose

éstimates were based on measurements of radionuclides in’ the environment and
in foods. By 1974, concentrations of radionuclides in the environment had
decreased to the point where dose estimates had to be based on modeling from
measured or estimated releases. The decreases in environmental concentra-
tions of radionuclides originating from Hanford resulted from improved con-
trol technology, the closing of the original reactors, and the closing of
major chemical processing facilities. '
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2.0 METHODS -

Th1s section describes the conceptua] -and computat10na1 approaches used
during Phase I to reconstruct potent1a1 rad1at1on doses to offsite popu]a-

~ tions from atmospher1c releases. Deta11ed descrlptlons of all aspects of the

HEDR Project are available in the more than 20 supporting documents listed in
Appendix A. Tab]e 2.1 lists those HEDR reports that contain information
about models and parameters used in Phase I. The approach is discussed in
Appendix B. ' ’

2. 1 PHASE I AREA= TIME PERIODS, AND RADIONUCLIDES

The HEDR proaect consists of four distinct phases (Figure 2. l) fThef :

* first phase, a pilot or demonstration phase, was: purposely limited in geo- a

graphic coverage, time, rad1onuc11des, and pathways.: Th1s limited scope

w1nf1uenced the se]ect1on of models and parameters and resulted in forms and

ranges of d1str1but1ons, some of which could have overestimated upper and

, <-1ower va]ues

Phase II is des1gnated a‘review and test1ng phase, dur1ng which sens1-'

t1v1ty analyses will be used to identify the influences of key parameters,
- model structure, and dose estimates. Phases III and IV will be used to

refine parameters, mod1fy models, expand areas, extend time periods, and
ensure that all key em1ss1ons of rad1oact1ve mater1a1s from. Hanford W111 have

 been addressed.

2.1.1 Area

The Phase I study area for the air pathway covers the 10 counties near-
est to the Hanford Site (Figure 2.2).. This area was selected because it. .. -
includes populations Tikely to have received a,broadArange of exposures,

including the highest; because it includes a largely self-contained milk

production/consumption area; and because atmospheric models applicable to a
domain that encompassed the 10-county area were readily available.
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TABLE 2.1. Applicable HEDR Reports - Air Exposure Pathwayl

~ Topic

Author, Date

Demography, Food Con-

sumption, Lifestyle

Facility Operations

Thyroid Measurements

Atmospheric Trahsport

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 Phase I of
the Hanford Environmental Dose
Reconstruction Project,
PNL-7199 HEDR

-MESOILT2, A Lagrangian Trajec-

tory Climatological Dispersion
Model, PNL-7340 HEDR

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

2.2

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
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Topic

TABLE 2.1. (contd)
| __Title

Author/Date

Source Term (contd)

Milk Production
and Distribution}

Vegetation
Concentrations

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

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

Fission-Product Iodine During
Early Hanford-Site Operations:
Its Production and Behavior

During Fuel Processing, Off-Gas

Treatment, and Release to the
Atmosphere, PNL-7210 HEDR

1-131 in Irradiated Fuel at

Time of Processing From December
1944 Through December 1947,
PNL-7253 HEDR

M1]k Cow Feed Intake and Milk
Production and Distribution

"Estimates for Phase I, PNL-7227

HEDR

Summary of Workshop on Milk
Production and Distribution,

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

Heeb, CM, 1989

Napier, BA, 1990

Burger, LL, 1989

Morgan, LG, 1990

" -Beck, DM, 1989

Beck, DM, et'al.,
1989 -

Woodruff, RK
1989
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PHASE I | PHASE I1 PHASE 111

Model Development & Testing Sensitivity/Uncertainty Analysis Expansion and Refining
* Select limited scope:  Evaluate Phase I model results » Expand scope as warranted by Phase 11
geographical area, time period, ' work
radionuclides, populations + Identify key parameters for dose ‘
calculation via sensitivity analyses * Reduce uncertainty in key parameters
+ Find, evaluate, and summarize ’ ' per Phase Il recommendations
historical data  Determine feasibility/value of reducing .
o uncertainty in parameters » Modify models per Phase II
. + Develop conceptual & mathematical recommendations
* models and incorporate uncertainty « Propose to expand scope (geographic
) area, time period, populations) in ‘
/  Apply models/data to limited scope context of established dose threshold PHASE 1V
to test the model : : .
* Recommend action to reduce ' Dose Calculation
uncertainties and recommend changes ,
in conceptual/math models ¢ Calculate final estimated doses

FIGURE 2.1. The HEDR Phased Approach
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FIGURE 2.2. Phase I Study Area

2.1.2 Radionuclides and Time Periods

The Targest atmospheric releases of radionuclides that could have
- resulted in significant doses to offsite populations originated from the
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chemical separation of irradiated fuel during the early years of operation.
During this time, effluent-control technology was limited, as was knowledge
about the behavior of radionuclides in the environment and in man. Of the
many radionuclides produced at Hanford that could have been released to the
atmosphere during the early years, iodine-131 had the potential to result in
large doses to offsite populations. Napier (1990), in a review of dominant
radionuclides, concluded that atmospheric releases of jodine-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.

35
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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_reconstrdcted with
complete cértainty. 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 1ower

limits. The sensitivity portion of the analysis is conducted to identify
those model parameters that most influence the estimates of dose and their
uncertainties. Identifying ‘important parameters helps to focus future work
aimed at reducing dose uncertainties. - '

2.3 CONCEPTUAL AND COMPUTATIONAL APPROACHES

A simplified project conceptual-logic diagram for calculating doses from

~atmospheric releases is shown in Figure 2.4. Generic pathways are submersion '
~ in contaminated air, inhalation of contaminated air, exposure to surfaces

contaminated from'atmospheric deposition, consumption of contaminated food o
crops, and consumptioh~of contaminated animal products. _Anima1 products
complicate calculations, because the feed consumed by the animal may come
from areas distant from the animal’s Tocation, and in the case of milk, the
product may be shipped to processing and accumulation centers and then
rédistributed. The process of identifying parameters that describe each of
the terms in the equation is described below.

Although the modular construction used for the dose code in Phase I has

" several advantages, it has the. disadvantage that correlations are lost, and
are not used in subsequent 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 notllost,
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The reduced code was used to obtain dose estimates for a county subdi-
vision where relatively high doses from milk consumption were expected. A
major concern with loss of correlation information is in calculating the
total dose from the different pathways. -Because the Phase I doses are
reported in terms of individual pathways instead of the total dose, the bias
in doses resulting from loss of correlation information is insignificant.
Additionally, the project so far shows that even when combining the doses
from the different pathways into a total dose, the loss of correlation infor-
mation does not appear to significantly affect calculated doses. The modular

: approach W111 be evaluated further for ijodine-131 and other rad1onuc11des,

and the dose .code will be modified to ‘eliminate any loss of correlation

information that is found to s1gn1f1cant1y affect estimates of dose.

The computer code for estimating doses obtains a dose-distribution for

~each of the 36 months in the 1945-1947 Phase I period for each type of

reference individual. For each reference individual, these monthly distri-
butions were converted to a dose distribution for each of the 3 years and for
the 3 years combined by randomly selecting a dose from each month’s dose dis-
tribution and adding these 12 dose estimates together to get the dose for

1 year. This random selection and addition process was repeated 1000 times
to generate the dose dﬁstribution for the 12-month period. The same proce-
dure was used to obtain the total (3-year) dose. |

u 2.3.1 Scale for Sgatfé] and Temporal Resolution

This section discusses how the scales for spatial and temporal resolu-

,tidns were selected for the dose reconstruction model.

2.3.1.1 Spatial Resolution
A project similar to HEDR, the Off-Site Radiation. Exposure Review

- Project (ORERP), is reconstructing doses from releases of radionuclides from

the DOE’s Nevada Test Site, using.county-level grids, with specific locations
sometimes superimposed (Dose Assessment Advisory Group, Final Report, 1987).
For releases from the Hanford facilities, it was quickly determined that the
county grid would be too coarse, because atmospheric concentrations and depo-

sition could be shown to vary significantly within individual counties. A
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simple rectilinear grid was found to be too inflexible, because no grid could
be devised that did not have undesirable features such as the splitting of
major population centers.

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

- 2.3.1.2 Temporal Resolution

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

2.3.2 Calculating and Compiling Source-Term Data

For the atmospheric releases in the 1940s, 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). Spéciﬁ'c 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

2.11 | Draft

Tea

)



monitoring for specific radionuclide emissions. Therefore, for Phase I
calculations, modeling of emissions was required.

The estimates of the jodine-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 jodine-131 in the
reactor and its decay. after discharge. The values of nuclear parameters in
the equation were taken from the ORIGENZ (Croff 1980a,b) code and associated
nuclear-data 1ibfary. 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 jodine-131
content by the amount of fuel dissolved.

Source-term data for iodine-131 releases were prepared as total activity ~

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

2.3.2.1 Meteorological Model

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

An interim atmospheric¢ transport and dispersion model was developed for
Phase I by modifying an existing version of the MESOI code (Ramsdell, Athey,
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and Glantz 1983). The HEDR-modified version, called MESOILT2 (Ramsdell

-1990), simulates the transport and diffusion of continuous plumes by dividing

the plume into discrete increments, referred to as "puffs." The code gene-

"rates puffs every 15 minutes at' the source; the puffs are transported by
historical wind fields until they leave the model domain. As the puffs move,

they expand (i.e., diffuse) in response to turbulence, and airborne material’
is deposited as it comes in contact with the ground surface or is washed out
by precipitation. The code also simulates radioactive decay. The winds and

- atmospheric stability data used by the model are updated each hour. Addi-

tiona]‘detaiTS concerning the structure of MESOILT2 are given in Appendix A.
The code has been. fully documented in Ramsdell (1990).

A square model domain--240 km. on a side centered at 46° 37’ 30" N lati-
tude, 119° 00/ W longitude--was selected for atmospheric transport modeiing
in Phase I (Figure 2.6). Physically, the domain extends from the Cascade
Mountains east to approximaté]y 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}oacht

MESOILT2 was used to Compute monthly average radionuclide concentrations
in the atmosphere, monthly average rates of radionuclide deposition, and
month-end surface contamination. These estimates were made at nodes within

~-the model domain for a constant monthly release of iodine-131 from a stack
- between the 200-W and 200-E Areas (Figure 1.2). '

o Atmosphéric transport ca]cu]étions were based on'meteorb1ogica1 condi-

“tions for January 1983 through December 1987 because the metéoro]ogica] data -
~ for 1944 through 1947 were not available in time to be used in the Phase I
atmospheric-transport calculations. The data available for 1983 to 1987

included wind speeds and directions from more than 20 locations on and
adjacent to the Hanford Site and from 12 additional locations in eastern
Washington, eastern Oregon, and northern Idaho. Figure 2.6 shows these loca-
tions relative to the model domain and the 10-county region.

Meteorological data for 1944-1947 became available after the Phase I

~atmospheric transport and diffusion calculations were completed. Transport
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FIGURE 2.6. Model Domain Selected for Atmospheric Modeling

and diffusioh were recalculated using these data, as can be seen from Fig-
ure 2.7, which compares estimates of concentrations of jodine-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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: Based on 1944-1947 Meteorological Data Compared With 1983-1987
o "~ Meteorological Data (Benton and Franklin county census
' divisions) 4 :

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

When the MESOILT2 computations were complete, a post-processor computer
program was used to compute monthly average atmospheric concentrations, depo-
sition rates, and month-end surface contamination for the HEDR census divi-
sions. The post-processor program also computed a measure of the uncertainty
of the census division values. - The measure of uncertainty is a standard
deviation for a log-normal distribution. The standard deviations are based
on variations in meteorological conditions from year to year and within the
census divisions. They also consider basic uncertainty in the model.

o 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 1ocations 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 Timited 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 regulariy. Six patterns were identified.

2.3.2.2 Deposition/Interception

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

The flux of radionuclides to the ground and vegetation is proportional
to the radionuclide concentration in the air just above the surface, with a
constant of proportionality that is calied 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 Targe number of values near 0.0l m/s. Seinfeld (1986) also shows a
Targer range of deposition velocities for iodine, with a value of 0.01 m/s
near the middle of the range. MESOILT2 assumes a constant value of 0.01 m/s
for the deposition velocity of iodine-131 (see Section 2.3.2.3, "Vegetation
Model," for further discussions).

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

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

‘More detail on the evaluation of deposition and interception is found in

Appendix B.

2.3.2.3 vVeQetatioanodel '

Radionuclide concentrations.in vegetation may be obtaihed eithef from‘
calculations based on.source term, physiéa] transport, and deposition»of from
environmental measurements. Both approaches are being used in the project’s.
computational scheme. S - ' o

Crop types considered in the model include those eaten directly by
humans and those consumed by animals: Tleafy vegetables, other vegetables,
Fruits; and grains for direct consumption, and pasture, silage, hay, and -
grain for animals. ‘ ' ‘

Thé-origina] Hanford model for deposition/ihterteption incorporated a
"deposition velocity" term with a constant interception fraction (Soldat and
Harr 1971). Combined with a feed-to-milk transfer factor, this model pro-
vided an accurate prediction of milk concentrations for the Hanford environ-
ment. Recent results of the Biospheric Model Validation Study (BIOMOVS),
presented at the VII Workshop in Tokyo, Japan, November 7-10, 1988, but not

~yet published, indicate that this formulation tends to underpredict the

concentrations on the grass but to overpredict the transfer from grass to
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milk, so that the final answer is in the right range. The observation of
underprediction of deposition/interception is observed by Pinder et al.
(1989). '

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

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

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

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

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

- The corrected, previous vegetation data were then compared with Phase I
calculated results.
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2. 3 2.4 Agr1cu1tura1 Model

The concentration of rad1onuc11des in an1ma1 products depends on the
concentration in the animals’ feed and on how much feed the animal consumes.
Four basic types of feed (pasture, si]ége,_hay, and grain) were considered.

Four prototypical feeding regimes are considered for milk cows. The
simplest of these is a family cow that is fedfgrassxhay year round, with a
minor grain supplement. This regime was used in nonirrigated areas. Another
feeding regime used in nonirrigated areas combines Tocally 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 fami1y cow- or a,sma11 herd of dairy cows. The most complicated regime

includes pasture, hay, grain, and si]age. The feed may be stored for a
period of time before being fed to the cow. | | |

The feed1ng regimes were deve]oped from information in the Yakima County
Da1ry Herd Improvement Association publications and from the expert opinions
of dairymen, farmers, ranchers,,and agricultural extension agents who are

familiar with conditions -in the dairy industry during 1944-1947 (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.

Tocal variations in climate during the Phase I period.

A .graphical representation of the most complicated feeding pattern ‘is
given as Figure 2.8 (adapted. from Ward and Whicker 1987).° Because there is
considerable uncertainty in the reconstruction of these feeding patterns from
over 40 years ago, associated uncertainties are addressed by using high and
low estimates: in addition to the central estimate. These are 1ncorporated in.
the mode] through a. triangular distribution of each fraction.

The amount of contaminant transferred from the feed to the animal pro-.
duct depends on the time of year and on the age, health, and state of lacta-.
tion of the producing animal. The transfer of radionuclides to products also
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 10-County HEDR Area,. 1944-1947 -

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

Food Product Distribution. Food products such as milk may be consumed
directly by members of the producing farm family, or they may be sold. Most
products sold were purchased for redistribution by distributors (e.g., milk
purchases by creameries). These distributors tend to blend or average their
inventory over a number of producers. The average radionuclide concentration
of a product (fresh milk, cottage cheese, sour cream, etc.) available from a
distributor is calculated via 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 Tow 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 1nstances are averaged over the possible sources
through d1str1but1on arrays. These distribution arrays prov1de 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 alsa

prepared to provide triangular distributions of the probability of the
distribution fraction. '

2.3.2.5 Biological and Demographic Models '

The demographics of each county census subd1v1s1on are accounted for by
prov1d1ng est1mates for 1nd1v1duals with: d1fferent ages, sexes, d1ets, and
general lifestyles. '

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

2.3.2.6 Age Groups

Seven age groups (with the inclusion of feta] thyroid) will eventua]]y
be considered. For Phase I, on]y the adult (20 years and o1der) 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 dsinglthé ratio-correlation
procedure. County census division population shares and age-group estimates
were developed using various census-year intérpo]atiqn techniques (Beck
et al. 1989).

, The general popu]ation.détermined for each of the census subdivisions .
within the Phase I 10-county study area is further subdivided into urban and
rural "lifestyle" categories. With the large number of'suprpu1atioh cate-
gories, and the very limited occupation information available, the data could
not support a further breakdown of the population into smaller groups. Data
on the food habits of Native Americans in and near the Phase I area are being
collected and will be incorporated in later runs of the Phase I model.

2.3.2.8 Food Types

The consumptidn of contaminated food was a major pathway of eXposure for
peopTe who lived in the Hanford environs from 1944-1947. A number of differ-
ent general food types were identified as potentia11yAimportant. Theée '
general categories are the ones typically used in radiological evaluations
and are available in the preliminary mathematical models being used for HEDR
sensitivity studies and Phase I initial development. Unfortunately, these

‘categories do not correspond very well with the raw dietary survey informa-
tion available. ’

The raw data available from U.S. Departmeﬁt-of Agriculture dietary
Surveys tend to list foods under the common names, brand names, or mixture
names (e.g., stew), which do not cofrespond to generic "meat" or "grain"
categorizations. ' o

Various ways of categorizing foods were investigated. Some oVer]ap 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) vegetab]es 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
jodine-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 Tow
estimates of consumption rates are used. to describe uncertainty in the
consumption-rate values. '

2.3.2.9 Model Structure

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

Finally, the modular structure supports the calculation of doses to both
reference and specific individuals. This flexibility is important, because
the dose reconstruction project is supporting a parallel project being con-
ducted by Fred Hutchinson Cancer Research Center (FHCRC) for the Centers for
Disease Control. The FHCRC is 1nvest1gat1ng thyro1d d1sease that m1ght have
been caused by the atmospher1c releases~'rom Hanford in"the 1940s and 1950s.
The FHCRC will be 1nterv1ew1ng many.: 1nd1v1dhals about their past lifestyle
and dietary habits and will be attempt1ng to correlate estimated doses with
thyroid disease. The HEDR computational model will be used to calculate
doses for the FHCRC interviewees. '
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S : | - 3.0- RESULTS AND DISCUSSION

SR - , This section presents preliminary results of the Phase I air pathway
dose reconstruction. The results are compared with previously published

source-term, vegetation-monitoring and thyroid-count data, to background

radiation, and to historical regulatory standards. Potential sources of

uncertainty in the results are also discussed.

3.1 SOURCE TERM

Monthly estimapesﬁoffibdfhe;13l.releaSes from the separations plants
during December lgiﬁ‘ﬁﬁrpughlﬂecémber 1947 are tabulated in Table 3.1 and
illustrated in Figurel3;i (Morgan 1990). The estimates of average annual
3 total releases agree well with previously published estimates of annual
wi ~ releases (Anderson 1974), as illustrated in Figure 3.2. Much of the uncer-
S tainty in these estimates is due to uncertainties in the release fraction,
iﬁ the proportion of potentially releasable iodine that actua]]y'was vented
(released to the atmosphere). Previously published estimates of the release .
fraction vary from 50 to about 80%. The Phase I values that were used were
50 to 85%, with a best-estimated value of 75%. Several other factors, such
as incomplete historical records and imprecision in coo]ing-time estimates,
were likely to contribute to uncertainty in the source term.

3.2v 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 geogréphic patterns also reflect air concentra-
tions of iodine-131. The pattern ofvconcentrations is seasonally dependent.
Because of these fluctuations, monthly air concentrations at specific
Tocations do not necessarily reflect monthly differences in iodine-131
releases.

Comparisons of calculated sagebrush concentrations with measured values
at locations where sufficient measured values exist indicate that the
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TABLE 3.1. Estimated Monthly Iodine-131 Releases from

Separations Plants, 1944-1947, curies E@
50% 75%  85% .
Year Month Release Release Release
1944 December 1055 1583 1794
1945 January 675 1013 1148
1945 February 835 1253 1420

1945 March 1120 1680 1904
1945 April 13600 20400 23120
1945 May 38000 57000 64600.
1945 June 19861 29791 33763
1945 July 17206 25808 29249
1945 August 24055 36082 40893 -
1945 September 29490 44234 50132 . %ﬁ
1945 OQctober 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 - o

1946  April 5398 8097 9177 o
1946 May 5190 7784 8822 .
1946 June 2450 3674 4164 y ;

1946 July 2632 3948 4474 . 5
1946 . August 4607 6911 7832 | |

1946 September 3567 5350 6063
1946 October 2578 3866 4382 i oy
1946 November 2780 4169 - 4725 2
1946 December 3095 4643 5262
1947 January 3474 .5210 5905 .
1947 February 1562 2342 2655 gﬁ
1947 March 1984 2976 3373 pe
1947 April 1995 . 2993 3392

1947 May 1949 2923 3312 _ Es
1947 June 721 1082 1226 =
1947 July 891 1337 1515
1947  August 554 - 831 942 :
1947 September 490 734 832 o
1947 October 208 312 354 Lo
1947 November 169 253 286
1947 December 183 275 311
5
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FIGURE 3.1. Monthly Estimates of Iodine-131 Releases from the
Separations Plants, 1944-1947

calculated (modeled) and measured values are in good agreement (Figure 3.5).
The modeled values appear to underestimate winter concentrations at the
selected Tocations and to slightly. overestimate summer concentrations.
Because of detection-Timit prob]ems,~the-substantialTy greater measured con-
centrations in the Tatter part of 1947 do not accurateTy indicate differ:

‘ences. Agreements between cumulative modeled and cumulative measured values
‘for a period when the measured values are most reliable indicate remarkably

good agreement (Figure 3.6).

3.3 MILK PRODUCTION AND.DISTRIBUTION

Thyroid doses are highly sensitive to the location of milk brbduction.

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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milk products suéh 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 concentration§‘of jodine-131 in milk
prqduced 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 1ngest1on of contam1nated 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. Compariéon of Concentrations (median values) of Iodine-131
on Sagebrush Estimated. by HEDR and Measured

3.5 POPULATION DISTRIBUTIONS

The relative size of the county census divisions within the Phase I
study area reflect re]ativé-popu]ations densities. The greatest changes in
populations near the Hanford Site, and therefore the most critical chahges
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 rahge 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 Appéndjx D.

One approach to enabling individuals who Tived 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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FIGURE 3.10. Decision D1agram for Estimating a Dose Category
(See Figure 3.11 for estimated dose ranges)

shown in Figure 3.11. Category 13 consists of infants who lived
downwind(especially in 1945) and consumed milk from cows grazed on Tlocal
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 averagé of the estimated dose distri-
butions for the various tybes 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 theAPhase 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 Towest and highest 5%
of each category are not included, because the numbers are

much less accurate.)

Of pathways other than the milk pathway, doses from fresh vegetables
grown in the backyards of downwind populations were the highest. For adults,

the vegetable pathway was more important than the milk pathway, because of

assumptions discussed in Section 3.8. For Phase I, it was assumed that all

fresh vegetables eaten by individuals in a given census division during
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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 grdund
shine are depicted as CCD functions in Figure 3.14.
3.8 RANKING OF DOSES

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

‘vegetables, -inhalation, and immersion and ground shine (external exposu're).

100

Percent of Population whose
-]
(3]

Doses Exceed Values on Dose Axis
@
o

N
(3]

0 L | | | l | |
0.0001 0.001 0.01 0.1 1 10 100 1000
Dosse to the Thyroid (rad) - $9006024.59

FIGURE 3.13. Distributions of Doses from Vegetables (assumes all
vegetables are from local growers)
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FIGURE 3.14. Estimated Doses to Phase I Study Area Populations ‘
from (a) Inhalation and (b) External Pathways £
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FIGURE 3.15. Relative Importance of Var1ous Pathways Based on Median Va]ues

(downwind Walla Walla infant, local milk from dairy cows on
_pasture, locally grown vegetab]es and fruit, 1945- 1947)

Doses f‘rom-the separéte pathways cannot be summed into a total dose.

- The pré]inﬁriar_y 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 d1v1s1on. Consequent]y, these d1str1bu~
tions reflect maximally exposed individuals only, and do not represeht\the
true range of doses from the consumption of foods other than milk. Neverthe-
less, doses downwind to infants from the consumption of locally produced
milk are clearly several times greater than doses from the consumption of
locally produced vegetables, fruit, and grain. Phase II will address the
need to develop an agricultural production/distribution model similar to the
milk model used in Phase I.. |
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3.9 EVALUATION OF PHASE T OBJECTIVES

The Phase I results demonstrate that the key objectives were attained.
First, sufficient historical information was retrieved and reconstructed.
Second, preliminary cohceptua1 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

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

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

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

o 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 exbosed 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 w1th Wash1ngton State
Dose Estimates (Pasco infant, 1945-1947)

i The total population in FR4 is estimated to have been between 110 and 125 ‘ '*"5“
people in the pemod 1945-1947 (Beck et al. 1990). '

3.9.2 Thyroid Counts

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

Records of more than 7,900 measurements of,thyroids from the period
. 1944-1946 were examined. More than one-third of the measurements did not
register above background radiation, because of a combination of relatively
~ high background levels, relatively insensitive instrumentation, and,
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presumably, Tow amounts of jodine-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

0.18
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FIGURE 3.17. HEDR Preliminary Dose Estimates (Richland adults, inhalation
exposure pathway, median values) Compared with Measurements
(median values) of Iodine-131 in Thyroid Glands of Hanford
Workers -
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radiation protection and therefore are purposely conservative. In

‘particular, the ICRP factors are based on effécts of high-dose, high-dose-

rate external radiation, whereas major contributors both to background
exposures and exposures from Hanford are relatively low-dose, low-dose-rate
internally déposited radionuclides. With these caveats, the preliminary
Phase I dose estimates for the milk pathway are compared w1th 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 éverage-]ifetime. Approximately 5% of the Phase I
study area population, or about 13,000 people, might have received doses
from the milk pathway that were higher than the annual, national, average
background dose added over 3 years. About 1% of the Phase I popu]at1on or
about 3,000 people, might have h;d-doses from the milk pathway greater than
an  average; national lifetime dose from background radiation (Figure 3.18)L

3.9.4 Historical Regu]atorg Standards

Some readers may be interested in what guidelines were used to control
radiation exposures in 1944-1947. Hanford Site officials adopted guidelines
recommended'by the medical profession for exposure of medical employees and
reduced the allowable  exposures for Hanford employees to half of those
guidelines (Wilson 1987). Exposures to iodine-131 were based on amounts that
could be inhaled during a 24-hour period. The guideline translates roughly
to about 1 rad to the thyroid per day. (There was also a guideline for
vegetation in efforts to protect sheep and cattle that might graze on
contaminated foragé.) 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) A1l doses here are Effective Dose Equ1va1ent (EDE), rather than organ
dose.

3.21 . Draft



1007

ol

HEDR Dose
Estimates
Average
Background
Dose (added over 3
years)

Average
Background
Dose
(added overa
lifetime)

ol | | | i ! \Ll |
0.000001 0.00001 0.0001 ©0.001 ‘001 0.1 1 10 100
Effective Dose Equivalent (rem)

Percent of Study Pbpulatlon Whose Doses
Exceed Values on Dose Axis
o 3
I I

$9006024.57¢

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

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‘tb
provide definitive dose estimates for offsite populations. The degree to
which these pre]iminary dose estimates might represent actual or relative
~doses that popu]at1ons in the Phase I area during 1944-1947 received from
atmospheric re]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 uncgrtai_nties in dose estimates will
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be assessed during Phase II of the project. Exaﬁp]es'of some of the var

ja-

bilities and Uncertainties that are known to be inherent in the pre]iminary
Phase I est1mates include

Uncerta1nty regard1ng the time e]apsed between reactor shutdown and.

dissolution of irradiated fuel. Because of the short_ha]f_11fe of
jodine-131 (8 days), uncertainties of 1 to 3 days result in uncer-

tainties of up to 20% in the amount of 1od1ne in 1rrad1ated fuel at

irradiation.

Uncertainty in the release fraction. . Estimates of the release
fraction range from 50 to 85%, resu1t1ng in uncerta1nt1es that are
reflected in the dose est1mates

Uncertainty in concentrat1ons of iodine-131 in air and in vegeta~
tion at any specific location or time. These concentrations vary
because of variability in amounts released from Hanford and
because of variability in wind,speed, wind direction, and factors .
that affect the degree of mixing of contaminated with uncontami-
nated air during transport to a specific geographic location.

Concentration estimates are also uncertain because of uncerta1nt1es.

in the model(s) used to describe the complex meteorological and

physical/chemical phenomena that affect the d1spersa1 of iodine-131 /{l

in the atmosphere.

Uncerta1nt1es ar1s1ng from the use of average meteoro]og1ca1 data

from 1983 to 1987 in place of data for 1944-1947, which were not
available in time for the Phase I ca]cu]at1ons

“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 re]ease t1mes is st111
being retrieved and assessed.)
The inclusion and exclusion of certain parameters in the model

" structure.

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

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

‘interception of deposited iodine-131 by vegetation.

~ The amount of contaminated pasture consumed by dairy cows.

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

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

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

e The source(s) of mi]k consumed by an individual.
« The amount of milk consumed by an individual. - o

o The amount of iodine transferred to and retained by an individual’s _ e
thyroid.

o The metabolic condition<and thyroid mass of an individual.

Future dose estimates will change as a result of efforts to reduce
uncertainties in key variables and as a result of modifications in model
structure. These éhanges 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 atmdspheric-transport/deposition.pafameters,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 possible health effects
to the public from over 40 years. of'operations at thg Hanford Site. This '
concern prompted the Washington State Nuclear Waste Board and the Indian
Health Service to request ﬁhe Centers for Disease Control (CDC) to convene a
Hanford Health Effects Review Panel to review and evaluate epidemioiqgical'

.and environmental data relevant to Hanford operations. 'In 1986, bésed on.

this review, the Panel reccmmended a study be initiated %o reconstruct
radiation doses potentially received by the public residing in the vicinity
of Hanford, and a separate study of thyroid morbidity in the same population.
The HEDR Project is the outgrowth of that recommendation.

The HEDR. Project is divided into the following technical tasks. Thése

. tasks. address each of the primary steps in the path from radicactive releases

to dose estimates:
e Source Terms
« Environmental Transport

e Envfronmenta1~Monitoring Data

Demographics, Agriculture, and Food Habits

Environmental Pathways and Dose- Estimates.

The Source Terms Task will deve]op’estﬁmates of radiocactive emissions .
from Hanford facilities since 13944. These estimates will be based on histor-

" feal measurements and production information.

The Environmental Transport Task will reconstruct the probable movement
of radicactive materials from the areas of release to populations. Movement
via the atmosphere, surface water (Columbia River), and ground water wili e
studied. - ' '

The Environmental Monitorihg 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

iii
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the general population within the study area. This information will also be
developed for several specia! population groups including the Native American
tribes in the study area, military personnel stationed at Hanford, Hanford ,‘é
construction workers, and migrant farm workers. The food and water consump- :
tion patterns and practices and sources of food 'and water must also be
estimated.

Historical dairy farming practices and milk distribution systems will
be studied because milk is a significant pathway for icdine-131 tc enter
the human body. Cows could have eaten vegetation contaminated with this
radionuclide. o ) . o e

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

This report is the result of a collaboration of the S:atistics Task and
the Environmental Pathways and Dose Estimates Task. This report outlines the
computations that will be needed to incorporate all of the data collected by
the various tasks to produceiradiaiion dose estimates. Preliminary models
are defined and the 'structure and logic of the -envisioned computer code are
outlined.

iv
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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 tne basic
algorithm and necessary computer calculation: to be used to calculate radia-
tion doses to both specific and hypothetical individuals in the vicinity of
Hanford. The system design requirements, those things that must be accomp-
lished, are defined. The systém design specifications, the techniques by
which those requirements are me:, are outlined. Included are the basic equa-
tions, logic diagrame, 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 (HEbR)
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.(8) This report documents the algorithms that will
be implemented for initial computer calculations.

In response to a directive from HEDR's Technical Steering Panel, the
reconstruction of doses to offsite populations is béing performed in a series
of phases. The first phase is the development of basic techniques and proot
of principle. The cbjective 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 also be considered preliminary apprcximations. - Within the
constraints of Phase I, a.computafional methodology has been developed. This
report documents the requirements that the resulting computer code must mest
and outlines a method of meeting the requirements. ’

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

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

1.1
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£) transfer of software, data and documentation .into and out cf the progec;
(SCP-317), and 7) control of databases (SCP-318).

Preparation of this document partially fulfills the requirements.of
SCP«312, which stipulates code design requirements, design.specifications,
cata input and output, testing, and verification. Upon completion of the
¢code, a Final Internal Deve1opmen; Review (FIDR) w111 be per.ormed acsorc1ng
to SCP-313, resiiting in a dOCumented review af the code for adequacy,
applicability, and correctness. Follaowing the FIDR, the code will be‘placed
under cenfiguration management, which controls methods of backup, storage,
user aczess contral, change requests, and upiating. All applicaﬁions cf the
‘c.de will be tracked and documented under the requirements of SCP-316.

A1l procedures used to support this report were written and'éontrol1ed
in accordance with PNL QA program requirements. Records that support the
derivations. in this repoft were created and- stored invaccordance with applic-

able HEDR Project record control requirements, .nc]ud ng. requ1r=ment= on .the i -
generation of computer output, verification of computer codes, and rev1ew of 7+
all intermediate output.

Orafts of this document underwent 1nterna1 independent technical review.
Review comments were satisfactorily reso]ved, and ‘there were no controversial
resolutions to the comments. ‘ ’ '

1.2
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2.0 SYSTEM DESIGN REQUIREMENTS

This section identifies the system design requirements needed to make
the computer codes ezsy to use, compatible with current comguter 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 Individuals and actual Specific Individuals. For representative
Reference Individuals, information is being developed on the basis of
geographic location, age, lifestyle, ethnic group, and dietary habits. Ffor
Specific Individuals, additional informaticn will be required cn actual
values for each of these data categaries; along with definitions 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 detail
is very fine, so a major undertaking is simply the control and expianaiion of
this much information. ‘

A1l final dose results are being provided in terms 6f_a range of _
potential doses, with a distribution of expected values. The calculations
incorporate the uncertainty caused by both natural variability and lack of
knowledge. '

2.1 GENERAL COMPUTATIONAL APPROACH

Appropriate scales for spatial and temporal resolution have been
identified.. Recent similar projects that attempt to reconstruct doses for
releases of radionuclides from the Department of Energy's (DOZ's) Nevada Tes:
Site have used county-Teve] grids, with specific locations sometimes
superimposed (Dose Azsessment Advisofy Group 1987). For releases from the
Hanford facilities, it was quizkiy 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 simple 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

2.1
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were found to be essentially qnchaﬂged over most of the potentiai study
period from initiation of Hanford operations in 1944 to the present. The
census subdivisiaons 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, major land uses, and
physiographic differences. -Additionally, the census tracts tend to follow
political boundaries such as township and range lines, which in much of the
potential study area also tend to follow a fairly regular grid pattern. Each
of these characteristics is fevorable for use by the project with the addec
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 marner similar to
that for spatial resolution. The Hanford releases have for the mcst part RS
been routine and continuous. Meteorological data used to describe the
atmospheri¢ transport of released radiocnuclides are available for 15-minute
intervals for much of Hanford's history. Census data on locations and
numbers of exposed individuals are available for every decade since 1944.
For some time periods,‘data on releases from the Hanford facilities and
monitoring of environmental contamination resulting from those release are
available from archived monthly reports. However, other information cannot
be expected to be so well documented. Reference dietary data are available,

at best, on a seascnal basis. For lifestyle surveys, also, it seems

unreasonable to expect most people to remember habits and activities up o

33 years ago on anything more than a seasonal or monthly basis. B8ased on
these considerations, therefore, the month was selected as the projecti's unit
of temporal resolution. ' t

For the Phase [ 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.

2.2
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2.2 COMPUTATIONA&!L FACZILITIES, HARDWARE, AND CATABASES

The computer code shall be designed for implementation on the PNL Y-VAX
in conjunction with the Sequent database system. The code shall be
secondarily designed for in-house microVAX and other-minicomputer systems.
If it is necessary to improve data prccessing speeds, provision shouid be
made for the code to run on the NAS-9060 LSIS (large-scale information
system) Cray computer. : ‘ '

Input data will be generated in'seQera] of the technical tasks on the
project. Each task will he respohsibie-for maintaining its own separate
- gatabase and transferring the documented results to the main HEDR database.
The main HEDR database should be kept on a centrzl PNL mainframe, such as the
Sequent system in the Sigma V Building. A database management system, e.g.,
Oracle, should be considered for controlling and accessing this data.

Because of the large quantities of spatially related data that musﬁlbe
-maintained and'anaiyzed,‘provisiohs 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 faci]itaﬁe transfer to a GIS.

2.3 CODE LANGUAGE

The computer code shall be writen in standard ANSI FORTRAN-??-]anguégen ;
This choice will facilitate the communication and understanding of the code
caleulations, conversion to other computing systems, modifications to the -
code, and necessary updating.. ‘

2.5 COCING STANDARDS

Programmﬁng shall follow. the guidelines of the following coding
standard. This coding standard is intended to provide a concisg, uniform,
and complete form of documentation and quality control; to streamline review
efforts; and to simply software maintenance. All FORTRAN routines shall
consist of three blocks:

2.4

B.15



3.

Definition block (routine name, limitations and prerequisite, arguments,
logical names and files used, routines used),

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

Code block (data statements and executable c.atements).

where applicable, the programmer should

2.5

localize éystem-dependent calls
avoid dependency on internal word size
place constants 'in an’up-front parameter file
put variables in common blocks
y

use logical device names in front of file ‘names

hold to a limit of one routine per file.

DATA INPUT

The code wiil need to access the fol]bwing types of information in

arrays of data logically prepared as functions of spatial location and time
period:

Source Terms

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

number of curies released for each month
associated low and high estimatas for each nuclide and time period

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

Transport

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 of the logarithm (base 10) of the time-
integrated air concentration

2.5

B.16




atmospheric depcsition data in terms of monthly averaded deposition
rates, cur1es/square meter/second per curie released at each loca-
tion for each month

cumuiat1ve atmospheric depcsition data in terms of curies/square
meter at the end cf each menth per curie released at each location:
for each month ,

best estimate values and an. uncer*ainty descriptor - The transpcrt
model will per‘orm this calculation on a single-month basis and .
the subsequent software models will aggregate the running total

“in order to a]1ow the statistical portion of the calculation to
-proceed. B

river water concentrations in terms of curies/liter monthly average
with an uncertainty descriptor 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. .

Monitoring Data

measured vegetation concentra.ions in terms of curies/kilogram

- monthly average for each location - This requires prior averaging

of data, which results in a distribution descriptor. This.is
1ikely to be a sparse matrix.

measured fish concentraticns in terms of curies/kilogram month y
average at each of the locations used 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 fairly sparse matrix. ‘

. for:later phases, measured zir concentrations in %fzrms of cur1es/

cubic meter for each location for each month - This requires

. some averaging of datz, which should result in a distribution

descriptor. This is likely to be a sparse matrix.

for later phasas, measured animal product doncentrations in terms.

of curies/kilogram or liter for each location for each month - This
requires some averaging of data, waich should result in a d1s;r1-
bution descriptor. This is 11ke1y to be a sparse matrix. ‘

Demoagrachv and Food Habits

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 uncertainty descriptors will be defined &s
high and Tow estimates.




.» for later phases, feed 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 [, it
will be assumed that all feeds are produced lccally. _

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

« milk distribution arrays, the fraction of milk available tc be
consumed in each locztion from each distributicn center - we
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 kilcgrams/month for each 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

e radiation dose factors in térms of rem/curie ingested or inhaled,
by age and sex - There will probably be only two age groups in
Phase 1. Uncertainty distributions parameterized as log-normal.

2.6 OUTPUT'REOUiREMENTS ’

Radiation doses will be calculated for various intakes of radicnuclides,
including uptake by the body, distribution and retention of the radionuclides
in various organs, and information on the resulting dose in the various
organs from radionuclide decay in other organs. Seven age groups, based on
the resolution provided by available data (with the inclusicn ¢f fetal
thyreid), will eventually be used for interpolation to specivic agec. For
Phase I, only the adult and infant categories are being investigated. Pro-
visions for the azge 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 will be the same; the only potential
variable would be uptake if there is a sex difference in food consumption.
ATter 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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TASLE 2.1. Age Groups Included in Code Structure

Age Group ~ Age Nominal Mass
Prenatal . Q0 - 270 days - ‘Variable
Newborn About 0 days 3.4 kg

1 -4 yr 1 yr 9.8 kg

§ -9 yr - S5yr 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)

subpopu}ations Hefined~be]ow, subdivided by spatial‘location cn the census
subdivision grid. o ' ' 4

2.6.1 Pood]étion Groups

. Popu1au1on graups spec1.1ca11y 1dent1f1ed in the HEDR wWork Plan apprcved r

by the TSP include Native American tribes, Army personnel stationed at
Hanford, unbadged Hanford construction workers, migrént workers, and the
general population. The subcategories of population gfoups included in
Table 2.2 are required. Those haVinQ a higher emphasis are nesded for the
Phase I study area in FY 1989-1990. Those having lower embhasis will be
addressed in future work; however, this does not preclude some. data '
co11ect1on when appropr1ate. ‘

The groups of higher emphas1s are be1ng 1nvest1cated for each of the
census subdivisions within the Phase: I 10-county study area. Each will be

TABLE 2.2. Population Groups Emphasized in Cede

Suboooulation Emohasis Additionz] Nctes
General population ~  Higher Air and river releases
Native Americans Higher Air and river releases
Unbadged site workers Lower Air releases ’
Onesite military Lower Air releases
Migrant 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 Timited 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 1844-1547. A number of
‘different generzl food types, which were identified as potentially important,
are typically used in radioiogica] 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

1ists of general population and Native American foods, the same basic models

will be used for each. A1l foods will be examined .as both fresh and stored..

2.7 GRAPHICS

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

2.8 DOCUMENTATION AND INSTRUCTIONS

Documentaticn shall be prepared during code development. Documentation
shall include code algorithms as well as a user manual that is updated as
chénges 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. All input

2.9
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: , TABLE 2.3.. Local Foods Requiring Calculation of Monthly
e Consumption Rates for Population Categories

General Population : e S
Leafy vegetables . _ ,
Other (protected) vegetzbles and root vegetables~
Legumes (if they can be troken out-of other vegetables)
Grains (generally dried and stored)
Orchard fruits, berries, melons _
. : : Milk (subdivided - into cow and goat, if possible)
o . Eggs ’ : L
2 Beef, pork, lamb
Poultry '
Fish
=gnadremous
~-piscivoraus
.=benthic
Any other . zquatic biota

Native American
. Exposed produce (leafy vegetables, pine moss, etc.)
Other vegetation (roots, bulbs, etc.)
n : Legumes (if available) : ‘
e '~ Grains and seeds A
o Fruit, berries, melons, etc.
Milk (subdivided, if possible) 1
.Eggs (chicken and others as applicable)
- Beef, pork, lamb, elk, deer, other native mammals .
Birds (including chicken, pheasant, partridge, quail, geese, etc.)
Fish ' - ' ' ‘ :

L , -anadromous . - o
5 R , -piscivorous '
o -benthic ) e
Other aguatic biota (freshwater clams, any water plants, etc.)
Miscellanecus other protein sources

errors shall be ident{fied by the input routines pricr to m2in program
execution. Messages shall identify the issuing subroutine and provide a
concise definition of the error.

2.10 UPDATES AND REVISIONS

-f o 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
1-¥ designated code custodian. ' '



2.11 SECURITY

The computer code and associated databases are to be considered sens-
itive, Security measures shall be implemented to prote.: 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 shal! be verified before modifications are permitted to the
final versions.




3.0 SYSTEM CESIGN SPECIFICATIONS

The computér codes developed for Phase I of the HEDR Project are to be
fully modular ang stochastic (using Monte Carlo techniques). The codes will
use distributions of input data and produce dose estimates in the form gf
distribution rather than simply producing deterministic (single-point)
estimates. -

A simplified project diagram for calculating doses from atmospheric
releases is shown in Figure 3.1l. Ceneric pathways are submersion in contami-
natad air, inhalation of contaminated air, exposure to surfaces contaminated
from atmospheric deposition, consumption of contaminated food crops, and
consumption of contaminated animal products. Animal products 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 contaminated water, drinking of contaminated water, consumption

of fish and other aquatic foods, and consumption of foods contaminated via
irrigation with contaminated water. The overall calculation of radiation
dose will be the sum of parallel pathway calculations. Parameterization of
each of the terms in the equation is described in this section.

The initial calculation of dominant radionuclides indicates no'impcrtant
decay chains that cannot be treated as either single radionuclides 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 radicactive decay in the HEDR Monte
Carlo routines is greatly simplified. Decay can be explicitly written into
each module as a simple exponential term. '
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FIGURE 3.1. Project Steps Regquired for Calculating Deses

from Atmospheric Releases of Radionuclides
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GENERALIZED DATA FLOW: SURFACE WATER
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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 "module breaks" for individual
portions of the calculation. These represent individual portions of the
computer code that can be run in a stochastic simulation (Monte Carlo
analysis). There are three reasons for structuring the calculation with
module breaks: the interdependence of information, the need to input data
during calculations, . and the use of the code in another ongoing Hanford
study.

Because of the interconnected nature of the cow feed/milk distribution
model, no doses .can be calculated for individuals in a particular census
subdivision without knowledge of the environmentz] conditions in many other
locations. The calculation has been structured so that repetitive calcu-
lations are minimized, and information on the potential distributions 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 calculation.
Where monitoring data are available, it makes sense to rely on it rather than
on simulated data. However, since the monitoring is not complete over all
times, locations, and pathways, the structure allows use of measurement data
supported by calculations when necessary.

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

3.1.1 Module 1l: Atmospheric Transport and Denosition

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

— For each locanon L
p— -For eacn month M
—  For each nuclide-N

| e Selex C _ lhput cisiribunens for Q°

Sene::-z/O'

Selec &/O° , ?-—— Input dxs risutions for ,(/Q &g, eg ‘
Select ¢/Q

it montn >0, select C,, | e—3st month's dxs‘,nbmian far ¢ forthis - -
Caleuiate: ’ N ' nuclige, !ceation, menmn - -

tm=Q YQ , : S

ip=Q &Q
| CpaQQ wdm

i- - Storex, &,d
= Continue .
. Procass ¢, d,d arrays into
- -+ parameterized disiribution -—I ‘
Cachlated

distribution for

n:d}(l

oy nuciide, location, ment

Notes: 1) cattec line ( ) incicates Monte Cario routine-

2) "Select” means pick from gistrioution systematically '

3) "Stere® means add to histogram array

4) "Process” means convert swored histogram array into a mean + siancard dsviaton or
cther gistrioution parameters and save as Ch.:!‘ it. -

FIGURE 3.3. Proposed Logic for Module l: Environmental Transport'
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time-integrated air concentrations, depasition rates, and menth-end concen-
trations of radionuclides on the ground for each of the census divisions and
monthly increments. (See Appendix A for equations used in calculating these
parameters.) The solid lines in Figure 3.3 represent the computer locping
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 caiculating 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-term vectors and atmospheric disper-
sion, deposition rate, and month-end deposition arrays described in Sec-

tion 2.5. The techniques for selecting realizations from these distributicns

for the Monte Carlo analysis are defined in a memo by A. Leibetrau (see
Appendix B). ' E

The definitions of the equations for calculating air concentraticn, L' o
deposition rate, and total month-end ground deposition are presented in | :
Appendix A. Variables and units -are also presented. The anticipated nature
of each of the input distributions is presented in Table 3.1.

The ocutput of Module 1 will essentially contain intermediate values for
input to Module 2. Output shall be stored in the form of histograms of the
Monte Carlo results. The use of histograms provides a convenient mechanism
for storing arbitrary distribution shapes. Histograms should contain a

minimum of 20 bins. A memo by A. Leibetrau defining the nature of storing
and retrieving data from histograms is provided as Appendix C.

Source terms for Phase I will include only iodine-i3l. Allowance should

be made in the code for expansion 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 terms with dispersion modelling. The modular structure of
the HEDR code should allow this with minimal disruption.

3.5
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TABLE 2.1. Anticipated Parameter Distribution Types fer Module 1

Parameter Oistribution  Tvpe of Data lInout

x/Q Lognormal

¢/ Q Lognormal

d/ Q' Lognormal
Q' ~ Triangular
Ar Constant
X . Calculated Hiétogram
d Calculated Histogram
d . Calculated Histogram

3.1.2 Module 2: Vecetation Concentrations

The proposed logic of Module 2 is shown in Figure 3.4. The~purpose»bf
this module is to calculate or input concentrations of radionuclides on

" vegetation. The nomenclature. of this figure is the same as that of Fig-

ure 3:.3. Input to this module may be either the histograms of depesition
rate and total deposition from Moduie 1 or measured values of air concen-
tration from the monitoring database. For Phase I, it may be éssumed that no
monitoring data will be available, but the coding should anti:zipate the
possibility that it may become avaijlable in later phases. Vegetation types
that must be considered are those for human'consumption'(1éafy vegetables,
other vegetables, fruits, and grafns) and for animal consumption (grains,
pasture grass, silage, and alfalfa hay). Thevgfains for human and animal
consumption may be considered to be the same. An additional category, sage-
brush, will be added to allow direct compariscn to monitcring measurements.

The equations to be used for Module 2 are presentsd and the parametsrs
defined and units given in Appendix A. Additional detail on the -
interception/retention model is presented in a memo by 3. A. Napier provided
as Appendix D. These equations are derived from differential equations. of
the rate of increase and weathering of the various types of vegetation. They
have been integrated over the monthly time increment to a quasi-steady-state
formulation. Important parameters include time-dependent bicmass, rates of
wash-off and weathering, and soil-to-plant concentration ratios. Provision
should be made to incorporate pericdic harvesting of certain types of
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MODULE 2: VEGETATION CONCENTRATIONS
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FIGURE 3.4. Proposed Logic for Module 2: Vegetation Concentrations
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vegetation by bicmass reduction and concentration reducticn. The anticipated
distributions of the input parameters are provided in Table 3.2.

3.1.3 Module 3: Animal Product Concentrations

The proposed logic structure for Modu1e 3 is g1ven in Figure 3.5, The
purpose of this module is to calculate concentrations of radionuclices in

-meat, miik, and eggs produced in each census division for each monuh:y

incremert. Input to this module is either calculated vegeuat1on
concentrations from Module 2 or measured vegetation concentrations from the

-monitoring database. Data structures for monitcring data should be

established. in formats similar to those for the cdlculated values. These may
be used to supplement or replace the calculated values. Additional input
shall include information on the diets of farm animals as a function of
location and time, prov1ded to the main database by the Demographics,
Agriculture, and Food Habits Task. (In later phases, this will 1nc1ude feed
transport between census divisions.)

TABLE 3.2. Anticipated Parameter Distribution Types for Module 2.

Parameter oo :
Distribution ___Tvpe of Data Input
To | Constant for leafy vegetables, alfalfa, forage, ens11age,
sagebrush

Ym Constant. for each p]ant type and month
Aw - Triangular
By TrTanguIaﬁ'distribut%ons of'Loé(lO) 8

P Constant.
Ca - Calculated histogram
K ' Constant for each pian:'type

3.9
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MODULE 3: ANIMAL PRODUCT CONCENTRATIONS
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FIGURE 3.5. Proposed Logic for Module 3: Animal Product Concentrations




The egquations- to be used in Module 2 are listed in -Appendix A, with

parameter defin
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The use cf fractional intakes of various types of feed introduces a
minor complicaticn within the Monte Carlo routine for Module 3. Each of
these fractions has its own distribution. The results of the selection
process of the fractions must, however, sum to 1, which implies a correlation
structure. The 'means of handling this implied correlation is described in a
memo by B. A. Napier, provided as Appendix D. This approach may be used in
subsequent modules, as well,

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.

2.1.4 Modules 4 and 5: The Milk Accumulation/Distribution Model

Milk produced in the various census divisions may be ccmbined or pooled
at creameries (milk-bottling plants). The proposed 1ogic 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, frcm the Demo-
graphics, Agriculture, and 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, if the milk source
is known by name, or as input to Module 5.

Calculation of doses to certain classes of individuals will require
knowledge of the average concentration of a11'mi1k'ayai1ab1e 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 reguires as
input the pooled milk concentrations of Module &4, and a milk distribution
database that is conceptually the inverse of that used to collect milk in
Module 4.

Equations and parameter definitions for Modules 4 and 5 are presented
in Appendix A. The anticipated distributionvtypes of the variables for
Modules 4 and 5 are listed in Table 3.4.
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MODULE 4: MILK ACCUMULATION (to Creamaery)
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FIGURE 3.7. Proposed Logic for Module 4: Milk Accumulation at Creameries
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MODULE 5: MILK DISTRIBUTION (to stores at each location)

- For each month m
— Fer each censumption location L
Selec: tracuon at stores in iocation L from milk distribution
each creamery; Fq ' ~—————— aistribution; seiec; all
. together so that sum of
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— distribution

Continue

Mz2- Distributions of milk concentration available i
be purchased in stores at location |, by nuclide ang
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 Mcdules 4 and 5

Parameter Distribution Type of Data Input

tl Triangular

t2 Triangular

¢ Probably = t2

f? Triangular

F Triangular

MO Calculated Histogram
M1 Calculated histogram
A Calculated histogram

3.1.3 Individual Exposure 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

“reference” or "specific® individuals. (Note that for Phase I, only input
data for reference individuals will be available.) The proposed logic

structure for Module 6 is shown in Figure 3.9. Inputs to this module are the g

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) deve]oped.by the Demographics Task. For calculations to
reference individuals, exposure conditions shall be selected stochastically
from this datadase. Ffor calculations to specific individuals, specific input
values or distributions will be used, where known, and data from the generic
databace will be used for unspecified or unknown parameters.

Equations to be used for dose calculations 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.



MODULE &:

INDIVIDUAL EXPOSURE & DOSE

Ines togetner because INCIVIUAl CONSUMDNION rales & Q0se asiors will be correldied by agersex|]

1
1
i
1

Cptional summation

FIGURE 3.9.

For specifiec locaiions L
For specified months m

For specified agessex ranges

generic die! caia
from Tasn 06 .

specific diet caia from

Setec: ingestion rates
Selec: exccsure parameters

For each nucise @'_

emm———e———— distridbution

Scziect age & sex-specific cose tasiors
Continue
For each exposure pathway specified

For each racionugiice
Select ¢, d, A, MO, M1, M2, C f—
as applicabile

Dose = Concantration * Rate *DF

Store Dose: need to determine if we need tc
‘report totals anty, or if breakdowns by
nuclide/pathway are required!

‘Process Dose into parameterized distribution

Distributions of dose by month

i
TOTAL DOSE

Ruttencer

generic exdosure caia
specific exposure caia

5_§g>nu

of DF

Proposed Logic for Mcdule 6: Individual Exposure and Dose

[¥¥]
°
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For certain individuals, this practice will tend to averestimate the dose,
wnile for others it may tend to underestimate. The magnitude of the error in

estimation will be evaluated as the project progresses, and revised R

formulations (similar to the milk distribution model) may be used.

Because the results.of Module 6 may be required to suppari projects
other than HEDR (e.g.,fthe-CDC thyroid morbidity study), the input to
Module 6 should be structured such that at a later time, a simpie interactive
driver may be developed for ease of use. This will simplify the calculation
¢t 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 actual dose calculation once'the'radionuciidE“‘
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 atmospheric release dose model. The surface water model is based much

more on measured data than is the atmospheric model. However, its structure
is modular (see Figure 3.2),-in.a fashion similar to that for the atmospheric
release model.

Unlike data for the early atmospheric releases, detailed .effluent data
are available for the releases from the operating production reactors during
the period 1964-1966. In many instances, these data were available on a.
daily or weekly basis. This information was used directly as source term
input to the surface water transport calculation without recourse to model-
ing. Thus, estimation of surface water concentration from Hanford releaseas
in the mid-1960s was straightforward. A simple routing modal was applied <2
the effluent data, accounting for dilution in the time-varying flow of the

3.17
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BLE 3.5. Anticipated Parameter Distribution Types for Module 6

Parameter Distribution - Tvpe of Data Input
3 Uniform ;
£2 ' Uniform N
DFs Constant | 1
DFg Constant ' 3
DFHa, OF]a Lognormal .
BRa Constant ?5
K Constant '
Dsm Calculated histogram
0Gm . Calculated histogram
OHm Calculated histogram B
R¥ma Triangular %
RPma Triangular "
ffva Triangular e
ffpa ' Triangular ' o
ffma Triangular o
Month-of-Harvest  Fixed EE
Holdup Times Constant =
fo, f1, 2 Deita functions, Phase !
Sum = 1.0 for specific

Div _ Calculated histogram
01p Calculated histogram
Dim Calculated histogram

i
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river as well as decay for the various associated travel times of radio-
nuclides %o 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 database provides the
input 2o the surface water dose model. With limited excepticns (e.g., FFiF
visitcr's center), ground water at the Hanford Site is not now and has not
been used for any purposés by members of the general offsite public. Based
on current understanding, radionuclide sources within the 200 Area did not’
contribute significantly to concentra-tions in the Columbia River until the
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 groundwater pathway. These additions are accounted for in the
monitoring data and,-thus, add to the variability of the estimates for

Phase 1.

The various stretches of the river can be conveniently associated with
the census divisions used in the atmospheric release dose model. This is
because the census tracts tend to use geographical d1v1s1ons, such ds tribu-
taries to the Columbia River, as dividing lines. A memo from B. A. Nap1er
defining the stretches of the river in relation to the census d1v1s1ons is
provided as Append1x Fo

3.2.1. Modular Apnroach

As described above, modeling is not required for surface water concen-
trations. However, the measured data include parameterization of uncer-
tainty, which must be included in the subsequent steps of the calculatian.
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 1 of the
surface water code (see Figure 3.2). Fish concentrations are calculated only
if such data are not avai1ab1é from the database. A biocaccumulation 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. [t is similar in

3.19
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concept to the milk 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
wsransfer factor” apprcach may be adequate. Additicnal sensitivity studies
with simpler modeis will be performed before the final structure is.
detarmined. '

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 Parametérs

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 compiex model

described for atmospheric releases, but the equations are generally much
simpler. The anticipated parameter distributions are listed in Table 3.6.

e
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TABLE 3.5. Anticipated Parameter Jistributions for the Surfzce
Water Release Model

Parameter Distribuzion Tvoe of Data Inout

14 .

& Wml Triangular

- gTm . Triangular
CFlmse Calculated histogram
flgt Triangular
CF2mse Calculated histogram
OWCF Uniform
tw Triangular
OWmi Calculated histogram
OF1a Lognormal '
RF amT Triangular
RWam1 Triangular
E3 Uniform
E4 Uniform
OFw _ Constant. ,
OF1SH,a,1 Calculated histogram

DWATER, a, 1 Calculated histogram

OSWINM, a, Calculated histogram
080AT, a, 1 Calculated histogram

. 1.21
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Module 1

EQUATIONS FOR CALCULATION OF
- AIR CONCENTRATION - ym |
AVERAGE DEPOSITION RATE - dm

+ END-OF-MONTH SOIL CONCENTRATION -G,
{(for each iocation) '

xm=<x/O'm - Cm
"dm = Q, ( a/O'm>
" dm = Qh -(d/O'm> + Crmuq €t

Q'm = Ci/month

;(/Q'm = Ci -sec/m° per Ci/month
dQ = Ci/m? -sec per Ci/month

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

X = time-integrated air concentraticn, Ci -sec/m® *
»c_ = average depositicn rate, Ci/m? -sec ' oy
d,= month end soil concentration, Cirm2- -

t =1 month

* Alternatively from Mgonitoring Data

h &
L]
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Module 2

EQUATIONS FOR CALCULATION OF
-VEGETATION CONCENTRATION
(at production, for each location | & vegetation type T)

C!eaf.m =Tp Edm Tm

Croot, m= dm =

P
Cm= Cl‘eat.m "'Croot.m

rm = e KY o; interception traction
k = functior. 7f plant type

Yrﬁ = Biomass for month m for this plant type, kg/m?2 _

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

Ar, Aw = radiclogical & weathering decay conlstant‘s. day"i
t = number of days in current month

P = sail surtace density ~ 240 kg/m?

By = concentration ratia for plant type

Note: if plant cut or harvested in month m_,, then Cm_ /(Y /Y .4) term
should go to zero '

'l"p = leave-to-edible-part transiocation; 'r'p = 1.0 for pasture & leafy
vegetation, alfalfa, ensilage, sagebrush

*Cr, alternatively froem mgcnitoring data

A2
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Mocdule 3

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

For each nuclide r.and each animal product:
For each location 1 and month m, compute:

T 1 ol - -9 o —

Over all locations that supply feed to location 1

Over all months pricr .to and including current month m

g

current month (when feed was eaten by animal) '
current location (where feed was eaten by animal) - £
total number of locations (census divisions) in study area S
total number of feed types

month in which feed was harvested

location where feed was grown and harvested

XK.~ —3

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

x ;

fmlt = fraction of feed of type t eaten by animal at location 1 during o

J 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 distribution. L
QF?1 = guantity of feed of type t that animal at location 1 eafs during

month m (kg/day dry weight). This is from the data on distributicn
of feeding regimes to census divisions (Ward/Darwin/Beck).
Triangular distribution.

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

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

Ay = radicactive decay constant for nuclide r (months'l). -
= 0.653/(half-life,). Constant. ‘ o

(m-j)} = decay correction time for fesds not consumed fresh (months).

R}
L]
w

o
~
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Moduiles 4 & 5

EQUATIONS FOR CALCULATION OF ,
MILK CONCENTRATICN AT CONSUMPTION
(for each month m and locaticn L)

1) Backyard Cow:

Moy = Ame e
2) Specific Creamery
L ¢
MA =Tt Ap
L=1
M1 gy = MAme 12

3) Grocery Milk at ‘location L

c L -
M2 = ¥ F.MAcq e?rin3
c
Mo, = Ci/l from family cow at consumption in location L

MA_, =Ci/L at specific creamery C at accumuiation (no decay)
M1 o, = Cil from specific creamery C at consumption -
M2, = Ci/l from groceries at locatidn L at coensumption

ty = generic holdup, milking-to-consumpticn; family cow

t, = generic holdup, milking-tc-consumption; creamery

ta = generic holdup, milking-tc-consumption; grocery
f,C = fraction of milk at creamery C trom source location L.

FGL = fraction of milk at groceries in loczation L from creamery C

A, = milk concentration at production, Ci/l, at location | for month m

| B.49




Mcdule 6

EQUATIONS FOR CALCULATION OF | 3
. SUBMERSION DOSE '
+  GROUNDSHINE DOSE
. INHALATION DOSE

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

Osm = Xm) * E1 « DFg * K

El = exposure time, hr/month for lifestyie or specific g
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 l.Lifestyle or'specific
Dgm = dme * E2 » OFg

g2
DFg

exposure time, hr/month , w7

groundshine dose rate factor, rem/hr'per Ci/m

3) Inhalation dcses, by month a2t location 1 for lifestyle or specific
DHm = Xml * El * [DFHz  BRa] * K

DFHa

inhalation dose factor, rem/Ci by age group a

BRy

breathing rate for age group a, m3/hr

>
.
(4]
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1)

3)

Module 6§ (contd)
EQUATIONS FOR CALCULATION OF
o INGESTION DOSE

Vegetadbles, for each vegetable type, age group, lifestyle, Tocation

oa v ) . v-Xr(H-m)
0;y DFla Rma [ffvm cm] + (- vam) ¢ ]

al

H1®

Meat and eggs, for each age group, 1ifesty]el location

D [ff

+ (1 - ff e Ar{H-m);

= P
IP DFla Rma pm Am] pm) Am-h;]
Milk
Dy = OFy, R ma [fme {Md . f0 + Ml o f1 + Mz . 72]} *

+ (L= fh) (Mhy o o+ MLy oo Fp v M2y e Fp)]

Ra,m - ingestion rate, kg/month, for each age group
(also probabiy 11festy1e)

ffv, tfp, Tfm = fresh fraction

DF],a
fo.f1.f2

- dose factor, rem/Cf, by age group

fractions of milk for each source (hrobab]y delta function)

A.S
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2)

3)

SURFACE HATER_HODULES
EQUATIONS FOR CALCULATION OF
e FISH CONCENTRATION
* DRINKING WATER CONSUMPTION
t catech, if not using measured values, for each of Ted's "River
stretches,” 1, for each month, for each fish type '

CFlmast= Wm1 * BTm

Wms = water concentiration at river lccation ¢ for month m,
Ci/l
BIM = bioaccumulation factor for fish type T for- month m

(under development by Ted)

At consumption

‘cen o Lo, re
CFszT = ? for ® CFlocy

L:‘ = fraction of fish of type T consumed at location L
“ caught at river stretch s (this is the "fish
transport model")

Drinking water

- . o a"ATIW
Dwm] W ml DWCF o g

OWCF = drinking water cleanup factcr, fraction removed by
treatment facilities ~

tw = time in drinking water distribution system

~.

B.52

¢

15
£
A




o

Y

Led
~—

water,a,l :

Opoat,a,L =

Surface wWater Modules
o FISH CONSUMPTION DOSE
o DRINKING WATER DOSE
o SWIMMING/BOATING DOSES

FISH CONSUMPTION, by age group, lifestyle, etc., &t location L

ORINKING WATER, by age group

T
= F (-] -]
B %; RamT CF2mLT 0Fya
F ® [ ]
RamL DFIa Dwmi

W, o OF

swim,a,Ll = E3mA mb w

E3m = exposure time, hr/month spent swimming, a function

of age and lifestyle

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

E4ma . me ° OFW/Z

exposure time boating, hr/modth, a function

of age and lifestyle
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APPENDIX B

TECHNIQUSS FOR SELECTING REALIZATIONS

FROM ARBITRARY DISTRIBUTIONS
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A. M. Liebetrau

January 15, 1920
Hanford Environmental Dose Reconstruction Project
Pacific Northwest Laboratory
Richiand, WA 9¢252

.0 SuUMMARY 2NMD INTRCDUCTICN

The purpose of this report is to document zlgorithms 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 prea-
sented for generating realizations of random variables with the following
distributions:

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

o LU(e,8) -~ a loguniform distribution ovér the interval (e,8), @< 8

. T(a,b,ﬁ) -- a triangular distribution over the interval (a,c) with mode -
at b, asbsc
e N(u,0?) -- 2 normal (Gaussian) distribution with mezn z and
. variance : :
e LN(®,7®) -- a jognormal distribution with mean e and variance <.
fach algorithm reguires the generation of random numbers or values from
2 U{0.1) distribution. It is anticipated that (psaudo) random numbers will

be generated using currently available system routines. Beczuse random
numpers zre crucizl to the generztion of rezlizations from any distribution,
an alternative algorithm is presented in Section 4.0 for generating (pseudo)
random numbers in case the system random number cennrator proves unacceptable
for some reason.



2.0 GENERAL METHODS FOR UNIVARIATE DISTRIBUTIONS

A Fundzmzn-zl method that theoretically works for any univariate distri-
bution is the Inversion Method. This method, which requires the inversion ¢f
the cumulative dissribution function (c&f), is based on the following theorsm
of prcbability (see Mood, Graybill, and B8oces 1574, p. 202):

I1f X ic a random variable with cumulative distribution Ffunction F, then
+he random varizsle U, defined by U = F(X), has a uniform distribution
over the intervel (0,1). .

in practics, rezlizations are obtained by generating & psaudo-random number u
(a rezlization cf a U(0.1) random variable), setting this number egual to U
in the above thegram, and solving for X. For each realization u, this pro-
cedure yieid: the rezlization x = F‘I{u) of the random variable X. The
Inversion Method is shown schematically in Figure 1. The utility cf the

Fix)

»

x = F(u)

R8912158.8 .

FIGURE 1. The Inversion Method of Generating Realizations from the
Cumulative Distribution Function F: x is the realization
that corresponds to the random number u.

(V3]
.
~
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D LT U N VN S et .. me-

o

Inversion Method is limited by the difficully of cblaining F-1; consequently,
alternative methods are preferable for many distributions whose cdfs are
difficult to invert. The Inversion Method is used to generzts realizations

from uniform and triangular distributions.

.

£ F ig not continuous, then there exist values ¢

Technical Mete; I ! - Sai

u for which £-l(u) is not well defined. In this case, x should be
tzkan as the lergest value to x5 such that F(x) < u, i.e.,

Xg = SUPX F(X) < u. -

A second method for cenerating realizations of specified distributions
is by means of transformaticns. If Y is obiained by transformation from the
variadie X, say Y = ¢{X), then realizations of Y czn be obtained by zppiving
the transformation g to realizations-of X. Transformations are used to
generzte loguniform variates {rom uniform variates znd lognermal variates
‘rom normal variates. Transformations may also be used to generate U(z.b)
variaztes from U(0,1) variates and N(p,o%) variates from N(Q,1l) 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
=3 standard normal variabies (e.g., N(0,1) variabies].

The algorithms obtained by zpplying the methods in this section to the
distributions listed in Section 1.0 are given in Section 3.0." A good -
overview of methods for generation of realizations from univariate distri-
butions is given in Chapter 2 ¢f Johnson (1987); z.more extensive-discussion
is found in Chapter 5 cof Bratley, Fox, and Schrage (1983).

o
G
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3.0 ALGORITHMS FOR SELECTED DISTRIBUTTONS

3.1 The Uriform Distribution

ne Inversion Method is used to obtain U(a.b) variztas from pseudo-
rzndom varizies. If X has a U{a,b) distribution, then the cdf of X is

9, X <a
Fulx) =< (x - a)/(e-a), asxsgtb
l, Xx2h

In the interval a2 < x < b, Fy(x) = (x - a)/(b - &), so F;l is given by
x = Fy(x) (b -a) +a

Therefore, we obtain the following algorithm for generating &z realization x
from a U(a,b) distribution.
Alaorithm -

Step 1. Generate a pseudo-random number u from the U(0,l1) distribution.
Step 2. Compute x = u (b - 2) + a.

Refzrences
Iman and Shortencarier (1284, p. 18)

Mood, Graybiil, and Boes (174, p. 108)
Any standard stztistics textbook.

3.2 The Loouniform Distribution

Log uniform variates ares obtained by transforming uniform varjates. By
definition, the random variable Y has a loguniform distribution over the
interval (e, 8), @< 8, a> 0, 8> 0, if, and only if, the random varizble X
= In Y has a uniform distribution over the interval (a,b), where a = 1n « and
b=1n 8. From this definiticn, it follows that

Fu(x) = (x - 1n @)/(1n & - 1n a)

or

w
.
e
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£9

o3 for Tn @ < x £ in 5. Thersiore, we 0
generzsing a rezlization x from a LU{

Step 2. Computz vy = exc [u (In € -

Referencs

Iman and Shortazncariar (1584, n. 19)

3.3 The Trianagulzr Oistribution

The Inversion Methoed is used to
distribution. I[f X has a triangular
with mode b, then the cdf of X is

in the following algoritnm
e. £) distributien.

—ty

or

Step 1. Ganerzte a psesudo-random number u from a U(Q,1) distribution.

inea) + 1n ¢c].

obtzin rezlizations from & trianguiazr
distribution over the interval (a,c)

g, <a

; (x-a)?/ [(c-a)b-a)l, asxs
Fr(x) =<4 b=3 _ [(x+b-2c)(x-b), bgxsc .

¢ -a (¢ - a)(c - b)

1, Xz2¢
. Note that at x = b, Fp(x) = Fo(b) = (b - &)/(c - a). Inverting Fy(x) yields

the foilowing aigorithm Tor generating a realization x {rom a triancular

. distribution with parameters a, b, and ¢, a b < c. .

Algorithm .

Step 1. Generate a pseudo-random number u from a U(0,1) distribution.

Step 2. Ifusxg (b-a)/(c- a)
Set u = Fp(x) = (x - a)3/[(c

o Compute x =a <+ [u(c -

- a)(b - a?]
a)(b - a)Jr/e

(93]
°
($1}
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Step 3. Otiherwise,

(x + b - 2c)(x - b)
{c - a)(c - b)

Set u = F_(x) = =2 -
i < ad

Compute: x = ¢ - [(b - ¢c)® + (b - a)(c-b) - ulc-a)(c- bryise

Ceferences

Iman &nd Shortencarier (1984, p. 20)'
Johnson and Kotz {1¢70)

2.4 The Nermal Distribution

The inverse ¢f the cdf of a normally distributed rzndom variabie X
cannot be expressed in ciosed form, so the inversion method it not the method
of choice for generating normal variates. The method used to generate normal
variates, wnich is due to Box and Muller (1958), involves ‘transformation of a
pair of pseudo-random numbers to obtain z pair of standard normal variates.
These are further transformed to obtain a pair of realizztions from a normal
distribution with mean p and variance 2.

The Box-Muller algorithm is an efficient method for generating simpie
random samples of normal variazties, but it may not be as efficient for Lztin
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 percantzez points of a
normal distribution. The algorithm cited below, due to Beasley and Springer
(1877), is used for this purpose.

The Box-Mullar Algorithm

Step 1. Generate independent psaudo-random numbers uj and uy from the
U(0,1) distribution. '

Step 2. Compute gy = (-2 Tn u3)'/2 cos(27 u,)
g2 = (-2 1n u,)'/2 sin(27 uy)

Step 3. Compute Xy = 0Qq + B

Xo = 0y + K

The quantities x, and x, are independent realizations from a normal’
distribution with mean z and variance o°. :

b
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. Stes 4. (cptional) if

. Yi = &

3 ' /3

b ¥z = p: ¢ (1-2)V% g

are comauzed for same 2, -1 £ p <1, then v, nd v, ere rzalizations §
standarc bivariate (w. =0, g =0, @2 = 1, 6;% = 1) normal distribution
with cerrelation coefficient o.

Hefarsncog

Box and Mulier (1553)
Abramewi<z and Stegun {1670, p. °53)
Johnson (l g7, p. 29)

Algorithm for Computing Percentage Points of the Normal Distribution

Algorithm AS I1II, due to Beasley and Springer (1977%, 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 1mp1emenu1ng Aigor1»hm
AS III is given in the reference cited.

3.5 The Lécnorma1 Distribution

Log normal variates are obtained by transferring normal var{atas. By
definition, the random variable Y has a lognormal distribution with mean o
and variance ¢ if, and only if, the random variable X = In Y has & normal
distribution with mean z and variance c¢?, where

L= 1n l & / 1 é | and ¢ = 1n [(ez + ) / & J (1)
‘ o

This definition yislds ‘the following zlgorithm for generzting a realization v
from a lognormal distribution with mean © and variance r2.

Algorithm

Step 1. Generate a realization x from a normal distribution with
mean u and variance ¢, where g and ¢ are computed using
Equatien (1) above. (See zigorithms in Section 3.4 for
generating normal realizations.)

s tep 2. Compute y = exp (X). Then y is a realization fram a
Tognormal distribution with mean & and variance 72.
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&4.0 ToS_GEMESATION OF PSZUDC-RANDOM NUMSEIS

.o

Cach zlgorithm in Section 3.0 requires the generation of values from :z

(C,1) cdistribution. It is qnt1C1pated that the pseudo-random number gener-
ator availesle on the PNL VAX network will prove adequate far HEDR Project

" dose calculations and relatad uncertainty analyses. In casz the system
cenerator proves inadequate for some reason, and for the sake of
completaness, a pseuds-random number ganerator is given hera. The sslected
generztor is due to Wichmann and Hi11 (1982) and produces U(0,1) realizaticns
by combining the results of three mu1;1p11c=t1ve congruential gensrators.
Tnhe algorithm is short. reasonably fast, statisticzlly sound, and machine
independent. A FORTRAN .ﬂpue ientation is c1ven beiow. On machines.that.use
only 23 bits for reprasentaticn of the Fractional part of 2 real numbnu, iz
is pcesible for this algorithm to produc= exact zeros because of roundin

error; sse Mclsad (IES.) for a discussion of ‘this probiem qnd possible
nodificat1ons. An extensive discussion of uniform random number generztors,
inciuding the algorithm presented here, is ‘ound 1n Chepter 6 of Br=t1ey
“Fox, and Schrage (i982).

Algorithm AS 183 (Wichmarn and Hill)

. REAL FUNCTION RANOCMCL) _
ALGORITHM:-AS' 183. APPL. STATIST. (1982) voL.31, P.188

" RETURNS A PSEUDO'RANDOH NUMBER R‘CTANGULARLY DISTRIBUTED
SETWESN 0'AND1.

IX, 1Y AND. 1Z SHOULD BE SET TO INTEGER VALUES SETWe=N
* 1 AND 30000 SEFORE FIRST ENTRY.-

INTEGER ARITHMETIC UP 70 3053 IS.REGUIRED.

neNNO0n No0o

CIMMON. /RAND/ 1X, 1Y, 12

IX = 71 T MEDCIX, 17T) - 2 * (IX 7 1TT)
IY = 172 * MCOCIY, $78) - 35 * (IY / 178)
12 3. 170 * MCOC1Z, 178) - 63 * (12 / 178)

(4]

CIF (X LaT. 03 1
IR IY LT. O I
TFo2 LT 0

o F

& {X » 30259
1y « 30307
12 « 30383 -

M€ X
[ ]

IF INTEGER ARITHMETIC UP TO 5212632 IS AVAILABLE,
THE PRECEDING & STATEMENTS MAY. G2 REPLACSD 8Y

IX = MODCITY 7 UIX, 30269)
1Y = MOD(ITR2 * 1Y, 30307)
12 = MD(IT0 = (2, 3033)

CN SOME MACHINES, THIS MAY SLIGHTLY INCREASE
THE SPESD.. THE RESULTS WILL BE [DENTICAL.

NOoOONNOOO0OO NN -

RAKDOM- = AMCO(FLOAT(IX) / 30249.0 ~ FLCAT(IY) / 303C7.0 »
s FLCAT(IZ) / 3@E23.9, 1.0)

RETURN .

END '

(Y]

w
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Pacilic Northwest Laporatories ’ ' Internai Cistribution
‘BS Dennis
. RO Gilbere
Date June 25, 1839 , HA Hae;er
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Ta J7 Capiinger 8 Sagar
R File/L8
From AM Liebetrau ,:‘\/ :

" Sucjees Algori+hm for Incu® of and Gensraticn of
Rez:isc2=:0nS TTOM CumMuiative Cis=rsigution
FuncTicns

ine estimation ci dose estimate uncertzinties will involve simulating
reziizations of prcpadility distributicns. The distributions may be thecreticzl
(i.e., expressed in a functicnal form) or empirical (estimated from real dzta or
generzted by simuiation from a hypcthetical distribution). The distributicns
may be used to describe the distribution of input parameters to the dose model
or the variability of submodel output variable(s).

Tne following algorithm can be used to apprcximate a given distribution function
recardiess of whether it is theoretical or empirical. The neotation used in Eg.
(1) beiow is illustrated in the attached figure.

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

tep (b): The interval bounuar1es (denoted by x's) and-the cumuiative proba-
bilities (denoted by h's) assac1ated with the rignt-hana endpoints
of the k intervals are:

(XO' hg = 0), (xl' hl)' (XZ' hz): ey (xk‘_ll hk-l)' (xk' hk = 1) (1)

Where Xq 1 i3 the minimum value of the variable and Xy, is the maximum value.

The intervals defined by Eq. (1) defined a k-segment piecewise linear approxi-
mation to the actual input distribution. A maximum of k = 20 intervals will be
used for Phase [ calculation. A smaller value of k may be used in cases where
an adeguate apprcximation to the actual 1npu* distribution does not require 20
intervals.  Note that when the distribution is expressed in cumulative form,
both the x's and the h's are nondecreasing sequences of numbers. It is conven-
ient to choose the representation in Eg. (1) so that either the x's or the h's

are equally spaced. For the Phase I study, we wi11 use equal spacing of the x‘s.

After a distribution such as that in Stes (b) has been assigned to a particular
input variable, then realization of the variable may be generated from the
assigned distribution as follows:

‘Step 1: Generate a pseudo-random number, from the uniform distribution over
ghe ;nterva1 (0,1)). Denote the value of this number by h, where
<h<l. : )

C.i
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<T Canlinger
June 25, 1889

Page 2
Step 2: Dezermine the index i, i =1, 2, ..., kK, such that hi;l < h < hi'
h - hi;
b . -a = R bl . - . ~\
Step 3: Compute Xx.= x; , * L (x1 x]Ol) (2}

The guantity x chta
df is given by (1)
desired number of r

ined by (2) is the realization of a randcm variable x whos2
. Stens 1-3 can be reneated, s necsssary, to generate the
reajizations from the given distributicn.

AML/sle

()
°
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' o , © o KA kaerer’ Project £

Suciess Recommendaticn for Treating Radicnuclide - LG Morgan File/L3

Qeccsition arg Intarc2olicn on _vegetzIion
on Pnaese 1 '

aluzzion of the a:mcspnerxc transport and dencsizion cf radionuciides on

'sgil and ve:etat:on is one of the major undersakxncs of the HEDR project.
The initial sensi ivity studies, as mentioned in the Sentemger 1988 hc-kﬂlau
e the TSP, pﬂ*'orne by Dennis Strenge and Bruce. Napier for the iodine air-
CSW°m11k pathway, indicated that the parameter1’at1on of deposition and .
vegetation uptake was one of the most important to the final result. In-
-addition, the demarcation betwesn the Environmental Transport Task and the

_ .nvirarﬂﬂntal Pathways and Dese. Estimates Task comes zt the pcint of depositiesn.

.. VYan Ramsdell and I have had many discussions on the appropriate ne,hod,cr
_doing this .and. Have redched a work1ng agreement. . :

'.-Depositidn and. interce;tion have been widely studied. They seem to he
correlated with atmospheric conditions (such as wind speed, turbulence), type
- of surface (measured in terms of a "friction velocity” or a “"surface
roughnsss”), as well as with type and state of vegetation. Most studies have
attempted to lump many parameters into a "Jdanosition velocity” (e.g., Heinemann
and Vogt 1980). Often, the deposition velocity alsa includes the intsrzenticn
fraction (i.e., v9 1s deposition onto grass rather than onto the so11)

DISCUSSION  ‘

j’he eriginal Hanford model for dapoSiticn/inﬂe*:es:‘cr incorporated 2
"depesition velocity" term with a constant interceptic. fraction (Soldat and
Harr 1671). Compined with a feed-to-milk trans.er,rac.or this mocel provided
a fairly accuratz prediction of milk concentrations ¥or the Hanford environment.
Recent results cf the Bicspheric Model Vali dation St udv (BIOMOVS), presented
at the VII Workshep in Tokai, Japan, November 7-10, 1928, but yet unpub]ished,

indicate that this formulation tends to undernredic* he concsntrations on
. the grass, but to cverpredict the transfer -from grass to milk, and therefore
the final answer is in the: right range. The observation of underprediction
of qesos1;1on/.nt=r=ept.on is repeated by Pinder, Mcleod, and Adrianc (1589).
The current Hanford model (Napier et al. 1988) uses a variable intercesticn
fraction that is a function of vegetation biomass. The intercsntion fracticn
3 is based on the ncd=1 of Chamberlain (1970). It generaily results in a higher
L value oF intercest than the oider constant fraction. The Chamberlain model
St is an empirical 1t ta a large amount of data, relating to both iodine and
particulats rad1cnuc11ces.

~
-
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Chamberiain’s apprsach is a filtration model of the form r = 1 - e-ii, where

r is the imzarcecticn fracticn, p is an empirical constant, and § is the
Siemass. The constant gz and the veriable 3 ere usuelly defined to be in terms
¢f dry bicmass.

! performed a review of current modeling apgproaches to the groblem of
cescsition/intercention. Senmel (1%82) provides an extensive overview of
dencsiticon velocities, but does not differentiate between depositicn on soils
and surfaces and on vegetztion (wnich is imper<znt beczuse denosition veigzities
onto vegetation may inccrporate an intercepticn fracticn implicitly). The

IAEA Safety Series 37 (1522) suggests that for forage, the quotient of the

estion fraction and the dry weight of the bicmass be heid a constant,

r focd crops that the interception fraction be held at a2 coanstant vaiue
of 0.20. Use of a constant value of the quctient was investigated hv the
Nevada dose reconstruction and used in the Nevada "Sheep Study." Hoiding th
quotient of interception to biomass, a constant is eguivalent to using a series
expansion of the Chamberlain model :truncated at the first term - it gives
roughly equivalent results for low biomass. The [AEA position is a restatement
of the recommendations given in several Cak Ridge Nationzl Laboratory documents
(e.g., Hoffman and Baes 1979, Miller et al. 1980). The newer ORNL code TEZRRA
(Baes et al. 1985) uses the Chamberlain formulation for interception by hay
and pasture grasses, -and an ad hoc variant with the same mathemztical form
for other vegetation. The British code FOOD-MARC (Linsley, Simmonds, and
Haywood 1982) uses a constant interception fraction approach. The German
code ECOSYS (Prohl, Friedland, and Paretzke 1983) uses the Chamberiain
Tormulation, in particular for jodine. The PATHWAY model used by the QRERP.

- 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, MclLeod, and Adriano 1989) also recommend the
Chamberlain formulation, with very minor revisions to the empirical constants.
It appears that, over the past decade, most researchers have determined that
the Chamberlain filtration approach provides the most adequate method of

predicting the intercention fraction.

Recently declassified Hantord information from early 1946 indicates that the
Cencentrations of radioicdine measured on vegetation from Hanford releases
_varies from species to species by about a factor of eight (all measurements
were done on the basis of activity per unit mass. as collected - i.e., without
drying). One-gram samples were spread on a surface and counted. Ory grass
and weeds were found tc be more active (per unit mass as.collectad) than live
vegetation. Reproducibility of these measurements was said to be abou% plus
or minus 30% (Healy 1946). This indicates to me that if these had been
normalized to dry weight, the variability would have been less. A model using
thg interception fraction described by Chamberlain and corrected for the
molsture content of the vegetation as a function of time.of year would give a
variability the same as seen in these oricinal Hanford measurements.
(Chamberiain (1970) also reports a variable weathering half-time, one that is
longer in the winter. This seems alsc to be supported in the Hanford
measuremants.)

I
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cse 5 use a two-part description of deposition and intercent!

lTux of racioactive material cut ¢f the passing atmoscheric puf
] Y

3

T is
y ¥Yan Ramsdell in the atmespheric dispersiaon mocel to maintain & mass
2 anc praserly account 7or piume depletion. Van groposes to use a mocel
ccsunts Tor atmospheric conditions and radicnuclige oroperties
cuiaze vs. ncole gas ve. icdine) to provide the net wet and drv flux

n yme. | preogose 43 use the Chamberiain filtraticon medel <o acsount
icn of this flux on the vegetation. This two-sart &pproach will
nt daza transfer between the tasks. The approach is essentially
at used for data transfer in the ORERP project. ‘
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The mccel for intercepticn fraction will be made variablie as a fTunction of plant
biomass and moisture content, which means it will be a function of crop type

and time of year. This model shculd explain most of the variability seen in

the hisicrical environmental measurements.

Additional sensitivity studies will be possible once this system becomes ’
operational. This will allow us to investigate whether wind-tunnei experiments
with iodine=131 or field experiments with iodine-129 from PUREX will add
appreciable data to our study in the nex* fiscal year.
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Subiect Handiing Correlztions in Comolementarv Fraciions

INTROZUCTION

In gsaveral of the caiculations <¢ be performed Tor the HIIZR Phese | analyees
g series of fracticns must be selectes from input :is:r1:ut1cns. fach of
uzion. The resuits of the seleczion

these fractiens has i1ts own Cistrid
pracess of the fractions must, however, sum to one, wnich implies a
correliation structure. A tachnique is neeced to handle the correlaticns
between the various fractions.

DISCUSSION

Severz] options are avaiiable. We could use a simple ruie to adjust the
rancdemiy drawn fractions, or we couid draw the fracticns Trom & multivariate
distribution with an assumed correiaticn structur

In general, the fractions are being gene*ated via expert opinion. There is
considerahle 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 incorperating
large correlation matrices.

The question of how to handle these correlations was discussed by Bruce
?gg;eru Al Liebetrau, Dick Gilbert, and Budhi Sagar at a meeting on July 21,

CONCLUSIONS

[t was concluded that for Phase 1, zt least, a simple adjustment rule would
be adeguate, given the lack of strong information on correlations. The
various .rac;1ons should be drawn 1nue5endent1y frem their distributiens, and
then the sum of the results should be used to normalize each value so that
the tctal then acds to cne.
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APPENDIX F

-CORRESPONDENCE B2ETWEEN COLUMBIA RIVER LOCATION
AND HEDR CENSUS SUBDIVISION
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Suziect Correscenderce Setween Zolumbia River Locatien and
' BrTR {2mSuS SUsS2ivisisn GQriC Peints

rds)

Much ¢f the Phace 1 effort has gene intd defini ng parameters to use T¢r the
atmosoheric dispersion poriicns of the HEDR calcul at1cns. Preportionally
less effcrt nas been =xpenc on the surtace watar pathways. However,
Zefiniticn of the various 1ocauicns of potentizl exposure <o the river or
river-related procducss. (water, fish, irrigated foods) is.also necessary.
DISCUSSION

Ted Poston, who was asked to accumulate and evaluate data on radionuclide
csncentrations of Tish in the Columpia River Tor 1964-1966, devised a
convention for coilecting data based. on sampling lecations. These areszs
are (memo, T. M. Poston to Dicstributien, June 12, 1°89 "Location of Fish
Sampling ST»ES") '

. i Site - o Acoroximate River Mile
Priest Rapids 320
Hanford 363
Coyote Rapids ’ - 383
Ringald 354
Richland : 345
Island View 335
Burbdank . 322
Mclary 284

The first three of these locaticns are inside of the Hanford Site, and *hus

o7 minimal 1mpor:an;e Tor public exposure consideraticns. . The others,
however, are stretzhes of the river for which public access is availeble.

CONCLUSIONS

1 have compared Ted's river stretches £5 our HEDR census subdivisicns on the

map. There is a very convenient correspandence for the publicly available
locations, as foliows:

-3
o
3

___Site HETR Census Subdivisi
Ringoia FR4
Richiand ' BE7, FRS
Island View BE3, FR3
Surbank . WA3, BEg&
McNary : BEE, UMé
Fel
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Noce that each stretch of the river touckes $wo sublivisions, cne cn either
sice, if scme mincr agveriass are ignored. (The Benton County side of zhe
Ringsld stretzh is €till Hanford Site). Given the inexact nature cf the

s

eiections, this w~culd seem t2 e reascnzable,

These divisions should be used fcr the transpart, demography, and desa
caiculations regquired for Phase 1.

3
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- TABULATION OF BIOMASS AND INTERCEPTION FRACTION
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APPENDIX C

TABULATION OF BIOMASS AND INTERCEPTION FRACTION

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

C.1



Leafy Vegetables
Other Vegetab]es
Grain

Meat: Grain
Poultry & Eggs: Grain
Fruit

Meat: Forage/Hay
Milk: Hay

Milk: Fresh Forage
Milk: Ensilage
Sagebrush-:

C.2




Month

Biomass (dry weight) (kg/mz)
Y

O ~N @ G bW N

12

Plant
Typel 1 2 3 4 5 6 7 8 9 10 11 12
1 04 1 2 .2 .2 6 .
.05 .25 .4 .5 .5 .& .25
.014 .029 .058 .086 .115 .144 .072
.27 .27 .27 .324 .378 .54 .54 .54 432 .324 .27 .27
.05 .1 .15 .15 .15 .15 .15
.03 .03 .06 .15 .27 .27 27 .27 .24 .15 .06 .03
| .03 .09 .15 .21 .3 .15
.01 .02 .03 .04 .04 .04 .01 .01 .01 .01 .01 .01
_ Interception Fraction
Plant| Month r '
12 3 4 5 6 7 8 9 10 11
1 A1 252 .44 44 .44 371 252
2 .165 .593 .763 .835 -.835 .763 .593
3 .041 .08 .154 .222 .284 .341 .188
4 .622 .622 .622 .689 .744 .857 .857 .857 .789 .689 .622 .622
5 .135 .252 .353 .353 .353 .353 .353
6 .083 .083 .16 .353 .543 .543 .543 .543 .501 .353 .16 .083
7 083 .23 .353 .456 .581 .353
8 .035 .069 .102 .134 .134 .134 .035 .035 .035 .035

c.3
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.035
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APPENDIX D

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

The following 98 tables present summaries of the thyroid doses calcu-
lated for Phase I of the HEDR Project. A1l doses presented in these tables
are in units of thyroid dose (rad) [essentially equivalent to thyro%d dose
(rem)]. Each table pfesents'the results of calculations for a single census
division. The census divisions are illustrated in Figure 2.8. Within each
census division, the results are presehted as annual summaries for 1945,
1946, and 1947 and as the cumulative dose that would have been received by
an individual who lived in the division over the entire 3 years. -

Doses are pfesented by ekposure pathway. Those labelled "External"
include contributions from air submersion and from material deposited on the
ground. The doses-labelled "Inhalation” are from breathing the contaminated-
air at the given location for the whole year. Doses from consumption of
cow’s milk are presented for a number of possible situations, including milk
from four potential feeding regimes for family ("backyard") cows and two for
commercial sources. The feeding regimes, which are defined in the main :
report, are the following:

Feeding Regime 1 (BYCow Regime 1): A diet consisting of grain, stored

alfalfa hay, fresh irrigated pasture, and ensilage, similar to that of
commercial dairy farms.

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

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

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

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

D.1



many sources. To 111ustraﬁe the model capabilities, doses from milk availa-
ble in rural groceries were calculated for each census division. For a few
lTocations that were esséntia]]y 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. A S - -

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 i‘
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 usefuinesses. The fifth and
ninety-fifth percentiles define a range in which ninety percent of the
potentially exposed population would fall, and are best used for comparative
purposes. :
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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 from the fruit and vegetables pathway assumes that 100% of dlet comes from local sources

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 Vegetablesw®

Adams County Census Division 01

Infant Dose Percentiles

' sth

0.000
0.002

0.020
0.001
0.000
0.315
0.000
0.002
0.002
0.000
0.000
0.045
0.000
0.001

0.001
0.000

0.000 -

0.008
0.001
g¢.018
0.053
0.006
0.000

0.602

50th

6.001
0.035

0.183
0.01¢
0.000

1.51S
0.000
0.007
0.024
0.005
0.000
0.220
0.000
0.002
0.006

0.001
0.000

0.041 -

0.002
0.050

0.270
0.048
0.000

1.989

0.3

95th

0.013
0.193

1.924
0.584
0.000
9.747
0.001
0.034
0.249
0.082
0.000
1.172
0.000
0.009
0.065
0.035
0.000
0.246
0.015
0.221
2.635
0.721
0.000

11.065

Adult Dose Percentlles

Sth

0.000
0.008

0.001
0.000
0.000

0.248

0.000 .

0.002
0.000
0.000
0.000
0.035
0.000
0.001
0.000
0.000
0.000
0.007
0.001
0.014
0.003
0.000
0.000

0.451

50th

0.001
0.027

0.01s
0.002
0.000
1.092
0.000
0.00s
0.002
0.000
0.000
0.151
0.000
0.002
0.001
0.000
0.000
0.031
0.002
0.038
0.022
0.004
0.000

1.480

95th

0.008
0.178

0.168
0.051
0.000
6.379
0.001
0.027

0,018
0.006

0.000-

1.059

0.000
0.006

0.006
0.004
0.000

0.193
0.011
0.197
0.218

0.055
0.000

6.816



Adams County Census Division 02

Infant Dose Percentiles Adult Dose Percentlles

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

1945 External . 0.000 0.001 0.004 0.000 0.001 0.004 F

1945 Inhalation 0.012 0.044 0.230 0.010 0.035 0.170 L

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 v

1945 Commercial Milk (Rural) 0.000 0.000 0,000 0.000 0.000 0.000 k

1945 Fruit and Vegetables* 0.445 1.865 10.162 0,327 1.282 6.979 =

1946 External 0.000 0.000 °~ ° 0.001 0.000 0.000 0.001 I

1946 Inhalation 0.003 0.009° 0.052 0.002 0.007 0.039 L

1946 Milk from BYCow Regime 3 0.003 0.033 0.287 0.000 ©0.002 0.023 e

1946 Milk from BYCow Regime 4 0.000 0.004 0.132 0.000 0.000 0.006 i

1946 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 i

1946 Fruilt and Vegetables* 0.061 0.258 1.576 0.045 0.193 1.351

1947 External 0.000 0.000 0.000 0.000 0.000 0.000 1

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 0.000 0.000 0.000 0.000 ~

1947 Frulit and Vegetables* 0.010 - 0.047 0.269 0.010 0.042 0.233 e
1945-1947 External . 0.001 0.002 0.006 0.001 0.002 0.606 b
1945-1947 Inhalation 0.025 0.067 0.343 0.020 0.051 0.238
1945-1947 Milk from BYCow Regime 3 0.062 0.314 '1.861 0.005 " 0.025 0.165
1945~1947 Milk from BYCow Regime 4 0.007 0.058 0.711 0.001 0.00S 0.045 v
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

L Infant Dose Percentlles Adult Dose: Percentiles
S Year . Dose Patlway Sth 50th 95th ’ Sth 50th 95th
1945 External 0.001 0.002 0.007 0.001 0.002 0.007
1945 Inhalation 0.016 0.055 0.263 0.014 0.045 0.185
o 1945 Milk from BYCow Regime 3 0.033 0.296 2.708 0.002 0.025 0.222
1945 Milk from BYCow Regime 4 0.001 0.044 0.773 0.000 0.003 0.045
1945 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000
1945 Fruit and Vegetables® 10.503 2.143  12.455 0.361 1.617 8.816
1946 External 0.000 0.000 0.007 0.000 0.000 0.005
1946 Inhalation 0.004 0.013 0.153 0.003 0.010 0.127
1946 Milk from BYCow Regime 3 0.003 0.030 0.252 0.000 © 0.003 0.028
1946 Milk from BYCow Regime 4 0.000 0.006 0.071 0.000 0.000 0.011
1946 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000
1946 Fruit and Vegetables* 0.068 0.278 1.747 0.051 0.215 1.092
1947 External 0.000 0.000 0.003 0.000 0.000 0.003
1947 Inhalation 0.001 0.004 © 0.077 0.001 0.003 0.064
1947 Milk from BYCow Regime 3 0.001 0.006 0.105 0.000 0.001 0.010
1947 Milk from BYCow Regime 4 0.000 0,002 0.050 0.000 0.000 0.002
1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000
1947 Fruit and Vegetables*_ : 0.012 0.053 © 0.263 . 0.009 0.042 0.265
1945-1947 External . 0.001 0.003 0.020 0.001 0.003 0.015
1945-1947 Inhalation 0.033 0.089 0.571 0.027 0.073 0.454
o 19451947 Milk from BYCow Regime 3 0.071 0.399 3.214 0.006 0.034 0.191 ,
.ﬁ 1945-1947 Milk from BYCow Regime 4 0.009 0.081 0.946 0.001 0.005 0.042 o
hd « 1945-1947 Commercial Milk (Rural) 0.000 0.000 0.000 9.000~ 0.000 0.000 i
1945-1947 Frult and Vegetables* 0.860 2,753 12.956 0.658 2.091 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 i

Infant Dose Percentiles Adult Dose Percentiles

Year Dose Pathway 5th 50th © 95th Sth S50th 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

i945 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 W

1946 Inhalation 0.005 0.017 0.105 0.005 0.013 0.079 4

1946 Milk from BYCow Regime 3 0.005 0.048 0.455 0.000 - 0.004 0.034 -

1946 Milk from BYCow Regime 4 0.000 0.011 0.262 0.000 0.001 0.012 i

1946 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 -

1946 Frult 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 P

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 0.000 . 0.001 0.011 s

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 0.000 0.000 0.000

1947 Fruit and Vegetables* 0.019 0.080 0.426 0.0le 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 v
19451947 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

D.6




Adams County Census Division 05

. Infant Dose Percentiles Adult Dose ‘Percentiles
Year Dose Pathway Sth ~ 30th . 95th Sth Soth 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* 0.847 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 0,005 0.016 0.069 0.004 0.013 0.060
1946 Milk from BYCow Regime 3 0.006 0.061 0.541 0.001 0.004 0.044
1946 Milk from BYCow Regime 4 0.000 0.008 0.277 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 0.060 0.000 0.000 . 0.000 0.000
1947 Fruit and Vegetables* 0.020 0.081 0.445 0.017 0.069 0.378
1945=1947 External 0.001 0.003 0.009 - 0.001 0.003 0.010
. 1945-1947 Inhalation 0.044 0.107 0.397 0.035 - 0.084 0.313
1945-1947 Milk from BYCow Regime 3 0.116 - 0.595 3.809 0.009 0.041 0.325
1945-1947 Milk from BYCow Regime 4 0.015 0.134 1.543 .0.001 0.009. 0.090
1945-1947 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 1.096 3.147 . 12.623

* 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
194§
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 from the fruit and vegetables pathway assumes that 100% of diet comes from local sources

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)

Frult and Vegetables*

: Adams

County Census Division 06

Infant Dose Percentiles

Sth

0.001
0.019

0.046
0.003
0.000
0.682
0.000
0.004
0.006
0.000
0.000
0.089
0.000
0.001
0.001
0.000
0.000
0.016
0.001
0.038
0.098
0.013
0.000

1.140

50th

0.002
0.065

0.378
0.067
0.000

2.492

0.000

0.014
0.043
0.009
0.000
0.349
0.000
0.004
0.010
0.003
0.000
0.069
0.003
0.106
0.498
0.114
0.000

3.237

0.8

95th

0.008
0.909

2.715
1.414
0.000
10.393
0.006
0.380
0.363
0.079
0.000
1.709

0.001
0.039

0.105

0.061
0.000

0.315
0.020
1.669
3.113
1.386
0.000

11.544

_5th

0.001
0.017

0.003
0.000
0.000
0.481
0.000
0.004
0.000
0.000
0.000
0.067
0.000
0.001
0.000
0.000
0.000
0.014
0.001
0.029
0.007
0.001
0.000

0.801

50th

0.002
0.083

0.024

0.004
0.000

1.839
0.000
0.011
0.003
0.001
0.000
0.268
0.000
0.003
0.001
¢.000
0.000
0.056

0.003
0.079

-0.037

0.008
0.000

2.351

Adult Dose Percentlles

95th

0.007
0.485

0.259%
0.120
0.000
9.242

0.006
0.176

0.023 .

0.014
0.000

1.228
0.001
0.030
0.011
0.003
0.000
0.255
0.022
1.239
0.208

0.140
0.000

"9.728
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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 from the frult and vegetables pathway assumes that 100% of dlet comes from local sources

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 Vegetablesx*

Adams County Census .Division 07

Infant Dose Percentiles

S5th

0.001
0.017

0.042
0.001
0.000
0.568
0.000
0.004
0.006
0.000
0.000
0.083
0.000
0.001
0.001
0.000
0.000
0.014
0.001
0.033

0.108
0.010

- 0.000

1.019

50th
0.002

0.057

0.363
0.056
0.000
2.284
0.000
0.013
0.040
0.007
0.000
0.324
0.000
0.004

0.009

0.002

0.000
0.058
0.002
0.086
0.495
0.101
C.000

'2.933

0.8

95th

0.006
0.301

2.967
1.093
0.000
11.073
0.002
0.087
0.369
0.139
0.000
1.671
0.001
0.045
0.103
0.076
0.000
0.311
0.010
0.479

3.408
1.259

0.000

11.638

Adult Dose Percentliles

S5th

0.001
0.014

0.003
0.000
0.000
0.474
- 0.000
0.003
0.000
0.000
0.000
0.065
0.000
0.001
0.000
0,000
0.000
0.012
0.001
0.028
0.008
0.001
C.000

0.773

s0th

0.001
0.045

0.034
0.004
0.000
1.752
0.000
0.009
0.005
0.001
0.000
0.264
0.000
0.003
0.001
0.000
0.000
0.047
0.002
0.070
0.046
0.007
0.000

2.312

95th

0.006
0.210

0.295
0.113
0.000
§.828
0.003
0.077
0.030
0.017
0.000
1.300
0.001
0.037
0.007
0.004
0.000
0.220
0.011
0.450
0.328
0.107
0.000

9.886



Adams County Census Division 08

Infant Dose Percentiles Adult Dose Percentiles

Year Dose Pathway . Sth 50th 95th S5th s0th 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 i

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 i

1947 Milk from BYCow Regime 4 0.000 0.004 0.039 0.000 0.000 0.011 e

1947 Commercial Milk (Rural) 0.000 0.000 0.000 0.000 0.000 0.000 L

1947 - Fruit and Vegetables* 0.023 0.091 0.430 0.019 0.022 0.323 ..
1945-1947 External 0.002 0.003 0.010 0.002 0.003 0.009 L
1945-1947 Inhalation 0.048 0.114 0.400 0.040 0.088 0.254
1945-1947 Milk from BYCow Regime 3 0.121 0.686 5.993 - 0.012 ' 0.056 0.374 i
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

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

0.10




|

Year

1945
1945

1945
1945
1945
1945
1246
1946
1946
1946
1946
1946
1947
1947
1947
1947
1947
1947
1945-1947
1945-1947
1945-1947
1945-1247
1945-1947

1945-1247

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

Dose Pathway

External
Inhalation

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

Frult 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
Commerclal Milk (Rural)
Frult and Vegetables*
External

Inhalation

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

Frult and Vegetables*

Adams cOuhty Census Division 09

Infant Dose Percentiles

Sth

0.002
0.048

0.108
0.003

10.000

1.691
0.000
0.011
0.014
0.001
0.000
0.214
0.000
0.003
0.003
0.000
0.000
0.043
0.003
0.087
0.259
0.025
0.000

2.793

0.

50th

0.004
0.153

1.131
0.130
0.000
6.302
0.001
0.031
0.107
0.018
0.000
0.853
0.000
0.008
0.028
0.008
0.000
0.171
0.006
0.210

1.357
0.273

0.000

8.182

11

9Sth

0.013
0,627

8.098
3.143
0.000
28.201
0.002
Q0.124
1.200
0.391
0.000
4.349
0.001
0.034
0.193
0.220
0.000
0.798
0.014
0.715
8.473
2.8629
0.000

30.641

Adult Dose Percentlilas

Sth

0.002
0.041

0.007
0.000
0.000
1.263
0.000
0.003
0.001
0.000
0.000
0.171
0.000
0.002
0.000
0.000
0.000
0.034

0.003
0.072

0.019 .

0.002
0.000

2.078

S0th

0.004
0.115

0.069
0.012
0.000
4,993
0.001
0.025
0.00%
0.001
0.000
0.653
0.000
0.007
0.002
0.001
0.000
0.133
0.006
0.160
0.104
0.020
0.000

6.234

95th

0.013
0.404

0.589
0.188
0.000

26.944
0.002
0.078
0.086
0.025
0.000
2.879
0.001
0.025
0.024
0.019
0,000
0.734

0.014
0.462



Adams County Census Division 10 W

Infant Dose Percentiles Adult Dose Percentiles i

Year Dose Pathway Sth S0th 95th Sth S0th 95th

1945 External 0.003 0.007 0.031 0.003 0.007 0.033 o

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 v

1945 Commercial Milk (Rural) 0.304 1.932 18.166 0.024 0.183 2.096 . LA

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 P

1946 Milk from BYCow Regime 3 0.019 0.158 2.457 0.001 - 0.013 0.126 o

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 A

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 ;i

1947 Milk from BYCow Regime 4 0.000 0.012 0.225 0.000 0.001 0.017 i

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 -
19451947 External 0.005 0.010 0.033 0.005 0.011 0.0AZ e
1945-1947 Inhalation 0.150 0.367 1.775 0.121 0.285 1.359
1945-1947 Milk from BYCow Regime 3 0.413 2.063 16.663 0.030 0.150 1.060 ?1
1945-1947 Milk from BYCow Regime 4 0.043 - 0.357 3.840 0.004 0.034 0.527 O
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 i

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

0.12




-

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

T 1945-1947

1945-1947
1945-1947

1945-1947

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

Dose Pathway

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Mlilk from BYCow
Commercial Milk

Fruit and Vegetables*

External
Inhalation

Milk from BYCow
Milk frem BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Fruit and Vegetables*®

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Fruit and Vegetables*

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Frult and Vegetables*

Sth

0.008

0.176

Regime 1 15.754
Regime 2 13.506
Regime 3 0.242
Regime 4 0.038
(Rural) 22.267

6.075

0.002

0.048

Regime 1 2.434

Regime 2 2.186
Regime 3 0.042
Regime 4 0.007
(Rural) 3,492

0.844

0.001

0.013

Regime 1 0.612
Regime 2 0.731
Regime 3 0.015
Regime 4 0.001
(Rural) 0,922

0.155

0.014

0.353

Regime 1 34,2098
‘Regime 2 30.082
Regime 3 0.809
Regime 4 0.125
(Rural) 39.607

10.938

Benton County Census Division 01

- Infant Dose Percentiles

S0th

0.020
0.575

103.117
84.308
2.566
0.463
111.55¢%

26.054

0.005
0.142

12.841
13.127
0.346
0.077
14.095

3.809

0.001
0.042

3.769
3.928
0.122
0.021
3.717

0.615

0.028
0.874

129.080
120.983
4,085
0.922
134.590

34.556

.13

35th

0.061
2.879

680.336
543.274
29.954
9.70S
404.105

113,725

0.014
0.564

63.721
77.639
3.264
2.490
56.267

20.784
0.004
0.203

23.360

22.779
1.686
0.462

18.114

3.186

0.075

3.248

686,048
582.833
33.200
8.570
408.022

130.957

Adult Dose Percentiles

S5th

0.008
0.153

1.159
1.019
0.031
0.00¢9
1.607

4.314

0.002
0.039

0.155
0.147
0.005
0.001
0.264

0.651

0.001
0.011

0.045
0.042
0.002
0.000
0.078

0.125

0.014
0.302

2.593
2.385
0.080
0.026
2.915

7.714

50th

0.020
0.483

7.091
8,109
0.224
0.084
8.09%0

16.713

0.00S
0.117

1.053
1.017
0.038
0.010
1.179

2.333

0.002
0.034

0.335
0.248
0.011
0.003
0.360

0.460

0.028
0.690

9.864
11.045
0.308
0.121
9.836

21.680

35th

0.064
2.062

58.231
63.145
1.401
1.114
29.233

76.452

0.014
0.453

6.400
8.203
0.321
0.085
5.984

11.573

0.005
0.15¢6

1.858
1.7é8
0.119
0.031
1.083

2.524.

0.070
2.373

66.659
65.364
1.722
1.156
32.936

88.812



Benton County Census Division 03

" ‘Infant Dose Percentiles Adult Dose Percentiles
Year Dose Pathway Sth .50th 95th Sth S0th 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 0.508 2.102 8.772
1946 Commercial Milk (Urban) 7.517 30.543 113.219 0.354 1.636 7.847
1946 Fruit and Vegetables* 1.374 5.448 24.817 1.006 3.565 15.161
1947 External 0.001 0.002 0.006 0.001 0.002 0.007
1947 Inhalation : 0.024 0.073 0.311 0.021 0,058 0.230
1947 Milk from BYCow Regime 1 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
1945 Fruit and Vegetables* 0.240 0.910 4,248 0.181 0.683 3.664
1945-1947 External 0.023 0.043 0.101 0.023 0.043 0.695
1945-1947 Inhalation 0.651 1.447 4,343 0.516 1.096 3.090
1945-1947 Milk from BYCow Regime 1 61.070 209,050 762.789 4.315 16.782 74.443
1945-1947 Milk from BYCow Regime 2 51.399 198.004 871.563 4.667 17.986 71.910
1945-1947 Milk from BYCow Regime 3 1.203 6.602 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

D.14




Benton County Census Division 04

* Infant Dose Percéntiles Adult Dose Percentiles .

T B Year Dose Pathway Sth 50th 95th " sth 50th 95th
1945 External C 0.010 0.022 0.064 0,010 ' 0.021 0.064
1945 Inhalation 0.235 0.689 2.475 0.203 0.530 1.788
1945 Milk from BYCow Regime 1 23.622  118.840  674.846 1.655 10.404 75.012
1945 Milk from BYCow Regime 2  15.793  107.019  879.343 1.165 8.039 44,703
1945 Milk from BYCow Regime 3 0.295 3.346 - 32,937 0.043 0.323 2.690
1945 Milk from BYCow Regime 4 0.052 0.644 10.428 0.010 0.093 0.697
1945 Commercial Milk (Rural) 40,113  163.258  789.131 ~  2.636 12.644, 42.393
1945 Fruit and Vegetables* . 7.388 28,204  156.356 5.504 19.778 92.052
1946 External 0.003  0.005 0.013 0.003 . 0.005 -  0.012
1946 - Inhalation - 0.063 - 0.171. 0.554 0.055 0.134 0.425
1946 Milk from BYCow Regime 1 2.901 18.733  113.505 0.301 1.558  9.512
1946 Milk from BYCow Regime 2 - 2.589 18.615  110.582 0.213 1.248 8.376
1946 Milk from BYCow Regime 3 0.071 0.481 ~ 3.869  ° 0.006 0.038 ~  0.342
1946 Milk from BYCow Regime 4 0.006 - 0.073 1.933  0.002 0.015  0.134
1946 Commercial Milk (Rural) 5.448 23,795  102.257 0.455 2,139 7.712
1946 Fruit and Vegetables* 1.029  4.185 21.420 . 0.734 2.705 .. 12.630
3 - 1947 - External , 0.001  0.002 0.004 0.001 0.002  0.004
= . 1947 Inhalation = . - 0,018 0.052 0.199 . 0.014  °  0.040 0.151
1947 Milk from BYCow Regime 1 1.217 5.960  30.861 0.060 0.381 2.563
1947 Milk from BYCow Regime 2 - - 0.975 ~ 5.149 31.163° . 0.065 . 0.433 2.606
1947 ' Milk from BYCow Regime 3 0.020 0.167 .  1.382 0.002 0.016 . 0.187
1947 Milk from BYCow Regime 4 0.002 0.027 ©  0.572 0.001 0.004 * 0.030
1947 Commercial Milk (Rural) 1.584 7.632  26.798 0.131 0.522 . 2.178 ;
p 1947  Fruit and Vegetables® . 0.182 . 0.751 3.571 0,141 0.525 ~  2.306 o
_ 1945-1947 External . 10.017 '0.031 0.073 0.017 .. 0.029 .  0.073 -
% . % 1945-1947 Inhalation 0.446 0.992 2.852 0.372 . .0.762 ° 2.054 - ©
i . 1945-1947 Milk from BYCow Regime 1 - 47.261  160.407  744.781 3.113 12.769 . 67.653
1 % 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
19451947 Milk from BYCow Regime 4 0.157 1.257 13.523 0.031 0.139 0.949
i 1945-1947 Commercial Milk (Rural) 72.826 - 206.692  763.043 5.689 . 17.402  '50.394
1945-1947 Fruit and Vegetables* 12.677 36.859  158.245  9.029 25.381  104.336

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

‘Milk from BYCow Regime

Dose Pathway

External
Inhalation

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

o w NP

Fruit and Vegetables*
External
Inhalation

Milk from BYCow Regime
Milk from BYCow Regime

W N

Milk from BYCow Regime
Commercial Milk (Rural)

Fruit and Vegetables*

External
Inhalation

Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime

oW

" Commercial Milk (Rural)

Fruit and Vegetables*

External
Inhalation

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

Fruit and'Végetables*'

Benton County Census Division 05

Infant Dose Percentiles

5th

0.002
0.049

4.453
4.425
0.107
0.018
3.629

2.062

0.001
0.012

0.622
0.771
0.013
0.002
0.617

0.298

0.000
0.003

0.213
0.232
- 0.004
0.000
0.170

0.056

0.005
-0.111

11.337
©11.019
0.252
0.062
8.969

3.890

50th

0.008
0.219

34,044

30.925
0.962
0.337

" 24.064

9.760

0.002
0.049

4.330
5.933
0.131
0.043
3.812

1.277

0.001
0.014

1.437
1.444
0.049
0.007
1.048

0.249
0.012
0.367
48.974
45.306
1.425
0.551
35.999

12,554

D.186

95th

0.069
2.764

216.915
252.496
12.458
7.724
174.369

69.625

0.015
0.453

37.128
38.881
1.253
0.837
27.947

6.736

0.004
0.138

8.879
- 9.383
0.672
0.191
5.913

1.442

0.084
3.500

261.390
312.118
11.867
6.049
177.290

. 70.261

Adult Dose Percentiles

' 5th

0.002
0.039

0.431
0.426
0.010
0.003
0.288

1.678
0.001
0.010

0.072
0.045

0.002

0.000
0.042

0.239
0.000
0.003
0.013

- 0.014

0.000
0.000
0.012

0.043
0.005
0.088
0.902

0.841
0.02%

0.009 .

0.669
2.877

S0th

0.008
0.160

2.622
2.764
0.091
0.036
2.041

6.715
0.002
0.039

0.512
0.337

0.013

0.005
0.280

0.94¢6

0.001
0.012

0.102
0.092
0.004
0.001
0.080

0.184

0.012
0.277

3.565
3.528
0.129
0.05S
2.946

8.556

95th

0.073
2.429

21.662
18.609
0.933
0.429
11.176

36.701
0.015
0.335

3.484

. 2.561

0.095
0.086
1.813

4.497

0.004
0.128

0.656
0.711
0.038
0.015
0.609

1.071
0.094
3.774

26.247
17.465

1.0583°

0.541
11.309

39.083




‘Benton County Census Division 06

S ‘ Infant Dose Percentiles Adult Dose Percentiles
e Year Dose Pathway : Sth 50th 95th Sth S0th 95th
1945 External * 0.001 0.004 0.027l 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
194S Milk from BYCow Regime 3 0.056 0.526 7.256 0.007 . 0.056 ° 0.529
1945 Milk from BYCow Regime 4 0.015 0.179 3,082 © 0.003 0.031 0.470
1945 Commercial Milk (Rural) 3.480 29,072 192.386 0.263 - 1,968 15.150
1945 Commercial -Milk (Urban) 6.871 35.292 242,167 0.382 1.894 9,648
1945 Fruit and. Vegetables¥*. 1.208 5.482 33.012 .0.940 3,703 17,112
1946 External ) 0.000 0.001 . 0,005 0.000 - 0,001 - 0.005
1946 Inhalation 0.005 0.023 0.357 0.005 0.018 0.261
1946 Milk from BYCow Regime 1 0.546 3.460 28.656 0.037 0.248 1,719
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
1946 Milk from BYCow Regime 4 0.001 0.024 0.455 0.000 0.003 0.041
1946 Commercial Milk (Rural) 0.543 3.680 21.787 0.041 0.281 2,085
1946 Commercial Milk (Urban) 0.888 3.811 20.539 0.051 0,232 1.173
1946 Fruit and Vegetables* 0.169 0.828 5.241 0.134 0.519 2.439
1947 External 0.000 0.000 0.002 0.000 0.000 0.002
1947 Inhalation 0.002 0.007 0.088 0.001 0.006 . 0.047 @
S 1047 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
1947 Milk from BYCow Regime 4 0.000 0.005S 0.125 0.000 0.001 0.006 °
1947 Commercial Milk (Rural) 0.181- 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 T
1947 Fruit and Vegetables* 0.029 0.136 0.754 0.027 . 0.104 . 0.595
- 1945-1947  External : 0.002 0.006 0.037 0.002 0.006 .  0.025 "
% 1945-1947  Inhalation ’ 0.052 0.171 1.627 0.043 0.135 1.408 o
1945-1947 Milk from BYCow Regime 1 . 8.392 33.246 154,022 - 0.506 2,020 10.071
Taie 1945-1947 Milk from BYCow Regime 2 -7.149 29.403 143,653 . 0.492 . 2,388 . 1l1.891
= 1945-1947 Milk from BYCow Regime 3 0.172 0.842 5.923 0.019 0,084 0.552
1945-1947 Milk from BYCow Regime 4 0.037 0.296 3.138 0.007 0.043 - 0.428
1945-1947 Commercial Milk (Rural) 8,888 36.856 203,842 0.629 - - 2.711 17.017
. 1945-1947 Commercial Milk (Urban} 13.704 44,302 214.933 0.707 2,573 9.925
= 1945-1947 Frult and Vegetables* 2.246 7.419 36.907 . l.e28 4,888 19.913
? * Dose from the fruilt and vegetables pathway assumes that 100% of diet comes from local sources .

0.17



Year

1945
1945

1945
1945
1945
1945
1945
1945

1945

1946
1946

1946
1946
1946
1946
1946
1946

1946

1947
1947

1947
1947
1947
1947
1947
1947

1947

1945-1947
1945-1947

1945-1947
1945-1947
1945-1947
1945-1947

. 1945-1947

1945-1947

1945-1947

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

Dose Pathway

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk
Commercial Milk

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk
Commercial Milk

Regime
Regime
Regime
Regime
(Rural)
(Urban)

oW N e

Frult and Vegetables*

Regime
Regime
Regime
Regime
(Rural)
(Urban)

o wh e

Fruit and Vegetables*

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk
Commercial Milk

Regime
Regime
Regime
Regime
(Rural)
(Urban)

oW N

Fruit and Vegetables*

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk
Commercial Milk

Regime 1
Regime 2
Regime 3
Regime 4
(Rural)
(Urban)

Fruit and Vegetables*

Benton County Census Division 07

Infant Dose Percentiles

Sth

0.023
0.586

45.343
42.776
0.471
0.046
3.001
4.234

16.345

10.006
0.149

9.572
7.522
0.125
0.003
0.378
0.467

2.297

0.002
0.041

2.232
2.161

0.034-

0.002
0.094
0.162

. 0.401

0.039
1.100

104.553
102.946
1.700
0.235
6.661
8.832

'28.255

50th

0.050
1.746

249.192
279.042
6.062
1.375
18.571
25.530

66.668

0.013
0.407

45.894
40.327
1.300
0.131
2.675
3.116

9.249

0.004
0.128

12.110
11.258
- 0.336
0.037
0.623
0.852

1.535

0.071
2.446

351.325
394.415
9.381
2.093
27.837
34,978

-87.078

D.18

95th

0.140
6.506

1534.472
1541.111
43.702
29.080
144.203
214.052

271.969

0.029
1.472

249,715
258.398
9.963
2.649
20.518
23,933

45.558

0.011
0.501

- 53.403

83.979.

2.830

1.432°

3.999
6.634

6.524

0.162
7.196

1644.674
1736.697
53.725
29.064
153.569
207.718

291.353

Adult Dose Percentlles

Sth

0.023
0.485

3.705
3.029
0.047
0.005
0.244
0.221

12.191

0.006
0.123

0.641
0.477
0.009
0.001
0.040
0.030

1.846

0.002
0.033

0.152
0.187
0.002
0.000
0.010
0.006

0.309

0.040
0.925

7.640
8.035
0.147
.0.020
0.489
0.505

20.751

SO0th

0.050
1.350

21.827

20.153
0.481

0.110

1.449
1.327

44.116

0.013
0.320

3.646
3.211
0.086
0.014
0.224
0.188

6.722

0.004
0.095

0.809
0.917
0.028
0.004
0.061
0.044

1.166

0.072
1.918

32.213
27.229
0.890
0.165
1.933
1.829

59.809

95th

0.130
4,606

121.847
123.607
6.309
2.216
12.883
9.877

189.410

0.030
0.971

22.179
16.929
0.863
0.251
1.445
1.269

29.014

0.010
0.357

4,731
5.707
0.440
0.087
0.333
0.308

6.057

0.160
5.678
119.260
118.270
6.395
2.711
11.035
9.811

208.838

.....

e
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Benton County Census Division 08

i ) Infant Dose Percentiles Adult ‘Dose Percentlles
= Year Dose Pathway : Sth 50th 95th Sth S0th 95th

1945 External - ' 0.002 0.008 0.056 0.002 0.007 . 0.0S51

1945 Inhalation ) 0.041 0.199 2.349 0.036 0.155 1.703

1945 Milk from BYCow Regime 1 - 4,953 29.450 267.620 0.359 2.494 24,562

1945 Milk from BYCow Regime 2 3.500 35.725 247.072 0.302 2,145 17.678

1945 Milk from BYCow Regime 3 0.086 0.821 7.350 . 0,018 0.106 1.150

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 1.353 . .6.007 . 42,032

1946. External i 0.001 0.002 0.039 0.001 0,002 0.040

1946 Inhalation 0.010 0.052 0.881 0.008 0.041 - 0.853

1946 Milk 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 Reglme 4 0.002 0.023 0.330 0.001 0.006 0.047

1946 Commercial Milk (Rural) 3.498 15.798 - 58.670 0.281 1.261 5.352

1946 Frult and Vegetables* 0.239 1.201 - 8,921 0.202  6.848 . 6,341

1947 External ‘ i : 0.000 0.001 0.009 0.000 - 0.001 v ~0.009

1947  Inhalation 0.003 0.014 0.345 0.002 ‘0,011 = 0.260

1947 Milk from BYCow Regime 1 0.205 - 1.416 - 14.924 0.015 - 0.103 ., 0.687

1947 ~ Milk from BYCow Regime 2 0.222 - . 1.613 11.422 0.016.. . 0,101 ..~ ..0.757

1947 Milk from BYCow Regime 3 0.005 0.043 0.435 . 0,001 0.005 - 0.041

1947 Milk from BYCow Regime 4 0.001 0.008 0.216 0.000 0.002 : 0.018.

1947 Commercial Milk (Rural) 1.010 3.964 14,307 c.098" 0.386 ' 1.456

1947 Fruit and Vegetables* 0.047 0.238 1.614 - 0,037 0.158 : 0,8?6
1945-1947 Extezrnal ' 0.005 0.014 0:121 0.005 ©.0.014 . 0.104 s
1945-1947 Inhalation . 0.104 0.385 4,219 0,083 . 0.290 *~ . 3.339 - o

1945-1947 Milk from BYCow Regime 1 9,702 - 44.688 272.649 0.860 - 3.716. 28,949

. 1945-1947 Milk from BYCow Regime 2 10.438 49,242 309.909 0.722 3.549 ~ 23.983

7 1945~1947 Milk from BYCow Regime 3 0.257 1.208 8.074 0.039 .. 0,151 " 1.062

1945-1947° Milk from BYCow Reglme 4 0.050 0.313 3.484 0.015 ., 0.068 . 0.488

1945-1947 Commerclal 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 41.832

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

Infant Dose Percentiles Adult Dose Percentlles
Year Dose Pathway Sth 50th 95th Sth 50th . 95th
1945 External 0.011 0.026 0.074 0.011 0.027 0.078
1945 - Inhalation 0.250 0.767 3.051 0.216 0.613 2.065
1945 Milk from BYCow Regime 1 23.050 135.586 764.820 1.783 10.459 66.468
1945 Milk from BYCow Regime 2 16.875 117.308 897.344 1.669 11.040 64.134
1945 Milk from BYCow Regime 3 0.388 3.769 44,207 0.040 0.311 4,799
1945 Milk from BYCow Regime 4 0.032 0.475 8.816 0.009 0.096 1.597
1945 Commerclial Milk (Rural) 24.314 105.245 353.268 1.835 8.421 27.601
1945 Fruit and Vegetébles* 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 13.980 65.364 0.296 1.164 5.126
1946 Fruit aﬁd 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 Frult and Vegetables* 0.195 0.791 4,182 . 0.153 0.599 2.945
1945-1947 External 0.020 © 0,037 0.088 0.020 0.037 0.088
1945-1947 Inhalation 0.520 1.172 3.680 0.430 0.921 2.400
1945-1947 Milk from BYCow Regime 1 52.895 177.231 799,446 3.908 14,764 74.948
1945-1947 Milk from BYCow Regime 2 39.879 155.621 855.390 3.516 13.922 65.614
1945-1947 Milk from BYCow Regime 3 1.047 5.575 46.314 0.102 0.504 5.658
1945-1947 Milk from BYCow Regime 4 0.125 0.932 10.642 0.024 0.133 1.780
1945-1947 Commercial Milk (Rural) 44,487 128.426 402,016 3.339 9.970 29,298
1945-1947 Fruilt and Vegetables* 13.694 41.529 165.356 9.552 27.762 113.728

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from local sources
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Franklin County Census Division 01

o Infant Dose Percentiles Adult Dose Percentilles
o ’ Year Dose Pathway Sth S0th 95th Sth Soth 95th
1945 External 0.007 0.017 0.065 0.007 0.018 0.077
1945 Inhalation 0.173 0.609 2.690 0.153 0.469 2.168
1945 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
o0 1945 Milk from BYCow Regime 3 0.253 2.624 26.866 0.044 0.370 4,563
i3 194S Milk from BYCow Regime 4 0.037 0.610 15.987 0.010 0.081 1.450
b 1945 Commercial Milk (Rural) 33.650 143.702 614,072 2,196 10.246 37.712
1945 Fruit and Vegetables* 5.945 26,154 156.054 4.748 19,380 95.810
1946 External 0.002 0.004 0.012 0.002 0.004 0.013
1946 Inhalation 0.040 0.131 0.546 0.034 0.105 0.432
1946 Milk from BYCow Regime 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
| 1946 Commercial Milk (Rural) 4.946 19,389 79.231 0.388 2.000 7.946
s 1946 Fruit and Vegetables* 0.843 3,727 18.550 0.632 2,720~ 14.891
1947 External 0.000 0.001 0.004 0.000 0.001 0.004
1947 Inhalation 0.011 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) . 0.986 3.878 16.794 0.077 0.306 1.428 -
1947 Fruit and Vegetables® 0.146 ©0.587 3.065 0.119 0.513 3.123
1945~1947 External 0.012 0.024 0.068 0.012 0.025 0.081
- 1945-1947 Inhalation 0.337 0.848 2.922 0.280 0.677 | 2.463 :
1945-1947 Milk from BYCow Regime 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
1345-1947 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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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 frém 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* -

Franklin County Census Division 02

Infant Dose Percentiles

Sth

0.004
0.083

0.197
0.018
9.906
3.754
0.001
0.020
0.037
0.002
1.626
0.531
0.000
0.005
0.012
0.001
0.483
0.098
0.006
0.178
0.573
0.066
20.056

6.605

50th

0.010
0.325

2.026
0.298
45.510
16.422
0.002
0.066
0.434
0.038
- 6.928
. 2.415
0.001
0.020
0.116
0.015
1.827
0.444
0.013
0.470
3.382
© 0.573
61.141

21.450

95th

0.040
1.590

21.237 -

4.923
184.056

78.970
0.007
0.324
‘3,762
0.855
28.314
13.332
0.002
0.101
1.313
10.409
7.229
2.761
0.046
1.772

25.509
5.979

196.976

84.197

Adult Dose Percentiles

5th
0.004

. 0.081
0.019 .

0.006
0.880

2.926
0.001
0.018
0.004
0.001
0.133
0.440
0.000
0.005
0.001
0.000
0.041
0.077
0.007
0.144
0.061
0.016
1.760

4.863

50th,

0.010
0.263

0.222
0.056
4.115
12.080
0.002
0.055
0.030
0.006
0.545

1.685

0.001

0.015

0.008
0.002
0.178

0.349

0.014
0.364
0.352
0.083
5.129

16.009

95th

0.035
1.128

3.468
1.057
21,481
'67.357
0.008
0.222
0.240
0.089
2.256
8.043
0.002
0.068
- 0.099
0.030
0.568
2.072
0.040
1.309
3.991

1.232.

21.712
¢ 79.858

* 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
1948
1945
1945

1945

1946
1946

1946
1946
1946
1946
1946

1946

1947
1947

1947
1947 -
1947
1947
1947
1947

<1047

1945-=1947

19451947

1945-1947
1945-1947

1945-1947.

1945-1947
1945=1947
1945-1947

1945-1947

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

Dose Pathway

External
Inhalation

Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime
Commercial Milk (Urban)

Frult and Vegetables*

External
Inhalation

Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime
Commercial Milk (Urban)

Fruit and Vegetables*

External
Inhalation

Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime
Commercial Milk (Rural)
Commercial Milk (Urban)-

.. Pruit 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)
Commercial Milk (Urban)

Fruit and Vegetables*

o LN o LN

LR

Franklin County Census Division 03

Ihfant Dose Percentiles .

Sth

0.01s
0.374

39,156
27.879
0.393
0.025
56.500

12.165
0.004
0.098
5.512

4.618

0.084
0.002
7.430

1.518

0.001
0.026

1.674
1.588
0.028
0.002
0.657

1.134

0.286

0.026
0.727
77.675
65.547
1.424
0.153
0.672
75.320

20.272

S0th

0.032
1.081

182.593
157.105
4,255
0.814
212.253

46,837

0.008
0.266

34.069
25.165
0.729
0.111
28.855

15.990

0.002

0.078

8.572
. 8.346
0.267
0.039
2.659
4.145

1.151

0.045
1.581

263.617
-218.268
7.440
1.656
2.660
269.119

58.196

0.23

95th

0.088
4.230

1217.70¢
1124.925

54.666.

23.656
730.926

224.091

0.020
1.034

229.638
154.045
6.330
2.437
117.648

24.728

0.006
0.314

43.299
38.561
3.133
0.988
12.310
13.744

5.948 -

0.096
5.212

1277.392
1347.190
52.244
26.942
11.335
811.781

226.816

Adult Dose Percentiles

S5th

0.015
0.301

2.423
2,338
0.040
0.002
2.478

8.484

0.004

0.082

' 0.399

0.381
0.007
0.000
0.353

1.147

0.001
0.021

0,106

0.125
0.003
0.000
0.051
0.056

0.227 -

0.026
0.562

5.805

5.392

0.114
0.015
0.045
4.757

14.039

50th

0.033
0.813

13.672
14.088
0.393
0.056
10.254

30.558

'0.008

0.208

2.422
2.132
0.060
0.008
1.646

4.217
10.002
0.058
0.634

0.579.
0.022 "

0.004
. 0.220
0.255

0.871

'0.046

1.148

£20.979
20.411
0.588
0.114
- 0.219
13.320

38.670

95th

0.090
2.838

62.261
76.111
4.310
0.950
48.438

126.382

0.020
0.584

16.837
12.535
0.503
0.173
8.554

19.557

0.007
0.217

3.855
3.443
0.184
0.063
0.715
0.837

4.283

0.098
3.176

67.161
87.008
4,291
1.215
0.871
48.518

135.084




Franklin County Census Division 04

Infant Dose Percentiles Adult Dose Percentiles
Year Dose Pathway 5th S0th 95th 5th S0th 95th
1945 External 0.017 0.041 0.124 0.017 0.041 0.124
1945 Inhalation 0.448 1.443 6.205 0.345 1.025 4.133
1945 Milk from BYCow Regime 1 53.667 374.062 2333.612 4,228 24,537 158.372
1945 Milk from BYCow Regime 2 44.880 331.324 2422.336 3.748 25.599 184.824
1945 Milk from BYCow Regime 3 1.022 11.383 96.287 0.065 0.626 5.527
1945 Milk from BYCow Regime 4 0.032 1.245 46.328 0.009 0.123 1.631
1945 Commercial Milk (Rural) 11.220 57.517 271.159 1.019 5.062 24,984
1945 Fruit and Vegetables* 16.127 68.403 376.078 12.065 45,992 225.894
1946 External A 0.004 v 0.009 0.022 0.004 0.009 0.022
1946 Inhalation 0.092 0.281 1.039 0.080 T 0.222 0.773
1946 Milk from BYCow Regime 1 7.633 47.328 330.601 0.540 ‘, 3.507 .22.859
1946 . Milk from 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 0.008 0.001 0.003 0.007
1947 Inhalation 0.025 0.079 0.364 0.022 0.061 0.236
1947 Milk from BYCow Regime 1 2.184 12.616 77.950 0.149 0.996 6.058
1947 Milk from BYCow Regime 2 2.627 13.387 103.772 0.182 © 1,208 6,921
1947 Milk from BYCow Regime 3 0.035 0.359 4.146 0.003 0.031 - 0.368
1947 Milk from BYCow Regime 4 0.003 0.054 1.149 0.001 0.006 0.112
1947 Commercial Milk (Rural) 0.599 2.472 10.913 0.048 - 0.183 . 0.638
1947 Fruit and Végetables* 0.380 1.604 9.495 0.322 1.291 7.443
1945-1947 External 0.029 0.055 0.137 0.028 “0.054 0.139
1945-~1947 Inhalation ' 0.809 1.967 6.746 0.628 1.432 4.500
1945-1947 Milk from BYCow Regime 1 119.807 537.761 2947.060 8.591 34.404 185.3§5
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 1.709
1945-1947 Commercial Milk (Rural) 21.683 74,580 258,258 1.950 5.865 26.162

1945-1947 Fruit and Vegetables* 28.345 90.045 423.116 20.686 . 61.266 242.647

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

Infant Dose Percentlles Adult Dose Percentileé
Year Dose Pathway Sth "50th 95th Sth S0th 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
1945 Milk from-BYCow Regime 3 1.182 10.664.  101.203 . .0.089 0.931 8.386
1945 Milk from BYCow Regime 4 0.073 2.126 38.254 0.009 0.169 2.674
1945 Commercial Milk (Rural) 15.122 61.327 229.463 1,116 4,632 18.827
1945 Frult and Vegetables* 22,199 92.155 454.014 16.708 58.348  240.638
1946 External . 0.006 0.013 0.029 0.006 0.013 " 0.032
1946 Inhalation - 0.146 0.389 1.361 0.127 - 0.317 - _ 1,001
1946  Milk from BYCow Regime 1  10.379 57.979  400.299 0.764 . 3.892 - 24.505
1946 Milk from BYCow Regime 2 8.793 60.526  284.780 0.756 4.517 27.974
J 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
1946 Commercial Milk (Rural) 2.071 8,570 35.549 0.170 0.685 2.811
1946 Fruit and Vegetables* 3.266.  12.867 66.262 2.365 . 8.706 40.082
1947 External 0.002 0.004 6.010 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. . 8.715°
o 1947 Milk from BYCow Regime 2 2.852 15.118 72.671 0.185 1.100 . 8.371.
o 1947 Milk from BYCow Regime 3 0.054 0.479 4,288 0.005 0.045 ' 0.443
By 1947 Milk from BYCow Regime 4 0.003 0.054 0.921 0.000 0.007 ' 0,142
1947 - Commercial Milk (Rural) 0.511 2,176 - = 6.229 0,051 0.193 - . 0.629
! 1947 Fruit and Vegetables* 0.505 "2.120 12.000 0.416 1.511  ° 6.796
.. 1945-1947 - 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
. 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

0.25




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

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 BYCoﬁ 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*

Grant County Census Division 01

Infant Dose Percentiles

Sth

0.000
0.004

0.006
0.000
0.000
0.136
0.000
0.001
0.001
0.000
0.000
0.018
0.000
0.000
0.000
0.000
0.000
0.003
0.000
0.009
0.021
0.002
0.001

0.258

50th

0.001
0.018

0.082
0.015
0.005
0.697
0.000
0.004
0.010
0.001
0.001

0.102

0.000 .

0.001
0.004
0.000
0.000
0.019
0.001
0.029
0.122
0.025
0.010

0.996

:0.26

95th

0.011
0.432

- 0.760

0.281
0.071

9.384
0.002
0.045
0.200
0.026
0.009
0.944
0.000
0.008
0.045
0.012
0.006
0.211
0.017
0.426
0.760
0.359
0.093

10.762

Adult Dose Percentiles

Sth

0.000
0.004

0.000
0.000
0.000

0.097

0.000

0.001 -

0.000
0.000
0.000

0.014
0.000
0.000
0.000
0.000
0.000
0.003
0.000
0.008
0.002
0.000
0.000

0.190

S0th

0.001
0.015

0.005
0.001
0.000
0.491

0.000
0.003

0.001.

0.000
0.000

0.067

0.000

0.001
0.000
0.000
0.000
0.013
0.001
0.024
0.009
0.002
0.001

0.687

95th

0.013
0.203

0.087
0.020
0.006
4,511
0.002
0.034
0.008
0.002
0.001
0.743
0.000
0.007
0.007
0.001
0.000
0.151
0.020
0.239
0.085
0.022
0.006

5.208




-

Grant County Census-Division 02

i i Infant -Dose Percentiles Adult Dose Percentiles
- Year Dose Pathway - : Sth s0th 95th ) Sth 50th 95th

1945  External "0.000 0.001 . 0.011 °~  0.000 0.001 0.010°

1945 Inhalation 0.004 0.017 0.275 - 0.003 0.014 0.380

1945 Milk from BYCow Regime 3 0.006 . 0,072 0.985 '6,000 © 0.005 0.061

1945 ~ Milk from BYCow Regime 4 0.000 0.006 0.132 0.000 . 0.001 0.018

1945 Commercial Milk (Rural) 0.001 ¢.006 0.093 0.000 0.000 0.006

1945 Fruit and Vegetables* 0.139 0.71S 7.414 0.097 0.504. 6.548

1946: - External o 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

1946 Commercial Milk (Rural) _0.000 . 0.001 ~0.015° © o0.000 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 0,600

1947 Inhalation ' 0.000 0.001 0.010 0.000 ©.0.001 0.006

1947 Milk from BYCow Regime 3 - 08.000 . 0,002 0.023 ' 0.000 0.000 0.001

1947 Milk from BYCow Regime 4 0.000 0.000 . 0.008 - '0.000 ° 0.000 . 0.001

1947 Commercial Milk (Rural) - 0,000 0.000 0.002 0.000 0.000.  0.000

. 1947 Fruit and. Vegetables* 0.003 0.017 10.197 0.003 0.013° - 0.110 .

1945-1947  External ' 0.000 0.001 0.019 - 0.000 . 0.001. . 0.013
1945-1947  Inhalation i © 0.009 0.030  0.366 ~0.007 0.023 0.390
1945-1947 Milk from BYCow Regime 3 . 0,019 0.106 . 1.103 . 0.001 . 0.007 . 0.068
'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 ° o0.010 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

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes froﬁ’local.sdurce;

0.27
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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 from the fruit and vegetables pathway assumes that 100% of dlet comes from local sources

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*

Grant County Census Division 03

Infant Dose Percentlles

Sth

0.000
.oo8

o

.020
.000
.004

o e Noja)

.255

.000
.002

[eN o)

.002
.000
.001

[eNoNel

0.034

.000
.001

[eNe]

.000
.000
.000

o [oNeNa]

.006

0.001

0.017.

0.039
0.003
0.013

0.443

S0th

0.001
0.030

0.162
0.016
0.039
1.294

0.000
0.007

0.019

0.003
0.006

0.161
0.000
0.002
0.004
0.001
0.003
0.027
0.002
0.048
0.212
0.029
0.065

1.689

D.28

95th

0.010
0.248

1.492
0.484
-0.558
10.966
0.002
0.047
0.162
0.054
0.059
1.203
0.000
0.028
0.036
0.009
0.024
0.144
0.013
~0.316
1.713
0.434
0.756

11.907

Adult Dose Percentlles

Sth

0.000
0.006

0.001
0.000
0.000
0.186
0.000
0.002
0.000
0.000
0.000
0.026
0.000
0.000
0.000
0.000
0.000
0.005
0.001
0.014

0.002
0.000

0.001

0.333

50th

0.001
0.022

0.008
0.002
0.004

0.784
0.000
0.005
0.001

0.000
0.000

0.106

0.000
0.002

0.000
0.000
0.000
0.019
0.002
0.037

0.012

0.003

0.006

1.056

95th

0.009
0.165

0.098
0.035
0.071
5.348
0.002
0.040
0.010
0.005
0.008
0.642
0.001
0.017
0.002
0.001
0.002
0.100
0.015
0.266
0.095
0.040
0.083

5.890

£
;T
‘

e




— . - Grant.County Census Division 04

. Infant Dose Percentiles Adult Dose Percentiles
Year Dose Pathway 5th 50th 95th 5th S0th 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 ~ 0,578 0.000 0.006 0.086
1945 Commercial Milk (Rural) 0.413 3.337 51.820 0.027 . 0.201 3.155
1945 Fruit and Vegetables* - 0.520 2°331, 13.461. 0.387 1.681 9,100
‘ ' {
1946 External 0.000. 0.000 0.003 0.000 - 0.000 0.004
1946 Inhalation 0.004 0.014 0.105 0.003 0.011 0.093
1946 Milk from BYCow Regime 3 0.004> 0.033 0.315 0.000 ©0.003 . 0.025
1946 Milk from BYCow Regime 4 0.000 0.006 0.096 0.000 0.001 ’ 0.011
1946 Commercial Milk (Rural) 0.070 0.485 3.597 . 0.008 0.046 0.324
N 1946 Fruit and Vegetables* 0.077 0.332 1.770 - 0.053 . 0.219b 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 70.001 _ 0.006v
1947 Milk from BYCow- Regime 4 0.000 0.003 0.043 . 0.000 0.000 0.004
1947 Commercial Milk (Rural) - 0,029 09224 4,637 0.002 0.016 - 0.211
1947 Fruit and Vegetables* 07012. 0.054 0.275 0.010 0.042 = 0.247
2. 1945-1947 External 0.001 0.003 0.012 0.001 - 0.003 .. 0,013
1945-1947 Inhalatlon . 0.034 0.094 0.572 0.028 0.073. - -0.508
& 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
'ig 1945-<1947 Commercial Milk (Rural) 1.181 5.184 58.745 0.082 0.374 ;5 3.677
= . 1945-1947 Fruit and Vegetables* 0.903 2.990 14.677 0.685  2.074 i 9.633

.o ® Dose from the frult and vegetables pathway assumes that. 100% of diet comes from local sources-

D.29
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Grant County Census Division 05 Ly

Infant Dose Percentiles Adult Dose Percentlles %ﬁ

Year Dose Pathway Sth s0th 95th 5th S0th 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 l
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 0.001 0.017 0.137 0.000 0.001 0.017
1947 Milk from BYCow Regime 4 0.000 0.002 0.025 0.000 0.000 0.004
1947 Commercial Milk (Rural) 0.015 0.122 1.191 0.001 0.008 0.092
1947 Fruit and Vegetables* 0.013 0.053 0.289 0.010 0.044 0.276
1945-1947 External 0.001 0.003 0.016 0.001 0.003 0.012
1945-1947- Inhalation , 0.032 0.088 0.398 0.026 0.067 0.306
1945-1947 Milk from BYCow Regime 3 . 0.074 0.3560 ' 2.899 0.007 0.031 0.311
1945-1947 Milk from BYCow Regime 4 0.006 0.063 0.777 ~.0.001 0,009 0.106
1945-1947 Commercial Milk (Rural) 0.623  2.340 22,711 0.046 0.211 1.435
1945-1947 Fruit and Vegetables* : 0.888 3.028 13.779 0.709 . 2.244 9.822

* Dose from the fruilt and vegetables pathway assumes that 100% of dieﬁ comes from local sources

0.30




Grant County Census Division 06

Infant Dose. Percentiles. Adult Dose Percentiles

Year Dose Pathway 5th 50th 95th Sth S0th 95th
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
1945 . Milk from BYCow Regime 3 0.020 0.219 2,075 0.002 0.018 0.221
1945 Milk from BYCow Regime 4 0.001 0.026 0.984 . 0.000 0.003 0.064
1945 Commercial .Milk (Rural) 0.191 1.630 24.615 0.013 0.112 1.232
1945 Fruit and Vegetables* 0.393 1.902 11.925. 0.309 1.363 8.568
1946 External . 0,000 0.001 0.010 0.000 0.001 0.010
1946 Inhalation : © 0,003 0.012 0.264 0.002 - 0.010 . 0.180
1946 Milk from BYCOw Regime 3 0.003 0.039 0.445 0.000  0.004 . 0.050
£ 1946 Milk from BYCow Regime 4 0.000 0.004 0.152 0.000 0.001 0.014
i 1946 Commercial Milk (Rural) 0.049 0.399 4,597 0.005 0.030 - 10.609
’ 1946 - Fruit and Vegetables* ‘ 0.055 0.293 2.112 0.042 0.211 - 1.468
1947 External G.000 0.000 0.002 0.000 . 0,000 0.002
1947 Inhalation g.001 0.004 0.072 0.001 0.003  0.049 .-
1947 Milk from BYCow Regime 3  0.001 0.011 0.117 0.000 0.001  0.015
1947 Milk from BYCow. Regime 4 0.000 0.001 0.023 0.000 0.000 0.003
1947 Commercial Milk (Rural) 0.018 0.119 1.358. 0.001 . 0.008 0.082
1947 Fruit and Vegetables* 0.011 0.054 0.343  0.009 0.040 ... 0,247
s "' 1945-1947 External . 0.001 0.004 0.056 . 0.001 0.004 ... 0,053
1945-1947 Inhalation 0.026 . 0,102 . 1.202 0.022 . 0.080 0.946
?} 1945-1947 Milk from BYCow Regime 3’ 0.078 . 0.388 - 2.268 0.006 0.034 0.267
o 1945-1947 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
1945-1947 Fruit and.Vegetables* - 0.770 2.627 . 12.572 0.574 '_;1.953 < 9,885 "

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

o L 0.31




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*

Grant

County Census Division 07

Infant Dosé Percentiles

Adult Dose Percentiles

Sth 50th 95th
0.001 0.003 0.010
0.037 0.119 0.512
0.064 0.507 3.053
0.003 0.091 1.653
0.383 2.796 65.906
1.119 4,616 21.965
0.000 0.001 0.002
0.008 0.025 0.101
0.008 0.078 1.026
0.000 0.014 0.232
0.102 0.669 4.711
0.163 0.613 3.111
0.000 0.000 0.001
0.002 0.007 0.032
0.002 0.018 0.175
0.000 0.004 0.072
0.029 0.199 3.128
0.028 0.113 0.542
0.002 0.005 0.012
0.069 0.166 0.578
0.157 0.834 3.415
0.021 0.150 1.715
1.321 5.502 86.814
1.899 5.887 24.432

D.32

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

5th 50th 95th

0.001 0.003 0.010
0.031 '0.090 0.327
0.005 0.037 0.349"
0.001 0.010 0.145
0.029 0.244 4.317
0.821 3.126 14,215
0.000 0.001 0.002

- 0.007 0.019 0.069
0.001 0.006 0.048
0.000 0.002 0.033
0.008 0.055 0.755
0.117 0.455 2.311
0.000 0.000 0.001
0.002 0.006 0.025
0.000 0.001 0.009
0.000 0.000 0.009
0.002 0.016 0.226
0.021 0.081 0.409
0.003 0.005 0.012
0.058 0.126 0.346
0.014 0.057 0.405
0.002 0.016 0.180
0.087 0.432 4,832
1.335 4,123

14.867




¥
P

Year

1945
1945

1945
1945
1945
1945
1946
1946
-~ 1946
1946
1946
1946.
1947
1947
1947
1947
1947
‘19477‘

1945-1947
1945-1947

1945-1947

1945-1947

~+ 1945-1947

" 1945-1947

Dose Pathway

External
Inhalation

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

Fruit and Vegetables*

External

- Iqhalation

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

'Fruit and Vegetables*

Grant County Census Division 08

Infant -Dose Percentilés

Sth

0.001
0.020

0,038

0.004
0.425

0.636

0.000

0.004

0.005
0.000
0.101

0.073

0.000

0.001

0.001.

0,000
0.032

. 0.014

0.001
0:038

0.090
0.011

1.160
1.070

. 50th

0.002
0.064

0.349
0.054
2.958
2.514
0.001
0.01S
0.043
0.007
0.669
.0.350
0.000
0.005
0.010
0.002
S 0.211
0.061
0.003
0.099
0.452
0.083
5.833

3.275

D.33

95th

0.008

0.296
2.933
0.947
35.517
12.588
0.005
0.096

0.316

0.241

5.994
1.942

0.002

0.054

0.089
0.037
2.586

0.332
0.016
0.472
3.118

0.942
36.823

14.151-

Adult Dose Percentlles. -

Sth

0.001
0.017

0.004
0.000
0,031

0.465

0.000

0.004

0.000
0.000
0.006

'0.063

0.000
0.001

0.000

. 0,000
0.003

0.012

0.001

0.033

0.008.

0.001
0.105

0.779

S0th

0.002
0.052

0.030
0.005
0.322
1.811
0.001
0.012
0.003
0.001
0.051

0.238

0.000

0.003

0.001
0.000
0.018

0.047

- 0.003

0.079

0.038

- 0.009 -

0.516
2.358

o

95th

6.008
0.256

0.306
0.094
3.661

10.178
0.006
0.064
0.032
0.016
0.695
1.455
0.001
0.029
0.008
0.006
0.118
0.261
0.016
0.485
0.285

-0.084
3.647

- 11.693

r:.*'Dose from the fruit and vegetables paﬁhway assumes that 100% of diet comes from local sources




Grant County Census Division 09

Infant Dose Percentlles Adult Dose Percentlles
Year Dose Pathway Sth 50th 95th 5th 50th 95th
1945 External 0.002 0.004 0.013 - 0.002 0.004 0.013
1945 Inhalation 0.045 0.138 0.509 0.038 0.109 0.370
1945 Milk from BYCow Regime 3 0.084 0.622 5.619 0.006 0.057 = 0.514
1945 Milk from BYCow Regime 4 0.005 0.112 "1.916 0.001 0.015 0.377
1945 Commercial Milk (Rural) 0.442 2.675 43,515 0.034 0.278 2,283
1945 Frult and Vegetables* 1.427 6.006 30.233 1.004 3.857 16.758
1946 _ External : 0.000 0.001 0.002 0.000 - 0.001 - 0.003
1946 Inhalation 0.011 0.031 0.120 0.009 0.025 0.083
1946 Milk from BYCow Regime 3 0.011 0.105 0.899 0.001 0.008 0;081
1946 Milk from BYCow Regime 4 0.001 0.018 . 0.483 0.000 0.002 0.030
1946 Commercial Milk (Rural) 0.104 . 0.720 8.238 0.007 0.046 0.447
1946 Fruit and Vegetables* 0.179 0.764 4,022 0.144 0.574 3.052
1947 External 0.000 ‘0.000 0.001 - 0,000 . 0.000 0.001
1947 Inhalation 0.003 0.010 0.039 0.003 0.008 0.028
1947 . Milk from BYCow Regime 3 0.003 0.026 0.294. 0.000 0.002 0.019
1947 Milk from BYCow Regime 4 0.000 0.008 0.114 " 0.000 0.001 0.011
1947 Commercial Milk (Rural) 0.033 0.216 1.597 0.002 0,015 0.240
1947 Fruit and Vegetables* 0.032 . 0.145 0.715 0,026 0.104 0.511
1945-1947 External 0.003 0.006 0.015 0.003 0.006 _. 0.016
1945-1947 Inhalation 0..084 0.194 0.621 0.071 0.156 0.442
1945-1947 'Milk from BYCow Regime 3 0.216 0.944 5.585 0.016 0.083 .0.523
1945-1947 " Milk from BYCow Regime 4 0.026 0.222 2.235 0.003 0.023 0.326
1945-1947 Commerc;al Milk (Rural) 1.315 5.901 62.769 0.089 0.402 3.239

1945-1947 'Fruit and Vegetables* 2.429 7.658 33.417 1.747 4,966 .18.862

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

D.34




Grant County Census Division .10

Infant- Dose Percentiles Adult Dose Percentiles

Year Dose Pathway Sth 50th 95th Sth 50th © 95th
1945 "External 0.002 0.004 0.013 0.002 0.004 0.013
1945 Inhalation 0.050 . 0.152 0.573 0.043 0.127 . 0.459
1945 Milk from BYCow Regime 3 0.092 0.810 7.646 0.008 0.088 0.874
1945 -~ Milk from BYCow Regime 4 0.007 0.147 2.759 . 0.001 0.011 0.341
1945 Commercial Milk (Rural). 0.312 2.691 33.174 0.033 0.295 3.762
1945 Fruit and Vegetables+* 1.521 6.608 31.873 1.175 4,661 22.520
1946 External ' 0.000 ‘0,001 0.003 0.000 . 0.001 0.003
1946 Inhalation- 0.011 0.033 0.121 0.010 0.026 0.086
1946 Milk from BYCow Regime 3 " 0.010 0.095 0.858 0.001 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 - 0.649 6.398 0.009 -0.050 0.823
1946 Fruit and,Végetables* 0.211 " 0.941 S.019 .o.;71 0.661" . 3.410

. 1947 External 0.000 0.000 0.001 0.000 0.000 . " 0.001
1947 Inhalation ) . 0.003 0.010 0.048 0.003 0.008 0.031
1947 Milk from BYCow Regime 3 0.002 0.024 0.182 0.00C0 0.002 0.020
1947 Milk from BYCow Regime 4 - 0.000 0.007 0.212 0.000 Q.001 0.010
1947 Commercial Milk (Rural) 0.033 0.226 3.334 - 0.002. . . 0.021. 0,319
1247 Fruit and Vegetables* . 0.039 0.148 0.784 0.030 0.117 ;. 0.572
1945-1947 External .0.003 0.006 0.015 0.003 0.006 . 0.015
1945-1947 Inhalation. : 0.095 0.216 0.617 0.076 0.176 0.502
1945-1947 Milk from BYCow Regime 3 0.196 1.041 7.493 0.020 . 0,113 0.811
1945-1947 Milk from BYCow Regime 4 0.030 . 0.264 3.172 0.003 0,023 . 0.350
1945-1947 Commercial Milk (Rural) 1.248 5.413 . 38.784 0.092 0.463 5.282

-1945-1947 Fruit and Vegetables¥® . 2.608 8.567 35.592 1.993 6.066 .. 24.910

vz ¥ Dose from the fruit and vegetables pathway assumes that 100% of diet ccmes from local sources

0.35




Grant County Census Division 11

. Infant Dose Percentlles Adult Dose Percentiles

Year Dose Pathway Sth 50th 95th Sth S0th 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 frem BYCow Regime 4 0.005 0.101 1.739 0.001 0.008 0.191 P

1945 Commercial Milk (Rural) 0.381 3.260 85.456 0.035 0.231 2.106 i

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 i

1946 Inhalation 0.009 0.037 0.492 0.008 0.028 0.330 N

1946 Milk from BYCow Regime 3 0.010 0.083 0.711 0.001 - 0,008 0.085 -

1946 Milk from BYCow Regime 4 . 0.000 0,016 0.655 0.000 0.001 0.025 y

1946 Commercial Milk (Rural) 0.109 0.709 6.952 0.007 0.052 0.396 3

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 0.060 0.002 0.018 i

1947 Milk from BYCow Regime 4 0.000 . 0.006 0.164 0.000 0.001 0.016 [

1947 Commercial Milk (Rural) 0.031 0.216 2.144 0.002 0.016 0.238 B

1947 Fruit and Vegetables* 0.034 0.132 0.740 0.026 0.112 . 0.586 o
1945-1947 External 0.003 0.009 0.061 0.003 0.009 0.091 ) =
1945-1947 Inhalation 0.086 0.279 3.187 0.071 0.214 1.722
1945-1947 Milk from BYCow Regime 3 0.180 1.045 7.210 0.014 0.075 0.513 ;
1945-1947 Milk from BYCow Regime 4 0.022, '0.207 2.847 . 0.003 0.018 0.214 R
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 frult and vegetables pathway assumes that 100% of diet comes from local sources
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Grant County Census Division 12

Infant Dose Percentiles Adult Dose Percentiles.

Year Dose Pathway 5th 50th 95th } Sth 50th . 95th

- 1945 External ‘ 0.004 0.013 0.124 . 0.004 0.013 0.133
1945 Inhalation _ 0.099 ~'0.404 4,833 0.079 0.313 2.724
1945 Milk from BYCow 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 0.505
1245 Commercial Milk (Rural) 0.360. 2.717 41.997 0.032 - 0.237 3.949
1945 Fruit aﬁd Vegetables* 3.471 14,994 85.6260 2,286 9.656 57.857
1946. -External 0.001 - 0.004 0.039 0.001 0.004 0.065
1946 Inhalation ’ ' .0,021 . 0.098 1.091 0.017 0.067 0.654
1946 * Milk from BYCow Regime 3 ©0.022 0.191 2.032 0.002 ©0.,018. - 0.190
1946 Milk from BYCow Regime 4 ‘0,001 0.035 1.074 .0.000 .. 0.004 0.110
1946 °  Commercial Milk (Rural) 0.083 "0.602 11.518 " 0.007 © 0.044 0.898
1946 = Fruit and Vegetables* 0.436 2,004 12.494 0,359 1.454 ' 7.879

© 1947 External 0,000 0.001 0.011 0.000 0.001 - 0.002
1947 . 1Inhalation . 0.006 0.027 .0.267 ~0.005 0.020 0.215
1947 Milk from BYCow Regime 3 - 0,005° 0.050 0.723 0.000 0.005 0.074

. 1947 Milk from BYCow Regime. 4 0.000 0.011 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
1945-1947 Milk from BYCow Regime 3 0.349 o 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
1945-19247 Commercial Milk (Rural) - 1.158 6.140 54.325 0.086 '0.415 » 5.200
1945-1947 Fruit and Vegetablesw® ) 6.046 19.098 91.842 ©4,190 12.784 - 63,472

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

0.37
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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 from the fruit and vegetables pathway assumes that 100% of diet comes from local sources

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)
Frult 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*

Grant County Census Division 13

Infant Dose Percentiles

5th

0.009
0.190

0.318
0.024
0.405
7.580
0.002
0.048
.0.046
0.003
0.089
0.996
0.001
0.013
0.013
0.001
0.027
0.171
0.019
0.457
0.897
0.090
1.204

13.208

50th

0.029
0.902

3.387
0.529
3.287
33.758
0.009
0.212
0.456
0.064
0.660
4.446
0.002
0.056
0.127
0.026
0.204
0.728
0.052
1.448
4.833
1.039
5.538

44,630

95th

0.261
7.7117

50.021
15.050
30.255
205.059
0.093
1.791
3.914
1.668
6.875
28.894
0,023
0.446
1.952
0.678
3.254
3.550
0.441
10.711
42,150
15.251
34.260

209.932

Adult Dose Percentiles

5th

0.009
0.167

0.020
0.002
0.033
5.160
0.002
0.041
0.003
0.000
0.008
0.751
0.001
0.011
0.001
0.000
0.002
0.140
0.019
0.353

0.068
0.009

0.097

9.299

50th

0.031
0.681

0.240
0.047
0.244
22.095
0.008
0.161
0.037
0.006
0.053
3.120
0.002
0.048
0.010
0.002
0.018

0.547

0.053

1.092

0.411
0.077
0.405

29.815

95th

0.349
5.296

3.071
1.369
3.282
126.201
0.118
1.175
0.316
0.180
0.378
15.736
0.023
0.425
0.189
0.040
0.200
3,090
0.643
7.270
3.248
1.007
3.103

131.675




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 (Urban) .

Fruit and Vegetables*

External
Inhalation

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

Fruit and Végetablés*

External

" Inhalation.

‘Milk from BYCow Regime 3

Milk from BYCow Regime 4

- Commercial Milk (Urban}

Fruit and Vegetables

External:
Inhalation

Milk from BYCow Regime 3

Milk from BYCow Regime 4.
Commercial Milk (Urban)

Fruit‘and Vegetab1es*

Grant County Census Division 14

Infant. Dose: Percentiles

Sth

~0.001

0.015
0.013

0.001"
0.348

0.488

0.000

10,003

0.004
0.000
0.090

0.067
0.000
0.001
0.002

0.000
0.019

0.012°

-0.001

0.029
0.070

'0.007

0.888
0.840

50th

0,001
0.051

0.236
-0.031
1.987

2.009

0.000 -

0.011

0.051
- 0.005
0.541

10,292
0.000
0.003
0.014

0002
© 0.163

0.049 -

0.002

1.0.077:

0.446 .

0.070
3.729

2.635

D.39

95th

0.006
0.252

4,329
0.619

20.417
11.679
0.003
0.074
0.391
0.091
6.021

1.719

0.001

0.022
0.173

0.060

2.242

0.248

0.012

0.365

4.195

0.789:

21.803
12.278

Adult Dose Percentiles

Sth

0.001

0.012
0.002
0.000
0.014

0.368

0.000

0.003
0.000

0.000

0.003

0.050

0.000

0.001

0.000
0.000

0.001°
0.009.

0.001

0.024

0.006

0.000

0.049
0.660

S0th
0.002

0.041

0.020
0.002
0.117

1.59¢6

0.000"
0.009.

0 0.003
0.000"

0.025

0.211

' 0.000

0.003
0.001

.0.000

0.010
0.037
0.002
0.060
0.038

0.004 -

0.213
1.987

.* Dose from the fruit and vegetébles pathway -assumes that 100% of dieﬁ.comes from local sources

95th

0.006
0.171

0.392
0.080
1.389
9.341

0.003
0.045

'0.046

0.008
0.194

1.003

0.001
0.018

- 0.013

0.004
0.142

0.193

0.014
0.251

0.324

0.071
1.469

9.336




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

Dose Pathway

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Fruit and Veget

External
Inhalation

. Milk from BYCow

Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime
Regime
Regime
Regime
(Rural)

W

ables*

- Regime 1
Regime 2
Regime 3
Regime 4
(Rural)

Fruit and Vegetables*

Regime
Regime
Regime
Regime
{Rural)

B WN -

Fruit and Vegetables*

External
Inhalation

Milk from BYCow
Milk-from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime 1
Regime 2
Regime 3
Regime 4
(Rural)

Fruit and Vegetables*

Kitgitas County Census Division 01

Infant Dose Percentlles

Sth

0.000
0.005

0.393
0.263
0.012
0.001
0.384

0.239
0.000
0.001
0.066

0.063
0.002

‘0.000

0.067
0.036

0.000
0.000

0.017
0.022
0.000
0.000
0.016

0.006

0.001

0.021

1.522
1.464
0.044
0.009
1.252

0.677

50th

0.003
0.065

6.121
4.708
0.320
0.060
5.806

2.261
0.001
0.017

1.023

0.740

0.031
0.008
0.787

0.332

0.000
0.005

0.272
0.440
0.005
0.002

- 0.210

0.068
0.007
0.172
12.937
11.791
0.511
0.104
9.693

4.029

040

95th

0.063
1.561

176.947
141.827
23.972
6.509
230.324

44,772

0.023
0.700

36.425
38.198
0.624
0.203
11.189

6.594

0.005
0.178

7.387
8.971
0.101
0.076
5.222

1.055

0.099
2.709

259.068
©154.393
32.895
3.503
238.984

55.936

.Adult Dose Percentiles

Sth

0.000
0.004

0.023
0.020
0.001
0.000
0.028

0.175

0.000
0.001

0.005
0.004
0.000
0.000
0.005

0.028

.0.000

0.000

0.002
0.001
0.000
0.000
0.001

0.005

0.001
0.019

0.124

0.095
0.005
0.001
0.113

0.487

50th

0.003

0.0585

0.509
0.397
0.022
0.006
0.453

1.671

0.001
0.014

0.084
0.096
0.003
0.001
0.056

0.262

0.000
0.004

0.027
0.023
0.001
0.000
0.017

0.057
0.007
0.133
1.151

0.844
0.048

0.011

0.724
2.940

95th .

0.048
1.499

12.337
11.003
1.063
0.339

10.291

45.310

0.024
0.475

2.574
3.046
0.114
0.023
3.077

4.929

0.006
0.156
0.550
0.516
0.012

0.005
0.334

1.237

0.092.
2.960°

17.635
26.830
1.150
0.247
10.109

51.341

[




st

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

Dose Pathway

External
Inhalatiocn

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 (Bural)
Fruit and Vegetables*
External

;nhalation

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

Fruit and Vegetables*

Kittitas County Census Division 02

Infant Dose Percentiles

S5th

0.000
0.001

0.000
0.000
0.016
0.012
0.000
0.000
0.000
0.000
0.003
0.002
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.002
0.002
0.000
0.078

0.037

S0th

0.000
0.006

0.008
0.002
0.261

0.149

0.000

0.002

0.002
0.000
0.063
0.016
0.000
0.001
0.000
0.000
0.014
0.005
0.001
0.029
0.024
0.005
0.793

0.287

0.41

95th

0.010
1.021

0.252
0.165
13.186
11.913
0.006
0.614
0.186
0.017
1.571
0.549
0.003
0.228
0.102
0.011
1.598
0.447
0.042
8.973
0.603
0.196
18.024

15.439

Adult Dose Percentiles

5th

0.000
0.000

0.000
0.000
0.001
0.010
0.000
0.000
0.000
0.000
0.000
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.002
0.000
0.000
0.007

0.029

S0th

0.000
0.005

0.001
0.000

0.033

0.106
0.000
0.001
0.000
0.000
0.005
0.017
0.000
0.001
0.000
0.000
0.001
0.004
0.001
0.024
0.003
0.001
0.085

0.244

95th

0.019
2.220

0.024
0.017
1.803
5.777
0.006
0.421
0.010
0.003
0.344
1.064
0.004
0.146
0.012
0.001
0.256
0.356
0.041
7.363
0.055
0.020
2.589

9.713



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 from the frult and vegetables pathway assumes that 100% of diet comes from local sources

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
Commerclal Milk (Rural)
Frult and Vegetables*
External

Inhalation

Milk from BYCow Regime 3
Milk from BYCow Regime 4
Commercial Milk (Rural)
Frult and Vegetables*
External

Inhalation

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

Fruilt and Vegetables*

Kittitas County Census Division 03

Infant Dose Percentiles

Sth

0.000
0.001

0.000
0.000
0.013

0.011
0.000
0.000
0.000

0.000
0.004

0.002

0.000
0.000

0.000
0.000
0.001
0.000
0.000
0.003
0.002
0.000
0.089

0.034

50th

0.000
0.007

0.010
0.002
0.297
0:134
0.000
0.002
0.002
0.000
0.053
0.019
0.000
0.001
0.000
0,000
0.014
0.005
0.001
0.030
0.032
0.004
0.793

0.257

D.42

95th

0.007
0.585

0.388
0.064
25.249
8.906
0.008
0.580
0.100
0.016
1.931
1.051
0.003
0.672
0.034
0.004
6.985
0.182
0.025
4.361
0.511
0.125
41.945

11.868

Adult Dose Percentiles

5th 50th 95th
0.000 0.000 0.014
0.000 0.006 0.732
0.000 0.001 0.040
0.000 0.000 0.015
0.001 0.024 4,425
0.010 0.117 8.457
0.000 0.000 0.006
0.000 0.002 0.570
0.000 0.000 0.017
0.000 0.000 0.002
- 0.000 0.004 0.204
0.001 0.016 1.057
0.000 0.000 0.003
0.000 0.001 0.178
0.000 0.000 0.008
0.000 0.000 0.001
0.000 0.001 0.095
0.000 0.004 0.294
0.000 0.001 0.030
0.002 0.023 4.120
0.000 0.003 0.079
0.000 0.001 0.020
0.006 0.068 5.510
0.029 0.257 13.112




Kittitas County Census Division 04

5 . ‘ Infant Dose. Percentiles Adult Dose Percentiles
~ Year - Dose Pathway ' 5th 50th . 95th . Sth 50th 95th
1945 External . S 0.000 0.001 0.011 0.000 . 0.001 0.012
1945 -  Inhalation 0.001 0.012 0.482 0.001 0.009 0.331
1945 Milk 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 1.5760 - 0,000 0,001 0.050
1945 Commercial -Milk (Rural) 0,015 0.426 12,894 0.001 0.020 1.528
1945 °  Fruit and.Vegetables* 0.064 0.714 18,791 0.056 0.571. 21.140
1946 External - 0.000 0.000 - 0.003 0.000. 0,000 0.003"
1946  Inhalation 0.000 - 0.002 0.116 0.000 - 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 0.008
1946 Commercial Milk (Rural) 0.003 0.051 1.593 0.000° ° 0,004 0.217
.1946 Fruit and Vegetables* - 0.010 0.088 1.968 0.007 0.069 1.638
1947 ©  External v .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
1947 Milk from BYCow Regime 3 0.000. 0.002  0.115 = 0.000 0,000 0.009
1947 Milk from BYCow Regime 4 ¢.000 -'0.000 0.019 .0.000 0.000 0.003
1947 Commercial Milk (Rural) 0.001 0.021: 1.287 . 0.000. ©  0,001. - 0.1l01
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  Inhalation : 0.004 0,031 " 0.731 . 0.003  '0.025 - 0,567
. 1945-1947 Milk from BYCow Regime 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° ' 0,000 0.003 - . 0,048 :
~ 1945-1947 Commercial Milk (Rural) - 0.097 0.955 16.737 0.006 ° 0.055 . -1.561 :
. 1945-1947 Fruit and Vegetables* 0.178 1.137 20,902 - 0.151 -0.998>'§_‘23.438

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

Dose Pathway

External
Inhalation

Milk from BYCow Regime 3
Milk from BYCow Regime 4
Commerclal Milk (Rural)
Frult and Vegetables*
External

Inhalation

Milk from BYCow Regime 3
Milk from BYCow Reglme 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*

Kittitas County Census Division 05

‘ Infant Dose Percentlles

Sth

0.000
0.000

0.001
0.000
0.017
0.024

0.000
0.000

0.000

0.000

0.004

0.003
0.000
0.000
0.000
0.000
0.001
0.001
0.000
0.002
0.005
0.001
0.082

0.066

S0th

0.000
0.007

-0.036
0.006
0.299
0.293
0.000
0.002
0.005
0.001
0.064
0.036
0.000
0,001
0.001
0.000
0.012
0.008
0.001
0.026
0.083
0.012
0.837

0.585

D.44

95th

0.014
0.557

2.118
0.159
13.850
12.457
0.012
0.629
0.568
0.035
2.282
2.194
0.002
0.138
0.062
0.008
4.517
0.232
0.044
3.874
3.446
© 0.228
26.473

18.368

Adult Dose Percentiles

Sth

0.000
0.000

0.000
0.000
0.002
0.021

0.000
0.000

0.000 .

0.000
0.000

0.003

0.000
0.000

0.000
0.000
0.000
0.001
0.000
0.002
0.001
0.000
0.006

0.0S8

50th

0.000
0.005

0.003
0.001
0.022
0.222
0.000
0.002
0.000
0.000
0.004
0.030
0.000
0.001
0.000
0.000
0.001
0.007
0.001
0.021
0.014
0.002
0.064

0.458

95th

0.022
0.764

0.554
0.038
1,993

14.974
0.014
0.199
0.030

0.005
0.227
1.683
0.002
0.126
0.016
0.001
0.437
0.364

. 0.063

5,117
1.267

0.050
2.021

18.811




Kittitas. County Census Division 06.

Infanﬁ_Dose Percentiles Adult:Dose Percentiles

Year . Dose Pathway- . sth . - 50th .  95th ~ sth 50th 95th
1945 - External N ~0.000 0.000  0.035 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
1945 Milk from BYCow Regime 3 . . 0.001 . 0,017 0.739 0.000 ©  0.002 -  0.063
1945  Milk from:BYCow Regime 4 0.000 -  0.003 0.199 0.000 0.001 °  0.022
1945 Commercial Milk (Rural) . 0.035 .0.641 . 28.395 0.003 . 0.066 - 2.086
1945 Fruit and Vegetables* 0.023 0.261 10.883 0.020 0.218 19.804
1946 External ’ © . 0.000° 0.000 0.013 0.000 . - 0.000 0.009
1946 Inhalation .~ 0.000 ©  0.002 0.217 . 0.000 0.001 0.195
1946 Milk from BYCow Regime 1 0.006 ©  0.148 15.469 0.000 0.011 0.399
1946 Milk from BYCow Regime 2 . 0.004 0.122 6.591 0.000 0.009 - -. 0.207
1946 . - Milk from BYCow Regime 3. 0.000 . 0.003 - °0.199 . 0,000 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
1946 Frult and Vegetables* 0.003° . 0.035. 1.660 0.002 0.027 ~ 1.712
1947  External ” 0.000 0.000 0.002 0.000" 0.000 0.003
1947 . Inhalation . . . 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
1947 - Milk from BYCow Regime 3  ~ 0.000  0.001 ° 0.194 - 0.000° 0.000 - 0,012
1947 ©  Milk from BYCow Regime 4 . 0.000 0.000- 0.025 10.000 0.000  0.002
1947 Commercial Milk (Rural) 0.001 0.023 11.743 © 0,000 0.003 0.283
1947 Fruit and Vegetables* 0.001 0.010° = 0.454 _ 0.001 ‘ 0.008 0.843
1945-1947  External 0.000 0.001 - 0.078 0.000  0.001 - 0.072
1945-1947  Inhalation 4 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.  ° 0.001 0.010 * 0.263 - 0.000 0.001  '0.032
1945-1947 Commercial Milk (Rural) © 0.155  “1.750 . 55.180 - - °0.014 0.141 2.113
1945-1947 Fruit and Vegétableé?l . 0.069  0.574  19.765 0.056 0.497 - 25.678

* Dbse,from the fruit and vegetables pathway assumes that 100% of diet comes from local sources .
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Kittitas County Census Division 07

Infant Dose Percentiles Adult Dose Percentiles
Year Dose Pathway Sth 50th 95th S5th 50th 95th
1945 External 0.000 0.000 0.014 0.000 0.000 0.011
1945 Inhalation 0.000 0.006 1.264 0.000 0.006 01.404 .
1945 Milk from BYCow Regime 1 0.030 . 0.858 134.019 0.003 0.076 5.247
1945 Milk from BYCow Regime 2 0.026 0.880 77.151 0.002 0.086 7.041
1945 Milk from BYCow Regime 3 0.001 - 0,044 8.097 0.000 0.007 0.918
1945 Milk from BYCow Regime 4 . 0.000 0.011 0.413 0.000 0.002 0.055
1945 Commercial Milk (Rural) 0.349 5.191 160.808 0.029 0.367 - 19.071
1945 'Fruit and Vegetables* 0.023 . 0.269 17.451 0.019 0.218 16.119
1946 External - . 0.000 - 0.000 0.007 0.000 0.000 0.010
1946 Inhalation 0.000 0.002 0.575 0.000 " 0.002 0.557
1946 Milk from BYCow Regime 1 0.006 " 0.173 15.906 0.001 0.012 1.172
1946 Milk from BYCow Regime 2 0.006 0.136 24.714 - 0.001 ©0.011 0.777
1946 . Milk from BYCow Regime 3 0.000 0.008 0.968 0.000 .0.001 0.044
1946 Milk from BYCow Regime 4 0.000 0.001 0.028 0.000 0.000 0.008
-1946 Commercial Milk (Rural) - 0.052 0.631 16.899 0.004 0.055 1.188
' 1946 Fruit and Végétables* 0.003 0.038 1.546 0.003 0.034 2.221
1947 External ' ’0.000 0.000 - 0.004 0.000 - 0,000 - 0.005
1947 Inhalation 0.000 0.001 0.114 0.000 0.000 0.112
1947 Milk from BYCow Regime 1 0.002 0.049 2.380 0.000 0.003 . 0.200
1947 Milk from BYCow Regime 2 0.002 0.039 4.991 0.000 0.004 0.497
1947 -Milk from BYCow Regime 3 0.000 0.001 0.087 0.000 0.000 0.007
1947 Milk from BYCow. Regime 4 0.000 0.000 0.015 0.000 0.000 0.002
1947 Commercial Milk (Rural) . 0.019 ‘0.189 4,295 0.001 0.013. 0.293
1947 Fruit and Vegetables* 0.001 0.008 0.294 0.001 0.008 0.591
1945-1947 External 0.000 0.001 0.039 0.000 0.001 0.049
1945-1947 Inhalation 0.002 0.032 4.427 0.002 0.028 6.046
1945-1947 Milk from BYCow Regime 1 - 0.215 2.314 138.123 0.016 0.205 8.640
1945-1947 Milk from BYCow Regime 2 0.170 2.388 138.637 0.013 0.197 7.679
1945-1947 Milk from BYCow Regime 3 0.007 0.116 '13.220 0.001 0.014 0.803
1945-1947 Milk from BYCow Regime 4 0.002 0.018 0.291 0.000 0.004 0.063
1945~1947 Commercial Milk (Rural) 0.926 8.415 126.357 0.088 0.689 25.902
1945-1947 Fruit and Vegetables* 0.065 0.543 25,591 0.058 0.482 24,010

* Dose from the fruit and vegetables pathway assumes that 100% of diet comes from .local sources
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Kittitas County Census Division 08

i Infant Dose Percentlles AdultvDosé Percentiles

Year ) Dose Pathway Sth S0th 95th Sth 50th 95th
1945 External . 0.001 0.006 0.131 0.001 0.006 ©0.112
1945 Inhalation : 0.010 0.116 4,718 0.008 0.097 3.291
1945 Milk from BYCow Regime 1 0.715 13.875 369.249 0.060 0.933 26.025
1945 Milk from BYCow Regime 2 a.710 10.295 186.163 0.066 1.030 23.029
1945 Milk from.BYCow Regime 3 0.042 0.824 17.241 0,003 0.044 1.627
1945 °~ Milk from -BYCow Regime 4 0.003 0.099 4.542 0.000 0.012 0.492
1945 Commercial ‘Milk (Rural) 0.371 4.878 129.458 - 0.030 0,373 8.037
1945 Fruit and Vegetables* ' 0.727 5.668 111.064 0.531 4,243 66.887
1946 External ' 0.000 0.001 0.026 0.000 . 0.002 0.046
1946 Inhalation : 0.003 - 0,031, 0.942 0.002 0.024 . 0.711
1946 Milk from BYCow Regime 1 0.108 1.436 29.678 0.012 0.150 2.656
1946 Milk from BYCow Regime 2 0.123 2,383 52.240 0.008 0.137 3.161
1946  Milk from BYCow Regime 3 0.004 0.076 2.631 0.000 0.007 0.119
1946 Milk from.BYCow Regime 4 0.000 0.013 0.702 0.000 0.002 0.028
1946 Commercial Milk (Rural) 0.040 0.667 25.01¢ 0.004 0.042 0.876
1946 Fruit and Vegetables* 0.097 0.784 12.358 0.076 0.545 7.292
1947 External 0.000 0.000 0.014 0.000 0.000 0.014
1947 Inhalation 0.001 0.007 0.237 0.001 0.006 0.221
1947 Milk from BYCow Regime-l 0.032 0.516 9,655 0.002 0.046 1.644
1947 Milk from BYCow Regime 2 0.039 0.477 14.193 0.003 0.036 . 0.511
1947 Milk from BYCow Regime 3 0.001 0.015 0.285 0.000 0.001 . 0.036
1947 Milk from.BYCow Regime 4 0.000 0.003 0.144 0.000 0.000 . 0,011
1947 Commercial Milk (Rural) 0.013 0.164 - 5,753 0.001 0.015 ° 0.352
1947 Fruit and Vegetables®* 0.018 0.167 2.144 0.015 ©0.127 2.376
©1945-1947 External 0.002 0.012 0.182 0.002 0.012 g.181
- 1945-1947 Inhalation . 0.041 0.284 5.313 0.035 0.234 4.406
© 1945-1947 Milk from:BYCow=Regime 1 2.865 24.269 464,113 0.284 1.891 26.062
. 1945-1947 Milk from BYCow Regime 2 2.612 23.014 257.489 0.213 1.590 22.198
1945-1947 Milk from BYCow Regime 3 0.158 1.440 23.410 0.010 0.082 1.688
1945-~1947 Milk from BYCow Regime 4 0.013 0.223 5.800 0.002 0.023 0.430
1945-1947 Commercial Milk (Rural) 1.145 8.863 151.610 0.101 0.765 . 9,752
1945-1947 Fruit and Vegetables* 1.674 8.900 140.317 1.309 6.747 71.077

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

Dose Pathway

External
Inhalation

Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime

oW

Commercial Milk (Rural)

Fruit and Vegetables*

External

Inhalation

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

W

Fruit and Vegetables*

External
Inhalation

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

SN

Frult and Vegetables*

External
Inhalation

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

S W

Fruit and Vegetables*

Kittitas County Census Division 09

Infant Dose Percentiles

S5th

0.000
0.001

0.079
0.093
0.004
0.001
0.270

0.066

0.000
0.000

0.013
0.014
0.001
0.000
0.054

0.009

0.000
0.000

0.005
0.005
0.000
0.000
0.017

0.002

0.000
0.004

0.396
0.353
0.016
0.004
1.243

0.185

50th

0.001
0.012

1.419
1.774
0.084
0.021
4,388

0.687

0.000
0.003

0.225
0.197
0.012
0.003
0.952

0.093

0.000
0.001

0.115
0.090
0.002
0.001
0.156

0.019

0.001
0.033

3.947
3.586.

0.194
0.055
9,744

1.222

D.48

95th

0.020
0.311

76.289
43,229
4,697
1.359
245.295

13.294

0.002
0.127

14.580
18.335
1.065
0.135
44,806

1.655

0.001
0.063

1.885
4.009
0.230
0.043
3.566

0.686

0.036
0.636

128.743
86.422
5.679
1.989
337.011

17.400

Adult Dose Percentiles

5th

0.000
0.001

0.007
0.006
0.001
0.000
0.025

0.062

0.000
0.000

0.001
0.001
0.000
0.000
0.004

0.008

0.000
0.000

0.000
0.000
0.000
0.000
0.001

0.002

0.000
0.004

0.033
0.036
0.002
0.001
0.080

0.158

50th

0.001
0.011

0.108
0.126
0.010
0.004
0.383

0.593

0.000
0.002

0.014
0.021
0.001
0.001
0.048

0.079

0.000
0.001

0.009
0.006
0.000
0.000
0.016

0.019
0.001
0.029

0.300
0.316

-0.024

0.008
0.750

0.994

95th

0.026
0.409

3.387
8.640
1.100
0.105
6.508

17.092

0.004
0.067

0.562
1.027
0.037
0.012
1.677

3.030

0.002
0.053

0.382
0.283
0.020
0.004
0.324

0.496

0.035
0.683

6.134
11.038
1.189
0.120
8.214

26.392
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Kittitas County Census Division 10

Infant Dose Percentiles Adult .Dose Percentiles
Year Dose Pathway 5th S0th 95th - 5th S0th 95th
1945 External - 0.000 0.001 0.010. "0.000  0.001 0.013
1945 Inhalation 0.001 0.013 0.484 0.001 0.010 0.540
1945 Milk from BYCow Regime 1 0.081 1.690 44.607 - 0.007 0.109 5.477
1945 Milk from BYCow Regime 2 0.100 1.871 114,118 0.006 0.097 3.524
1945 Milk from BYCow Regime 3 0.005 0.097 4,957 0.001 0.010 - 0.232
1945 Milk from:BYCow Regime 4 0.001 0.015 0.632 0.000 0.002 0.05%
1945 Commercial Milk (Rural) 0.303°  4.556 127.786 0.027 0.453 11.418
1945 Fruit and Vegetables* 0.070 0.669 16.623 0.057 0.513 12.58S8
1946 External © . 0.000 0.000 0.003 0.000 0.000 0.004
1946 Inhalation : 0.000 . 0.003 .. 0.162 0.000 0.002 0.080
1946 Milk from BYCoQ Regime 1 0.016 0.288 16.249 0.001 0.020 1,524
1946 Milk from BYCow Regime 2 . 0.013 0.233 6.532 0.001 0,023 0.662
1946 Milk from BYCow Regime 3 0.001 0.011 0.356 0.000 0.001 0.043
1946 Milk- from BYCow Regime 4 0.000 0.003 - 0.112 0.000 0.000 0.014
1946 Commercial Milk (Rural) '0.045 "0.527 12,599 0.004 0.046 1.141
1946 ~ Fruit and Vegetables* 0.008 0,678' 1.567 0.008 0.074 1.840
1947 External = | 0.000 0.000 0.001 0.000 0.000 0.001
1947 Inhalation : 0.000 0.001 0.032 0.000 0.001 0.034
1947 Milk from BYCow Regime 1 0.004 0.072 5.131 0.000 0.006 0.160
1947 Milk from BYCow Regime 2 0.004 0.061 =  2.195 0.000 0.007 0.331
1947 Milk from BYCow Regime 3 0.000 0.003 0.137 0.000 0.000 0.011
1947 . Milk from BYCow Regime 4 0.000 0.001 0.018 0.000 0.000 - 0.003
1947 Commercial Milk (Rural) 0.014 10,197 4,125 0.001 0.012 ~ 0.304
© 1947 Fruit and Végetables* .. 0.002 0.019 0.445 0.002 0.019 0.563
1945-1947 External 0.000 0.001 0.014 0.000 0.001 - 0,023
1945-1947 Inhalation ‘ 0.004 0.033 0.847 0.003 0.026 0.801
1945-1947 Milk from BYCow Regime 1 0.424 3.955 57.371 0.027 0.229 6.130
1945-1947 Milk from BYCow Regime 2 0.333 4,038 . 119.592 0.032 0.234 3.926
1945-1247 Milk from BYCow Regime 3 0.020 0.187 7.938 0.002 0.020 0.389
1945-1947 Milk from BYCow Regime. 4 0.004 0.031 0.758 0.001 0.00S 0,092
1945-1947 Commercial Milk (Rural) 1.256 8,954  124.663 0.075 0.597 10.373
1945-1947 Fruit and Vegetables* . 0.187 1.161 21.080 0.153 0.939 17.404

* Dose from the fruit and vegetables bathway assumes that 100% of diet comes from local sources
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Kittitas County Census Division 11

' Infant Dose Percentiles Adult Dose Percentiles

Year Dose Pathway Sth 50th 95th Sth 50th 95th
1945 External 0.000 0.001 0.010 0.000 0.001 0.010
1945 Inhalation 0.001 0.012 0.506 0.001 0.011 0.304
1945 Milk from BYCow Regime 1 - 0.119 2.259 134.451 0.007 0.142 - 3.261
1945 Milk from BYCow Regime 2 0.042 1.885 154.504 0.005 0.093 .4,394
1945 Milk from BYCow Regime 3 0.002 0.062 2.496 0.000 0.004 0.525
1945 Milk from BYCow Regime 4 0.000 0.012 1.184 0.000 0.001 0.090
1945 Commercial Milk (Urban) 0.865 €.892 156.185 0.046 0.490 9.223
1945 Fruit and Vegetables* 0.074 0.661 17.232 0.061 0.537 18,228
1946 External 0.000 0.000 0.003 0.000 0.000 . 0.004
1946 Inhalation 0.000 0.003 0.120 0.000 © 0,003 0.095
1946 Milk from BYCow Regime 1 0.016 0.255 7.786 0.001 0.024 1.307
1946 Milk from BYCow Regime 2 0.011 0.221 15,918 0.001 0.027 1.474
1946 Milk from BYCow Regime 3 0.000 0.010 0.614 0.000 - 0.001 0.032
1946 Milk from BYCow Regime 4 0.000 0.002 0.247 ‘0.000 0.000 0.011
1946 ‘Commercial Milk (Urban) 0.139 1.185 20.251 0.007 0.083 1.028

© 1946 Fruit and Vegetables* 0.010 0.098 1.763 0.010 0.059 2,564
1947 External 0.000 0.000 0.001 0.000 0.000 0.001
1947 Inhalation 0.000 0,001 0.041 0.000 0.001 0.038
1947 Milk from BYCow Regime 1 © 0.005 0.086 2.135 0.000 0.008 0.353
1947 Milk from BYCow Regime 2 0.003 0.094 4.573 0.000 0.006 0.730
1947 Milk from BYCow Regime 3 0.000 0.002 ©0.133 0.000 0.000 0.014
1947 Milk from BYCow Regime 4 0.000 0.001 0.036 0.000 0.000 0.003
1947 Commercial Milk (Urban) 0.046 0.333 3.957 0.002 0.025 0.332
1947 Fruit and Vegetables* - 0.002 0.023 0.535 0.002 0.017 0.557
1945-1947 External ) 0.000 0.001 0.018 0.000 0.001 1 0.021
1945-1947 Inhalation 0.004 0.033 0.752 0.004 0.031 1.014
1945-1947 Milk from BYCow Regime 1 0.500 4,268 83.113 0.033 0.291 6.717
1945-1947 Milk from BYCow Regime 2 0.409 4,885 112.074 0.025 0.260 5.962
1945-1947 Milk from BYCow Regime 3 0.014 0.153 7.909 0.001 0.012 0.493
1945-1947 Milk from BYCow Regime 4 - 0.002 0.039 1.984 0.000 0.002 0.090
1945-1947 Commercial Milk (Urban) 2.396 10.977 112,349 0.135 0.779 10.220
1945-1947 Fruit and Vegetables* 0.196 1.170 19.249 0.166 1.019 23.518

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

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)
Frult and Végetébles*
External

Inhalation

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

Fruit and Vegetables*

Klickitat County Census Division 01

. Infant Dose Percentlles

5th

0.000
0.001

0.003
0.000
0.001

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
0.00S

0.011
0.003

'0.003

0.304

S0th

0.001
0,013

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
10,022

1.650

D.51

95th
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 Percentlles:

Sth

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
0.000
0.000

0.192

S0th

0.001
0.011

0.008
0.002
08.001

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

95th

0.018
0.323

0.193
0.074
0.022

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




Klickitat County Census Division 02 f:

Infant Dose Percentiles Adult Dose Percentiles

Year Dose Pathway Sth 50th 95th Sth S0th 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 i

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 Pt

1945 Commercial Milk (Rural) 0.001 0.015 0.336 0.000 0.001 0.025 ¥

1945 Fruit and Vegetables* 0.132 1.066 13.710 - 0.098 0.714 _ 9,753

1946 External 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 0.001A 0.036

1947 Milk from BYCow Regime 3 0.000 0.003 .0.125 0.000 0.000 0.004 E

1947 Milk from BYCow Regime 4 0.000 0.001 0.027 0.000 0.000 0.003 i

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 e
1945-1947 External " 0.000 0.002 - 0.029 0.000 0.002 0.031 -

" 1945-1947 Inhalation . 0.006 0.041 0.977 0.005 0.031 0.74% .

1945-1947 Milk from BYCow Regime 3 . 0.016 0.146 2.028 -0.,001 0.011 0.143 ;f
1945-1947 Milk from BYCow Regime 4 0.004 0.041 0.718 - . 0.000 0.004 0.185 (=
1945-1947 Commercial Milk (Rural) 0.003 0.027 0.356 0.000 0.002 0.030
1945-1947 Fruit and Vegetables* 0.345 1.736 13.705 0.244 1.152 11.887

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

D.52
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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 from the fruit and vegetables pathway assumes that 100% of diet comes from local sources

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*

Klickitat County Census Division 03

Infant Dose Percentilles

Sth

0.000
0.000

0.001
0.000
0.000
0.028
0.000
0.000
0.000
0.000
0.000
0.004
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.001

0.003

" 0,001

0.000
0.069

S0th

0.000
0.003

0.011
0.003
0.001
0.223
0.000
0.001
0.002
0.000
0.000
0.037
0.000
0.000
0.000
0.000
0.000
0.006
0,000
0.006
0.025
0.005
0.003

0.383

0.53

95th

0.003
0.083

0.378
0.172
0.051
$.977
0.001
0.023
0.037
0.009
0.007
0.832
0.000
0.005
¢.010
0.007
0.002
0.105
0.005
0.128
0.355
0.151
0.056

6.486

Adult Dose Percentiles

Sth

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
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000

0.041

 50th

0.000
0.002

0.001
0.000
¢.000

0.131
0.000
0.000
0.000
0.000
0.000
0.022
0.000
0.000
0.000

0.000
0.000

- 0.004

0.000
0.005

0.002

0.000-
© 0.000

0.215

95th

0.002
0.070

0.024
0.016
0.004
2.562
0.001
0.016
0.004
0.001
0.001
0.474
0.000
0.004
0.001
0.000
0.000
0.065
0.004
C.090
0.024
0.019
0.004

3.239



|
Klickitat County Census Division 04 v
Infant Dose Percentiles Adult Dose Percentiles
Year Dose Pathway Sth 50th 95th Sth 50th 95th
1945 External 0.000 0.000 0.002 0.000 0.000 0.002 ?
1945 Inhalation 0.000 0.003 0.044 0.000 0.002 0.043 ;
1945 Milk from BYCow Regime 3 0.001 0.016 0.216 0.000 0.001 0.020
1945 Milk from BYCow Regime 4 0.000 0.003 0.118 0.000 0.000 0.020 o
1945 Commercial Milk (Rural) 0.000 0.002 0.044 0.000 0.000 0.005 -
1945 Fruit and Vegetables* 0.029 . 0.187 1.921 0.019 0.119 1.179 v
1946 External 0.000 0.000 0.000 0.000 0.000 0.000 f'
1946 Inhalation 0.000 - 0.000 0.011 0.000 0.000 0.005 i
1946 Milk from BYCow Regime 3 0.000 0.002 0.039 0.000 - 0.000 0.004
1946 Milk from BYCow Regime 4 0.000 0,001 0.015 0.000 0.000 0.001
1946 Commerclal Milk (Rural) 0.000 0.000 0.006 0.000 0.000 0.000
1946 Fruit and Vegetables* 0.004 0.025 0.249 0.003 0.016 0.169
1947 External 0.000 0.000 0.000 0.000 0.000 0.000 o
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
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 e
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 =
1945-1947 Inhalation 0.001 0.005 0.066 0.001 0.004 0.063
1945-1947 Milk from BYCow Regime 3 0.003 0.023 0.231 0.000 0.002 0.016
1945-1947 Milk from BYCow Regime 4 0.000 0.007 0.135 0.000 0.000 ©.0.013
1945-1947 Commercial Milk (Rural) ' 0.000 0.004 0.065 0.000 . 0.000 0.006

1945-1947 Fruit and Vegetables* 0.062 0.267 1.945 0.038 0.171 1.363

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

D.54




Year

1945
1945

1945
1945
1945
1945
1945

1945

1946
1946

1946
1946
1946
1946
1946
N
1946

1947
1947

1947
1947
1947
1947
1947

1947

1% 1945-1947
1945-1947

' 1945-1947

1945-1947

© 1945-1947

1945-1947
1945-1947

1945-1947

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

Dose Pathway

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime 1
Regime 2
Regime 3
Regime 4
(Rural)

Fruit and Vegetables*

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime 1

Regime 2 .

Regime 3
Regime 4
(Rural)

Fruit and Vegetables*

External

Inhalation .

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime 1
Regime 2
Regime:- 3
Regime 4
(Rural)

Fruit and Vegetables* .

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime 1
Regime 2
Regime 3
Regime 4
(Rural)

Frult and Vegetablesx*

Klickitat County Census Division 05

Infant Dose Percentiles

Sth

0.000
0.000

0.036
0.024
0.001
0.000
0.008

0.027
0.000
0.000
0.00S
0.004
0.000
0.000
0.002

0.004

0.000

0,000

0.001
0.001
0.000
0.000
0.000

0.001

0.000
0.001

0.101
0.095
0.003
0.001
0.034

0.068

S0th

0.000
0.003

0.569
0.324
0.015
0.004
0.160

0.235

0.000
0.001

0.077
0.065
0.002
0.000
0.01¢9

0.034

0.000
0.000

0.020
0.019
0.000
0.000
0.005

0.006

0.000
0.006

0.971
0.659
0.031
0.008
0.282

0.395

D.55

95th

0.005
0.142

18.231
6.381
0.420
0.177
2.694

6.009

0.001
0.012

1.561
2.870
0.092
0.032
0.394

0.823

0.000
0.003

0.682
0.378
0.01s
0.007
0.121

0.089

0.007
0.184

15.089
7.799
0.476
0.286
3.296

8.541

Adult Dose Percentlles

Sth

0.000

. 0.000

0.003
0.002
0.000
0.000
0.001

0.019

0.000
0.000

0.000
0.000
¢.000
0.000
4,000

0.003

0.000
0.000

0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.001

0.008
0.007
0.000
0,000
0.002

0.044

S0th

0.000
0.002

0.032
0.030
0.001
0.000
0.010

0.149

0.000
0.000

0.00S
0.004
0.000
0.000
0.002

0.018

0.000
0.000

0.001
0.002
0.000
0.000
0.000

0.004

0.000
0.004

0.065
0.056
0.003
0.001
0.017

0.233

95th

0.004
0.069

0.660°
0.553
0.053
0.022
0.168

2.485

0.001
0.010

0.173
0.111
0.008
0.003
0.053

0.340

0.000
0.004

0.035
0.031 .
0.001
0.001
0.014

0.067

0.005
0.084

1.092
0.707
0.0S3
0.024
0.214

2.710



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 the frult and vegetables pathway assumes that 100% of diet comes from local sources

Doée Pathway

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime
Regime
Regime
Regime
(Rural)

BW N

Frult and Vegetables*

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow

. Commercial Milk

Regime
Regime
Regime
Regime
(Rural)

LN

Frult. and Vegetables*

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime
Regime
Regime
Regime
(Rural)

oW N

Fruit and Vegetables*

Regime
Regime
Regime
Regime
(Rural)

W N

Frult and Vegetables*

Klickitat County Census Division 06

Infant Dose Percentlles

Sth

0.000
0.000

0.026
0.023
0.001
0.000
0.011

0.027

0.000
0.000

0.005
0.004
0.000
0.000
0.001

0.004

0.000
0.000

0.001
0.001
0.000
0.000
0.000

0.001

0.000
0.001

0.095
0.087
0.003

0.001

0.026

0.064

S0th

0.000
0.003

0.395
0.454
0.016
0.003
0.180

0.237

0.000
0.001

0.077
0.052
0.002
0.001
0.015

0.033

0.000
0.000

0.014
0.018
0.000
0.000
0.005

0.005

0.000
0.006

0.666
0.727
0.027
0.009
0.247

0.375

.56

95th

0.005
0.097

7.273
19.261
0.445
0.264
5.086

4.435
0.001
0.021
1.324

1.235
0.043

0,035

0.244
0.652

0.000
0.003

0.306
0.326
0.011
0.014
0.149

0.070

0.008
0.152

7.805
20.511
0.637
0.225
4.564

5.673

Adult Dose Percentiles

Sth

0.000
0.000

0.002
0.002
0.000
0.000
0.001

0.019

0.000
0.000

0.000
0.000
0.000
0.000

0.000

0.003

0.000
0.000

0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.001

0.007
0.007
0.000
0.000

.0.003

0.043

50th

0.000
0.002

0.033
0.027
0.001
0.000
0.011

0.153

0.000
0.000

0.004
0.003
0.000
0.000
0.002

0.022

0.000
0.000

0.001
0.001
0.000
0.000
0.000

0.004

0.000
0.004

0.054
0.049
0.003
0.001
0.022

0.249

95th

0.004
0.074

0.868
0.730
0.062
0.018
0.680

2.697

0.001
0.010

0.130
0.060
0.006
0.002
0.034

0.362

0.000
0.002

0.019
0.027
0.001
0.001
0.012

0.071

0.005
0.090

1.159
0.707
0.062
0.021
0.729

2.735

H 7
LS

i
¥
<




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

Dose Pathway

External
Inhalation

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

Frult and Vegetables*

Klickitat County Census Division 07

Infant Dose Percentiles

Sth

0.000
0.000

0.001
0.000
0.000

0.026

0.000

0.000

0.000

0.000°

0.000
0.004
0.000
0.000
0.000
0.000
0,000
0.001
0.000
0.001
0.003
0.000
0.000

0.069

0.

SOth

0.000
0.002

0.011
0.003
0.002
0.233
0.000
0.001
0.002
0.000
0.000
0.032
0.000
0.000
0.000
0.000
0.000
0.005
0.000
0.006
0.020
0.008
0.003

0.410

57

95th

0.004
0.083

0.243
0.093
0.045
4,785
0.001
0.020
0.072
0.032
0.008
0.640
0.000
0.004

0.005

- 0,006

0.005
0.126
0.005
0.115
0.294
0.156
0.048

6.169

Adult Dose Percentiles

Sth

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
0.000
0.000
0.000
0.000
0.001
0.000
0.001
0.000
0.000
0.000

0.042

50th

0.000
0.002

0.001
0.000
0.000
0.142
0.000
0.000
0.000
0.000
0.000
0.018
0.000
0.000
0.000
0.000
0.000
0.004
0.000
0.004
0.002
0.001
0.000

0.217

95th

0.006
0.073

0.03¢
0.023
0.004
2.915
0.001
0.012
0.002
0.002
0.001
0.334
0.000
0.003
0.001
0.001
¢.000
0.056
0.009
0.083
0.043
0.020
0.004

3.101



Klickitat County Census Division 08

’ . Infant Dose Percentliles ' Adult Dose Peréentiles

Year Dose Pathway 5th Soth 95th 5th S0th 95th

1945 External 0.000 0.000 0.005 0.000 0.000 0.006 #

1945 Inhalation 0.000 0.003 - 0.095 0.000 ~0.002 0.078 .

1945 Milk from BYCow Regime 3 0.001 0.013 0.485 0.000 0.001 0.022 -

1945 Milk from BYCow Regime 4 0.000 0.002 0.133 0.000 0.000 0.008

1945 Commercial Milk (Rural) 0.000 0.002 0.045 0.000 0.000 0.004 kN

1945 Fruit and Vegetables* 0.026 0.227 3.576 0.018 0.132 2.250 €o

1946 External 0.000 0.000 0.001 0.000 0.000 0.001

1946 Inhalation 0.000 0.000 0.012 0.000 0.000 0.010 i

1946 Milk from BYCow Regime 3 0.000 0.002 0.063 0.000 ~ 0.000 . 0.003

1946 Milk from BYCow Regime 4 0.000 0.000 0.026 0.000 0.000 0.001 i

1946 Commercial Milk (Rural) 0.000 0.000 0.006 0.000 0.000 0.001 E

1946 Fruit and Vegetables* 0.003 0.030. 0.597 0.003 , 0.019 0.287 o

1947 External 0.000 0.000 0.000 0.000 0.000 0.000

1947 Inhalation 0.000 0.000 0.003 0.000 0.000 0.002

1947 Milk from BYCow Regime 3 0.000 0.000 0.004 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 0.000 0.000 0.000 i

1947 Fruit and Vegetables* 0.001 0.006 0.077 0.001 0.004 0.054 ]
1945-1947 External - 0.000 0.000 0.005 0.000 0.000 0.006 t
1945-1947 Inhalation . 0.001 0.005 0.126 _ 0.001 0.004 0.104
1945-1947 Milk from BYCow Regime 3 0.003 0.021 0.564 0.000 0.002 0.026
1945-1947 Milk from BYCow Regime 4 0.000 0.006 0.164 0.000 0.000 0.012
1945-1947 Commercial Milk (Rural) 0.000 0.004 0.059 . 0.000 0.000 0.005
1945-1947 Fruit and Vegetables* 0.060 0.353 4,329 0.040 0.213 2.408 7

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

0.58




Year

1945
1945

1945
1945
1945
1945
1946
1946
1946
1946
1946
1946
1947
1947
1947
1947
1947
1947
1945-1347
1945-1947
1945-1547
1945-1%47
1945-1947

" 1945-1947

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

' Dose Pathway

External
Inhalation

Milk from BYCow Regime 3 -

Milk from BYCow Regime 4
Commercial Milk (Rural)

Frult 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)
Frult and Vegetables*
External

Inhalatlon

Milk from BYCow Regime 3
Milk from BYCow Regime 4

- Commercial Milk (Rural)

Fruit and Vegetables®

Klickitat County Census Division 09

Infant Dose Percentiles

Sth

- 0.000

0.000

0.001
0.000
0.000

0.025

0.000
6.000

0.000
0.000
0.000

0.004

0.000
¢.0a0

¢.000
0.000
0.000

0.001

0.000

'0.001

0.003
0.000
0.000

0.065

50th

0.000
0.003

0.011
0.003
0.002
0.220
0.000
0.001
0.001
0.000
0.000
0.035
0.000
0.000
0.001
0.000
0.000
0.006
0.000
0.005
0.019
0.007
0.003

0.401

0.53

95th

0.003
0.102

0.170
0.196

0.041

3.659
0.001
0.016
0.038
0.018
0.009
1,451
0.000
0.006
0.009
0.013
0.002
0.092
0.004
0.131
0.184
0.204
0.047

6.255

Adult Dose Percentiles

S5th

0.000
0.000

0.000
0.000
0.000
0.016
0.000
0.000
0.000
0.000
0.000
0.002
0.000
0.000
0.000
0.000
0.000
Q.000
0.000
0.001

0.000

0.000 .

0.000

0.040

s0th

0.000
0.002

0.001
0.000
0.000
06.124
0.000
0.000
0.000
0.000
0.000

0.021

0.000

0.000

0.000

. 0.000

0.000
0.004
0.000
0.004

0.002
0.000

- 0.000

0.212

95th

0.003
0.096

0.024
0.012
0.005
2.307
0.001
0.013
0.003
0.003
0.000
0.713
0.000
0.002
0.001
0.001
0.000
0.067
0.003
0.102
0.026
0.016
0.005

3.525



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

Dose Pathway

External
Inhalation

Milk from BYCow Regime 3
Milk from BYCow Reglme 4
Commercial Milk (Rural)
Fruit and Vegetables*
External

Inhalation

Milk from BYCow Regime 3
Milk from BYCow Reglme 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*

Klickitat County Census Division 10

Infant Dose Percentiles

Sth

0.000
0.000

.001
.000
.000

[ejoNa)

0.025
0.000
0.000
0.000
0.000
0.000
0.004
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.001
0.003
0.000
0.000

0.060

S0th

0.000
0.002

0.012
0.002
0.001
0.222
0.000
0.001
0.002
0.000
0.000
0.037
0.000
0.000
0.000
0.000
0.000
0.006
0.000
0.005
0.020
0.006
0.004

0.383

D.60

95th

0.003
0.089

0.171
0.093
0.068
5.056
0.001
0.017
0.031
0.019
0.008
0.670
0.000
0.004
0.007
0.007
0.003
0.101
0.005
0.126
0.240
0.130
0.129

5.312

Adult Dose Percentlles

Sth

- 0.000

0.000
0.000
0.000
0.000
0.017
0.000
0.000
0.000
0.000
0.000
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000

0.040

50th

0.000
0.002

0.001
0.000
0.000

0.127

0.000

0.000

0.000
0.000
0.000

0.020
0.000
0.000
0.000
0.000
0.000
0.004
0.000
0.004

0.002
0.001

0.000

0.215

95th

0.003
0.081

0.020
0.015
0.003
1.860
0.001
0.012
0.003
0.002
0.001
0.421
0.000
0.003
0.001
0.000
0.000

0.069

© 0.004

0.108
0.021
0.013
0.005

2.132




Year

. 1945
. 1945

1945
1945
1945
1945
1945

1945

1946
1946

1946
55 1946
fe 1946

. 1946
1946

1946

1947
1947

1947
1847
1947
1947
1947

o 1947

1945~1947
1945-1947

o 1945-1947
o 1945-1947
19451947
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)

Fruit and Vegetables*

Morrow County Census Division 01

Infant Dose Percentiles

Sth

0.000
0.009

1.104
0.926
0.020
0.003
1.010

0.587
0.000
0.002
0.158
0.155
0.005
0.000
0.141

0.075

0.000

0.001

0.0S5
0.046
0.001
0.000
0.039

0.015 "

0.001

0.022

3.148
2.647
0.089
0.010
1.977

1.173

S0th

0.002
0.044

10.292
9.335
0.269
0.054
7.045

3.440

0.000
0.011

1.337
1.449
0.05S
0.006
0,933

0.455

0.000
"0.,003

0.359
0.397
0.016
0.001
0.256

0.084

0.004
0.088

16.305
11.710
0.509
0.110
9.200

4.889

.61

35th

0.019
0.680

129,015
91.55S5
3.644
1.582
86.334

37.597

0.005
0.166

10.902
14.083
0.663
0.160
- 6.992

4.649

0.002

0.098
2.920

2.612

0.236
0.035
1.945

0.694

0.028
1.194

223.673
72.632
4.442
2.290
76.954

43.552

Adult Dose Percentiles

Sth

0.000
0.008

0.082
0.085

© 0,003

0.001
0.073

0.431
0.000
0.002
0.014
0.014
0.001
0.000
0.013

0.063

0.000

10.000

0.004
0.004
0.000
0.000
0.004

0.013
0.001
0.018
0.248

0.261
0.008

10.002
0.175.

0.837

S0th

0.002
0.040

0.687
0.845

© 0,029
- 0,011

0.548
2,095
0..001
0.009
0.117

0.106
0.00S

0,001

0.083
0.308

0.000

0.002

0.034

0.035

0.001

°0.000
0.022

" 0,061

0.003

10.071

1.107
1.398
0.043
0.015
0.767

+.3.097.

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

95th

0.017
0.469

9.386
12.468
0.420
0.133
6.630

21.366

0.007
0.148

0.948
1.353
0.045
0.013
0.665

" 4.667

- 0.002

0.042

0.574
0,385
0.013
0.006
0.144

0.485

0,033
0.786

8.441
11.306
0.444
©0.149
10.914

33.766




| |
| :
Morrow County Census Division 02 .
: Infant Dose Percenﬁiles Adult Dose Percentiles ;
Year Dose| Pathway Sth soth 95th Sth 50th 95th
1945 External ' 0.001 0.002 0;008 0.001 0.002 0.008 ¢
1945 Inhalation 0.011 0.042 0.337 0.009 0.032 0.182 -
1945 Milk from BYCow Regime 1 1.130 7.225 66.275 0.082 0.561 4.571 ¥
1945 Milk from BYCow Regime 2 1.052 6.991 43,385 0.063 0.554 3.895
1945 Milk from BYCow Regime 3 0.030 0.187 1.352 0.003 0.018 0.162
1945 Milk from BYCow Regime 4 0.003 0.059 1.190 0.001 0.007 0.075
1945 Commercial Milk (Rural) 0.377 2.704 19.108 0.026 0.177 1.490
1945 Fruit and Vegetables* 0.542 2.320 14,029 0.382 1.548 7.859 P
1946 External 0.000 0.000 0.002 0.000 0.000 0.003 K
1946 Inhalation : 0.002 0.008 0.059 0.002 ~ 0,007 0.048
1946 Milk from BYCow Regime 1 0.168 1.269 10.500 0.017 0.094 0.738 1
1946 Milk from BYCow Regime 2 0.166° 0.969 6.526 - 0.014 0.097 0.695
1946 Milk from BYCow Regime 3 0.004 0.030 0.251 0.000 0.003 0.019
1946 = Milk from BYCow Regime 4 0.001 0.011 0.188 0.000 - 0,001 0.009
1946 Commercial Milk (Rural) 0.059 . 0.425 3.230 0.004 0.031 0.266
1946 ‘Fruit and Vegetables* 0.078 0.361 2.647 ‘0.056 . 0.250 1.723 e
1947 External 0.000 0.000 0.001 ) 0,000 0.000 0.001
1947 Inhalation 0.001 0.002 0.025 0.001 0.002 0.017
1947 Milk from BYCow Regime 1 0.044 0.324 2,263 0.005 0.029 0.215
1947 Milk from BYCow Regime 2 0.048 0.327 2.121 0.004 0.027 0.159
1947 Milk from BYCow Regime 3 0.001 0.009 0.100 0.000 0.001 0.008
1947 Milk from BYCow Regime 4 0.000 0.003 0.054 0.000 0.000 " 0.005
1947 Commercial Milk (Rural) 0.016 0.110 1.029 0.001 0.010 0.080
1947 . Frult and Vegetables* 0.013 ~0.069 0.407° 0.012 0.048 0.270"
I :
1945-~1947 External 0.001 0.002 0.012 0.001 - 0.002 0.013
1945-1947 Inhalation 0.022 0.064 0.405 0.018 0.048 0.318
1945-1947 Milk from BYCow Regime 1 2.605 10.842 61.320 0.211 0.872 3.877
1945-1947 Milk from BYCow Regime 2 2.570 10.089 .51.385 0.198 0.847 4,788
1945-1947 Milk from BYCow Regime 3 0.076 0.296 1.681 0.006 0.029 0.179
1945-1947 Milk from BYCow Regime 4 0.014 0.112 1.039 0.002 0.011 0.077
1945-1947 Commercial Milk (Rural) 0.958 3.771 20.136 0.071 0.304 1.974
1945-1947 Ftuilt and Vegetables* 0.979 3.233 15,725 0.692 2.164 9.025

* Dose from the frult and vegetables pathway assumes that 100% of diet c¢omes from local sources

0.62




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

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 Vegetablesx*
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*

Morrow County Census Division 03

Infant Dose'Percéntiles

5th

6.000
0.006

0.724
0.587
0.021
0.003
0.270

0.402

0.000
0.001

0.103
0.099
0.003
0.000
0.032

0.056

0.000
0.000

0.028
0.029
0.001
0.000
0.011

0.010

c.001
0.016

1.917
1.493
0.050
0.013
0.608

0.784"

S0th

0.002
0.033

5.582
5.749
0.203
0.045
2.384

2,113

0.000
0.007

0.767
0.813
0.021
0.008
0.253

0.307

0.000
0.002

0.234
0.249
0.005
0.003
0.077

0.059

0.003
0.065

7.984
7.405
0.293
0.093
3.068

3.185

.63

- 95th

0.031
0.609

56.107
76.852
2.107
1.437
26.744

28.995
0.010
0.322

19.728

10.294
0.253

0.100:

2.446
3.929
0.005
0.083

2.461
2.311

0.0S5

0.044
1.109

0.523

.085

1.644

69.349
60.981
2.814
1.018
27.403

38.608

Adult Dose Percentiles

Sth

0.000
0.005

0.059
0.044
0.002
0.000
0.020

0.298

0.000
0.001

0.008
0.008
0.000
0.000
6.003

0.036

0.000
0.000

0.003
0.003
0.000
0.000
0.001

0.008

0.001
0.013

0.131
0.135
0.005
0.001
0.054

0.562

50th

0.002
0.028

0.486
0.434
0.016
0.006
0.173

1.406

0.000
0.006

0.056
0.069
0.002
0.001

0.022

0.200

0.000
0.002

0.021
0.025
0.000
0.000
0.006

0.046

0.003
0.0SS

0.680
0.767
0.024
0.009
0.240

2.066

95th

0.022
0.456

7.516
5.201
0.167
0.082
2.154

13.231

0.010
0.180

0.632
0.798
0.019
0.011
0.311

2.510

0.005
0.047

0.202
0.279
0.006
0.008
0.052

0.440

0.059
1.319

7.698
8.684
0.177
0.078
2.438

16.537



e

Umatilla County Census Division 01

B
i

Infant Dose Percentiles Adult Dose Percentlles

Year Dose Pathway S5th Soth 95th Sth 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 i

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

1945 Milk from BYCow Regime 4 0.015 0.211 4,262 0.003 0.025 0.298

1945 Commercial Milk (Rural) 9.271 37.338 114.822 0.71S 2.572 9,223

1945 Fruit and Vegetables* 2.382 9.344 44.364 1.614 5.832 25.861

1946 External 0.001 0.001 0.003 0.001 0.001 0.003

1946 Inhalation 0.014 0.041. 0.156 0.013 . 0.031 0.100

1946 Milk from BYCow Regime 1 1.065 5.961 38.543 0.095 0.512 2.607

1946 Milk from BYCow Regime 2 1.100 6.193 33.303 0.079 ~0.458 2.305

1946 Milk from BYCow Regime 3 0.026 0.217 2.280 0.002 0.016 0.097

1946 Milk from BYCow Regime 4 0.002 0.040 0.542 0.001 0.005 0.048 .

1946 Commercial Milk (Rural) 1.356 - 6.286 16.171 0.116 0.420 1.267 §;

1946 Fruit and Vegetables* 0.321 1.158 . 5.342 0.240 0.860 3.870 :

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 ?“

1947 Inhalation 0.004 0.012 0.054 0.003 0.009 0.037 W

1947 Milk from BYCow Regime 1 0.333 1.828 10.276 0.025 0.134 0.996

1947 Milk from BYCow Reglme 2 0.330 1.866 16.517 0.028 0.161 0.755: [o

1947 Milk from BYCow Regime 3 0.007 0.049 0.438 0.001 0.005 0.031 o

1947 Milk from BYCow Regime 4 0.001 0.008 - 0.169 0.000 0.001 0.013 wi !

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
1945-1947 External 0.004 0.008 0.017 0.004 ‘0.008 0.017
1945-1947 Inhalation A 0.115 0.260 0.758 0.097 0.206 0.561
1945-1947 Milk from BYCow Regime 1 15.845 61.603 244,861 1.185 4.578 15.263 B
1945-1947 Milk from BYCow Regime 2 17.000 56.686 277.984 1.100 3.563 15.974
1945-1947 Milk from BYCow Regime 3 0.415 . 2.243 19.620 0.036 -0.152 1.566
1945-1947 Milk from BYCow Regime 4 0.047 0.380 '6.886 -0.009 0.043 0.341
1945-~1947 Commercial Milk (Rural) 16.734 46.171 131.171 1.246 3.398 9.709
1945-1947 Fruit and Vegetables* ' 3.768 11.723 48.666 2.739 7.557 26.450

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

D.64




2o

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 the fruit. and vegetables pathway assqmes that 100% of diet comes from local sources

Umatilla County Census Division 02

' Infant Dose Percentiles

‘Dose Pathway’ 5th
External ' 0.002
Inhalation 0.064
Milk from BYCow Regime 1 7.179
Milk from BYCow Regime 2 7.499
Milk from BYCow Regime 3 .. 0.165
Milk from BYCow Regime 4 © 0,014
Commercial Milk (Rural) 11.632
Frult and Vegetables¥* 2.348
External S . 0.001
Inhalation : 0.013
Milk from BYCow Regime 1 1.310.
Milk from BYCow Regime 2 1,373

- Milk from BYCow Regime 3 . 0.022
Milk from BYCow Regime 4 0.003
Commercial Milk (Rural) 2,123
Fruit and Vegetables# 0.340
External - 0,000
Inhalation . i 10.004
Milk from BYCow Regime 1 0.364
Milk from BYCow Regime 2 0.350

' Milk from BYCow Regime 3 0.006

-MLilk from BYCow Regime -4 0.001

-Commercial Milk (Rural) - 0.571

. Frult and Vegetables* 0,059
External i - 0.004
Inhalation S ' T 0.112.

"Mllk from BYCow Regime.l 17.107
Milk from BYCow Regime 2 17.093
Milk from BYCow Regime 3 0.462
Milk from BYCow Regime- 4 0.052-
Commercial Milk (Rural) 23.649

Fruit and Vegetables* 3.840

50th

0.005S
- 0.182

42.235
41.770
1.360

0.207

55.640
8.902

0.001.

~0.035

6.187
7,360
0.221
0,029
8.838

1.246°

0.000
0.011

2.100
-1.980
0.061
0.009
2.274

0.233
0.007
0.249
58.340
$9.225
2.263
0.364
" 67.738

11.375

0.65

95th -

0.014
0.688

215.978
188.629
12.566

6.283
177.815

42.593

0.003
0.113

T 29.018

53.208
2.730
0.834

31.051

'5.489
0.001
0.042
12.987

11.121

0.713
0.227
6.665

1.103

- 0.016
0.737

228.244
234.636
14.583
. 8.297
195.368

44,117

Adult Dose Percentiles-

Sth

© 0.002-
0.051

0.612

0.732

0.019
0.004
1.002

1.628

0.001
0.012

'0.115

0.095

0.003".
0.001.

0.164
0.263.
0.000
0.003

0.028
0.023

0.001

0.000
0.051

0.050
0.004
0.088
1.322

1.304°

0.044
0.012

1,776
2.802

S0th

0.005
0.139

3.627
4.303
0.135
0.034
4.274

6,129

. 0.001

0.030

0.649
0.590

. 0.018.
0.006

0.652
0.940

0.000
0.008

0.157
0.137
0.005
0.001

0.184

0.190

0.007

0.190
‘5.046

5.214
0.206
0.052
5.482

8.037

95th

0.014
0.460

23.602
12.473
1.478
0.463

12,946

26.174
0.003
0.090

3.625
3.661

. 0.147 .

0.068
2.301

3.965
0.001
0.030
1.005
0.912
0.041
0.010
0.627.
1.014
0.017
'0.534

26.377

- 17.724

1,564
0.638
13.294

29.798



&
Umatilla County Census Division 03 e
Infant Dose Percentiles Adult Dose Percentiles
Year Dose Pathway Sth 50th 95th Sth 50th 95th
1945 External 0.002 0.004 0.014 0.002 0.004 0.015 e
1945 Inhalation 0.040 0.129 0.583 0.034 0.101 0.415 =
1945 Milk from BYCow Regime 1 3.761 21.291  142.917 0.288 2.154 14.498 o
1945 Milk from BYCow Regime 2 3.261 23.897 185.316 ) 0.247 1.899 12.548
1945 Milk from BYCow Regime 3 0.094 0.870 6.813 0.008 0.061 0.474
1945 Milk from BYCow Regime 4 0.010 0.170 3.436 0.002 0.017 0.217
1945 Commercial Milk (Rural) 2,508 13.242 90.469 0.201 1.133 6.578
1945 Fruit and Vegetables* 1.454 6.221 29,803 - 1.072 4,126 21,272
1946 External ' 0.000 0.001 0.003 0.000 0.001 0.003
1946 Inhalation 0.009 0.027 0.100 0.008 . 0.021 0.076
1946 Milk from BYCow Regime 1 0.547 2.946 15.940 B 0.037 0.240 1.745
1946 Milk from BYCow Regime 2 0.538 3.274 17.961 0.035 0.257 1.567
1946 Milk from BYCow Regime 3 0.009 0.082 0.791 0.001 0.007 0.054
1946 Milk from BYCow Regime 4 0.002 0.023 0.500 0.000 0.003 0.035
1946 Commercial Milk {(Rural) 0.405 2.037 11.781 0.033 0.159 1.504
1946 Fruit and Vegetables* - 0.213 0.824 4,220 -0.157 0.572 2.646
1947 External 0.000 0.000 0.001 0.000 0.000 0.001 :
1947 Inhalation 0.003 0.008 0.033 0.002 . 0.006 0.026 ot
© 1947 Milk from BYCow Regime 1 0.136 1.017 8.274 0.012 0.075 0.591
1947 Milk from BYCow Regime 2 0.15S 0.867 5.693 0.010 0.062 0.397
1947 -Milk from BYCow Regime 3 0.003 0.022 0.284 0.000 0.002 0.019 s
1947 Milk from BYCow Regime 4 0.000 0.006 0.096 0.000 0.001 0.009 s
1947 Commercial Milk (Rural) 0.107 0.584 3.100 0.008 0.046 0.256
1947 Fruit and Vegetables* 0.038 *0.139 0.706 0.030 0.114 0.521
1945-1947 External 0.003 0.006 0.017 0.003 - 0.006 0.017
1945-1947 Inhalation 0.074 0.176 0.643 0.064 0.141 0.461
1945-1947 Milk from BYCow Regime 1 8.111 29.995 169.071 0.622 2.800 15.389"
1945-1947 Milk from BYCow Regime 2 7.949 31.020 132.663 0.653 2,563 13.196
1945-1947 Milk from BYCow Regime 3 0.230 1.072 . 5.668 0.019 0.082 0.457
1945-1947 Milk from BYCow Regime 4 0.042 0.288 3.965 0.005 0.027 0.226
1945-1947 Commercial Milk (Rural) 5.868 . 20.671 113.480 0.389 1.521 6.447
1945-1947 Fruit and Vegetables* . 2.572 7.925 30.30§ 1.817 5.225 22.787

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

[
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Umatilla‘Codnty Census Division 04

Infant Dose Percentiles Adult Dose Percentiles
Year Dose Pathway ) 5th S0th 95th Sth Soth 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
1945 Milk from BYCow Regime 3 0.108 1.114 12.250 0.007 0.076 0.637
1945 Milk from BYCow Regime 4 0.008 0.260 5.977 0.001 0.016 0.367
1945 Commercial Milk (Rural) 0.704 3.973 36,053 0.045 0.295 3.398
1945 Fruit and Vegetables* 2.425 10.173 45.079 1.716 6.500 32.661
1946 External 0.001 0,002 0.004 0.001 0.002 0.004
1946 Inhalation 0.019 0.054 0.174 0.017 0.043 0.134
1946 Milk from BYCow Regime 3 0.016 0.189 1.531 0.001 0.012 0.078
1946 Milk from BYCow Regime 4 . 0.001 0.028 0.623 0.000 0.002 0.041
1946 Commercial Milk (Rural) 0,105 0.580 4,002 0.008 0.038 0.230
1946 Frult 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
1947 Inhalation ’ 0.00S 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
1947 Fruit and Végetabies* 0.059 0.230 1.027 0.047 0.166 0.699
. 1945-1947 External 0.005 0.009 0.023 0.005 0.010 0.021
1945-1947 Inhalation- 0.144 - 0,315 0.871 0.120 0.257 - 0.686
?z. 1945-1947 Milk from BYCow Regime 3 0.298 1,735 12.8652 0.022 0.106 0.700
e 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

" 1845-1947 Fruit and Vegetables* 4,034 12.559 48.504 3.075 8.447 35.884

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

Infant Dose Percentiles ! Adult Dose Percentiles -
Year Dose Pathway 5th 50th | 95th 5th 50th 95th
1945 External . 0.002 0.004 0.012 0.002 0.004 0.012
1945 Inhalation 0.055 0.164 0.605 0.046 0.126 0.409
1945 Milk from BYCow Regime 3 0.133 1.117 9.926 0.009 0.091 1.025
1945 Milk from BYCow Regime 4 0.005 0.160 4.246 0.000 0.012 0.567
1945 Commercial Milk (Urban) 17.306 65.692 212,094 0.823 3.616 11.185
1945 Fruit and Vegetables* 2.101 7.535 35.827 1.508 - 5,273 22.369
1946 External .0.000 0.001 0.003 0.000 0.001 0.003
1946 Inhalation 0.012 0.033 0.109 0.010 0.026 0.087
1946 Milk from BYCow Regime 3 0.025 0.180 1.879 - 0,001 ~0.014 0.153
1946 Milk from BYCow Regime 4 0.001 0.026 0.414 0.000 0.002 0.048
1946 Commercial Milk (Urban) 2,610 10.270 28.271 0.158 0.577 1.865
1946 Fruit and Vegetables* 0.298 '1.105 4,836 0.210 0.825 3.561
1947 External 0.000 0.000 0.001 0.000 0.000 0.001
1947 Inhalation 0.003 0.010 0.049 0.003 0.008 0.030
1947 Milk from BYCow Regime 3 0.004 0.042 0.475 0.001 0.004 0.039
1947 Milk from BYCow Regime 4 0.000 0.007 0.220 0.000 0.001 0.015
1947 Commercial Milk (Urban) 0.756 2.579 8.564 0.040 0.165 0.687
1947 Fruit and Vegetables* 0.052 0.207 1.088 0.041- 0.152 _0.745
1945-1947 External 0.003 0.006 0.014 0.003 0.006 0,014
1945-1947 Inhalation . 0.098 0.226 0.706 0.082 0.175 0.466
1945-1947 "Milk from BYCow Regime 3 0.320 1.660 11.615 0.030 0.134 1 0,953 °
1945-1947 Milk from BYCow Regime 4 0.031 0.284 3.647 0.002 0.021° 0.529
1945-1947 Commercial Milk (Urban) 30.267 78.022 236.069 . 1.626 4.640 ;. 11.931
1945-1947 Fruit and Vegetables* 3.547 9.866 39,367 2.465 6.772 23,296

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

Infant'Dcsé‘Perééntiles Adult.Dose Percentiles

Year Dose Pathway ' . Sth 50th 95th 5th . -~ 50th - 95th-

- : 1945 External . ?‘ 0.002 0.005 0.012.  0.002 = 0,005 0.014
.y ' 1945 Inhalation , - . -0.052 . 0.152 0.600 . . 0.043 0.117 0.419
1945  Milk from BYCow Regime 3 0,105 0.806 5.378  0.009 0,074 0.547

1945  Milk from BYCow Regime 4 0.004 -  0.146 3.544 - 0.000 0.014 0.279

1945 Commercial Milk (Urban) 6.230 - -24.725  91.725 0.303 . 1.309 5.259

1945. Fruit and Vegetables* -~ 1,753 . 6.891 30,679 1.318 4.610 21.682

1946 External - I 0.001 0.001 0.003 © 0.001 0.001 0.003

1946 Inhalation 0.013 0.037 - 0.123 0.011 0.028  0.073

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'Végetableéﬁ‘ - 0.239  0.891 4,693 0.185 0.656 2.690

1947  External ' 0,000 - 0.006 . 0.001  -0,000 - 0.000 0.001

i 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

11947 Commercial Milk (Urban) 0.269 0,990, 3.937 0.015 0.057 - 0.258

1947 ‘Frult and Vegetables* 0.043 - 0.171 . ~ 0.884.  0.034 ~0.128 . 0.652

1945-1947 External " 0.004 . 0.007 0.014  0.004 10.007 0.015

1945-1947 * . Irhalation , 0.096 0.215 - 0.652 . 0.081. ' 0.168 0.470

e © 1945-1947 ~ Milk from BYCow Regime 3 7 0.215 1.168 ~  5.565 0.020 0.098 0.653
E 1945-1947 -~ Milk from BYCow Regime, 4 0,032- - 0.289 3:439 0.003 0.025 . - 0.296
i _ 1945-1947 Commercial Milk (Urban) . .12.298 - 31.356 87.524 0.629 1.729 ~  9.096 .
. 1945-1947  Fruit and Vegetables* -  2.970 - 8.786 0 32.489 - 2,175 - 5.784 . 22.969 .

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

fog
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Umatilla County Census Division 07

Infant Dose Percentiles Adult Dose Percentiles

Year Dose Pathway 5th . 50th 95th Sth 50th 95th

1945 External 0.001 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 0.00S 0.037 0.298

1945 Milk from BYCow Regime 4 0.006 0.090 2.293 0.001 0.012 0.193 in

1945 Commercial Milk (Rural) 1.874 10.403 51.673 0.126 0.658 3.754 8l

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 A

1946 Inhalation 0.005 0.016 0.069 0.004 . 0.012 . 0.046

1946 Milk from BYCow Regime 1 0.306 1.652 11.160 -0.024 '0.152 - 0,985

1946 . Milk from BYCow Regime 2 0.253 1.537 7.787 0.018 0.121 | 0.859

1946 Milk from BYCow Regime 3 0.007 0.047 0.361 0.001 0.004 0.034

1946 Milk from BYCow Regime 4 0.001 0.014 0.331 0,000 0.002 0.032

1946 Commercial Milk (Rural) 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 0.005 0.040 0.239

1947 Milk from BYCow Regime 2 0.098 0.543 2.965 0.007 0.043 . 0.280 &

1947 Milk from BYCow Regime 3 0.002 0.011 0.085 0.000 0.001 " 0.009 2

1947 Milk from BYCow Regime 4 '0.000 0.004 0.108 0.000 0.000 0.010 e

1947 Commercial Milk (Rural) 0.079 0.402 1.921 0.006 - 0.031 0.128

1947 Fruit and Vegetables* 0.021 0.087  0.461 0.017 0.066 " 0.307 ?.
1945-1947 External . ’ .0.002 0.003 © 0.009 .0.002 0.003 0.010
1945-1947 Inhalation 0.041 0.098 0.358 © 0.033 0.077 0.227
1945-1947 Milk from BYCow Regime 1 4.045 14.287 75.597 0.356 1.307 7.975
1945-1947 Milk from BYCow Regime 2 3.727 16.147 99,204 0.319 1.246 6.568
1945-1947 Milk from BYCow Regime 3 0.117 0.580 - 3.645 0.012 0.051 0.290
1945-1947 Milk from BYCow Regime 4 0.024 0.178 2.206 0.003 0.019 0.183
1945-1947 Commercial Milk (Rural) 3.580  12.627 62.043 0.277 0.934 4,821
1945-1947 Fruit and Vegetables* 1.487 4,520 18.736 1.142 2.993 10.470

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

Frult and Vegetables¥*
External .

Inhalation

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

Frult and Vegetables*

Umatilla County Census Division 08

Infant Dose Percentlles

S5th

0.002
0.041

0.078
0.005
0.541

1.504

0.000
0.010

0.014
0.001
0.072

0.202

0.000 -

0.003
0.002
0.000
0.019

0.032

0,003
0.078

0.201°
0.028

1.010
2.411

0

S0th

0.004
0.123

0.71S
0.157
3.033

5.511

0.001
0.029

0.082 .

0.018
0.451

0.761
0.000
0.009
0,023
0.007
0.117

0.145

.0.005

0.177

0.920
0.234
3.790

7.178.

71

95th

0.009
0.460

5.909
3.030
17.087

25.049

0.002
0.097

0.505
0.396
2.681

3.716

0.001

0.032

0.154
0.127
0.699

0.664

0.010
0.537

6.441
. 2,368
18.157

27.948

Adult Dose Percentiles

Sth-

0.002
0.037

0.006
0.001
0.034

1.065

0..000
0.009

0.001
0.000

~ 0.006

0.163

" 0.000
0.002

0.000
0.000
0.002

0.031

0.003

~ 0.066

0.016
0.003
0.084

1.794

50th

. 0,004

0.098

0.060
0.014
0.202

© 3,918

0.001
0.023

0.007
0.002
0.030
0.560

0.000
0.007

0.002

0.001
0.009

© 0.118

0.005.

0.137

0.083
0.021

0.281
5.084

95th

0.010
0.299

0.550°
0.198.
1.292

18.312°
0.002.
0.065
0.066
0.028
0.163
2.757
0.001
0.027
0.013.
0.010
0.054
0.495
0.012
0.358 -
0.578
0.260
1.389
% 19.675

~i..* Dose from the-fruit,and'vegetables pathway. assumes that 100% of dlet comes from local sources




Umatilla County Census Division 09

Infant Dose Percentliles ’ Adult Dose Percentiles g

Year Dose Pathway Sth S0th 95th Sth 50th 95th o

1945 External » 0.001 0.003 0.010 - 0.001 0.003 0.009 £

1945 Inhalation 0.026 0.086 0.400 0.022 0.064 0.314 v

1945 Milk from BYCow Regime 1 2,988 16.981 88.182 0.185 1.323 9,373 -

1945 Milk from BYCow Regime 2 2.343 14.380 91.610 0.224 1.282 10.600

1945 Milk from BYCow Regime 3 0.055 0.576 5.462 0.007 " 0.049 0.452 i

1945 Milk from BYCow Regime 4 0.011 0.138 2.559 0.002 0.019 0.239 L

1945 Commercial Milk (Rural) 1.945 9,973 60.287 0.163 1.029 7.504 F

1945 Fruit and Vegetables* 1.025 4,323 23,013 0.796 3.022 15.839

1946 External 0.000 0.001 .0.002 0.000 0.001 0.002

1946 Inhalation 0.006 0.018 0.075 _ 0.005 . 0.014 0.048

1946 Milk from BYCow Regime 1 0.444 2.435 17.573 » 0.028 0.177 1.089 .

1946 Milk from BYCow Regime 2 0.363 2.413 16.241 0.024 0.172 1.148 In

1946 Milk from BYCow Regime 3 0.008 0.057 0.398 0.001 0.006 0.046

1946 Milk from BYCow Regime 4 . 0.001 0.017 0.658 0.000 0.002 0.030

1946 Commercial Milk (Rural) 0.278 1.729 11.965 0.022 0.122 0.788 ﬁ

1946 Fruit and Vegetables¥* 0.150 0.617 3.379 0.124 . 0.451 2,236 E

1947 External : 0.000 0.000 '0.001 0.000. 0.000 0.001

1947 Inhalation 0.002 0.005 0.026 0.001 0.004 0.018 L

1947 Milk from BYCow Regime 1 0.109 0.691 4.998 0.007 0.049 0.365

1947 Milk from BYCow Regime 2 0.094 0.638 4.698 0.007 0.040 0.216 f?

1947 Milk. from BYCow Regime 3 0.002 0.016 0.157 0.000 . 0.002 0.011 i

1947 Milk from BYCow Regime 4 0.000 0.008 0.173 0.000 0.001 0.015 e

1947 Commercial Milk (Rural) 0.080 0.391 2.126 0.006 0,037 0.227

1947 Fruit and Vegetables* 0.026 " 0.111 0.587 0.022 - 0.080 - 0.358
1945-1947 External ' - 0.002 0.004 0.011 '0.002 0.004 0.011
1945-1947 Inhalation 0.049 0.126 0.469 0.039 0.090 0.351
1945-1947 Milk from BYCow Regime 1 5.274 24.947‘ 104.916 0.434 . 1.764 8.321
1945-1947 Milk from BYCow Regime 2 5.500 22.214 95,209 0.478 1.708 10.342
1945-1947 Milk from BYCow Regime 3 0.137 0.731 5.759 0.014 0.067 0.450
1945-1947 Milk from BYCow Regime 4 0.037 0.265 2.728 0.005 0.025 0.348
1945-1947 Commercial Milk (Rural) 4,192 15.431 69.460 0.359 1.356 10.701
1945-1947 Fruit and Vegetables* 1.737 5.489 24.726 ~1.350 3.942 16.895

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

1945
1945

1045
1945
1945
1945
1946
1946
1946
1946
1946
1946
1947
1947
1947
1947
1947

1947

- 1945-1947"
% 1045-1947

1945-1947
1945-1947
1045-1947

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

Frult and Vegetables*

Umatilla County Census Division 10

Infant Dose Percentliles

5th
0.001

0.027

0.064
0.004

©0.591
1.097

0.000
0.006

0.009

'0.001
0.072-

0.141

0.000

0.002.

0.002
0.000
0.027

0.024
0.002
0.050
0.148

0.020
1.214

- 1.768

D.

S0th

0.003
0.082

0.504
0.096
3.292
3.961
0.001
0.017
0.059
"0.015
0.489
0.570
0.000
.0.005
0.016
0.005
0.155
0.094
0.003
0.111
0.708
0.170
5.372

5.159

73

95th

0.007
0.349

4,749
1.255
27.371

18.434
0.001
0.058
0.497
0.379
3.534
2.736
0.000
0.024
0.138

0.077
1.129

0.421

0.008
0.391

4,665
1.693
38.428

18.948

Adult Dose Percentiles

5th

0.001
0.024

0.00S
0.001
0.039
0.735
0.000
0.005
0.001
0.000
0.008
0.106
0.000
0.001

0.000
0.000

0.002

0.020

0.002
0.042

0.012

0.002

0.094
1.261

Soth

0.002
0.063

0.046
0.006
0.245
2.785
0.001
0.014

0.004

0.001"

0.045
0.399
0.000
0.004
0.002

0.000
0.012

0.077"

0.003
0.090

0.056
0.013
0.330

3.467

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

95th

0.006
0.211

0.561
0.110
1.759

12.444
0.002
0.045
0.035
0.033
0.229
1.921
0.000
0.015
0.018
0.008
0.072
0.327
0.007
0.260
0.458

0.145
1.945°

; 12.998




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

Dose Pathway

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime
Regime
Regime
Regime
(Rural)

W N

Fruit and Vegetables*

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime 1
Regime 2
Regime 3
Regime 4
(Rural)

Fruit and Vegetables*

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime
Regime
Regime
Regime
(Rural)

W N -

Fruit and Vegetables*

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime 1
Regime 2
Regime 3
Regime 4
(Rural)

Fruit and Vegetables*

Umatilla County Census Division 11

Infant Dose Percentiles

Sth

0.003
0.070

8.631
8.553
0.219
- 0.015
12,710

2.420

0.001
. 0.016

1.478
1.421
0.029
0.003
2.266

0.354

0.000
0.004

0.443
0.437
0.010
0.001
0.58S

0.065

0.004
0.128

19.225
©19.309
0.494
0.046
24.458

4.251

50th

0.006
0.208

47.430
40.012
1.635
0.222
41.894

10.092

0.001
0.044

8.393
7.635
0.259
0.035
8.165

1.419

0.000
0.013

1.939
2.201
0.086
0.010
2.601

0.253
0.008
0.292

68.349

62.038
2,440
0.398

59.174

12.889

D.74

95th

0.015
0.703

266.519
255.990
15.334
4.760
172.762

45.108
0.003
0.151

59.013
40,673

2,467

0.564
31.894

7.356

0.001

0.050

B.665
12.188
1.176
0.177
7.261

T .1.290

0.018
0.811

290.392
286.945
17.311
~ 5.400
191,765

47.980

Adult Dose Percentlles

Sth

0.003
0.058

0.552
0.542
0.023
0.004
0.929

1.863

0.001

0.013.

0.100
0.103
0.003
0.001
0.181

0.268

0.000
0.003

0.041
0.028
0.001
0.000

0.043

0.052

0.005
0.100

1.608
1,289
0.051
0.011
1.791

3.141

S0th

0.006
0.160

3.631
3.219

0.157.

0.034
4.324

6.366

0.001
0.033

0.553
0.592
0.022
0.005
0.622

0.979

0.000
0.010

0.240
0.191
0.006
0.002
0.188

0.191

0.008

0.216
5.100

4,713

0.221
0.052
5.411

8.188

95th|

0.015
0.565

19.963
22.083
1.517
0.542
13.453

28.967

0.003
0.105

3.068
2.964
0.224
0.052
2.375

4.129

0.001
0.033

1.644
1.960
0.055
0.018

©0.788

0.876

0.017
0.631

19.842
22.995
1.639
0.640
14.814

29.854

pommany (ot




Year

1945
1945

1945
1945
1945
1945
1845

1945

1946,
1946

1946
1946
1946

1946
1946

1946

1947
1947

1947
1947
1947
1947
1947

1947

1045-1947
. 1945-1947

1945-1947
- 1945-1947

1945-1947
1945-~1947
1945-1947

1945-1947

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

Dose Plathway‘~

External -
Inhalation

Milk from BYCow Regime
Milk from BYCow Regime

Milk from BYCow Regime 3
. Milk from BYCow Regime

Commiercial Milk (Rural)

Fruit aﬁd’Végetables*

External
Inhalation

Milk from BYCow Regime
Fruit and Vegetables*

External .
Inhalation

" Milk from- BYCow: Regime

Milk from BYCow . Regime
Milk. from BYCow. Regime:
Milk from BYCow Regime

-Commercial Milk (Rural)

Frult and Vegetables*

"External

Inhalation

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

" Fruit and Vegetables#*

1
2

4

- Milk from BYCow Regime 1
‘Milk from BYCow Regime

2
3

- Milk from BYCow Regime 4
Commercial Milk (Rural)

1
2
3
4

W=

Umatilla County Census Division 12

Infant Dose Percentiles

Sth

0.002
0.040

3.607

~3.404
" 0,067
0.009

2.59¢6
1.414

~0.000

0.009
0.737

. 0.479

0.013

'0.001

0.423
0.206

. 0.000
0.003

0.194
- 0.1¢e8
0.00S.

0.000
0.127

0.039

' 0,003

0.078

8.522
8.230

0.203
0.029

5.539

'2.358

S0th

0.004
0,132

22,836

21.936
0.665
- 0,189
13.983

-5.924

0.001
- 0.028

3.935
3.437
0.119
0.013
2.296

0.842

0.000

0.008

1.062
1.024
0.034
-0.006
0.607

0.161

* 0,006
0.188

34.283

31.528

1.042
0.312
19.180

7.385

D.75

95th
0.014
0.563

142.605

101.051

- 6,905

4.945

98.428

28.802

0.003
0.116

21,739

26.648

1.050

0.417

15.568
4.500

0.001

0,034

6.315

6.495 -
0.202:

0.144
3.659

0.748
0.016
0.659

173.025
99.941

8.175

5.334
99.044

28.907

Adult Dose Percentiles

- Sth

0.002
0.034

0.364
0.260

0.008 .

0.001

0.257 .

1.130

0.000
0.008

0.043

0.039
0:001

-0.000

0.030
0.158

‘~0.000
- 0.002

0.012

0.015 .

0.000
0.000

'0.008

0.031

0.003
0.061

0.724
10.639
.-0.,020
0.004.
0.466 - .

1.899

S0th

- 0.004

0.097
1.964

1.771-

0.077
0.013
1.376

4.174

0.001

- 0.022

0.251

0.264

0.012

- 0,002 -

6.171

.. 0.584

0.000
0.006

- 0.086
* 0.070

0.003
0.001
0.040

0.117

0,006
'0.142

2.498

2.543
0.110
0.021
1.886

5.254

95th

0.015

0.401
15,395

12.092
0.606
0.220

14.752

21.056

0.003
0.080

1.286
1.895
0.129
0.030

1.055 -

2.500

0.001 -,

0.028

0.535
0.525

0.029

0.007
0.206

0.510

'0.017
0.456

14.966

13.248

0.635
-0.260
13.488

21.209




Umatilla County Census Division 13

. Infant Dose Percentiles Adult Dose Percentiles
Year Dose Pathway Sth S0th 95th Sth S0th 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 " Commerclal Milk (Rural) 8.172 34,387 96.769 0.595 2.774 8.529
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
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 Extefnal 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 1.202 " 3.464 9,080

1945-1947 Fruilt and Vegetables¥* - 3.214 9.541 37.583 2.352 6.678 25.034

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

0.76




Umatilla County Census Division 14

: . Infant;Dose,Percentiles Adult Dose Percentlles

Year Dose Pathway - Sth 50th a5th Sth 50th 95th_

1945 External 0.002 0.003 0.009 0.001 0.003 0.009

1945 Inhalation - . 0.038 0.115 0.449 0.033 0.094 . 0.322

1945 Milk from BYCow Regime 3 0.088 0.745 ~7.321 0.011 0.064 0.562

1945 Milk from BYCow Regime 4 0.013 - 0.177 - 3.399 0.004 0.025 0.221

1945 Commercial Milk (Rural) 7.684 © 34,177 93.559 0.564 2.505 8.175

1945 Fruit and Vegetables+ 1.398 5,132 23.153 " 1,095 4.029 16.561

1946 External . ' 0.000 0.001 0.002 0.000 10,001  0.002

1946 . . Inhalation _ 0.008 0.023 "0.090 0.007 - 0.018 0.057

1946 Milk from BYCow Regime 3 0.011 0.075 0.665 0.001 _ 0.008 0.049

1946 Milk from BYCow Regime 4 . 0.001 0.019 0.46% -  0.000 0.004 . '0.044

1946 Commercial Milk (Rural) . 1.423 5.594 21.161 0.107 0.422 : 1.294

1946 = Fruit and Vegetables¥* 0.207 10.786 3.287 0.151 0.513 2,496

1947 ~ External ' 0,000  0.000 0.001 0.000 0.000 0.001

1947- '~ Inhalation : 0.002 0.007 0.029 0.002 - 0.005. - 0.022

1947  Milk from BYCow Regime 3 0.003 0.021 ., 0.155 0.000 . 0,002 0,014

1947 - Milk from BYCow Regime 4 ©0.000 - 0.008 0.129 0.000 . 0.001 0.012

1947 . . Commercial Milk (Rural) ©0.439  '1.623 5.265 0.031 0.129 0.421

1947  Fruit and Vegetables* - = 0.034 0.134 - 0.614 0.028  0.105 0.463
1945-1947 External . - : " . 0.002° 0,004 0.010 0.002 0.004 0.010 .

. ~ 1945=1947 Inhalation- : 0.070  0.158 0.489 = 0,058 ~ 0.124 . 0.347
_— " 1945-1947 Milk from BYCow Regime 3’ 0.180 0.945 7.107 0.023 ~  0.:091 0.547
v 1945-1947 Milk. from BYCow Regime 4 - 0,050 - 0.327 - 4,881 . 0.008 - 0.039 0.373
v . 1945<1947  Commercial Milk (Rural) 15.579 45.966 108.179 . 1.145 3.261 8.222
“ 1945-1947 Fruit and Vegetables* 2,350  6.689 24.969 1.749 - 4.966 : 17.627

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

0.77



Walla Walla County Census Division 01

: Infant Dose Percentliles Adult Dose Percentiles
Year Dose Pathway . S5th Soth 95th S5th Soth 95th
1945 External .”4 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
1945 Fruit and Vegetables* 1.891 7.724 35.967 1.486 5.435 26.753
1946 External 0.000 0.001 0.003 0.000 0.001 0.002
1946 Inhalation 0.010 0.029 0.102 0.009 0.024 0.079
1946 Milk from BYCow Regime 3 0.016 0.152 1.528 0.002 - 0.014 0.138
1946 Milk from BYCow Regime 4 0.002 0.037 0.515 0.000 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 0.000 0.001 0.000 0.000 0.001
1947 Inhalation 0.003 0.009 0.040 0.003 0.007 '0.027
1947 Milk from BYCow Regime 3 0.003 0.044 0.534 0.000 0.003 0.032
1947 Milk from BYCow Regime 4 0.000 0.009 0.142 0.000 0.001 0.015
1947 Commercial Milk (Rural) 0.138 0.519 2.143 0.010 0.041 0.164
1947 Fruit and Vegetables* 0.050 0.198 1.042 0.042 0.164 .0.840

1945-1947 External 0.003 0.006 0.015 0.003 ~0.006 0.016
1945-1947 Inhalation . 0.089 0.205 0.741 0.074 0.165 0.485
1945-1947 Milk from BYCow Regime 3 . 0.299 - 1.429 10.098 0.028 0.122° 0.941
1945-1947 Milk from BYCow Regime 4 0.045 0.382 .3.995 0.005 0.031 0.319
1945-1947 Commercial Milk (Rural) 5.350 14.744 43,970 0.421 1.138 3,570
1945-1947 Frult 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

&

0.78




Walla Walla County Census Division 02

' ) Infant Dose Percentiles Adult Dose Percentiles
Year Dose Pathway " Sth ~ S0th 95th Sth Soth -  95th
1945  External . . 0.005 0.011 0.028 0.00S 0.011 - 0.031
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 0.063 0.793
1945 Commercial Milk (Rural) 16.946 78.401  281.513 1.547 6.297 22,497
1945 Fruit and Vegetables*® 4.845 19.076 80.523 3.576 13.094 56.854
1946 ©  External - 0.001 0.002 0.006 0.001 0.002 0.006 -
1946. Inhalation : 0.028. 0.080 0.281 0.023 0.058 . 0,194
1946 Milk from BYCow Regime 3 0.038 °~  0.302 3.089 0.004 0.028 0.235
1946 Milk from BYCow Regime 4 0.006 0.095 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
1947 Inhalation 0,007 .~ 0,022 . 0.090 0.006 0.017 0.067
1947 Milk from BYCow Regime 3 0.008 0.095 0.887 0.001 0.007 0.065
1947 Milk from BYCow Regime 4 0.001 0.022 - 0.526 -0.000 0.003 © 0.034
1947 Commercial Milk (Rural) © 0,910 3.329 15.136 0.079 0,292 1.398
1947 Fruit and.Vegetables# 0.124 0.466 ~  1.883 0.099 0.353 1.611
1945-1947 External . - 0.008 . 0.014 0.032 0.008 0.015 0,035
1945-1947  Inhalation ‘ 0.238 0,533 1.695 0.181 0.390 . 1.043
1945-1947 Milk from BYCow Regime 3 0.643  3.043 16.165 0.071 0.295 1.673
1945-1947 Milk from BYCow Regime 4 . 0.128 .1.006 12.412. ° 0.023 - 0.121 - 0.940
1945~1947 Commercial Milk (Rural) © 37.566  101.897 306.174 . 2.632 8.090 ° 24.086

" 1945-1947 Fruit and Vegetables*  8.084 23.180 85.392 6.137 16.805 . 63,259

. * Dose 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
1946
1946
1946
1946
1946
1946
1947
1947
1947
© 1947
1947
1947
1945-1947
1945-1947
©1945-1947
1945-1947
1945-1947

1945-1947

Walla Walla County Census Division 03

Infant Dose Percentiles

Dose Pathway ' Sth
External ! 0.007
Inhalation 0.194
Milk from BYCow Regime 3 0.302
Milk from BYCow Regime 4 0.064
Commercial Milk (Rural) 27.870
Fruit and Vegetables* 6.833
External 0.002
Inhalation 0.044
Milk from BYCow Regime 3 0.037
Milk from BYCow Regime 4 ‘0,007
Commercial Milk (Rural) 4.590
Fruit and Vegetables* 0.851
External 0.001
Inhalation 0.012
Milk from BYCow Regime 3 0.017
Milk from BYCow Regime 4 0.002
Commercial Milk (Rural) 1.270
Fruit and Vegetables* 0.164
External 0.012
Inhalation 0.351
Milk from BYCow Regime 3 0.881
Milk from BYCow Regime.4 0.197
Commercial Milk (Rural) - 55.105
Fruit and Vegetables* 11.348

Soth

0.0l16
0.564

2.889
0.596
135.803

25.484

0.004
0.125

0.371
0.103
19.514

3.2583°

0.001
0.034

0.156
0.024
5.355
0.654
0.022
0.777
4.341
1.158

168.669

33.381

95th

0.044
2.002

22.469
6.379
441.484
113.132
0.009
0.408
3.094
1.709
81.440
16.048
0.003
0.156
1.240
0.858
17.420
3.473
0.050
2.298
30.509
6.716
445.292

120.556

Adult Dose Percentiles

‘5th

0.007
0.160

0.042 '
0.011
2.320
4.504
0.002
"0.037
0.006
0.002
0.362
0.650
0.001
0.010
0.002
0.001
0.111
0.128
0.012
0.280
‘0.102
0.032
4.052

7.694

S0th

0.016
0.433

0.307
0.098
10.805

16.972
0.004
0.095
0.043
0.014
1.435
2.380
0.001
0.028
0.013
0.005
0.474
0.477
0.022
0.603
0.421

0.154
12.676

21.347 .

95th

0.043
1.474

2.931
1.251
40.833
83.557
0.009
0.285
0.488
0.168
5.994
10.703
0.003
0.103
0.107
0.069
2.337
2.044
0.051
1.763
3.004
1.120
42.776

87.577

* 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

L1947

1947
1947
1947
1947

1947

© 1945-1947"
1945-1947

1945-1947"

1945-1947

. 1945-1947
1945-1947.

1945=-1947
1945-1947

“* Doseé from the fruit.and vegetaﬁles pathway assumes that 100% of diet comes.ffom‘local sources

" Milk from BYCow ‘Regime

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
Milk from BYCow Regime
Milk from BYCow Regime
Commercial Milk. (Rural)

W

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
Milk from BYCow- Regime

1
2
-Milk from BYCow Regime 3
" Milk from BYCow Regime 4
. Commercial ‘Milk (Rural)

Fruit and Vegetables*

Walla Walla County Census Division 04

Infant Dose Percentiles

Sth

0.004
0.109

11.653
12.339
0.195
0.034
14.174

4.167

0.001
0.025

2.026
©1.866
0.037
0.003
2.455

0.559
0.000
0.007

0.575
0.542

0.008.

0.001
. 0.720

0.107

0.007

0.202

23.623

26,698
-0.62S

0.109°
26.989

6.889

50th

0.010
0.326

60.342

62.493

1.577
" 0.530
54.173

15.352

0,002
0.070

- 10.298

9.120
0.313
0.053

10.559

2.308

0.001
0.021

. 2.846
2.666
:0.070

- 0.020

2,782

0.420

0.013
0.455

87.910
89.500

19.406

D.81

2,797 -
0.817
73.040

95th

0.025
1.18S

311.884
406.724
11.011
6.530
165.491

73.492

0.005

0.237 -

61.717
48.241
2.390

1,190
32.023 -

11.664

0.002
0.090

17.207
17.212
0.750

0.52¢4 -

11.028
2.050
0.029
1.396

399,690

417.777
13.471

6.959 -

189.459

75.225

Adult Dose Percentiles

. 5th- 50th
.0.004 0.009
0.093 0.250
0.975 5.585
. 0.841 5. 689
0.022 0.166
0.008 0.057
1.204 4.611
2.979 10. 665
0.001 . 0.002
0.021 - 0.054
0.149 0.918
" 0.130 0.716
-0.004
0.001 0.007
0.205 0.842
0.395 1.499
0.000 0.001
0,006 0.015
- 0.047 0.262
. 0,046 0.219
0:001 0.007
0.000  0.002.
0.047 . 0.218
,0.084  0.307.
0,007 0.013
0.159 0.341
2.311 8.424
2.026 7.330
0.052 0.241
0.017 0.098
2.219 5.571
4.881. 13.516

0.029 ..

95th

- 0,023

0.791

- 29.638

25.542
0.976
0.841

18,717

41.638

0.005
0.171

5.464
3.802
0.176
-0.104
2.16%

6.696
0.002
0.062
1.643

1.230
0.087

. 0.067 -
0.608

1.413

0.028
0.876 .

'35.215
26.448

1.551
1.302°
19.152

44.272




Walla Walla County Census Division 0S5

: Infant Dose Percentiles Adult Dose Percentiles

Year Dose Pathway Sth S0th 95th : 5th 50th 95th

1945 External 0.003 0.006 0.017 0.003 0.007 0.018 &

1945 Inhalation 0.072 0.221 0.800 0.060 0.171 0.536 #

1945 Milk from BYCow Regime 3 0.148 1.280 10.078 0.015 0.102 0.780 ¥

1945 Milk from BYCow Regime 4 0.023 0.293 8.976 0.005 - 0.050 0.598 .

1945 Commercial Milk (Rural) 14.500 58.614 158.803 1.148 4,569 12.841 g

1945 Fruit and Vegetables* 2.838 11.224 41.839 2{191 7.992 39.502 il

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 3

1946 Milk from BYCéw 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 T

1946 Commercial Milk (Rural) . - 2.382 9.499 31.373 0.173 0.733 2.674 b

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 i

1947 Inhalation 0.004 0.012 0.047 - 0.004 0.010 0.032 L

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 7.

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 )
1945-1947 External . 0.005 0.008 0.020 0.005" 0.009 0.020 E.
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 e
1945-1947 Commercial Milk (Rural) 25.415 77:314  178.712 2,030 5.822 13.956 T e
1945-1947 Frult and Vegetables* ‘ 4.830 14.414 46,512 3.582 10.388 42,584 seen

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

Walla Walla County Census Division 06

Infant Dose Percentiles

Dose Pathway Sth

External . 0.002
Inhalation 0.050
Milk from BYCow Regime 3 0.096
Milk from BYCow Regime 4 0.019
Commercial Milk (Rural) . 14,428
Frult and-Vegetables* 2.092
External 0.000
Inhalation 0.010
Milk from BYCow Regime 3 0.019
Milk from BYCow Regime 4 0.003
Commercial Milk (Rural) 2.737
Fruit and Vegetables* 0.285
External 0.000
Inhalation 0.003
Milk from BYCow Regime 3 0.006
Milk from BYCow Regime 4 0.001
Commercial Milk (Rural) 0.797
Fruit and Vegetables* 0.056
External 0.003
Inhalation 0.090
Milk from BYCow Regime 3 0.313
Milk from BYCow Regime 4 0.054
Commercial Milk (Rural) 27.030
Fruit and Vegetables* 3.414

S0th

0.005

0.160

61.193
7.684
0.001
0.030
0.188
0.036

10.974
1.092
0.000
0.009
0.054
0.009
2.869

0.215

0.006

0.220
1.455
" 0.414
75.522

10.025

D.83

95th

0.013
0.656

16.404
5.115
163.992
34,194
0.002
0.126
1.904
0.845
28.538
5.135
0.001
0.033
0.676
0.193
7.507
1.001
0.015
0.739

15.000
5.420

189.009

36.957

Adult Dose Percentiles

Sth

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

2.584

S0th

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

95th

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



Walla Walla County Census Division 07

Infant Dose Percentiles Adult Dose Percentiles
Year Dose Pathway Sth 50th 95th © Sth Soth 95th
1945 External 0.002 . 0.004 0.011 0.002 . 0.004 0.012
1945 Inhalation 0.044 0.146 0.691 0.036 0.107 0.450
1945 Milk 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 Commercial 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 0.7351 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
1947 Milk from BYCow Regime 4 0.001 0.010 0.211 0.000 0.002 0.009
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 0.677
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 Regime 4 0.069 0.496 7.402 0.011 0.042 0.258
1945-1947 Commercial Milk (Rural) 29.254 .75.857 214.087 .- 2.221 © 5,799 16.359

1945-1947 Fruit and.Végetables* 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

' Infant Dose Percentiles ' Adult Dose Percentiles
Year Dose Pathway Sth 50th 95th 5th ' 50th '95th
1945 - External 0.002: 0.005 0,012 0.002 0.005 0.013
1945 Inhalation 0.060 .. °~ 0.171 0.633 0.049 0.138 0.448
1945 Milk from BYCow Regime 1 7.663 . 48.833 254.161 0.549 3.300 19.960
1945 Milk from BYCow Regime 2 8.292 - 41.152 273.290 0.466 3.210 22.346
1945 Milk - from BYCow Regime 3 0.138 1.435 15.508 - 0.020 0.111 0.690
1945 " Milk from BYCow Regime 4 0.018. 0,259 3.453 0.006° 0,043 0.476
1945 Commercial Milk (Rural) - 11.534 45,871 162.513 . 0.968 . . 3.828° - 14.260
- 1948 Fruit and Vegetables* 2,358 © . 8.5S3 34.463 1.721 6.274 28.833
1946 External _ ,v' - 0.000 - 0.001 0.003 0.000 0.001 0.003 ~
1946 Inhalation _ T 0.012 0.034 0.124 - 0.010 _0.027 0.086
1946 Milk from BYCow Regime 1 1.034 - 6.628 49.989 0.088 0.504 2.314
1946 Milk from BYCow Regime 2 . 1.121 . 6.280 40.443 0.094 . 0.656 3.654
1946 Milk from BYCow Regime 3 0.035 0.224 -~ 1.816° 0.003 0.020 0.132
1946 - Milk from BYCow Regime 4 .  0.001 0.024 0.545 . 0.001L . "0.005 0.102
1946 Commercial Milk (Rural) = 2.007 ~ - 8.652 25,190 0.162- . 0.672 2.598
1946 Fruit and Vegetables* . - 0.330 1.278  6.113 ., 0.253 0.902 .3.969
1947 . External . l 0.000 0.000  0.001 ° 0.000 . 0.000 0.001
1947 Inhalation ‘ 0.003 © . 0.010 0.037 0.003 0.008 0.029
1947 Milk from BYCow Reqihe 1- 0.319 . 1.981 . 12.798 0.026 = 0.157 - 0.779
1947 ~~ Milk from BYCow Regime 2. 0.365 .2.168 15.206 .0.024 0.152 1.049
1947 ~ Milk from BYCow Regime 3° 0.008 . 0.078 0.587"° 0.001 "0.006 0.045
1947 - Milk from BYCow Regime 4 0.001 .0.011 0.236 0.000 0.002 0.017
1947 - Commercial Milk (Rural) 0.586 2.177 8.304. - 0.046 0.169 © . 0.656 "
-1947 - Fruit and Vegetables* . ‘6;062 0.245 1.141 0.049 . 0.192 0.792
v 1945-1947 External : ' i E 0.004 0.007 0.015 - 0.004 -: 0.007 0.015
~ '1945-1947  Inhalation i : -7 0.106 - 0.230 0.695 ° 0.082 0.181 0.478 )
u 1945-1947 = Milk from BYCow Regime 1 15,771 63.168 ~ 293.903 1.384 4.455 22.168 '
.1945-1947- Milk from BYCow Régime 2 15.672 58.837 307.992  1.193 5.010 - 22.447
4'1945-1947-  Milk from BYCow Regime 3- 0.410 ~ | 2.140 - 14,560 - 0.045 = 0.166 0.648
1945-1947 Milk from BYCow Regime 4 . 0.052 - - ' 0.390 3.852 . 0.011 - 0.061 0.551
1945-1947.. Commercial Milk. (Rural) - 24.640 .. '64.487 175.394 ©1.794 "4.819 13.996
1945-1947  Fruit and Vegetables* . '-';3.918 ) 11.006 '38.081., = 2.823 '8.067 31;144‘

* Dose from the fruit and vegetables pathway -assumes that 100% of diet comes from local sources
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Walla Walla County Census Diviéion 09 .
’ “ Infant Dose Percentiles Adult Dose Percentiles :
Year Dose Pathway : S5th Soth 95th S5th 50th 95th
1945 External 0.003 0.006 0.017 0.003 0.006 0.016 o
1945 Inhalation 0.076 0.228 0.827 0.062 0.166 0.537 5
1945 Miik from BYCow Regime 1 9.245 47.565 248,857 0.754 - 3.836 22.576
1945 Milk from BYCow Regime 2 9.813 58.405 319.694 0.558 3.373 14.983
1945 Milk from BYCow Regime 3 0.153 1.318 19.496 0.018 0.127 0.784
1945 Milk from BYCow Regime 4 0.017 0.264 7.843 0.00S 0.037 0.502
1945 Commercial Milk (Rural) 14.211 '55.398 196.899 1.129 4,841 17.292 i
1945 Fruit and Vegetables* 2.861 10.667 52.550 2.157 7.660 34.328
1946 . External 0.001 0.001 . 0,004 0.001 . 0.001 0.003
1946 Inhalation 0.017 0.046 0.144 0.013 0.035 0.106
1946 Milk from BYCow Regime 1 1.462 7.745 49,437 . 0.106 'A0.625 ©3.382
1946 Milk from BYCow Regime 2 1.330 8.30S5 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 0.00S 0.055 R
1946 - Commercial Milk (Rural) 2.157 8.641 29.936 0.189 0.670 2,652 c
1946 Fruit and Vegetables* 0.386 1.424 6.601 ‘0.290 1.04S 4,951 D
1947 External 0.000 0.000 0.001 0.000 0.000 0.001
1947 Inhalation 0.004 0.013 0.058 0.004 0.010 - 0.035
1947 Milk from BYCow Regime 1 0.488 2,273 A1&.643 0.029 0.18S5 0.977
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 1
1947 ‘Milk from BYCow Regime 4 '0.001 0.011 0.240 0.000 0.001 0.017
1947 Commercial Milk (Rural) 0.680 2.453 8.817 0.047 0.195 0.791
1947 Frult and Vegetables* "~ 0.067 '0.292 1.399 - 0.058 0.219 1.079
1945-1947 External 0.005 0.009 0.020 0.00S 0.008 0.019
1945-1947 Inhalation 0.139 0.311 0.956 0.109 0.228 0.600
1945-1947 Milk from BYCow Regime 1 . i8,391 69,346 241,773 . 1.683 5.486 25.008
1945-1947 . Milk from BYCow Regime 2 19.424 71.453 308.233 1.383 4,867 17.686
1945-1947 Milk from BYCow Regime 3 0.515 2.205 24,557 0.043 0.201 0.980
1945-1947 -Milk from BYCow Regime ¢ 0.056 0.464 8.273 0.012 0.057 0.442
1945-1947. Commercial Milk (Rural) 24.164 - 72.179 222.889 2.071 6.326 17.454
1945-1947 Fruit and Vegetables* 4,826 13.489 57.671 3.621 9.735 35.380

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

7 .1945-1947

1945-1947
1945-1947

1945-1947

* Dose from the frult and vegetables pathway assumes that 100% of dlet comes from local sources

. . 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 Reqime-l
Milk from BYCow Regime 2
Milk from:BYCow Regime-3

‘Milk from: BYCow Regime 4
-Commercial Milk (Urban)

 Fruit and. Vegetables*

"External

Inhalatioén:

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*

Walla Walla County Census Division 10

Infant Dose Percentiles

5th

.0.002.

0.063

7.314
7.347
0.148
0.009
22.188

2.432
0.001
0.013
1.496

1.170.

0.022
0.000

3.442
0.348.

0.000
.0.003

0.355
0.377
0.009
0.000
0.889

0.057.

0.004

.0.111

.16.957
16.816
0.431
0.036

35.523

4.03e6

50th

0.005
©0.185

41.593

41.989

1.244
0.209
69.049

9.198

0.001

0.036 -

6.632
6,389
0.185
0.028
11.700

1.418

0.000
0.011

2.140
2.208.

0.068
0.008
3.186
0.232
0.007
- 0.251

55.369

64.072
2,002

0.409
84.725

11.840

0.87

95th

0.014
0.650

284,734

223.377.

14.404
6.216
198.440

39.161

0.002
0.113

28.305
38.025
1.823
0.764
31.399

7.774

0.001
- 0.045

10.819

14.446
0.619
0.099

8.902.

1.29¢6

0.0l6
0.718

272.129
231.542.

13.263
'6.923

216.080
43.457

Adult . Dose Percentiles

5th

0.002
0.051

0.554
0.640
0.008
0.001
1.021

1,831

0.001
0.011
0.088
0.084
0.002
0.000
0.152

0.280

0.000

0.003

0.025
0.026
0.001
0.000
0.052

0.046

0.004
0.091

1.146
1.254
0.033
0.003
1.707

3.168

soth

0.005
0.140

3.308
3.274
0.098
0.020
3.920

6.584
0.001
0.028
0.502
0.546
0.016
0.002
0.757
1.018
0.000
0.009

0.176

. 0.144

0.00S

0.001

0.196
0.176

0.007
0.188

4.728 -
4,597

0.174
0.033

''5.404

8.988

95th

0.014
0.440

21.877
18.659
1.105
0.780
12.813

29.834

0.003
.0:094

3.154
2.789

©0.142

0.042
2.062

4.205

0.001
0.032

1.086
0.783
0.064
0.010
0.773

0.868

0.01e
0.487

26.343
19.785
1,235
0.705
14.950

33.331
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Walla Walla County Census Division 11

Infant Dose Percentiles: Adult Dose Percentiles

Year Dose Pathway ) S5th 50th 95th Sth 50th 95th
1945 External 0.002 0.005 0.013 0.002 0.005 0.014 }}
1945 Inhalation 0.061 0.190 0.733 0.0s2 0.137 0.446 P
1945 ~ Milk from BYCow Regime 1 7.720 44.814 225.865 0.517 3.398 22,556 -
1945 Milk from BYCow Regime 2 7.849 42.807 236.336 0.515 3.006 17.640 .
1945 Milk from BYCow Regime 3 0.124 1.371 11.701 '0.009 0.094 0.768 I
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 e
1945 Fruit and Vegetables* 2.414 9.595 42,553 1.884 6.568 27.923 o
¥
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 5
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 N
1946 Commercial Milk (Urban) 3.390 13.166 33.669 . 0.173 0.786 2.410 :
1946 Frult and Vegetables* © 0.347 "1.385 6.331 0.257 0.954 4.309 i
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 i
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 4
1947 Milk from BYCow Regime 4 0.000 0.008 0.146 0.000 0.001 0.012 i
1947 - Commercial Milk (Urban) 0.850 3.039 8.268 0.049 0.183 0.635
1947 Fruit and Vegetables* 0.068 0.250 1.214 '0.050 0.187 0.895
1945-1947 External 0.004 0.007 0.015 0.004 0.007 0.016
1945-1947 Inhalation . 0.110 0.253 0.811 0.088 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 0.508 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 Sth 50th *95th S5th 50th 95th
1945 External 0.001 0.006 0.144 0.001 0.006 0.097
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 0.00S 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* - 0.071 0.596 11.171 0.058 0.489 9.956
1947 External 0.000 0.000 0.015 0.000 0.000 0.011
1947 Inhalation 0.001 0.007 0.174 0.000 0.006 0.162
1947 Milk from BYCow Regime 3 0,001 0.014 0.260 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 0.712 10.605 0.009 0.090 1.968
1945-1947 Milk from BYCow Regime 4 0.016 0.174 4,487 0.003 0.016 0.251
1945-1947 Commercial Milk (Rural) 4.081 14.884 85.227 0.345 1.343 9.285
.Ji945~1947 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

0.88



Yakima County Census Division 02
Infant Dose Percentlles Adult Dose Percentiles

Year Dose Pathway 5th 50th 95th 5th S50th 95th

1945 External 0.000 0.001 0.020 0.000 0.001 0.016

1945 Inhalation 0.001 0.014 0.517 0.001 0.011 0.420

1945 Milk from BYCow Regime 3 0.007 0.112 3.680 0.001 0.012 . 0.300

1945 Milk from BYCow Regime 4 0.001 0.010 0.576 0.000 0.003 0.047

1945 Commercial Milk (Rural) 1.391 8.006 80.669 0.117 0.588 4,667

1945 Frult and Vegetables* 0.079 0.731 17.531 0.063 0.643 12,331

1946 External 0.000 0.000 0.005 0.000 0.000 0.005

1946 Inhalation 0.000 0.003 0.136 0.000 0.002 0.109

1946 Milk from BYCow Regime 3 - 0,001 0.014 0.244 0.000 0.001 0.016

1946 Milk from BYCow Regime 4 0.000 0.001 0.145 0.000 0.000 0.006

1946 Commercial Milk (Rural) 0.207 0.969 5.245 0.016 0.079 0.665

1946 Frult and Vegetables* ‘ 0.010 0.098 2,975 0.009 0.085 1.747

1947 External 0.000 0.000 0.001 0.000 0.000 0.001 v

1947 Inhalation 0.000 0.001 0.033 0.000 0.000 0.020 e

1947 Milk from BYCow Regime 3 0.000 0.003 0.063 0.000 0.000 0.006

1947 Milk from BYCow Regime 4 0.000 0.001 0.023 0.000 0.000 0.004

1947 Commercial Milk (Rural) 0.049 0.254 1.805 0.004 0.023 0.110

1947 Fruit and Vegetables* 0.002 0.024 0.611 0.002 0.020 0.436
1945-1947 External ' 0.000 0.001 0.031 0.000 0.001 0.023
1945-1947 Inhalation 0.004 0.032 0.846 0.003 0.024 0.640
1945-1947 Milk from BYCow ﬁegime 3 0.027 0.204 3.841 0.003 . 0.019 0.412 iy ﬁﬁ
1945-1947 Milk from BYCow Regime 4 0.003 0.023 0.729  0.001 0.005 0.058 @g
1945-1947 Commercial Milk (Rural) 2.764 10.413 80.266 0.198 0.80S. 4,883 R
1945-1947 Frult and Vegetables* 0.216 1.313 © 21.413 0.165 1.063 14.791

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

Infant Dose Percenﬁiles : Adult Dose Percentiles
" Year Dose Pathway 5th 50th 95th Sth S0th 95th
1945 External 0.000 0.000 0.020 0.000 0.000 0.015 i
1945 Inhalation 0.001 ~0.007 0.222 0.001 0.006 .0.223 i
1945 Milk from BYCow Regime 1 0.114 1.489 68.153 0.010 0.118 " 4.080
. 1945 -Milk from BYCow Regime 2 0.082 1.540 63.370 0.007 - 0.101 2.371
1945 Milk from BYCow Regime 3 0.006 0.070 2.792 0.001 0.010 0.137
1945 Milk 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
1945 Fruit and Vegetables* ‘ 0.058 0.662 29.611 0.054 0.542 24,554
11946 - External 0.000 0.000 0.003 0.000 0.000 0.005 i
1946 Inhalation . 0.000 0.001 0.035 0.000 ~0.001 0.025
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
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 Frult and Vegetables* 0.002 0.022 0.686 0.001 0.016.  0.683 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
1945-1947 Milk from BYCow Regime 1 0.353 3.116 87.966 0.034 0.240 . 4.866
1945-1947 Milk from BYCow Regime 2 0.310 °~ 2.973 T71.312 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 the fruit and vegetables pathway assumes that 100% of diet comes from local sources
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Yakima County Census Division 05

Infant Dose Percentiles’ Adult Dose Percentiles-

Year ~Dose Pathway . 5th 50th 95th 5th 50th ' 95th.
1945 External : 0,000 - 0.000 . 0,020 0.000 0.000  0.013
1945 Inhalation , 0.001 0.006 0.209 0.001 0.006 0.186
1945  Milk from BYCow Regime 1 0.125 1.301 31.943 0.009 0.096 .  1.875
1945 Milk from BYCow Regime 2 0.087 1.127 25.306 0.007 0.103 3.203
1945 Milk from BYCow Regime 3 0.006 0.065 1.325 0.001 0:009 0.156
1945 Milk from BYCow Regime 4 0.001. 0,013 0.833. 0.000. - 0.004 0.136
1945. Commercial Milk (Rural) 2.052 . 9;331 61.562. 0.162 - 1.051 7.933
1945 Fruit and: Vegetables®  0.062 © 0.649 22,711 - 0.055 0.552°  15.859
'1946 External © 0.000 0.000 0,003 0.000 0.000 0.002
1946 Inhalation. . 0.000 . 0.001 0.037 0.000 - 0.001 0.039
1946 Milk from BYCow Regime 1 '0.015 0.284 10.464 0.001 0.016 = - 0.380
2 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 . 0,000 0.000 .  0.012
1946 Commercial Milk (Rural)  0.329 1.653. 11.704 0.025 0.131 0.640
1946  Fruit and Vegetables# 0,009 0.108 3.699 0.008. 0.091 = 3.871
1947 External o © 0.000 0,000 0.000 . 0,000 0.000 -  0.000
1947 ‘Inhalation. , .~ 0.000.-  0.000 - 0,012 - 0.000 : 0.000 - 0.006
1947 Milk from BYCow Regime 1 0.005 0.061 1,699 . 0.000 0.006 - 0.277
1947° - Milk from BYCow Regime 2 0.004 -  0.058 2.549 . : 0.000. 0.006 ~ 0.189 .
1947 =~ Milk from BYCow Regime 3 .0.000 . © 0,002 _ 0.046 - 0.000 0.000 - 0.004
1947  Milk from BYCow Regime 4 0.000 0.000 0,017 - 0.000  0.000 0.005
1947 Commercial Milk (Rural) .0.094 ° 0.407 2.109 ~ 0.007 0.030 - . 0.153
1947  Fruit and Vegetablesw 0.002 - 0.021 1.053 . 0.002 - 0.018 0.700
. 1945-1947 External ' ~ 0.000 0,001 0.028 .. 0.000 0.001 =~ 0.022
1945-1947 .Inhalation : 0.002- ~ ° 0,012 - 0.410 0.002 - 0.011 0.312 ‘
“ 1945-1947 Milk from BYCow Regime 1 -  0.425 - 3.094 39,029 0.027 0.198 12,483 )
1945+1947 -Milk from BYCow Regime 2 0.297 . 2.616 41,705 .0.026 . 0.190 -  4.537.
42 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 '1.404 - - 9.232
1945-1947  Fruit and Vegetables* ~~  0.169 1.278 32.520 0.145 1.100  27.133

~ .x 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 Pathway

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime
Regime
Regime
Regime
(Rural)

S WA=

Fruit and Vegetables*

External
Inhalation

-Milk from BYCow

Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime
Regime
Regime
Regime
(Rural)

oW N

Fruit and Vegetables*

External
Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime 1
Regime 2
Regime 3.
Regime 4
(Rural)

Fruit and Vegetables*

.External

Inhalation

Milk from BYCow
Milk from BYCow
Milk from BYCow
Milk from BYCow
Commercial Milk

Regime 1
Regime 2
Regime 3
Regime 4
(Rural)

Fruit and Vegetables*

Yakima County Census Division 06

Infant Dose Percentliles

Sth

0.001
0.017

2.127
1.369
0.041
0.006
2.628

'1.100

0.000
0.004

0.280
0.231
0.00S
0.001
0.462

0.157
0.000
0.001
0.093

0.061

0.001
0.000
0.120

0.032

0.004
0.069

6.823
5.906
0.120
0.028
6.314

2.887

50th

0.010
0.199

28.541
19.018
0.626
0.109
20.067

10.800

0.004
0.053

3.463
3.482
0.081
0.018
2.755

1.334

0.001
0.012

1.074
0.919
0.019
0.005
0.813

0.276

0.028
0.533

50.339
41,210
1.043
0.288
30.110

18.124

95th

0.218
9.423

569.757
469.741
20.028
'3.760
234.385

284,426

0.149
3.115

73.171
108.189
1.682

0.640-

26.281
28.721

0.033
0.622

21.332
15.520
0.480
0.389
5.045

'5.081

0.791
23.125

976.336
716.339
21.157
5.830
280.143

289,400

Adult Dose. Percentiles

S5th

0.001
0.016

0.127
0.096
0.005
0.001
0.224

0.895

0.000
0.003

0.020
0.019
0.001
0.000

© 0.034

0.118

0.000
0.001

0.006
0.005
0.000
0.000
0.011

0.024
0.004
0.053
0.520

"0.350

0.017

0.004.

0.598

2.048

S50th

0.010
0.154

1.639
1,781
0.068
0.016
1.673

6.990
0.003
0.039

0.300
0.243

* 0.009

0.002
0.248

0.912

0.001

0.010

0.088
0.079
0.002
0.001
0.072

0.184
0.026
0.379
3.481

2.815
0.129

. 0,033

2.3581
11.488

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

D.94

95th

. 0.318
4,558

32.71
41.096
8.504
0.570
25.920

117.825

0.237
1.972

4,202
4.858
0.191
0.059
2.801

18.473
0.043
0.402

1.499
1.201

0.058-

0.043
0.601

3.680

'0.993

8.931 -

57.923
50.051
$.197
0.614
18.175

139.040
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Yakima County Census Division 07

Infant Dose Percentiles. Adult Dose Percentlles::
Year - Dose Pathway © 5th 50th 95th . | Sth 50th 95th
1945 External = 0.000 0.001 0.030 0.000 0.001 0.026
1945 Inhalation 0.001 0.023 0.814 °  0.001 0.017 0.470
1945  Milk from BYCow Regime 1 0.244 3.506 56.852 - 0.018 0.291 . 8.176
1945  Milk from BYCow Regime 2 0.192 3.651 67.360 0.020 0.232 7.595
1945 Milk from BYCow Regime 3 0.007 - 0.110 2,838  0.001 0.013 0.203
1945.  Milk from BYCow Regime 4  0.002 0.029 1.141 . 0.001 0.006 0.072
1945 = Commercial Milk (Rural) 2.484 14.048 155,390 0.184 0,921 7.508
1945 Frult and. Vegetables* 0.167 - 1.530  47.420 0.107 0.949 25.661
1946 External - 0.000 0.000 0.006 0.000 0.000 0.008
. 1946 Inhalation . 0.000 - 0.004 0.101 0.000 0.003 0.123
1946  Milk from BYCow Regime 1 0.037 0.592 17500 0.003 0.044 . 1.657
1946 .  Milk from BYCow Regime 2 0.027 0.459 13.429 - 0.002 0.027 0.722
1946  ‘Milk from BYCow Regime: 3 0.001 . 0.015 0.378 . 0.000 0.002 - 0.055
1946  Milk from BYCow Regime'4 -  0.000 0.003 0.087 0.000 '0.001  0.021
1946 Commercial Milk (Rural) 0.286 - 1.549 - 9,270 0.023 0.135 0.729
1946 _ Fruit and. Vegetables* 0.024 0.241° 4,749 0.016 = 0.154 4.212
1947 External o 10.000 0.000 0.001 0.000  0.000 0.001
1947 Inhalation - 0.000 0.001 0.026 0.000 0.001 0.023
1947 Milk from BYCow Regime 1 - 0.010 0.133 '3.479 © 0.001  0.011 0.287 )
1947 Milk from BYCow: Regime.2 0.009 0.137. 3.185 0.001 0.008 0.308 . =
1947 Milk from BYCow Regime 3 0.000 0.005 0.132 0.000 0.000 0.013 :
A 1947 Milk from BYCow Regime 4 - 0.000 0.001 0.045 0.000 0.000 - 0.003 .
© 1947 . Commercial Milk (Rural) 0.101 0.539  2.782 0.006’ 0.042 0.349- :
1947  Fruit and Vegetables* 0,005 10.046, 1.027 0.003 0.030 . 0.602
1945-1947 External o 10.000 0.002 0.042 . 0.000 0.002 _ 0.052 ﬁ
i 7 1945-1947  Inhalation _ 0.006 0.048 1.088 0.005 0.034 .. 0.963 ;
. " 1045-1947 Milk from BYCow Regime 1 0.885 7.500  109.139 0.067 0.626 10.486 .
’ _ 27 1945-1947 Milk from BYCow ‘Regime. 2 0.699 5.974.  84.472 - 0.0S55 10.464 5.775 z
' 1945-1947 Milk from BYCow Regime 3 0.027  ~ 0.198. 4.116 0.004 0.021 0.276
- . 1945-1947 Milk from: BYCow Regime 4  0.006 '0.053  0.855 0.002 0.011 0.099
o 1945-1947 . Commercial Milk (Rural) © 4,458 17,747 165.678 0.383 1.251 7.843
i 1945-1947 Fruit and Vegetabless © 0.443 2.881 63.278. 0.280 1.733 32.337

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

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*

Yakima County Census Division 08

Infant Dose Percentiles

5th

0.000
0.002

0.010
0.002
2.284
0.252
0.000
0.001
0.001
0.000
0.300
0.039
0.000
0.000
0.000
0.000
0.101

0.007
0.001
0.009
0.032
0.009
4,318

0.714

50th

0.002
0.029

0.171
0.030
10.658
3.018
0.000
0.008
0.021
0.005
1.459
0.379
0.000
0.002
0.006
0.002
0.432
0.071
0.004
0.085
0.313
0.064
14,652

5.072

D.96

95th

0.058
2.383

7.579
0.796
92.128
83.171
0.010
0.398
0.867
0.132
8.948
11.449
0.002
0.058
0.145
0.065
1.876
1.388
0.084
3.842
7.910
0.993
77.740

89.645

Adulﬁ Dose Percentiles

Sth

0.000
0.002

0.002
0.001
0.173
0.191

0.000
0.000

0.000

0.000
0.022

0.026
0.000
0.000
0.000
0.000
0.007

0.005

" 0.001

0.008
0.005
0.002
0.350

0.490

50th

0.002
0.02¢6

0.018

0.007

0.946
1.815
0.000
0.006
0.003
0.001
0.105
0.259
0.000
0.002
0.001
0.000
0.035
0.048
0.004
0.068
0.038
0.011
1.159

3.261

95th

0.06€3
1.385

0.478
0.150
13.141

55.736
0.011
0.319
0.086
0.013
0.580
7.356
0.002
0.053
0.017

0.005
0.198

1.098

0.079
1,920

0.482
0.160
12.894

58.337
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Year

1945
1945

1945
1945
1945
1245
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 the frult and vegetables pathway assumes that 100% of diet comes from local sources

Dose Pathway

External
Inhalation

Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime
Milk from BYCow Regime
Commercial Milk . (Rural)

Fruit and Vegetables*
External
Inhalation

Milk from BYCow Regime

Milk from BYCow Regime 2

Milk from BYCow Regime
Milk from BYCow Regime
Commercial Milk (Rural)
Fruit and Vegetables®
External

Inhalation

Milk from BYCow Regime

Milk from BYCow Regime 2
Milk from.BYCow Regime 3

Milk from BYCow Regime
Commercial Milk (Rural)

Fruit and Vegetables*

External
Inhalation

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

Frult and Vegetables*

1
2
3
4

1

3
4

1

4

W N

Yakima County Census Division 09

Infant Dose Percentlles

5th
0.002

0.026 .

3.192
3.218
0.0635
0.016
4.182

1.513
0.000
0.007
0.467

0.399

0.009
0.001
0.624

0.210

0.000
0.002

0.123
0.144
0.002
0.000
0.197

0.039

0.003
0.067

7.160
7.471
0.194
0.054
8.694

2.712

50th

0.006
0.142

28.597
21.99%0
0.731
0,329
22.118

7.019

0.002
0.034

3.650
2.854
0.111
0.032
3.533

1.002

0.000
0.011

0.702
1.207
0.032
0.009
1.002

0.197
0.011
0.253

40.983

32,111
1.167
0.502

31.150

9.517

0.97

95th

0.070
1.969

261.965
169.718
9.045
4.623
147.722

42.482
0.021
0.583

34,281

22.185
1.171
0.587

22,419

6.686

0.004

0.143

5.089
13.067
0.252
0.198
5.893

1.246
0.115
3.660
282.023

196.112

9.209
7.772
155.666

48.542

Adult Dose Percentiles

5th

0.001
0.023

0.226
0.258
0.00¢
0.003

0.317

1,081

0.000
0.006

0.029
0.039
0.001
0.000
0.049

0.153
0.000
0.002

0.012
0.009

.0.000

0.000
0.014

0.030

0.003
0.054

0.630
0.644
0.022
0.009
0.765

2.023

Soth

0.006
0.105

1.593
1.940
0.062
0.028
1.633

4.821

0.002
0.029

0.232
0.314
0.009
0.004
0.273

0.683

0.000
0.008

0.108
0.086
0.003
0.001
0.079

0.147

0.011
0.205

2.535
2.931
0.101
0.044
2.500

6.490

95th

0.077
2.421

12.864
15.152
0.696
0.44S
12.111

28.108

10.030
0.490

1.812
2.312
0.077
0.040
1.680

4.07S5

0.004
0.091

0.911
0.792
0.028
©0.022
0.458

0.913

0.143
3.472

17.673
15.765
0.957
0.440
12.959

29.632



Yakima County Census Division 10

Infant Dose Percentiles Adult Dose Percentiles -

Year Dose Pathway + 5th S0th 95th S5th 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
.1945 Frult and Vegetables* 0.478 3.025 32.775 0.358 1.861 19.339
1946 External 70.000 . 0.001 0.008 0.000 0.001 0.011
1946 Inhalation ’ 0.002 0.012 0.237 ' 0.002 - 0.010 0.188
1946 Milk from BYCow Regime 1 0.149 - . 1.291 12.494 0.014 0.118 1.377
1946 Milk from BYCow Regime 2 0.143 1.240 15.306 0.012 0.111 1.329
1946 Milk from BYCow Regime 3 0.005 0.048 0.669 0.000 0.005 0.059
1946 Milk from BYCow Regime 4 0.001 0.017 0.408 0.000 0.002 0.051
1946 Commercial Milk (Rural) 0.737 3.369 23,613 0.046 0.232 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
1947 Inhalation 0.001 0.004 0.128 0.000 0.003 0.102
1947 Milk from BYCow Regime 1 0.037 0.346 3.444 0.003 0.028 0.353
1947 Milk from BYCow Regime 2 0.050 '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 Frult and Vegetables* 0.014 0.059 0.719 6.011 . 0.061 0.503
1945-1947 External o 0.001 ) 0.004 - 0.032 0.001 '0.004 . 0.038
1945-1947 Inhalation 0.022 ‘ 0.108 2.262 0.018 0.080 1.720
1945-1947 Milk from BYCow Regime 1 -2.460 12.620 105.711 0.174 ' 0.953 8.498
1945-1947 Milk from BYCow Regime 2 2.685 13.241 113.189 0.204 1.150 9.838
1945-1947 Milk from BYCow Regime 3 0.080 0.493 3.946 0.010° 0.045 0.296
1945-1947 Milk from BYCow Regime 4 0.021 0.215 3.652 0.005 0.026 0.185
1945-1947 Commercial Milk (Rural) 9.483 37.232 184.967 0.730 2.393 11.160
1945-1947 Fruit and Vegetables* 1.006 4.459 41.332 0.712 . 2.696 20.956

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

0.98




Yakima County Census Division 11

Infant Dose Percentiles Adult Dose Percentiles:

- Year Dose Pathway : S5th 50th 95th Sth . 50th 95th
1945 External "0.000 0.001 0.037 0.000 - 0.001 0.046
1945 Inhalation ' - 0,001 0.017 0.676 0.001 0.014 0.455
1945 Milk from BYCow Regime 3 0.006 0.098 2.229 0.001 S 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  13.9%944 145.393 0.204 0.993 6.043
1945 Fruit and.Vegetables® 0.162 1.550 46.272 0.115. 0.954 14,717
1946 External - . 0.0060 0.000. " 0.004 0.000 0.000 0.007
1946 Inhalation. 0.000 0.004 0,092 0.000. 0.003 0.098
1946 " Milk from Biqu 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
L 1946 Fruit and Vegetables* 0.024 0.197 3.193 - 0.016 0.121 2.989
1947 External 0.000 0,000  0.001 0.000 '0.000 0.001

1947 Inhalation 0.000 0.001 0.033 0.000 0.001 0.020

1947 Milk from: BYCow Regime 3 0.000 0.004 0.072 0.000 0.000 0.007

1947 Milk from BYCow Regime 4 0.000 0.001 0.033 0.000 0.000 0.003

1947 | Commercial Milk (Rural) 0.083 +.0.405 2.408 0.007 0.035 0.216

1947 Fruit and Vegetables= 0.008 0.041 0.593 0.003 0.028 0.516

- 1945-1947  External 0.000 0.002 0.042 © 0,000 0.002 . 0,064
-1945-1947 Inhalation 0.005 0.040 0.874 0.005 0.031 0.663

1 1945-1947 Milk from BYCow Regime 3 0,052 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 10.255 1.554 19.604

LE Dose from the fruit and vegetables pathway assumes that 100% of q1et comes from local sources

0.99: !
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Yakima County Census Division 12

. Infant Dose Percentiles Adult Dose Percentiles

Year . Dose Pathway Sth S0th 95th " 5th S0th 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 Fruilt and Vegetablés* 0.200 2.386 52.324 0.129 1.181 28.836
1946 External 0.000 0.000 0.010 0.000 0.000 0.013
1946 Inhalation 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 Frult 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
1945-1947 External 0.001 0.004 0.095 0.001 0.003 0.079
1945-1947 Inhalation 0.008 0.072 3.235 0.006 0.052 1.984
1945-1947 Milk from BYCow Regime 3 0.019 0.162 2.928 0.003 0.021 0.341
1945-1947 Milk from BYCow Regime 4 0.006 0.060 2.012 0.002 0.010 0.101
1945-1947 Commercial Milk (Rural) 4.668 15.318 96.954 0.356 _ 1.365 15.410

A

1945-1947 Frult and Vegetables* 0.550 3.611 66.036 0.307 1.993 38.815

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