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Preface

In 1987 the U.S. Department of Energy (DOE) directed the Pacific Northwest Laboratory,
which is operated by Battelle Memorid Institute, to conduct the Hanford Environmental Dose
Recongtruction (HEDR) Project. The DOE directive to begin project work followed a 1986
recommendation by the Hanford Health Effects Review Panel (HHERP). The HHERP was formed to
consider the potentia health implications of past releasesof radioactive materialsfrom the Hanford
Site near Richland, Washington.

Members of a Technical Steering Pand (TSP) were selected to direct the HEDR Project work.
The TSP consistsof expertsin the various technical fields relevant to HEDR Project work and
representativesfrom the states of Washington, Oregon, and Idaho; Native American Tribes; and the
public. The technica members on the panel were selected by the vice presidentsfor research at
major universitiesin Washington and Oregon. The state representativeswere selected by the respec-
tive stategovernments. The Native American Tribes and public representativeswere selected by the
other panel members.

A December 1990 Memorandum of Understanding between the Secretaries of the DOE and the
U.S. Department of Health and Human Services (DHHS) transferred responsibility for managing the
DOE’s dose reconstruction and exposure assessment studiesto the DHHS.  This transfer resulted in
the current contract between Battelle, Pacific Northwest Laboratories (BNW) and the Centersfor
Disease Control and Prevention (CDC), an agency of the DHHS.

The purpose of the HEDR Project is to estimate the radiation dose that individuas could have
received as a result of emissions since 1944 from the Hanford Site. The HEDR Project work is
conducted under several technica and administrativetasks, anong which is the Environmental
Monitoring Data Task. Members of the Environmental Monitoring Data Task assembled, evaluated,
and summarized key historical measurements of the concentrationsof radionuclidesin the
environment around the Hanford Sitefor selected years from 1945 through 1972.  The environmental
media investigated included air, vegetation, foods, ground water, Columbia River water, fish,
waterfowl, gamebirds, and shellfish.

This report is the culmination of work by the Environmental Monitoring Data Task. 1t follows
the eight key HEDR environmental monitoring reportslisted below. For acompletelisting of
previous environmental monitoring reports, pleasesee Table S.1 at theend of the summary.

e Denham et al. (1993a) and Mart et al. (1993), which describe radionuclidesin vegetation (1945-
1947), water (1963-1966), and fish (phosphorus-32 and zinc-65, 1964-1966) and provide
conversion and correction factorsfor iodine-131 in vegetation.



Hanf et a. (1993) and Denham et a. (1993b), which for 1948-1951 describe radionuclidesin
vegetation samples and provide conversion and correction factors for the period when the iodine
extraction measurement method was developed and implemented.

e Duncan (1994), which describes historical documents availablefor vegetation samplesfrom
1952-1983.

e Hanf et al, (1992), which describes historical documents availablefor Columbia River fish,
waterfowl, and shellfish from 1945-1972.

e Hanf and Thiede (1994), which describes historical documents availablefor air samplesfrom
1945-1957.

o Freshley and Thorne (1992), which describes ground-water contributionto dose from past
Hanford operations from 1944-1990.

This report 1) provides an overview of previoudy published HEDR reports containing air,
Columbia River, and ground-water pathway data, see Table S.1 and Section 4.0, and 2) provides
further information on radionuclidesin Columbia River media, see Section5.0.

Only limited historical environmenta data qualified for use in the calculation of dose.
Therefore, computer models had to be developed. The historical data were used 1) directly in the
dose calculationswhere possible, 2) in the development of regression equations and bioconcentration
factors caculated to estimate the radionuclide concentrations, and 3) to vaidate the models.

This document fulfills HEDR Project Milestone 0502C.

iv



Summary

Thisreport isaresult of the Hanford Environmental Dose Reconstruction (HEDR) Project. The
goa of the HEDR Project is to estimate the radiation dose that individuals could have received from
radionuclideemissionssince 1944 a the Hanford Site near Richland, Washington. The HEDR
Project is conducted by Battelle, Pacific Northwest Laboratories.

Scope of Work

This report describesthe activities of the Environmental Monitoring Data Task in recovering,
evaluating, processing, and/or reconstructing the environmental monitoring datafor .theperiod 1945-
1972. This report ties together previous data collection work and subsequent efforts to collect more
data related to the Columbia River pathway. Table S.1 is aguideto the suite of reports that have
been or arein the process of being published on the historical environmentd data evauated by HEDR
Project gaff. The reports contain environmental monitoring information on vegetation, river media
ground water, and air. New information in this report includes historical datafor various environ-
mental media affected by the Columbia River downstream of the Hanford single-pass production
reactors. Summaries of radionuclide concentrationsin Columbia River weater (1960-1970), fish
(1960-1967), salmon and steelhead trout (1960-1970), waterfowl (1960-1970), and gamebirds (1967-
1970) are provided. Radionuclide concentrationsin shellfish are summarized for coastal areas near
the mouth of the Columbia River (1960-1970). In addition, the bioconcentrationfactors for Columbia
River fish and waterfowl and the methods for computing them are described.

Technical Approach

To inventory and summarize the environmental monitoring data accumulated since the beginning
of Hanford operationsin December 1944, HEDR staff recovered and reviewed historical records and
interviewed veteran Hanford employees familiar with the respective sampling and measuring
techniques. During this study, more than 1000 documents were reviewed by HEDR staff. Once
collected, the data were compiled in databases, onefor each medium. For each measurement, the
databases denote the location, date, historical radionuclide measurement, conversion of the historical
measurement to standard measurement units, and the document number. The database entries were
verified by a second person using a recognized statistical sampling plan.

Results

The results of the Environmental Monitoring Data Task are the accumulated databases of
historical environmental data. The environmenta monitoring databases contain all historical
environmental data that could be located. Completeness of the databases was evaluated by the staff of
the Environmental Monitoring Data Task as well as the staff members of those tasks whose work
required the historical data. The conclusion was that enough environmental monitoring information



has been identified and/or reconstructed to satisfy the objectivesof the HEDR Project. Finding new
information later would not change any dose estimates by more than 5 percent.

Because only limited historical environmental data qualified for use in the calculation of dose,
computer models had to be developed. Historical data are only used directly in the HEDR Project to
estimate dose from the consumption of salmon and oystersfor those dates when sdlmon and oyster
data are available. Otherwise, the historical data are used in calculations to estimate the
concentrations. In the case of oysters, a regression analysis establishes a representative concentration
of radionuclidesin oysters. For dose estimates from fish and waterfowl, bioconcentrationfactors
were developed from the existing historical data.  These bioconcentrationfactors are used to
extrapolate data for the years when no dataexist. All other types of historical monitoring data are too
sparsein spatial and tempora coverageto provide direct input to the dose calculations. That input
has been estimated by computer models. Selected sets of historical data have then been used for
comparison with the concentrationsestimated by the computer models. These comparisons indicate
that the models adequately approximatethe actua environmental contamination.
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TableS.1. Overview of the HEDR Environmental Monitoring Reports

Radionuclides| Radionuclidesin Radionuclides| Radionuclides
in Columbia | Columbia River |Radionuclidesin| in Upland |Radionuclides| in Ground | Radionuclides
Report I-131 in Vegetation | River Water Fish Waterfowl Gamebirds | in Shellfish Water in Air

Denham ¢ al. 19932 |1945-1947 1963-1966  |1964-1966
(PNWD-2145HEDR) (P-32, Zn-65)
Mart et al. 1993 1945-1947
(PNWD-2133 HEDR) |(conv./corr. factors)
Gilbert d a. 1994 1945-1947
(PNWD-1978 HEDR) |(uncer. & sens)
Hanf et al. 1993 1948-1951
(PNWD-2177 HEDR)
Denham d al. 1993b  [1948-1951
(PNWD-2176 HEDR) |(conv./corr. factors)
Duncan 1994 1952-1983
(PNWD-2235 HEDR) |(lit. summary)
Thiede ¢t al. 1994 1960-1970  |1960-1967 all years 1967-1970  |1960-1970
(PNWD-2226 HEDR) (sum. data)  |(sum. data) (biocon. factors)|(sum. data) | (sum. data)

al years

(biocon. factors)

1960-1970

(Zn-65 in salmon

& steelhead)
Thiede & Duncan 1994 1960-1970  [1960-1967 1960-1970 1967-1970  |1960-1970
(PNWD-2242 HEDR)
Hanf et al. 1992 1945-1972 1945-1972 1945-1972
(PNWD-1986 HEDR) (lit. summary) (lit. summary) (lit. summary)
Freshley&Thorne 1992 1944-1990
(PNWD-1974 HEDR)
Hanf & Thiede 1994 1945-1957
(PNWD-2234 HEDR) (lit. summary)
Huesties 1992, 1993  |(document databases) | (document (document (document (document (document (document (document
(PNL-8063 HEDR) databases) databases) databases) databases) databases) databases) databases)

(PNWD-2119 HEDR)
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1.0 Introduction

Thisreport is aguide to the work accomplished by the Environmental Monitoring Data Task,
which isoneof thetasks in the Hanford Environmental Dose Reconstruction (HEDR) Project. The
objectiveof the Environmental Monitoring Data Task was to recover; evaluate, process, and/or
reconstruct the environmental monitoring datafor the period 1945-1972. The period of timefor
which environmental monitoring data were sought was determined by the start-up and shutdown dates
of the Hanford facilities that emitted the mgjority of radionuclidesto the two mgor pathways. air and
the Columbia River. Radionuclide emissions to the air were mainly the result of the operation of the
chemica separations plantsfrom 1944-1972 (Heeb 1994). Radionuclideemissionsto the Columbia
River were mainly the result of the operation of the single-pass production reactors from 1944-1971
(Heeb and Bates 1994). Therefore, the historical environmental monitoring data sought were for the
period 1945-1972.

Within the period of 1945-1972, specific periods of interest to the HEDR Project vary depending
on the pathway. For example, 1945-1951 was the peak period for radionuclideemissions to the ar
and hence vegetation uptake of radionuclides, while 1956-1965 was the pesk period for radionuclide
emissionsto the Columbia River and hence fish uptake of radionuclides. However, adequate
historical data were not aways availablefor the periods of interest. In the case of vegetation
measurements, conversion and correction factors had to be developed to convert the historical
measurements to modem standard measurements. See Table S.1 for the reports that explain these
conversion and correction factors. In the case of ColumbiaRiver fish and waterfowl, bioconcentra-
tion factors were developed for usein any year wherethe river pathway data are insufficient.

Although 1956-1965 was the peek period for radionuclideemissions to the Columbia River, it
was not until the 1960s that gamma spectrometry became the standard measuring technique and,
thereby, adequate measurements of radionuclides could be made. Prior to the 1960s very few
radionuclide-specific measurements were made of ColumbiaRiver media. Therefore,
bioconcentration factors were developed from the data that were adequate for use in those years where
the data were inadequate. This report provides the bioconcentration factorsfor Columbia River fish
and waterfowl and a discussion of how the bioconcentration factors were devel oped.

Along with the bioconcentration factors, new data presented in this report are summary data
(maximum, minimum, mean, and median) for Columbia River water (1960-1970), fish (1960-1967)
including al datafor zinc-65 in sdlmon and steelhead (1960-1970), upland gamebirds (1967-1970),
and shdllfish (1960-1970). Complete historical datafor the Columbia River media measurements
discussed in this report are published in Thiede and Duncan (1994). These databases are availableon
diskette from the HEDR Technica Steering Panel, c/o K. CharLee, Office of Nuclear Waste
Management, Department of Ecology, Technical Support and Publication Information Section, P.O.
Box 47651, Olympia, Washington 98504-7651. For an overview of the contents of all environmental
monitoring reports, see Table S.1.
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20 Technical Approach

The pathways by which people could have been exposed to radionuclideswere air, ground
water, and the Columbia River. Oneof the first stepsin calculating radiation dose was to search for
historical documents containing environmental monitoring data measurements of media in those.
pathways.

Important historical environmental monitoring data reports were located, reviewed, and
inventoried (Denham et a. 1993; Duncan 1994; Freshley and Thorne 1992; Hanf et al. 1992; Hanf
et al. 1993; Hanf and Thiede 1994; Huesties 1992, 1993). Archived historica Hanford documents
werethe primary sources of environmental data. The pertinent documents were identified through
searches of library card files, listings of historical logbooks, and files of historical serial and periodic
documents about or from the Hanford Site.  Reviews of summary document referencelists and
extensivediscussionswith key former Hanford employees (Denham et al. 1988) produced further
documentation. Physica copies of documents were obtained from historical files, the Hanford
Technica Library, the Department of Energy (DOE) Records Holding Area (Building 712 in
Richland, Washington), the state of Oregon, theU. S. Army Corps of Engineers, the U. S. Geologic
Survey, and various universities. More than 1000 documents were reviewed by HEDR steff.

In the early stages of the HEDR Project, staff concentrated on identifying the sources of
historical monitoring information, the environmental media collected, the radionuclides measured, and
the offsite sampling locations. During thefinal stages of the HEDR Project, the Environmental
Monitoring Data Task staff concentrated on determining the time periods during which sufficient
offsite data were availableto support validation of the computer models used to estimate dose.

As with the previoudly published environmental data, the new environmenta data summarized in
this report were collected and compiled into databases (Thiede and Duncan 1994). Each database was
created by entering data in text format to keep the database ssmple and adaptable to multiple computer
systems. Each measurement (e.g., radionuclideconcentrationin fish flesh) was identified by
document number, collection location, and date. Quality assurancechecks of the databaseentries
againg the historical records were made by a person different from the one who entered the original
data. Becauseof thelarge number of entriesin each database, each entry could not be verified. The
entries were verified instead by using a recognized statistical sampling plan (Hoover and Baldwin
1984) to determine how many entriesto randomly inspect against the origina data and then how
many entry errors would constitute a rejection of the database. Only oneentry error was found.

Datafiles were read and summarized using SAS statistical software (SAS Ingtitute, Inc. 1989) on
a VAX computer. SAS programs were written to standardizethe database information because
measurement units and terminology often differed among documents.



3.0 Data Quality Objectives

The data quality objectivesfor the Environmental Monitoring Data Task are defined in Shipler
(1993). How the objectivesfor the ColumbiaRiver data were met is briefly described in the
appropriate sections below. How the data quaity objectivesfor the other environmental monitoring
data were met is described in the respective reports.

3.1 Accuracy

The objectiveof accuracy was to verify reported concentrationsor to reconstruct actual
concentrationsbased on reported levels. By 1960, when radioactivereleases were at their maximum
in the ColumbiaRiver, gamma anaysis techniques had been fully developed. Therefore, there was
no nead to reconstruct the historical measurementsfor the time period covered by this report.
Accuracy of compiled databases was verified by direct comparisons of randomly sdected database
entries againgt original records.

3.2 Precidon

The objectiveof precisionwas to quantify uncertainties in reported and reconstructed
concentrations. The uncertaintieshave been quantified and will be reported in the Columbia River
dosimetry report.

3.3 Completeness

The completeness objective required that reported values be averages and ranges of con-
centrationsfor each medium and location. These are presented in the appendixes as the maximum,
minimum, means, and median. Also, all known and discoverablesources of environmental
monitoring data related to the river were to beinvestigated. All known sources of environmental
monitoring data (i.e., water, fish, waterfowl, upland gamebirdsand shellfish) were investigated.
Completeness was eval uated by the sff of the Environmental Monitoring Data Task. The conclusion
was that the pertinent environmental monitoring information has been identified and that finding new
information later would not change any dose estimates by more than 5 percent.

Not al of the information in the historical documents was usable. This is because complete
descriptionsof the sampling process, the andysis method, and their unit conversionswere not always
clearly stated in the document. For example, the conversions of activity per unit weight from ash
weight of a salmon sampleto its correspondingtissue wet weight was not given. The variation about
the means for groups of historical data described in this study is quitelarge and any new data found
might provide more detail but would not change the dose cal culations.

3.1



3.4 Representativeness

The representativeness objective was that concentrations developed represent ranges of actual
concentrationsthat could have occurred in the environmental media.  Representativenessshould be
ensured by generating concentrationsusing different methods and verified by uncertainty analyses and
other source analyses (Napier et al. 1994).

3.5 Compar ability

The comparability objective was that newly identified information be comparable (within a factor
of two) to the previoudly identified information or that differences be technicaly explainable.
Comparisons made between newly identified and previoudly identified data found that the new data
would fit within a factor of two of the variations reported.

32



4.0 Overview of Previoudy Published Data

Radioactive emissions from the Hanford activities were released to three genera pathways. the
dar pathway, the Columbia River pathway, and the ground-water pathway. Historical data for the air
pathway are described in previously published HEDR documents listed in Sections4.1 and 4.2.
Previously reported information concerning the Columbia River pathway is in Section4.3. Environ-
mental data on the ground-water pathway are addressed in Section 4.4.

4.1 Air Measurements

Historical documents concerning air monitoring datafor 1945 through 1957 were searched for,
inventoried (Huesties 1992, 1993), and reviewed (Hanf and Thiede 1994). Historical sampling
devices are described in Hanf and Thiede (1994), dong with a brief statement about the problems
associated with using historica air monitoring data collected with each device.

In general, historical measurements of a1 contamination cannot be used becausethe historica dr
sampling devices did not provide accurate measurements. Theair sampling devices were difficult to
maintain and calibrate, did not exclusively monitor the radionuclidefound to be the major contributor
of dose, iodine-131 (Napier 1992), and were used in only afew offsite locations. Therefore, the
historica air monitoring data were not used by the HEDR Project because the data were not
satisfactory in quality or number for dose caculations or vaidation of models.

4.2 Vegetation M easurements

Historical data (1945-1947) of iodine-131 (as total beta activity in 1-gram pellets) in vegetation
are summarized in Denham et a. (1993a). Reconstructed conversion and correctionfactors for these
pelletsto correct the 1945-1947 vegetation data to today's best estimates of iodine-131 activity are
described in Mart et a. (1993). Uncertainty and sensitivity of the conversion and correction factors
for the 1945-1947 vegetation data are discussed in Gilbert et a. (1994). Historical vegetation data
(1948-1951) are summarized in Hanf et d. (1993), and the conversion and correction factors for best
estimatesof activity for the 1948-1951 vegetation data are described in Denham et al. (1993b). A
year-by-year overview (1952-1983) of historical documents available concerning vegetation and foods
sampled near Hanford is in Duncan (1994). Databases of historical vegetation data have not been
compiled beyond 1951 for the HEDR Project. Hanford's Surface Environmental Surveillance Project
has compiled environmental media (including vegetation and foods) after 1971.®

4.3 River Measurements

(@ Unpublished report (project no. SESP-PDMS-001), Project and Data Management Sysem (PDMS) Users Guide
Surface Environmental Surveillance Project, by L. E. Bisping, 1990. Unpublished report (project no. SERFDMS
002), Project and Data Management Syslem (PDMS) Database Steward's Handbook, by L. E. Bisping, 1990.

4.1



4.3 River Measurements

The Columbia River pathway is one of the exposure pathwaysfor individuasliving in the
vicinity of the Hanford Site. Napier (1993) determined key radionuclidesand parameters related to
exposurefrom this pathway. Napier discussed the contributionsto dose from external exposureto
contaminated river water and ingestion of contaminated drinking water, resident fish, and waterfowl.
Walters et al. (1992) reviewed data and literatureon the river pathway. Denham et . (1993a)
discussed databases of historical data assmilated for summarizing radionuclide concentrationsin
Columbia River water (1963-1966) and fish (1964-1966). Hanf et a. (1992) summarized the
historical documents availablefor determining radionuclide concentrationsin fish, waterfowl, and
shellfish for the years 1945-1972.

4.4 Ground-Water M easurements

The question addressed in the ground-water report (Freshley and Thorne 1992) is to what extent
the ground-water pathway might have contributed to past radiation doses. Plume maps of important
historical ground-water data are provided in this report as well as the estimated doses. Because
Hanford Site ground water was largely inaccessibleto the public and the estimated doses were small,
it was recommended that no further work be performed on the ground-water pathway.

4.2



5.0 Columbia River Pathway Data and Bioconcentration Factors

The new information presented in this report summarizes recently compiled databases of
historical data collected from 1960-1970 and provides bioconcentrationfactors. The period 1960-
1970 representsthe best historical Columbia River data available because routine monitoring of
environmental samples for radionuclides using gamma spectrometry was practiced.

Provided in this report are summaries (maximum, minimum, mean, and median values) of the
concentration data for five key radionuclides(Napier 1993) in Columbia River water from 1960
through 1970 (Appendix A) and in fish for 1960-1967 (Appendix B), bioconcentration factorsfor fish
(Appendix C), concentration datafor zinc-65 in salmon and steelhead trout from the Columbia River
and Pacific Ocean for 1960-1970 (Appendix D), bioconcentration factors for waterfowl (Appendix E),
summaries of the radionuclide concentrationsin upland gamebirdsfor 1967-1970 (Appendix F) and
shellfish sampled from the Pacific Ocean near the mouth of the Columbia River for 1960-1970
(Appendix G). A descriptionof methods used to calculate bioconcentrationfactors from historical
datafor ColumbiaRiver fish isincluded in this report.

Not al of the information in the environmental monitoring databases is used in calculations.
Some data sets were reserved for use in validating the computer models. Napier et al. (1993)
identified the basis for the kinds of data and the time period reserved for river pathway validation
efforts. Data reserved to validatethe river modd include the 1967 Columbia River water
concentrations, the 1967 Columbia River fish concentrations, and the 1967 sadmon and oyster
concentrations. While these validation data sets are described in thisreport, the validation data are
presented in Appendix D of Napier et a. (1994).

5.1 Radionuclide Concentrationsin Columbia River Water, 1960-1970

Radionuclides with long enough hdf-livesor present in large enough quantities to be discharged
from basins into the river were routinely sampled by Hanford’s environmental monitoring group.
Information published yearly by Hanford contractorswas supplemented by such non-federa entitiesas
the Oregon State Board of Hedlth (Toombs and Culter 1968). Walters et d. (1992) summarized the
locations where Columbia River water was sampled for the period 1950-1971 and also provided
examplesof radionuclidessummarized for severa locations dong the river. Foster and Wilson
(1963) found that 90 percent of the activity from reactor effluent radionuclidesreaching the river
conssted of sodium-24, silicon31, chromium-51, manganese-56, copper-64, arsenic-76, and
neptunium-239.  The minor components (8 percent of total radionuclideactivity) consisted of
phosphorus-32, zinc-65, zinc-69, gallium-72, yttrium-90192193, strontium-90191, niobium-97,
iodine-133, and uranium-239. However, preliminary screening studies and dose cal culations (Napier
1993; Napier and Brothers 1992) determined the key radionuclides with respect to exposureto the
public. Thesestudies indicated that the following radionuclides should be included in the HEDR dose
modeling efforts:  sodium-24, phosphorous-32, arsenic-76, zinc-65, and neptunium-239.  The quantity
of these radionuclidesentering the river from each reactor are estimated by Heeb and Bates (1994).
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The summary included in this report is for thefive key radionuclides identified by Napier (1993)
and does not describe al the radionuclides entered in the database.  About 15,000 measurements of
radionuclide concentrationsin Columbia River water were entered from both government and offsite
documentsfor the period 1960-1970. Nearly 6000 water measurementsfor thefive key radionuclides
identified by Napier (1993) are included in the river water summary in Appendix A. Of these
6000 measurements, phosphorus-32 and zinc-65 were the most common ones made by Hanford
personnel, accountingfor 75 percent of the measurements.

The water database is summarized separately for grab samples (Table A.l) and for composite
samples (Table A.2). Grab samples were taken by collecting a single sample of river water at one
location. Composite samples were generally taken by a mechanicd device over a period of one week
at onelocation. Radionuclides with short half-lives (e.g., arsenic-76, sodium-24, neptunium-239; see
Table5.1) weretypically sampled using the grab sample method. The grab sample method tended to
either overstate or understategeneral radionuclideconditionsin the river because the radionuclides
were not uniformly dispersed, and they varied with reactor discharges. Radionuclideswith longer
half-lives (e.g., phosphorus-32 and zinc-65; see Table5.1) were sometimes measured by both
methods for comparison.

Table51 Radiologica Half-Livesof Key Radionuclides

Radionuclide Radiologica Haf-life
Zinc-65 245 days
Phosphorus32 14.3 days
Neptunium-239 | 2.33 days
Arsenic-76 1.1 days

Sodium-24 15 hours

Historical water samples for short-lived radionuclides (e.g., arsenic-76, sodium-24, and
neptunium-239) were not taken from river sectionsdownstream of Pasco. Thisis understandable
because the travel time for water from the Hanford reactors is approximately one day to Pasco and six
days to McNary Dam, the next measurement location just below Pasco (Walters et al. 1992). By the
time the short-lived radionuclidesreached McNary Dam, they would have decayed below instrument
detection levels.

5.2 Radionudlide Concentrationsin Columbia River Fish, 1960-1967

Thefollowing section describes the Columbia River fish databasethat was compiled from his-
torical documents such as thosedescribed in Hanf et al. (1992) and Walterset a. (1992). Radio-
nuclides in fish samples (zinc-65 and phosphorus-32) are described in Denham et al. (1993a) for the



period 1964 through 1966. The fish databaseinitially described in the Denham report has since been
expanded to cover more years (1960-1967) and include more radionuclides(neptunium-239,
arsenic-76, and sodium-24).

More than 20,000 radionuclide measurementsof 25 fish species were obtained from historical
documents and entered into a database. The databaseincludes measurements of omnivorefish
(bullhead, catfish, suckers, whitefish, chisslmouth, chub, minnows, shiners, and sturgeon), first-order
predator fish (perch, crappie, punkinseed, and bluegill), and second-order predator fish (bass, trout,
and squawfish).

The three groupingsof fish refer to the feeding regimes of the fish. Omnivore fish tend to est
periphyton and macrophytes. First-order predators eat insect larvae, zooplankton, and herbivorous
fish. Second-order predatorsest first-order predator fish.

Two other fish groupings (sdmon and steelhead trout) are discussed in Section5.4. Hanf et d.
(1992) suggested that sdmon do not accumul ate radionuclides because of short residencetimein the
ColumbiaRiver and because they generally do not est during the spawning period.

Omnivorefish species congtitutethree-fourthsof the database. First- and second-order predator
fish each account for about 10 percent of the database entries. Steelhead and salmon account for only
2 percent of the database.

Thefive key radionuclides (zinc-65, phosphorus-32, neptunium-239, arsenic-76, and sodium-24)
account for nearly 15,000 recordsin thefish database. Mog of the fish were sampled from alimited
number of locations. Hanford (17%), Ringold (22%), Richland (13%), Burbank (29%), Idandview
(4%), McNary Dam (4%), and Hover (2%) and were not collected throughout the year. Thislimited
number of locations caused difficultiesin determining bioconcentration factors for fish (see
Section 5.3).

Considerablevariation in radionuclideconcentrations in fish tissuesis apparent in al historical
fish data that were found. These variationsarisefrom biologica as well as environmenta factors.
When fish are collected, it is not known how long thefish resided in a particular area because of their
mobility. Other factors that can influencefish radionuclide concentrationsincludethe river's flow
rate, radionuclide-laden sediment resuspension, weater temperature, and biological uptake and retention
of radionuclides. A seasond variation was dso noted in the concentrationsof the radionuclidesin
fish. Denham et d. (1993a) show seasond differences for phosphorus-32 and zinc-65 concentrations
in Columbia River whitefish using 1964-1966 data. This variation appearsto depend on the
radionuclidetype and the fish species, as well asthetime of the year.

The concentrationvariations noted for fish in Table 5.2 may be partialy attributed to the
different goals of Hanford's sampling program during the 1960s. Historically, the monitoring
program was primarily interested in monitoring trends in radionuclideconcentrationsin fish
downriver of the Hanford reactor operations. These data were not collected for the purpose of
determining bioconcentration factors. For example, there was not full coverageof seasonsand
month, species catches were extremely variable, and not all radionuclideswere measured. This made
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Table52 Exampleof Phosphorus-32 Concentration in Fish Taken from
the Columbia River near Richland, Washington, in 1962

Number of | Median 5th 95th
Fish Species Samples (pCi/g) Percentile | Percentile
Carp 10 45 14 270
Chiselmouth 23 160 12 1000
Perch 20 26 7 545
Squawfish 21 14 6 120
Sucker 23 230 100 1500
Whitefish 45 10 10 850

it difficult to come up with bioconcentration factors by speciesand month. Historical data show
inconsistencies in the sampling of fish speciesfor determining detailed seasonal, annual, and location-
dependent variation.

Concentrationsof key radionuclides in fish are summarized in Appendix B. These tables reflect
the biologica and environmental influences described above.

5.3 Bioconcentration Factorsin Columbia River Fish

While there are many historical recordsfor fish availablefor the time period 1960-1966 (see
Section 5.2), historical data before 1958 are less useful because only gross beta was anadyzed then.
To caculatethe concentrationsof radionuclidesin fish for times when little data were available,
bioconcentrationfactors were computed for periods when the greatest amount of historical data are
available. Thosefactors are then used in conjunction with the radionuclideconcentrationsin water to
estimate the radionuclide concentrationsin fish. However, whenever possible, the use of actua
measurements is preferred over the use of factors gleaned from the literatureand determined under
different conditions.

Development of bioconcentrationfactorsfor food fish harvested from the Columbia River are
discussed in Denham e al. (1993a) and Walterset al. (1992). Thiswork provides additional
information that was used to compute the bioconcentration factors for Columbia River fish and
waterfowl. As directed by the HEDR Technicd Steering Panel, the bioconcentrationfactors
developed for second-order predator fish will aso be used for salmon. The salmon data were too
sparse to develop bioconcentrationfactors.  The bioconcentration factors are determined by the
following equation:



BCF, = F /W, ey

where BCF, = bioconcentration factor in (L/kg) for radionuclide(n)
F, = concentration of the radionuclide(n) in fish (pCi/kg)
W, = concentrationof the radionuclide(n) in water (pCi/L).

Fish bioconcentration factors vary greatly depending on the site-specific locationsof an aquatic
system, as noted by summaries of factorsin Vanderploeg et al. (1975) and Poston and Klopfer
(1988). The bioconcentration factors developed for thisstudy apply only for conditionscharacteristic
of the ColumbiaRiver.

The initia andysisof historical data was designed to preserve maximum detail in terms of
gpecies and season for the ColumbiaRiver. Determining bioconcentration factors required that fish
and water data match by location and month. When matching fish data to water data, HEDR staff
found a number of yearsand locations where the data were inadequate. Table5.3 showsthe available
fish and weter data by year and location.

Table53. AvailableFish and Water Data Grouped by Location and Y ear

Location 1961 1962 1963 1964 1965 1966
Hanford x® x x X
Ringold X X
'1 Richland/300 Area X X X X
Pasco/Burbank X X X X X
McNary/Umatilla X X X
(8 X = Locationsand years when both fish and water data are available.

Only the years 1961-1967 had sufficient monthly fish and water data for comparisons. Data
from the year 1967 were omitted from the comparison because these data were reserved for modd
validation (Napier et al. 1994). Finding data on samplesfrom matching locations presented greater
problems. Many times fish were sampled at one location and water was sampled at another.
Sometimes fish were sampled for a radionuclideduring one year, but the water for the same site was
sampled during a different year. Near Ringold, fish were sampled on the Hanford reactor side of the
river, but water was sampled on the public access side, which is opposite the reactors. Whilethe side
of the river would be less important further downriver (e.g., Pasco), the Ringold site was only a few
miles downstream of the reactors where mixing of the reactor plume would have been incomplete.
Other locationshad similar problems. Many of the historical fish samples were taken from Burbank,
downriver of the confluence of the Snake and Columbia Rivers. Radionuclide concentrationswould
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have been diluted by water from the Snake River but may not have been evenly dispersed. No water
samples were taken at Burbank. However, water samples were commonly taken at Pasco, upriver of
the confluence of the Snake and Columbia rivers. Matching data sets from two such locations could
lead to biased bioconcentrationfactors. Combinations of some river segments were examined to try
to increase the matches of fish and water by time and location. However, combining river segments
was not satisfactory because the differences in water concentrationsin the segments were too
sgnificant.

Because of problemsin matching the historical fish data with the historical data water to obtain
the best estimate of bioconcentrationfactors, it was concluded that historical fish data would be better
matched to computer modeled water concentrations. Estimated water concentrationswould providea
meatch for every fish sample. The following subsection describes the results of that matching.

5.3.1 Useof Modded Water Concentrations

Monthly average radionuclide concentrationsin water were estimated by the Surface-Water
Transport Subtask staff using the WSU-CHARIMA modd (Holley et a. 1993; Walterset al. 1994).
WSU-CHARIMA is an unsteady flow modd for river systems. The radionuclideconcentrationsin
the Columbia River water were estimated based on the estimated releases of radionuclidesfrom the
eight single-pass production reactors (Heeb and Bates 1994).

The WSU-CHARIMA files contain data for thefive key radionuclides (sodium-24, phosphorus-
32, zinc-65, arsenic-76, neptunium-239) as well as chromium-51 for usein validation. Cf the twelve
Columbia River locations modeled by WSU-CHARIMA, four are of usefor matching river water
locations to fish sampling locations: Ringold, Richland, the Snake and Walla Wallarivers, and
Umatillaand Boardman. There were not enough fish data for the other eight segments. The
resulting fish and water matches used to compute bioconcentration factors are as shown in Table 5.4.

Table54. Locations Where Fish Data Are Used with WSU-CHARIMA
Modeed Water Data to Compute Bioconcentration Factors

Fish River Segment in WSU-CHARIMA
Hanford to Ringold | Ringold
Richland Richland
Burbank Snake River to WallaWallaRiver®
McNary Umatilla to Boardman®
(@ Concentrations calculated at the midpaint bet ween the two sites.




In the mode that is used to calculate dose from the Columbia River pathway (Farris 1993),
bioconcentration factors are assumed to be the same for al locationsand years. Therefore, with the
bioconcentration factors for Columbia River fish developed from historical data and the WSU-
CHARIMA modded water concentrations (Walters et al. 1994), the radionuclide concentrationin fish
can be determined when historical fish sample data are lacking. Equation (1) can be rewritten as
follows:

F @) = BCF, - W (L) @
where F (L) = concentrationof the radionuclide (n) in fish at location (L)
BCF, = bioconcentration factor in L/kg for radionuclide(n)
W, @L) = concentrationof the radionuclide(n) in water at location (L) as determined by the

WSU-CHARIMA computer modd.
5.3.2 Calculation of Bioconcentration Factors

Using modeled river estimates, al historical fish concentration measurements were matched with
river concentration estimates by location and month. Table5.5 shows the median bioconcentration
factors caculated for arsenic-76, chromium-51, neptunium-239, sodium-24, phosphorus-32, and
zinc-65.

In addition, the resulting calculated bioconcentration factors for each radionuclide were
statistically andlyzed to examine if certain groupingsof the data should be treated separately; i.e., if
the bioconcentration factors appeared to be significantly different for variables such as fish feeding
groups (defined in Section 5.2) and seasons. Anadysisof variance methods were used, followed by
means separationstests. These anayses were evauated and included in determinations of which
subpopulations needed to be defined. Bioconcentrations were collapsed into bigger groups if there
were no significant differences. For example, seasons were collapsed into cool season (December-
May) and warm season (June-November) for phosphorus-32 and zinc-65.

5.3.2.1 Phosphorus-32

The bioconcentrationfactor for phosphorus-32 was found to be sensitiveto time and location.
Differences noted in the bioconcentrationfactors led to grouping these factors into two seasons. the
cool season (December-May) and the warm season (June-November). However, monthly differences
within the seasons were not considered large enough to maintain separate bioconcentrationfactors.
Section 5.3 discussed the problems of location in matching historical water data with historical fish
data. The bioconcentrationfactors were different a Ringold and Burbank when determined by
matching WSU-CHARIMA modeled water datafor those locationswith historical fish data. This
may be dueto a number of variables such as those described earlier concerning fish movements and
sample | ocationdependent factors. Bioconcentration factorsfor omnivorefish were significantly
different from either first- or second-order predator fish. Therefore, the bioconcentrationfactors are
given for each category (Table 5.5). Predator fish were grouped together because there were no
significant differences between the first- and second-order predator fish.
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Table55. Median Bioconcentration Factors for Columbia River Fish Using Historical
Fish Data and WSU-CHARIMA Modded Water Concentrations

Median Bioconcentration

Radionuclide Fish Feeding Class Season Factor® (L/kg)
Phosphorus-32 | omnivores cool® 420
Phosphorus-32 | omnivores warm(® 1500
Phosphorus-32 | predators coal 76
Phosphorus-32 | predators warm 980
Zinc-65 omnivores cool 130
Zinc-65 omnivores warm 220
Zinc-65 first-order predators coal 97
Zinc-65 first-order predators warm 250
Zinc-65 second-order predators | cool 67
Zinc-65 second-order predators | warm 110
Sodium-24 OMNivores all@ 8.0
Sodium-24 predators all 2.1
Arsenic-76 al al 240
Neptunium-239 | dl al 21
Chromium-51 al al 1.7
(@ Medi an bioconcentration factors are rounded to two significant digits.
) Cool season is Decenber - May.
(©) Vs mseason iS June-November.
(d) "Al" refersto combining the variables pertinent t0 the particular column.

5.3.2.2 Zinc-65

Monthly differencesfor zinc were similar to those of phosphorus. The data were also collapsed
to two seasons. Omnivore, first-order predator, and second-order predator class differenceswereall
significant. Therefore, different bioconcentrationfactors were provided. Median valuesfor six
resulting bioconcentrationfactors are provided for zinc-65 in Table 5.5.

5.3.2.3 Sodium-24

There are fewer historical datafor sodium-24 in fish than for phosphorus-32 or zinc-65. Data
for sodium-24 in fish are available only for omnivores and second-order predators. No data were



availablefor first-order predators. The bioconcentration factors for second-order predators are used
for first-order predators. Because season was not a significant variable, only two bioconcentration
factors were developed for sodium-24 (Table 5.5).

5.3.2.4 Arsenic-76

@y one bioconcentration factor is provided for arsenic-76 (Table 5.5). Season and feeding
class were not significant variables. Location appears to be an important variable a the level of
significancetested but was not included because of the genera lack of historical data.

5.3.2.5 Neptunium-239

Thefinding of no differencefor neptunium-239 by season or feeding class permitted just one
number for the bioconcentration factor (Table 5.5).

5.3.2.6 Chromiumdl

The bioconcentration factor was computed for chromium-51.  Although chromium was not
included as one of the key radionuclidesfor this study, there were sufficient historical data in the
databaseto compute a bioconcentration factor to test our procedures. The low median bioconcen-
tration factor of 1.7 L/kg (Table5.5) agrees with published literature (Walters et a. 1992), which
suggeststhat chromium does not accumulate in fish. The data confirm that season, feeding class, and
location are not important variablesfor chromium-51.

5.4 Zinc-65 Concentrationsin Saimon and Stedhead, 1960-1970

Anadromous species (fish that live part of their livesin freshwater and part in saltwater) such as
chinook salmon, sockeye salmon, coho salmon, and steelhead trout travel up the Columbia River to
spawn. Walterset a. (1992, Figure4.5) summarized the time periods when these species are found
in the ColumbiaRiver. According to Foerster (1968), sockeye, in common with other Pacific salmon
species, do not feed once they enter fresh water. The evidencefor lack of feeding is by stomach
content analysis, decreased fat and protein content, and atrophy of digestiveorgans. Becausefeeding
usually ceases prior to spawning (Brown 1957; Foerster 1968; Meehan 1991), fish must rely on the
reserves of fats and proteins stored within their bodies during the period of ocean residenceto reech
their natal spawning area to reproduce. Withler (1966) found that ssomach samples of summer steel-
heed from the Coquihalla River in British Columbia, Canada, were largely empty, again suggesting
that littlefeeding occurs in fresh water. The average length of residencein fresh water for
anadromous speciesis givenin Table 5.6 (Oregon Department of Fish and Wildlife and Washington
Department of Fisheries1993).
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Table56. Average Length of Residence in the Columbia River
for Sdmon and Steelhead

Type Juvenile(months) | Spawning Adult (months)
Fall Chinook 3-6 34
Spring Chinook 12-24 2-5
Steelhead 12-24 39

Juvenilesalmon and steelhead feed as they migrate downstream and spend 3-24 months in the
river (Oregon Department of Fish and Wildlifeand Washington Department of Fisheries 1993).
Because juvenilesare feeding as they travel downstream, the bioconcentration factors for juvenilesare
the same as for resident second-order predators (Table 5.5).

Because spawning adult anadromous species such as saimon and steelhead generally do not eat as
they enter fresh water, any radionuclides assmilated would have been whilefeeding on organismsin
the ocean. There is some speculation but no historical data to show that radionuclides might be
assmilated from the water either through the mouth or gillsof thefish. Should such assmilation
occur, these radionuclideswould be in addition the those gained from feeding in the ocean.

Appendix D showszinc-65 concentrations in saimon and steelhead for both the Columbia River
and the Pacific Ocean. Of 47 historica samples of Columbia River salmon, the data show that con-
centrationsof zinc-65 were at or below the minimum detectionlevel for 31 samples, and the rest of
the samples varied from just above detection to a maximum concentration of 13 picocuries per gram.
The highest concentrationswere from salmon near the Hanford Site. On the other hand, 23 samples
of ocean salmon vary from 0 to 0.38 picocuries per gram. However, the detection limit for the
ocean-sampled salmon was not given.  There are many reasons these data sets should not be
compared. The river data included only spring chinook whilethe ocean samples were from fdl run
sockeye, silver, chinook, and chum salmon. Also some of the sampledata were monthly means,
yearly means, or daily means. The only conclusion that can be made from these limited historical
data is that radionuclideactivitiesin anadromousfish appear one to three orders of magnitude lower
than in fish that residein the ColumbiaRiver their entire life cycle.

Because of the relative scarcity of data, bioconcentration factors could not be calculated for
salmon. At the suggestionof the Technical Steering Panel & the October 7-8, 1993 public meetings,
the dose from ingestion of saimon will be modeled using two different approachesto bound the
possiblerange of dose. In thefirst approach, al salmon will be assumed to be contaminated to a
level of 1.0 pCi/g, regardlessof source. This contamination level exceedsthe average and median of
the measurements by a minor safety factor. This approach will provide a lower-bound dose estimate.
In the second approach, the bioconcentration factors for second-order predators will be used in the
model. Thisis because the predator species (trout, bass, and squawfish) have similar feeding habits
to those of the anadromous fish if the anadromousfish werefeeding. Table5.5 lists the median
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bioconcentration factors for zinc-65 for second-order predator fish. The bioconcentration factor for
phosphorus32 is the samefor first- and second-order fish because statistical differences between the
two groups are not apparent.

5.5 Bioconcentration Factors for Waterfowl

Historical data concerning radionuclidesin waterfowl were documented as early as 1946 (Hanf
et d. 1992). Historica documentsfor waterfowl samples are described in Hanf et al. (1992) for the
period 1946 through 1972. Waterfowl data were entered into a database. That databasefile contains
approximately 7300 measurementsof radionuclides in waterfowl. Of the radionuclidesof interest for
the dose model, 59 percent of these measurements were for phosphorus-32in waterfowl and 20 per-
cent for zinc-65. Two genera typesof ducks include diver ducks (those that eat smdl fish and
invertebrates) and puddle ducks (those that eat near-surface water plants and grain crops). A third
category, geese, which feed in asimilar manner to puddle ducks, was included in this summary
because historica data were available. Approximately 72 percent of the measurements were for
puddle ducks (e.g., malards, gadwall, pintail, shovelers, widgeon, and woodduck), 17 percent were
for diver ducks (e.g., goldeneye, bufflehead, canvasback, merganser, coot, scaup, and ruddyduck),
and 11 percent werefor geese.

These historical measurements provide a basisfor calculating the Columbia River bioconcen-
tration factors for waterfowl. WSU-CHARIMA modeled river concentrations (Walters et a. 1994)
were usad in the bioconcentration factor computationsfor diver ducks, puddlie ducks, and geese
(Table5.7). Bioconcentrationfactorsfor diver ducks and puddleducks combined are also given.
WSU-CHARIMA modeled data were available for 1960-1970. The waterfowl datafor the year 1967
were reserved for modd vaidation. Therefore, the bioconcentration factors were developed from
historical waterfowl measurementsfrom 1960-1970, excluding 1967.

Table57. Median Bioconcentration Factors for Columbia River Waterfowl

Median Bioconcentration

Radionuclide Waterfowl Factor® (L/kg)
Phosphorus-32 geese 240
Phosphorus-32 diver ducks 620
Phosphorus-32 puddle ducks 290
Phosphorus-32 diver and puddle ducks 340
Zinc-65 geese 22
Zinc45 diver ducks 53
Zinc-65 puddle ducks vavi}
Zinc-65 diver and puddle ducks 44
(8 Median bioconcentrationfactorsare rounded to two dgnificant digits




Analysis of the data show that diver ducks hed significantly higher bioconcentrationfactors for
phosphorus-32 than either puddie ducks or geese.  The bioconcentration factors for puddle ducks were
not significantly different from thosefor geese.

Much of the waterfowl data were from head samples (30 percent) rather than from muscle
samples. Comparison of data using head samples to compute bioconcentrationfactors with data using
muscle samples shows no significant differences. Therefore, both type of samples were grouped
together. River location for the waterfowl samples was not an important variable. Time also
appeared not to be significant, but then waterfowl were sampled only during the winter months,
which is the usua harvest period by hunters. Forty-two percent of gpproximately 1200 waterfowl
measurementsfor phosphorus-32 were lower than the historical detectionlimit. Twelve percent of the
516 measurements for zinc45 were at the historical detection limit.  Amounts lower than detectable
levels were included in the calculation of bioconcentrationfactors.

A moded for estimating concentrationsin ducks is described in Napier (1993, p. 43) and Baker
and Soldat (1992, p. 5). Given thismodd and the bioconcentrationfactors in Table 5.7, which were
developed from historical dataand the WSU-CHARIMA modeled water concentrations (Walters et al.
1994), the concentration of radionuclidesin waterfowl can be computed for yearsin which historical
data are lacking.

5.6 Radionuclide Concentrationsin Upland Gamebirds, 1967-1970

Historical samples of radionuclidesin upland gamebirds (pheasants and quail) were lacking in
Hanford documents until about 1967. A database was compiled for the years 1967-1970, which is
summarized in Appendix F. Nearly 30 percent of the measurements were taken from the head only
which had been collected from hunters. Unlike the waterfowl, the radionuclidesin upland gamebird
head and muscle were significantly different. Therefore, the measurementsfrom gamebird heads
were deleted in this summary, and measurements only from muscle samples wereused. Only muscle
sample measurements were used because the muscle is the edible part.

Nearly al of the upland gamebird samples were listed as either from Hanford or White Bluffs
(acrossthe river from the single-pass production reactors). Historically, upland gamebirds were
sampled only during October and December. Phosphorus-32 in pheasants was significantly less than
inquail. Becausezinc45 concentrationsin pheasant and quail were not significantly different, the
two sets of data were combined. The median concentrationsof phosphorus-32 and zinc-65in upland
gamebirds are given in Table5.8.

5.7 Radionuclide Concentrationsin Shellfish, 1960-1970

Zinc-65 and phosphorus-32 were monitored near the mouth of the Columbia River as early as
1959. Wadterset a. (1992) summarized average radionuclideconcentrationsfound in Willapa Bay
water for 1959-1977. Hanf et al. (1992) describe sourcesfor historical information on radionuclides
in shellfish. After the last reactor was shut down in early 1971, the concentrationsmeasured in shell-
fish dropped below detection levels within a year.

5.12



Table58. Median Concentrationsof Radionuclide in Gamebirds near the Hanford Site

Median Concentration® | Number of
Radionuclide Upland Gamebird (pCi\g) Samples
Phosphorus-32 | pheasant 24 46
Phosphorus-32 | quall 4.1 98
Zinc-65 pheasant and quail combined 4.8 144
(@) Median concentration values arerounded to two significant digits.

A database was created from documents listed by Hanf et a. (1992). The summary statistics of
this databasefor phosphorus-32 and zinc-65 are listed in Appendix G for such locations as Willapa
Bay, Astoria, Cannon Beach, Coos Bay, Seaside Beach, Tillamook Bay, and Agate Beach (see
sampling location map in Figure4.5 of Hanf et al. 1992). Thisstudy is primarily interested in zinc-
65 concentrationsin oysters at Willapa Bay because oysters generally contain higher concentrations of
zinc-65 than other marine organisms (Wilson and Foster 1964). Willapa Bay was chosen because
many of the commercia oysters came from that area.

Thetotal reactor output by year (Heeb and Bates 1994) is compared to the average zinc-65 in
oystersat WillapaBay (Figure5.1). A generd linear modd (SAS Ingtitute, Inc. 1989) was used to
determine the regression coefficient for comparing zinc-65 in oysterswith reactor production. The
coefficient is 0.0019. Using thisinformation, it is possibleto cal culate the concentration of
radioactivity of zinc-65 in oysters for years in which there arelittle or no historical data (1944-1959).
The reactor output by year was regressed againgt the concentration of zinc-65 in oysters by year for
WillapaBay. The resulting regression was significant with R? = 0.83. The following equation
describes the conversion of reactor production to radioactivity in oysters.

WBO (pCi/g zinc-65) = 1.9x1073 C 3)
where  WBG = radioactivity of zinc-65 in Willapa Bay oysters
1.9x103 = regression coefficient
C = tota Ci/year from the single-pass production reactors at Hanford as givenin

Heeb and Bates (1994).
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6.0 Reaults

The results of the Environmenta Monitoring Data Task are the accumulated databases of
historical environmenta data. The environmental monitoring databases contain all historical
environmental datathat could be located. Completeness of the databases was evaluated by the staff of
the Environmental Monitoring Data Task as well as the staff members of thosetasks whose work
required the historical data. The conclusion was that enough environmental monitoring information
has been identified and/or reconstructed to satisfy the objectives of the HEDR Project. Finding new
information later would not change any dose estimates by morethan 5 percent.

Because only limited historical environmental data qualified for use in the calculation of dose,
computer models had to be developed. Historical data are only used directly in the HEDR Project to
estimate dose from the consumption of salmon and oystersfor those dates when sdmon and oyster
data are available. Otherwise, the historical data are used in calculationsto estimate the
concentrations. In the case of oysters, aregression analyss establishes a representative concentration
of radionuclidesin oysters. For dose estimates from fish and waterfowl, bioconcentration factors
were developed from the existing historical data.  These bioconcentrationfactors are used to
extrapolate data for the years when no dataexist. All other typesof historical monitoring data are too
sparsein spatial and temporal coverageto providedirect input to the dose calculations. That input
has been estimated by computer models. Selected sets of historical data have then been used for
comparison with the concentrationsestimated by the computer models. These comparisons indicate
that the moddls adequately approximatethe actual environmental contamination.
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Appendix A

Summary Radionuclide Concentrationsin
Columbia River Water, 1960-1970

Thefollowing tables summarize the Columbia River Water Database that was collected and pro-
vided to the Surface-Water Transport Subtask and the Environmental Pathways and Dose Estimates
Subtask Group to support dose calculations. This water databaseis summarized separately for grab
samples (Table A.1) and for composite samples (Table A.2).

About 15,000 measurementsof radionuclideconcentrationsin river water were entered from
documents for the period 1960-1970. Of the 15,000 measurementsin the Columbia River water
database, nearly 6000 water measurementsfor the five key radionuclides (phosphorus-32, zinc-65,
neptunium-239, arsenic-76, and sodium-24) were included in the river water summary table.
Phosphorus32 and zinc-65 measurements were the most common measurements taken by Hanford
personnel, accounting for 75 percent of the measurements. The summary is sorted by nuclide,
location, and year.

The water databaseis summarized separately for grab samples (Table A.1) and for composite
samples (Table A.2). Grab samples were taken by collecting a sample volume of river water at one
location at one moment in time.  Composite samples were generally taken by a mechanica device
over aperiod of one week at one location. Radionuclideswith short half-lives (e.g., neptunium-239,
arsenic-76, and sodium-24) were typically measured from grab samples. Radionuclides with longer
half-lives (e.g., phosphorus32 and zinc-65) were measured by both methods. Summary statistics for
various locations and radionuclides are included in thisfile.

The column headings are described below:

OBS = Line number (not part of the data)
Nuclide = Radionuclide; standard abbreviations for the element and the isotope number
Location = Location where the sample was collected
Year = Year samplecollected
N = Number of samples collected
Mean = Averagein picocuriesper gram (pCi/g)
STD = Standard deviation of the mean
Max = Maximum measurement
Median = Middle measurement
Min = Minimum measurement
P95 = Ninety-fifth percentile
P5 = Fifth percentile

A.l



Table A1 Radionuclide Concentrations in Columbia River Water Grab Samples (pCi/g)

OBS Nudide _Location
1 as76 300area
2 as76 hanford
3 as76 hanford
4 as76 hanford
5 as76 hanfordferry
6 as76 hanfordferry
7 as76 pasco
8 as76 pasco
9 as76 pasco
10 as76 pasco
11  as76 pasco
12 as76 richland
13 as76 richland
14 as76 richland
15 as76 richland
16 as76 richland
17 as76 richland
18 as76 richland
19 as76 richland
20 as76 ringold
21 as76 ringold
22 as76 ringold
23  as76 ringold
24 na24 300area
25 na2d hanford
26 na24 hanford
27 na24 hanford
28 na24 hanfordferry
29 na2d4 hanfordferry
30 na24 pasco
31 na24 pasco
32 na24 pasco

Y N

g

62

BRBRBERRRBUABRITBABFRIRIIIBRBRR

10
24
15

9
25
26
51
52
27
24
16

8
17
11
12
12
12
12

5

9
12
11

3
10
24
15

9
25
26
51
52
27

Mean

1471.00
1541.25
2274.00
380.00
4814.80
3675.77
148353
1219.62
467.04
754.58
659.38
1236.25
1250.59
104091
421.75
397.50
324.42
310.00
129.60
373.99
32242
277.09
383.33
4680.00
6112.92
7586.67
1661.11
6772.00
9465.38
1502.75
1840.38
1554.07

STD Max
657.51 2500
888.30 4800
1432.16 5000
226.77 910
2791.16 11000
3542.69 14000
675.56 3300
1040.92 5100
164.43 870
421.19 1700
304.40 1200
560.46 1800
725.56 2400
739.13 2900
299.95 900
195.83 700
188.29 590
131.84 560
50.80 180
353.33 1100
204.81 610
138.19 480
61.10 450
1534.64 6500
2836.53 11000
3399.34 13000
51343 2300
3627.39 14000
3913.66 16000
561.68 3000
693.62 3200
523.53 2400

Median

1450.0
1200.0
2000.0
330.0
4900.0
2300.0
1400.0
790.0
450.0
645.0
655.0
1450.0
1100.0
1000.0
4155
350.0
340.0
275.0
140.0
310.0
355.0
320.0
370.0
4950.0
6350.0
6800.0
1700.0
5800.0
9600.0
1500.0
1850.0
1600.0

Min P95 P5
400.0 2500  400.0
620.0 2700  730.0
650.0 5000 650.0
150.0 910  150.0
470.0 9000 1000.0
380.0 13000  460.0
320.0 2800 410.0
210.0 3400  300.0
180.0 770  220.0
180.0 1400  260.0
180.0 1200  180.0
540.0 1800  540.0
300.0 2400  300.0
170.0 2900 170.0

5.0 900 5.0
130.0 700  130.0
73.0 590 73.0
1100 560 110.0
480 180 48.0
49 1100 4.9
5.0 610 5.0
88.0 480 88.0
330.0 450  330.0

1900.0 6500 1900.0
610.0 10000 1100.0

3200.0 13000 3200.0
750.0 2300  750.0

2800.0 14000 2800.0

2300.0 16000 2500.0
390.0 2400  700.0
620.0 2900  690.0
170.0 2300  690.0



1

na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239
np239

pasco
richland
richland
richland
richland
richland
richland
richland
richland
ringold
ringold
ringold
ringold
300area
hanford
hanford
hanford
hanfordfeny
hanfordfeny
pasco
pasco
pasco
pasco
pasco
richland
richland
richland
richland
richland
richland
richland
richland
ringold

65

5
9

TableA.1. (contd)

Mean STD Max Median Min P95 P5
1630.00 560.69 3100 1600.0 750.0 2500 850.0
1466.88 638.14 2600 1250.0 680.0 2600 680.0
3400.00 781.94 4600 3550.0 2300.0 4600 2300.0
3541.18 1669.23 5600 4300.0 1100.0 5600 1100.0
3062.22 1427.18 5100 3000.0 860.0 5100 860.0
2564.17 1747.02 5500 2750.0 35.0 5500 35.0
2641.67 1175.86 5200 2450.0 1000.0 5200 1000.0
2216.67 1168.40 3900 2050.0 700.0 3900 700.0
1654.62 874.27 3100 1700.0 210.0 3100 210.0
1013.04 536.10 2300 830.0 60.0 2300 590.0
1456.11 1184.73 3700 1600.0 35.0 3700 35.0
2733.33  1698.34 4900 3100.0 35.0 4900 35.0
2236.36  1209.36 4800 2200.0 600.0 4800 600.0
2466.67 305.51 2800 2400.0 2200.0 2800 2200.0
2401.00 914.70 3800  2350.0 910.0 3800 910.0
2085.42 867.87 3900  2000.0 690.0 3600 890.0
3077.33 1510.44 6400  3000.0 860.0 6400 860.0
630.00 392.91 1500 610.0 320.0 1500 320.0
7052.00 4037.65 16000  7100.0 1700.0 13000 1800.0
5054.44 4188.06 17000 3300.0 700.0 13000 870.0
3311.37 2016.63 11000  3400.0 670.0 6500 770.0
2364.81 2005.92 9800 1600.0 360.0 6900 520.0
980.74 411.28 1900 880.0 340.0 1700  380.0
1608.80  1144.68 6300 1400.0 530.0 2300 600.0
1355.00 628.90 2300 1400.0 310.0 2300 310.0
2237.50 1076.95 3700 1850.0 1000.0 3700 1000.0
2625.29 1451.74 5600 2800.0 640.0 5600 640.0
1655.00 804.643 2700 1750.0 320.0 2700 320.0
769.17 527.420 1700 755.0 10.0 1700 10.0
1099.17 591.968 2600 895.0 450.0 2600 450.0
1013.33  517.658 2000 960.0 330.0 2000 330.0
1090.00 525.686 2100 1060.0 350.0 2100 350.0
582.00 459.696 1400 380.0 320.0 1400 320.0
620.56 680.754 2200 460.0 15.0 2200 15.C
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Table A.1. (contd)

OBS Nuclide Location Year N _Mean _SID M ax Median Min P95 P5

101 p32 pasco 62 27 176.00 106.834 590 170.0 50.0 330 57.0
102 p32 pasco 63 25 193.72 107.366 430 180.0 54.0 350  58.0
103 p32 pasco 64 16 208.38 135.260 400 225.0 39.0 400 39.0
104 p32 richland 63 8 276.38 175.000 490 210.0 710 490 71.0
105 p32 richland 64 16 285.31 188.863 630 310.0 60.0 630 60.0
106 p32 richland 65 9 304.78 188.826 560 220.0 430 560 43.0
107 p32 richland 66 12 195.92 122.835 370 220.0 6.0 370 6.0
108 p32 richland 67 12 194.75 127.765 480 185.0 54.0 480 54.0
109 p32 richland 68 6 203.00 133.709 410 180.0 380 410 38.0
110 p32 ringold 65 9 82.92 74.698 230 78.0 6.0 230 6.0
111 p32 ringold 66 12 123.42 91.119 280 1155 6.0 280 6.0
112 p32 ringold 67 11 87.09 59.495 180 74.0 120 180 12.0
113 p32 ringold 68 3 81.33 39.716 110 98.0 36.0 110 36.0
114 p32 roosterrock 65 10 32.40 28.489 100 27.0 2.0 100 2.0
115 p32 roosterrock 66 12 37.25  27.893 92 325 1.0 92 1.0
116 p32 roosterrock 67 12 35.17 26.354 82 24.0 20 82 2.0
117 p32 roosterrock 68 12 21.42 14.532 45 19.0 3.0 45 3.0
118 p32 roosterrock 69 9 14.78 7.934 26 15.0 30 26 3.0
119 p32 roosterrock 70 9 4.111 1.965 8.00 4.00 2.00 8.00 2.00
120 p32 thedallesdam 65 2 111.500 6.364 116.00 11150 107.00 116.00 107.00
121  p32 thedallesdam 66 5 47.200 22.027 80.00 42.00 20.00 80.00 20.00
122 p32 thedallesdam 67 3 62.000 21.656 82.00 65.00 39.00 82.00 39.00
123 p32 thedalesdam 68 2 39.000 32.527 62.00 39.00 16.00 62.00 16.00
124 p32 thedalesdam 69 4 19.500 15.264 42.00 14.00 8.00 42.00 8.00
125 p32 thedallesdam 70 3 4.333 2.517 7.00 4.00 2.00 7.00 2.00
126 p32 umatilla 65 14 29.517 26.924 10112 1750 3.24 101.12 3.24
127 p32 umatilla 66 12 39.998 20.526 85.37 38.85 12.70 85.37 12.70
128 p32 umeatilla 69 1 9.000 . 9.00 9.00 9.00 9.00 9.00
129 p32 umeatilla 70 2 22.000 11.314 30.00 22.00 14.00 30.00 14.00
130 p32 vancouver 60 22 40.545 23.599 86.00 33.00 11.00 85.00 16.00
131 p32 vancouver 61 23 68.000 55.383 190.00 48.00 11.00 180.00 18.00
132 p32 vancouver 62 19 37.853 28.835 110.00 30.00 8.40 110.00 8.40
133 p32 vancouver 63 21 32.367  25.243 93.00 23.00 5.00 73.00 8.30
134 p32 vancouver 64 6 50.333 11.656 61.00 54.00 31.00 61.00 31.00



9V

Table A.1. (contd)

OBS Nudide L ocation Y N _Mean STD Max

8

135 n65 300area 10 251.600 125.774 460.00

136 zn65 arlington ! 1 35.000 . 35.00
137 n65 arlington 2 148.500 12.021 157.00
138  zn65 astoria 11 35.000 0.000 35.00
139 zn65 astoria 11 35.182 0.603 37.00
140  zn65 astoria 12 35.000 0.000 35.00
141  zn65 astoria 12 33.333 9.717 57.00
142  zn65 astoria 10 29.400 12.972 60.00
143  zn65 astoria 12 31.667 11.015 49.00
144  zn65 astoria 12 26.750 9.517 49.00
145 zn65 astoria 12 21.000 0.000 21.00
146  zn65 beaverarmyt 2 39.000 5.657 43.00
147  zn65 beaverarmyt 10 55.900  30.031 131.00
148  zné65 beaverarmyt 11 41.364 14.834 81.00
149  zn65 beaverarmyt 12 39.250 8.966 64.00
150  zn65 beaver armyt 14 39214  19.526 97.00
151 zn65 beaverarmyt 10 32.200 24.439 100.00
152 zn65 beaverarmyt 12 43.833 32.962 119.00
153 n65 beaverarmyt 11 33.273 15.304 63.00
154 zn65 beaverarmyt 12 22.250 3.279 32.00
155 zn65 ftstevensstpk 1 35.000 35.00

10 35.000 0.000 35.00
11 36.273 2.867 43.00
12 37.667 4.849 51.00
14 34.357 10.035 62.00
10 33.000 18.135 78.00
12 49.167 30.771 102.00
12 24.000 6.339 39.00
12 22.167 4.041 35.00
24 417.917 324372  1800.00

156 zn65 gable
157 zn6S5 gable
158  zn65 gable
159 n65 gable
160  né5 gable
161  zn65 gable
162 n65 gable
163  zn65 gable
164 n65 hanford

TRBIBIBBAFGRBIIBBAFGRBRIBBAFRRIRBR

165 zn6S5 hanford 15 534.667 273.283 950.00
166  zn65 hanfordferry 25 564.000 254.951 930.00
167  zn65 hanfordferry 27  599.630 366.611  1300.00
168 zn65 hoodriver 12 46.227 17.910 76.30

Median

265.00
35.00
148.50
35.00
35.00
35.00
35.00
23.50
28.50
21.00
21.00
39.00
47.00
35.00
35.00
35.00
21.00
24.00
25.00
21.00
35.00
35.00
35.00
35.00
35.00
25.50
38.50
21.00
21.00
350.00
500.00
610.00
510.00
50.57

Min P95 PS5
93.00 460.00 93.00
35.00 35.00 35.00

140.00 157.00 140.00
35.00 35.00 35.00
35.00 37.00 35.00
35.00 35.00 35.00
21.00 57.00 21.00
21.00 60.00 21.00
21.00 49.00 21.00
21.00 49.00 21.00
21.00 21.00 21.00
35.00 43.00 35.00
35.00 131.00 35.00
35.00 81.00 35.00
35.00 64.00 35.00
21.00 97.00 21.00
21.00 100.00 21.00
21.00 119.00 21.00
21.00 63.00 21.00
21.00 32.00 21.00
35.00 35.00 35.00
35.00 35.00 35.00
35.00 43.00 35.00
35.00 51.00 35.00
21.00 62.00 21.00
21.00 78.00 21.00
21.00 102.00 21.00
18.00 39.00 18.00
21.00 35.00 21.00

150.00 630.00 160.00

180.00 950.00 180.00

180.00 920.00 180.00

150.00 1300.00 170.00
11.93 76.30 11.93



172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202

zn65
zn65
zn65
zn65s
zn65
zn65
zn65
zn65
zn65
zn65
n65
zn65
zn65
zn65
zn65
Zn65
zn65
zn65
zn65
n65
zn65
65
zn65
zn65
zn65
zn65
zn65
65
zn65
zn65
zn65
zn65
zn65
zn65

johndaydam
johndaydam
pasco

pasco

pasco

pasco

pasco
richland
richland
richland
richland
richland
richland
richland
richland
ringold
ringold
roosterrock
roogterrock
roosterrock
roogterrock
roosterrock
roostemk
roostemk
roosterrock
thedallesdam
thedallesdam
thedallesdam
thedallesdam
thedallesdam
thedallesdam
tillamookbay
tillamookbay
tillamookbay

67
68
63

65
66
67
68
69
70
65
66
67
68
69
70
62
63

N

2
5

—
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Table A.1. (contd)

Mean STD Max Median Min P95 P5
45.500 9.192 52.00 45.50 39.00 52.00 39.00
47.200 19.980 81.00 35.00 35.00 81.00 35.00

297.706 124.693 540.00 300.00 81.00 530.00 110.00

342.942 215.021 800.00 265.00 63.00 730.00 76.00

224.074 115.368 510.00 190.00 110. 00 450.00 110.00

218.160 113.107 540.00 190.00 87.00 450.00 89.00

197.250 141.997 610.00 185.00 30.00 610.00 30.00

411.250 346.964 1200.00 325.00 130.00 1200.00 130.00

441.706 445.774 1800.00 256.00 63.00 1800.00 63.00

178.636 99.185 390.0 170.000 66. 00 390.0 66.00

135.000 98.330 340.0 115.000 20.00 340.0 20.00

198.667 111.092 470.0 160.000 74. 00 470.0 74.00

130.583 95.351 380.0 125.000 30.00 380.0 30.00

354.000 318.088 890.0 180.000 120.00 890.0 120.00

360.000 - 182.483 570.0 270.000 240. 00 570.0 240.00
87.286 45.485 180.0 78.000 44.00 180.0 44.00
81.667 10.693 94.0 76.000 75.00 94.0 75.00
45.111 16.366 74.0 35.000 35.00 74.0 35.00
48.846 12.935 75.0 49.000 35.00 75.0 35.00
90.231 100.568 407.0 54.000 35.00 407.0 35.00
42.500 17.588 96.0 35.000 2100 96.0 21.00
51.800 21.202 84.0 49.500 21.00 84.0 21.00
47.667 25.360 94.0 50.000 21.00 94.0 21.00
42.900 28.661 83.0 21.000 21.00 83.0 21.00
23.083 4.274 33.0 21.000 21.00 33.0 21.00
84.500 40.305 113.0 84.500 56. 00 113.0 56.00
61.600 18.078 79.0 59.000 35.00 79.0 35.00

131.667 37.072 161.0 144.000 90.00 161.0 90.00

109.500 125.158 198.0 109.500 21.00 198.0 21.00
47.250 33.866 92.0 38.000 2100 92.0 21.00
23.667 4.619 29.0 21.000 2100 29.0 21.00
35.000 0.000 35.0 35.000 35.00 35.0 35.00
35.000 0.000 35.0 35.000 3.00 35.0 35.00
35.000 0.000 35.0 35.000 35.00 35.0 35.00



TableA.1. (contd)

OBS Nudlide L ocation Yex N _Mean STD Max Median Min P95 P5

203 zn65 tillarnookbay 65 12 35.000 0.000 35.0 35.000 35.00 35.0 35.00
204 zn65 tillamookbay 66 12 31.500 6.332 35.0 35.000 21.00 350 21.00
205 n6>5 tillamookbay 67 7 21.000 0.000 21.0 21.000 21.00 21.0 21.00
206 zn65 umatilla 63 1 86.000 . 86.0 86.000 86.00 86.0 86.00
207 n65 umatilla 65 16 21.664 14.167 49.6 20.665 0.74 49.6 0.74
208 zn65 umatilla 66 30 39.977 20.236 78.1 40.160 15.92 76.8 16.15
209 zn65 umatilla 69 1 60.000 . 60.0 60.000 60.00 60.0 60.00
210 zn65 umatilla 70 2 90.000 79.196 146.0 90.000 34.00 146.0 34.00
211 zn65 vancouver 60 22 74.727 45.115 150.0 64.500 12.00 150.0 13.00
212 zn65 vancouver 61 23 83.348 53.619 170.0 100.000 11.00 160.0 17.00
213  zn65 vancouver 62 19 63.789 36.465 140.0 70.000 15.00 140.0 15.00
214 zn65 vancouver 63 22 62.591 47.713 220.0 55.500 17.00 110.0 17.00
215 n65 vancouver 64 6 55.833 12.057 75.0 50.500 43.00 75.0 43.00

216 n65 willapabay 63 10 9.280 1.902 11.1 9.800 6.20 11.1 6.20
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OBS

Co~NOOUA~AWNE

Nuclide

np239
np239
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
zn65
m65
n65
zn65
n65

Location

mcnarydam
richland
300area
bonnevilledam
bonnevilledam
bonnevilledam
bonnevilledam
bonnevilledam
bonnevilledam
bonnevilledam
mcnarydam
mcnarydam
mcnarydam
mcnarydam
mcnarydam
mcnarydam
pasco

pasco

richland
richland
richland
richland
richland
richland
richland
theddlesdam
theddlesdam
300area
bonnevilledam
bonnevilledam
bonnevilledam
bonnevilledam

Yex

64
70
64
64
65
66
67
68
69
70
64
65
66
67
68
69
64
65
64
65
66
67
68
69
70
64
65
64
64
65
66
67

N

25
4
32
59
82
71
52
23
26
21
91
103
109
51
46
26
34
51
28
51
51
52
52
51
43
60
100
32
66
90
76
52

Mean

335.800
113.500
195.750
16:725
21.754
23.332
25.038
15.378
13.835
6.624
70.505
52.318
83.807
49.490
39.217
33.046
85.618
86.392
126.000
126.525
136.961
128.346
92.192
72.745
31.537
32.467
30.892
263.469
65.939
59.844
45.934
61.462

STD Max
190.425 660.00
31.554 154.00
134.005 440.00
7.121 36.00
12.320 50.00
12.289 45.00
14.276 67.00
7.471 39.00
6.657 32.00
1.447 11.00
47.070 190.00
43.518 240.00
116.014 714.00
29.629 180.00
19.745 83.00
17.910 72.00
59.836 270.00
56.522 200.00
76.200 280.00
89.219 420.00
79.616 300.00
77.597 380.00
54.925 250.00
37.842 200.00
18.623 93.00
17.584 78.00
23.396 88.00
158.243 900.00
46.758 190.00
44.667 230.00
36.686 164.00
51.122 290.00

Median

320.00
110.00
195.00
15.00
20.00
23.00
18.00
14.00
12.00
6.00
65.00
40.00
61.00
44.00
39.50
29.50
69.00
70.00
100.00
100.00
150.00
120.00
89.00
68.00
28.00
29.50
22.50
270.00
44.50
42.00
28.50
46.50

Table A2 Radionuclide Concentrations in Columbia River Water Composite Samples (pCi/g)

Min P35 PS5
70.00 600.00 85.00
80.00 154.00 80.00
13.00 430.00 17.00

4.40 30.00 7.10
3.00 41.00 5.50
6.00 44.00 6.00
9.00 60.00 10.00
6.00 27.00 7.80
6.00 24.00 6.30
6.00 10.00 6.00
8.10 160.00 9.50
8.10 120.00 9.80
6.00 240.00 6.00
6.00 96.00 10.00
6.00 74.00 6.00
6.00 69.00 9.20
17.00 230.00 23.00
5.00 190.00 16.00
28.00 270.00 42.00
4.40 300.00 18.00
6.00 260.00 6.00
21.00 270.00 26.00
12.00 220.00 18.00
10.00 150.00 21.00
6.00 65.00 9.10
10.00 62.00 11.00
4.9 85.00 6.00
68.00 530.00 68.00
17.00 170.00 23.00
14.00 150.00 20.00
20.00 122.00 20.00
20.00 160.00 20.00
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Table A.2. (contd)

Nuclide L ocation Yer N Mean STD Max Median Min P95 P5
m65 bonnevilledam 68 23 30.130 9.915 46. 00 29.00 20.00 45.00 20.00
m65 bonnevilledam 69 26 29.038 10. 686 55.00 24.50 20.00 49.00 20.00
zn65 bonnevilledam 70 25 20.360 1254 25.00 20.00 20.00 24.00 20.00
zn65 mcnarydam 64 99 76. 646 42. 566 190.00 65. 00 16.00 150.00 22.00
zn65 mcnarydam 65 102 69. 039 47.139 200. 00 46. 00 2.00 170.00 21.00
m65 mcnarydam 66 105 62. 876 32.2% 121. 00 67.00 20.00 120.00 20.00
zn65 mcnarydam 67 52 82.212 49. 161 220.00 64.50 20.00 160.00 24.00
zn65 mcnarydam 68 46 51.109 19.105 110.00 48.50 20.00 89.00 27.00
65 mcnarydam 69 26 44. 231 23.097 140.00 40.50 20.00 64.00 20.00
65 pasco 64 37 143784 90.79%  460.00 120.00 27.00 280.00 39.00
m65 pasco 65 52 160.750 95. 657 440. 00 120.00 63.00 340.00 65.00
me65 richland 64 28 205.464 118. 189 570. 00 160. 00 70.00 380.00 83.00
zn65 richland 65 51 232.549 139. 898 650. 00 160. 00 70.00 500.00 100.00
n65 richland 66 51 1%6. 471 134. 186 680. 00 170.00 20.00 450.00 21.00
65 richland 67 52 270.365  395.426  2800.00 195.00 37.00 640.00 86.00
65 richland 68 53 85. 340 34.108 170.00 85.00 20.00 150.00 32.00
65 richland 69 51 71.431 30.276 210.00 66. 00 25.00 120.00 32.00
m65 richland 70 51 3. 078 18.244 99.00 31.00 20.00 76.00 20.00
zn65 thedallesdam 64 68 73.941 53.001 310.00 62.00 14.00 140.00 19.00
zn65 thedallesdam 65 88 54. 818 35. 092 170.00 44. 00 20.00 110.00 20.00
n65 umatilla 66 5 14.512 5. 886 221 14.34 824 22.21 8.24
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Appendix B

Summar y Radionudide Concentrationsin
Columbia River Fish, 1960-1967

Table B.1 summarizes the five radionuclides in fish from the Columbia River that are pertinent
to the HEDR Project. The summary is sorted by the fish feeding regime, radionuclide, sample
location, and year. The column heading "class' designates one of the threefeeding classifications.
Omnivorefish tend to eat periphyton and macrophytes. First-order predators eat insect larvee,
zooplankton, and herbivorousfish, while second-order predators eat first-order predator fish. The
database summarizes measurements of omnivorefish (bullhead, catfish, suckers, whitefish,
chisimouth, chub, minnows, shiners, and sturgeon), first-order predator fish (perch, crappie,
punkinseed, and bluegill), and second-order predator fish (bass, trout, and squawfish).

The column headings are described below:

OBS = Line number (not part of the data)
Class = Omnivore (omni), first-order predator (prel), second-order predator (pre2)
Nuclide = Radionuclide; standard abbreviationsfor the element and isotope number
Location = Location where the sample was collected.
Y = Y sample collected
N = Number of samples collected
Mean = Averagein wet weight
STD = Standard deviation of the mean
Max = Maximum measurement
Median = Middle measurement
Min = Minimum measurement
P95 = Ninety-fifth percentile
PS = Fifth percentile.

B.1



(A

87-"-‘—-7——-——.—-;—-;—-
DO A NDEWN=QWOWRIAWNDWN =

22
23
24
25
26
27
28
29
30
31
32

TableB.1. Radionuclide Concentrations in Fish in the Columbia River, 1960-1967 (pCi/g Wet Weight)

omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni

as76
as76
as76
as76
as76
as76
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
na24
np239
np239
np239
np239
np239
np239
p32
p32
p32
p32

burbank
hanford
mcnary
priestrapids
richland
ringold
100dringold
100fringold
burbank
burbank
hanford
hanfordringold
rchlandsacajawea
richland
richland
richland
richland
ringold
ringold
ringold
ringold
ringoldrichland
burbank
hanford
mcnary
priestrapids
richland
ringold
burbank
burbank
burbank
burbank

Yer N
61 53
61 142
61 3
61 96
61 62
61 61
68 10
67 20
64 200
65 161
65 101
67 11
67 5
64 100
65 140
66 30
68 10
65 72
66 98
67 253
68 138
67 9
61 83
61 140
61 6
61 98
61 67
61 61
60 3
61 99
62 160
63 128

Mean

471.70
258.45
100.00
312.50
2782.26
1033.28
57.94
33.13
0.02
0.58
28.26
107.51
18.14
7.83
34.58
24.40
9.09
27.89
39.18
40.55
36.10
67.68
35.14
59.81
13.83
90.19
133.21
97.54
1116.67
243.57
94.14
104.49

STD

704.11
364.49
0.00
1016.24
5515.00
2913.15
18.11
40.83
0.25
1.88
18.60
26.10
18.73
11.32
28.77
20.40
10.26
21.68
23.46
23.11
22.69
34.58
45.52
95.46
6.65
489.52
227.53
154.95
828.15
499.84
239.21
134.14

Max

2600.0
2100.0
100.0
9100.0
28000.0
14000.0
859
1150
33
120
78.0
1490
43.0
52.0
145.0
100.0
30.2
90.0
120.0
164.0
139.0
1170
260.0
580.0
270
4800.0
810.0
810.0
1900.0
3400.0
1900.0
860.0

Median

100.00
100.00
100.00
100.00
100.00
100.00
53.95
1.95
0.00
0.00
25.00
98.70
18.30
1.35
29.00
17.50
5.10
22.50
35.50
37.80
32.45
74.20
10.00
22.00
11.00
10.00
20.00
41.00
1200.00
69.00
24.00
57.50

Min P95 PS
100.00 2300.00 100.00
100.00 1100.00 100.00
100.00 100.00 100.00
100.00 570.00 100.00
100.00 12000.00 100.00
100.00 8700.00 100.00
22.30 8590 22.30
0.00 102.35 0.00
0.00 0.00 0.00
0.00 4.00 0.00
0.00 66.00 5.00
75.10 149.00 75.10
0.00 43.00 0.00
0.00 34.50 0.00
0.00 93.50 2.00
5.00 66.00 5.00
0.00 30.20 0.00
0.00 68.00 0.00
0.00 98.00 11.00
1.00 77.40 7.95
2.09 76.60 5.96
11.60 117.00 11.60
10.00 130.00 10.00
10.00 230.00 10.00
10.00 27.00 10.00
10.00 230.00 10.00
10.00 660.00 10.00
10.00 480.00 10.00
250.00 1900.00 250.00
2.00 1300.00 2.00
2.00 365.00 3.00
2.00 360.00 4.00
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OBS Class Nudlide

33
34
35

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni
omni

p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32

TableB.1. (contd)

Locdion Yer N
burbank 64 164
burbank 65 143
burbank 66 141
burbank 67 139
coyotergpids 62 2
hanford 60 11
hanford 61 128
hanford 62 147
hanford 63 104
hanford 64 130
hanford 65 211
hanford 66 120
hover 67 60
isla 64 10
isla 66 40
idaudview 67 133
mcenary 60 13
mcnary 61 6
mcnary 62 90
mcnary 63 40
mcnary 64 40
menary 65 35
mcenary 66 10
nearreactors 60 9
priestrapids 60 12
priestrapids 61 129
priestrapids 62 118
priestrapids 63 8
priestrapids 64 103
priestrapids 65 54
priestrapids 66 15
priestrapids 67 18
richland 60 12
richland 61 71

Mean

42.28
58.92
19.35
42.78
3.00
9769.09
484.56
327.65
224.21
269.11
235.23
67.21
18.87
8.20
54.43
66.56
673.62
129.50
189.41
186.95
59.83
36.83
27.80
10856.67
184.57
312.23
74.27
202.50
76.87
79.87
54.40
157.11
3316.58
759.27

STD

59.60
66.95
28.83
76.99
1.41
10394.65
941.30
568.37
327.44
282.96
383.12
73.58
28.90
14.09
81.13
167.58
899.34
147.17
288.83
167.48
53.60
39.20
32.64
15035.83
226.75
1373.86
154.47
212.30
138.45
213.26
65.91
326.57
3689.68
812.65

Max Median Min
400.0 17.00 2.00
330.0 36.00 1.00
200.0 8.00 1.00
517.0 8.00 1.00

4.0 3.00 2.00
31000.0 5200.00 390.00

6800.0 135.00 2.00

3700.0 130.00 7.00

2200.0 110.00 10.00

1600.0 185.00 4.00

2800.0 110.00 2.00
370.0 39.50 1.00
158.0 7.50 1.00

48.0 3.00 2.00
350.0 17.00 1.00

1380.0 3.00 1.00

3200.0 280.00 79.00
380.0 50.00 17.00

2200.0 92.00 2.00
780.0 135.00 4.00
280.0 51.00 3.00
140.0 18.00 1.00
110.0 16.00 3.00

47000.0 5800.00 210.00
770.0 140.00 6.80
14000.0 2.50 2.00
790.0 8.00 2.00
500 130.00 3.0
1100 35.00 2.0
1300 8.00 1.0
220 29.00 2.0
990 1.50 1.0
12000 2050.00 19.0
2800 330.00 2.0

P95 PS5
150.00  3.00
230.00  2.00
62.00  2.00
21200  1.00
400  2.00
31000.00 390.00
2400.00  7.80
1400.00  16.00
740.00  16.00
770.00  9.00
730.00  11.00
230.00  7.50
68.00  1.00
48.00  2.00
1250.00  1.50
385.00  1.00
3200.00  79.00
380.00 17.00
610.00  5.00
505.00  7.50
160.00  5.00
130.00 1.00
110.00  3.00
47000.00 210.00
770.00  6.80
1500.00  2.00
480.00  2.00
500.0  3.00
2800  7.00
560.0  1.00
2200  2.00
990.0  1.00
12000.0  19.00
2400.0  6.20
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OBS Class Nudide

sBRYERH

BB

558

147

BRRBRRBBEREEEBRERESS

B9

p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
P32
p32
p32
p32
p32
p32
p32
p32
p32
p32
P32
P32
n65
m65
65
m6S5
m65
m65
65
65
m65
m65
m6S5

L ocation

burbank
burbank
burbank
burbank
burbank
hanford
hanford
hanford
hanford
hanford
hanford
hover
isla
idandview
mcenary
mcnary
richland
richland
richland
richland
richland
ringold
ringold
burbank
burbank
burbank
burbank
burbank
burbank
burbank
hanford
hanford
hanford
hanford

TableB.1. (contd)

Yer N

63 64
64 122
65 60
66 94
67 138
60 1
62 4
63 17
64 2
65 3
66 6
67 96
66 3
67 103
60 1
62 1
62 22
63 50
64 13
65 2
66 2
60 1
62 2
61 31
62 36
63 95
64 136
65 93
66 106
67 139
62 6
63 17
64 2
65 3

Mean

171.41
34.14
63.50
16.59
34.51

1600.00
110.00
918.24

1350.00

71.67
41.17
29.53
49.67
34.97

220.00
55.00

113.59

233.14
35.31
57.50

168.00

470.00

462.00
40.69
33.06
25.65
14.94
12.38
11.93

8.96
20.00
56.47
25.00
24.77

STD Max
195.043 970.0
60.514 400.0
62.079 280.0
25.985 190.0
81.454 508.0
. 1600.0
160.225 350.0
540.199 1900.0
494.975 1700.0
41.259 110.0
32.981 100.0
43.335 209.0
38.682 8.0
70.357 348.0
220.0
. 5.0
168.925 680.0
395.701 2300.0
68.387 250.0
47.376 9.0
214.960 320.0
. 470.0
619.426 900.0
40.171 210.0
19.686 90.0
10.329 50.0
4.380 2.0
5.454 27.0
8.620 8.0
5.193 36.0
30.000 80.0
25.725 0.0
5.657 2.0
15.351 40.0

Median

14.00

Min P95 PS5
4.0 620.0 7.0
2.0 180.0 3.0
0.0 210.0 2.0
1.0 67.0 1.0
1.0 218.0 1.0

1600.0 1600.0 1600.0

24.0 350.0 24.0
140.0 1900.0 140.0
1000.0 1700.0  1000.0
28.0 110.0 28.0
6.0 100.0 6.0
1.0 94.0 1.0
9.0 86.0 9.0
1.0 174.0 1.0
220.0 220.0 220.0
55.0 55.0 55.0
7.0 410.0 8.0
7.0 1000.0 8.0
3.0 250.0 3.0
24.0 91.0 24.0
16.0 320.0 16.0
470.0 470.0 470.0
24.0 900.0 24.0
5.0 120.0 6.3
10.0 80.0 10.0
8.0 50.0 10.0
6.0 22.0 10.0
1.1 23.0 5.6
0.4 21.0 6.8
2.1 20.0 4.2
5.0 80.0 5.0
10.0 90.0 10.0
21.0 29.0 21.0
9.3 40.0 9.3
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203 pre2
204 pre2
205 pre2
206 pre2
207 pre2
208 pre2
209 pre2
210 pre2
211  pre2
212  pre2
213 pre2
214 pre2
215 pre2
216 pre2
217 pre2
218 pre2
219 pre2
220 pre2
221 pre2
222 pre2
223  pre2
224 pre2
225 pre2
226 pre2
227 pre2
228 pre2
229 pre2
230 pre2
231 pre2
232  pre2
233  pre2
234 pre2
235 pre2

236 pre2

TableB.1. (contd)

p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32
p32

burbank
burbank
burbank
burbank
coycter apids
hanford
hanford
hanford
hanford
hanford
hanford
hanford
hover

isla
idandview
mcenary
maonary
maonary
mcnary
priestrapids
priegrapids
priegrapids
priegrapids
priegrapids
priegrapids
richland
richland
richland
richland
richland
richland
richland
ringold
ringold

34
29
20
17
7
7
14
1
57
1
38
5
2
1
26
39
1
3
6
3
15
29
3
3
18
2
3
24

Mean STD Max Median
47.50 61.08 150 14.5
77.33 38.55 120 67.0
.3.25 1.71 5 3.5
21.24 61.32 280 1.0
74.00 . 74 74.0

3323.00 4415.43 15000 1500.0

202.65 359.34 1500 45.0
119.31 128.35 490 56.0
437.80 480.38 1400 235.0
415.00 460.22 1630 290.0
75.14 132.44 370 23.0
35.00 32.83 86 22.0
2.43 2.90 12 1.5
17.00 . 17 17.0
12.18 26.17 131 1.0
180.00 . 180 180.0
41.50 57.66 230 15.5
188.00 73.96 310 160.0
10.50 3.54 13 10.5
15.00 . 15 15.0
7.68 19.13 96 2.0
15.74 30.23 130 6.0
11.00 . 11 11.0
11.67 10.02 23 8.0
11.33 20.04 52 3.0
3900.00 3903.84 7900 3700.0
380.56 697.34 2600 45.0
131.55 186.42 670 28.0
286.67 150.44 460 210.0
22.33 8.74 32 20.0
243.39 151.00 500 230.0
59.50 47.38 93 59.5
1473.33 2188.98 4000 270.0
102.68 266.50 1300 12.5

Min P95 PS
4.0 150 4.0
45.0 120 45.0
1.0 5 1.0
1.0 147 1.0
74.0 74 74.0
310.0 15000  310.0
2.0 1400 2.7
5.0 380 5.0
2.0 1300 3.5
17.0 1630 17.0
4.0 370 4.0
10.0 86 10.0
1.0 12 1.0
17.0 17 17.0
1.0 80 1.0
180.0 180 180.0
5.0 200 5.0
120.0 310 120.0
8.0 13 8.0
15.0 15 15.0
2.0 35 2.0
2.0 120 2.0
11.0 11 11.0
4.0 23 4.0
1.0 52 1.0
100.0 7900 100.0
2.2 2600 2.2
5.0 520 6.0
190.0 460 190.0
15.0 32 15.0
5.0 500 5.0
26.0 93 26.0
150.0 4000 150.0
3.5 240 3.6



6'd

237
238
239

241
242
243

245

247
248
249
250
251

. 252

253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

m65
n65
zn65
65

n65
zn65

zn65
zn65
zn65

zn65s

L ocation Year
ringold 62
ringold 63
ringold 64
ringold 65
ringold 66
burbank 61
burbank 62
burbank 63
burbank 64
burbank 65
burbank 66
burbank 67
coyoterapids 62
hanford 61
hanford 62
hanford 63
hanford 64
hanford 65
hanford 66
hover 67
isla 66
idandview 67
mcnary 62
mcnary 63
mcenary 64
mcnary 65
priegrapids 61
priegrapids 62
priegrapids 64
priegrapids 65
priegrapids 67
richland 61
richland 62
richland 63

TableB.1. (contd)

ER -~

D)
W H AN =

Mean

157.347
30.462
55.675

170.571

107.789
23.948
21.600

6.000
16.429
9.714
10.175
6.284
30.000
53.279
57.143
27.000
37.529
19.960
15.429
5.350
2.400
4.665
28.308
18.000
14.500
6.200
8.417
12.325
13.000
13.750
1.200
58.875
35.882
30.000

STD Max
296.748 1600.0
30.385 120.0
234.553 1500.0
266.481 820.0
95.462 350.0
13.390 46.0
9.577 40.0
. 6.0
5.350 28.0
2.582 13.0
1.912 13.0
2.981 15.0
. . 30.0
29.187 . 150.0
26.298 120.0
13.416 50.0
20.221 100.0
23.421 85.0
3.359 20.0
1.726 7.7
. 2.4
4.532 17.0
15.643 60.0
8.367 30.0
0.707 15.0
. 6.2
8.631 36.0
18.155 70.0
. 13.0
20.118 43.0
0.735 2.2
89.452 350.0
20.169 100.0
0.000 30.0

Median

28.00
27.00
15.00
19.00
96.00
25.00
20.00

6.00

"15.00

8.70
9.35
5.40
30.00
50.00
50.00
20.00
32.00
12.00
15.00
5.65
2.40
2.60
20.00
20.00
14.50
6.20
5.00
5.00
13.00
5.75
1.20
31.00
30.00
30.00

Min

5.0
2.0
5.0
6.0
3.0
5.0
5.0
6.0
13.0
7.2
-9.0
1.2
30.0
6.9
20.0
10.0
24.0
4.9
11.0
2.7
2.4
0.4
5.0
10.0
14.0
6.2
5.0
5.0
13.0
0.5
0.4
14.0
10.0
30.0

P9S PS
770.0 6.0
120.0 2.0

52.0 6.0
740.0 6.0
350.0 3.0

42.0 5.0

40.0 6.0

6.0 6.0

28.0 13.0

13.0 7.2

13.0 9.0

12.0 23

30.0 30.0
120.0 20.0
100.0 20.0

50.0 10.0
100.0 24.0

85.0 4.9

20.0 11.0

7.7 2.7
2.4 2.4

14.0 0.4

60.0 5.0

30.0 10.0

15.0 14.0

6.2 6.2

34.0 5.0

65.0 5.0

13.0 13.0

43.0 0.5

2.2 0.4
350.0 14.C
80.0 10.C
30.0 30.0



org

271
272
273
274
275
276
277
278
279
280
281
282

lid .
65 richland
m65 richland
65 richland
m65 ringold
65 ringold
m65 ringold
65 ringold
m65 ringold
m65 ringold
na24 burbank
p32 idandview
m65 idandview

Year

64
65
66
61
62

63

64
65
66
65
67
67

TableB.1. (contd)

N

19
24
52
18
23
24

2

Mean

39.500
17.100
11.450
44.233
35.096
17.778
24.650
25.561
36.042

0.000
66.500

5.000

STD

33.234
4.529
5.020

37.635

27.839
5.483
5.736

23.268

26.389
0.000

45.962
4.101

Max Median Min P95 P5
63.0 39.50 16.0 63.0 16.0
26.0 17.00 9.9 26.0 9.9
15.0 11.45 7.9 15.0 7.9

170.0 32.00 5.0 120.0 8.6
170.0 30.00 5.0 80.0 5.0
30.0 20.00 10.0 30.0 10.0
42.0 25.00 12.0 32.5 14.5
87.0 15.00 8.6 81.0 9.3
92.0 24.50 11.0 90.0 11.0
0.0 0.00 0.0 0.0 0.0
99.0 66.50 34.0 99.0 34.0
7.9 5.00 2.1 7.9 2.1
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Appendix C

Bioconcentration Factorsfor Columbia River Fish

Using WSU-CHARIMA modeled river concentrations(Holley et al. 1993; Walters et al. 1994),
all historical fish concentration measurements were matched with river concentrationvaues by
location and month. Table C.1 shows the bioconcentration factors for arsenic-76, chromium-51,
neptunium-239, sodium-24, phosphorus-32, and zinc-65.

The column headings are described below:

Nuclide = Radionuclide; standard abbreviations for the element and isotope number
Class = Omnivore (omni), first-order predator (prel), second-order predator (pre2), both
first-order predator and second-order predator @re), al fish combined (al)
Season = Cool season from December-May, War mseason from June-November, and "all”
denotes the two seasons combined.
N = Number of samples collected
Mean = Average in liter/kilogram (L/kg)
STD = Standard deviation of the mean
Max = Maximum measurement
Median = Middle measurement
Mh = Minimum measurement
P95 = Ninety-fifth percentile
P5 = Fifth percentile



Nuclide

as-76
cr-51
np-239
na-24
na-24
p-32
p-32
p-32
p-32
n-65
n-65
n-65
n-65
n-65
zn-65

Table C1l Bioconcentration Factors (L/kg) Derived from Fish Data and
WSU-CHARIMA Modded Water

Class Season N

all
all
all
omni
pre2
omni
omni
pre
pre
omni
omni
prel
prel
pre2
pre2

all 189

al 318

al 378

al 442

all 55
cool 1221
Vérm 1966
cool 367
Varm 611
cool 1468
Varm 2034
cool 274
Vérm 394
cool 222
Vérm 272

1726.43
4.29
49.81
9.95
4.71
'974.75
3293.74
186.20
2056.31
175.11
367.52
117.68

313.12

102.54
165.55

C.2

STD Max Median ~ Min
3617.55 27455.29 244.42 54.0871
6.06 68.04 1.71 0.5720
126.35 1704.22 21.04 2.6563
8.26 69.68 8.00 0.1848
7.71 47.92 2.10 0.0954
1897.49 31633.31 420.22 5.2578
5941.59 119942.20 1502.15 21.5471
395.16 3613.62 76.38 0.0000
3286.84 29973.18 978.63 44.2122
174.71 2759.76 132.33 2.7071
480.80 6441.98 217.19 0.0000
106.18 1401.57 97.36 2.1699
272.17 1497.75 251.95 3.6283
118.74 752.03 67.13 6.3475
162.87 1081.61 105.17 7.2023

P95 PS5
8922.97 54.087
11.99 0.690
236.19 4.631
24.19 0.999
21.12 0.095
3346.66 24.282
11879.42  134.409
584.65 14.380
7214.49 91.426
444.74 32.811
1158.98 33.376
246.40 6.603
891.46 30.331
289.85 17.405
501.00 21.770
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Appendix D

Zinc-65 Concentrationsin Salmon and Stedhead Trout
from the Columbia River and Pacific Ocean, 1960-1970

Table D.1 shows historical dataon zinc-65 concentrations in sdlmon and stedlhead trout muscle
tissuefrom both the Columbia River and the Pacific Ocean. Radionuclide measurementsin salmon
from migration routes along the Alaskan Coast are given for comparison with Pacific Ocean saimon
near the mouth of the Columbia River.

An explanation of the column headings follows:

Group = Genera location where the sample wes collected: Columbia River or Pecific
Ooen
Type = Sdmon or steelhead trout
Location = Location where the sample was collected

Yer = Year sample collected
Month = Month sample collected with January represented by 1 and December by 12
Time Period = Designates whether the sample was an individual sample (daily = d), monthly
mean (m) of several samples, or annua (8 mean of samples
Document = Publication number of document in which the data were found
Origina Units = Unitsof sample in picocuriesper gram (pCi/g) &8 listed in the historical
document
Sample = Typeof fish (e.g., chinook, king) sampled
Lessthan = Concentrationsof zinc-65 below minimum detection
Convert = New vaue after units are standardized (pCi/g wet weight)
New Unit = Unit of picocuriesper gram (pCi/g) after the conversion factor



TableD.1. Zinc-65 Concentrationsin Muscle Tissue of Salmon and Stedhead Trout from the Columbia River
and Pacific Ocean, 1960-1970

G oup Type Location Year Month Time dl)ocunent Original Units Sample Less Than Convert New Unit
Perio

Columbia Salmon corbett 66 3 d lcrers68 pci/g_wet chinook 1.5000 pci/g_wet
corbett 66 4 d lcrers68 pci/g_wet chinook < 0.1000 pci/g_wet

coyoterapids 64 9 d bnw190 pci/g king < 5.0000 pci/g_unk

hanford 65 10 d bnwl316app pci/g salmon 13.0000 pci/g_unk

hanford 65 10 d bnwl316app pci/g salmon 0.4000 pci/g_unk

priestrapids 65 1 d bnwl316app pci/g salmon < 0.2000 pci/g_unk

priestrapids 65 11 d bnwl316app pci/g salmon < 0.2000 pci/g_unk

priestrapids 67 10 d bnw1983app  pci/g salmon 1.3000 pci/g_unk

priestrapids 67 10 d bnw1983app pci/g salmon 3.4000 pci/g_unk

woodyisland 63 4 d Icrers68 pci/g_wet chinook 0.4000 pci/g_wet

woodyi s land 64 3 d lcrers68 pci/g_wet chinook 1.0000 pci/g_wet

woodyis land 65 4 d Tcrers68 pci/g_wet chinook 0.2000 pci/g_wet

woodyi s land 65 4 d lcrers68 pci/g_wet chinook 0.1000 pci/g_wet

_U woodyisland 65 4 d Icrers68 pci/a_wet chinook 0.9000 pci/g_wet
(] woodyis land 65 4 d Icrers68 pci/g_wet chinook 0.3000 pci/g_wet
woodyi s land 66 3 d lcrers68 pci/g_wet chinook < 0.1000 pci/g_wet

woodyi s land 66 3 d lcrers68 pci/g_wet chinook < 0.1000 pci/g_wet

woodyi s land 66 3 d lcrers68 pci/g_wet chinook < 0.1000 pci/g_wet

woodyi s land 66 3 d lcrers68 pci/g_wet chinook 0.1000 pci/g_wet

woodyi s land 66 4 d lcrers68 pci/g_wet chinook < 0.1000 pci/g_wet

woodyi s land 66 4 d lcrers68 pci/g_wet chinook < 0.1000 pci/g_wet

woodyi s land 67 0 a Icrers78 pci/g chinook 0.2000. pci/g_unk

woodyi s land 67 3 d lcrers68 pci/g_wet chinook 0.1000 pci/g_wet

woodyi s land 67 4 d lcrers68 pci/g_wet chinook 0.1000 pci/g_wet

woodyi s land 67 4 d lcrers68 pci/g_wet chinook < 0.1000 pci/g_wet

woodyi s land 67 4 d lcrers68 pci/g_wet chinook < 0.1000 pci/g_wet

woodyi s land 67 4 d lcrers68 pci/a_wet chinook < 0.1000 pci/g_wet

woodyi s land 68 0 a lcrers78 pci/g chinook < 0.1000 pci/g_unk

woodyi s land 68 0 a lcrers78 pci/g chinook 0.2000 pci/g_unk

woodyi s land 68 4 d lcrers78 pci/g_wet chinook < 0.1000 pci/g_wet

woodyis land 68 4 d lcrers78 pci/g_wet chinook 0.2000 pci/g_wet

woodyisland 68 4 d lcrers78 pci/g_wet chinook < 0.1000 pci/g_wet

woodyi s land 68 4 d lcrers78 pci/g_wet chinook 0.4000 pci/g_wet

woodyi s land 68 5 d lcrers78 pci/g_wet chinook 0.2000 pci/g_wet

woodyi s land 69 0 a lcrers78 pci/g chinook 0.1000 pci/g_unk

woodyis land 69 0 a lcrers78 pci/g chinook < 0.1000 pci/g_unk

woodyi s land 69 3 d Icrers78 pci/g_wet chinook 0.1000 pci/g_wet

woodyi s land 69 4 d lcrers78 pci/g_wet chinook < 0.1000 pci/g_wet



Group Type

Columbia Steelhead

t'd

Location

woodyi s land
woodyi s land
woodyi s land
woodyisland
woodyi s land
woodyi s land
woodyi s land
woodyi s land
woodyi s land

burbank
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
coyoterapids
hanford
hanford
mcnary
mcnary
priestrapids
priestrapids
priestrapids
priestrapids
priestrapids
priestrapids
richland

Year

70
70
70
70
70
70
70
71
71

66
64
64
64
64

Month Tim
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TableD.1. (contd)

Document

lcrers78
lcrers78
lcrers78
lcrers78
lcrers78
lcrers78
lcrers78
lcrers78
lcrers78

bnw1439app
bnw190
bnw190
bnw190
bnw190
bnwl90
bnw190
bnw190
bnw1316app
bnwi316app
bnwl316app
bnwl316app
bnw1439app
bnw1439app
bnw1439app
bnwl439%app
bnw1439app
bnw1439app
bnw143%app
bnw1983app
bnw1983app
bnw1983app
bnwl1727add
bnw190
bnw143%app
bnw190
bnw1439app
bnwl316app
bnw1316app
bnwl316app
bnwl316app
bnwl316app
bnw1983app
bnwl316app

Original Units

pci/g
pci/g
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g
pci/g_wet

pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
uci/g_wet
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g
pci/g

Sample

chinook
chinook
chinook
chinook
chinook
chinook
chinook
chinook
chinook

steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead
steelhead

Less Than Convert

A A AAANA

A AAAAA

A

A

A A AAAA

.1000
.1000
.2000
.1000
.1000
.1000
.1000
.1000
.1000

[= =~ N e R e Y R

0.2000
5.0000
5.0000
5.0000
5.0000
5.0000
7.0000
5.0000
0.2000
1.2000
4.0000
0.3000
0.2000
0.2000
0.3000
0.9000
11.0000
0.2000
0.2000
0.3000
0.9000
0.2000
0.2000
5.0000
0.2000
5.0000
0.2000
4.4000
9.7000
0.2000
0.2000
1.8000
0.3000
48.0000

New Unit

pci/g_unk
pci/g_unk
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_unk
pci/g_wet

pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_wet
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk



Group

Ocean

r'd

Type

Salmon

Location

ringold
ringold
ringold
ringold
ringold
ringold

45n125w (AK)

(latitude, longitude)

60n149w (AK)
60n149w
60n149w
60n150w
alakanuk (AK)
alakanuk
alakanuk
alakanuk
alakanuk
alakanuk
ilwaco (WA)
i lwaco

i lwaco
kenai (AK)
kenai

kenai

kenai
seward (AK)
seward
seward
seward
seward

Year

64
64
64
64
65
65

67
67

67
67

TableD.1. (contd)

Month Time Document

1

8
8
2
12
8
8

o

oON~N~Nowvwwo~N~N~NNNOOoOOoOo

[eNeolololoR

o

bnwi80
bnw190
bnwi90
bnw190
bnw1316app
bnw1316app

bnw1715

bnwl715
bnwl715
bnwl715
bnwl715
bnwl715
bnwl sa2019
bnwl sa2019
bnwl sa2019
bnwl sa2019
bnwl sa2019
bnwl715
bnwlsa2019
bnwl sa2019
bnw1715
bnwl sa2019
bnwl sa2019
bnwl sa2019
bnwl715
bnwl sa2019
bnwl sa2019
bnwl sa2019
bnwlsa2019

Original Units

pci/g
pci/g
pci/g
pci/g
pci/g
pci/g

dis/min/kg_wet

dis/min/kg_wet
dis/min/kg_wet
dis/min/kg_wet
dis/min/kg_wet
dis/min/kg_wet
d/m/kg_wet
d/m/kg_wet
d/m/kg—-wet
d/m/kg_wet
d/m/kg_wet
dis/min/kg_wet
d/m/kg_wet
d/m/kg_wet
dis/min/kg_wet
d/m/kg_wet
d/m/kg-wet
d/m/kg_wet
dis/min/kg_wet
d/m/kg_wet
d/m/kg-wet
d/m/kg-wet
d/m/kg_wet

Sample

steelhead
steelhead
steelhead
steelhead
steelhead
steelhead

silver

silver
silver
silver
sockeye
king
king
chum
chum
chum
chum
silver
silver
silver
sockeye
chum
sockeye
sockeye
silver
silver
silver
silver
silver

Less Than Convert

70.0000
44.0000
65.0000
62.0000
42.0000
< 0.2000

0.1755

.0264
.0695
.0459
.0050
.0205
.0205

OO0 O0O0DO0ODO0ODO0ODODODODOLDOLDOoODOoODODODDOOOO
w
(o]
[=]
w

New Unit

pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk
pci/g_unk

pci/g_wet

pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/a_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet
pci/g_wet



Resour ces

Thisresource list providesthe complete reference information for each document noted in the
column entitled "Document” in TableD.1.

BNWL90. Wilson, R. H., and R. F. Foster. 1965. Evaluation of Radiological Conditionsin the
Vicinity of Hanford for 1964. BNWL-0090, Baitelle, Pacific Northwest Laboratories, Richland,
Washington.

BNWL316app. Foster, R. F., D. Moore, and T. H. Essig. 1966. Evaluation of Radiological
Conditionsin the Vicinity of Hanford for 1965 Appendices. BNWL-0316-APP, Battelle, Pacific
Northwest Laboratories, Richland, Washington

BNWL439app. Honstead, J. F., T. H. Essig, J. K. Soldat. 1967. Evaluation of Radiological
Conditionsin the Vicinity of Hanford for 1966. BNWL-0439, Battelle, Pacific Northwest
Laboratories, Richland, Washington.

BNWL715-Pt.2. Nielsen, J. M. Pacific Northwest Laboratory Annual Report for 1967to the
USAEC Divison of Biology and Medicine, Volume 11 Physcal Sciences, Part 2. Radiological
Sciences. BNWL-715-Pt.2, Battelle, Pacific Northwest Laboratories, Richland, Washington.

BNWL983app. Corley, J. P, and C. B. Woolridge. 1969. Evaluation of Radiological Conditions
in the Vicinity of Hanford for 1967 Appendices. BNWL-0983-APP, Battelle, Pacific Northwest
Laboratories, Richland, Washington.

BNWL1727add. Bramson, P. E., and J. P. Corley. 1973. Environmental Survelllance at Hanford
for CY-1972 Data. BNWL-1727-ADD, Battelle, Pacific Northwest Laboratories, Richland,
Washington.

BNWLSA2019. Jenkins, C. E. 1968. Radionuclide Distributionin Pacific Salmon. BNWL-SA-
2019, Battelle, Pacific Northwest Laboratories, Richland, Washington.

LCRERS68. Toombs, G. L., and P. B. Culter. 1968. ComprehensiveFinal Report for Lower
Columbia River Environmental Radiological Survey in Oregon, June 5, 1961 - July 31, 1967.
Divisionof Sanitationand Engineering, Oregon State Board of Health.

LCRERS78. Toombs, G. L., and R D. Paris. 1978. Conprehensve Report for Lower Columbia
River Environmental Radiological Survey in Oregon 1967-1977. Environmenta Radiation
Surveillance Program, Radiation Control Section, Oregon State Health Division.
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Appendix E

Bioconcentration Factorsfor Waterfowl

Summary statistics for phosphorus-32 and zinc-65 in waterfowl downriver from the Hanford
single-pass production reactors are summarized in Table E.1.  Approximately 7300 measurements of
radionuclidesin waterfowl were summarized to compile thesedata. The two genera typesof ducks
are diver ducks (those that eat smdl fish and invertebrates) and puddle ducks (thosethat eat near-
surface water plants and grain crops). A third category, geese, which feed in asimilar manner to
puddle ducks, was included in this summary because historical data were available. Approximately
72 percent of the measurements were for puddle ducks (e.g., malards, gadwall, pintail, shovelers,
widgeon, and woodduck), 17 percent werefor diver ducks (e.g., goldeneye, bufflehead, canvasback,
merganser, coot, scaup, and ruddyduck), and 11 percent werefor geese.

The column headings are described below:

Nuclide = Radionuclide; standard abbreviationsfor the element and isotope number
Class = Typeof waterfowl (diver ducks, puddleducks, or geese)
N = Number of samples collected
Mean = Averagein picocuriesper gram (pCi/g)
STD = Standard deviation of the mean
Max = Maximum measurement
Median = Middle measurement
Min = Minimum measurement
P95 = Ninety-fifth percentile
P5 = Fifth percentile

E.l



TableEL Bioconcentration Factors (L/kg) for Waterfowl Using Historical Waterfowl Data

Nuclide

P32
P32
p32
P32
m65
znb5
znb5
znb5

and WSU-CHARIMA Modded Water Concentrations

Class N Mean
diver duck 341 3499.87
puddleduck 827 959.67
all ducks 1168 1701.29
geese 143  253.72
diver duck 101 284.47
puddleduck 415  89.46
dl ducks 516 127.63
geese 77 63.24

STD

5628.65
2256.70
3764.30
262.19
464.79
147.03
255.59
119.32

Max

39592.76
34868.98
39592.76
1584.95
3278.69
1421.34
3278.69
657.37

Median

622.916
286.236
342.888
238.481
53.300
44.417
44.417
21.527

Min

0.00000
0.00000
0.00000
0.00000
0.64935
0.00000
0.00000
0.00000

P95 PS
14337.25  23.6150
5129.90 35.9195
8787.35  30.3951
617.03 0.0000
1176.63 2.6140
355.33 2.3985
87.24 2.4476
390.87 0.1350
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Appendix F

Summary Radionuclide Concentrationsin Upland
Gamebirds, 1967-1970

The column headings are described below:

Nuclide = Radionuclide; standard abbreviations for the element and isotope number
Sample = Type of upland gamebird (pheasant, quail, or both)
N = Number of samples collected
Mean = Averagein picocuries per gram (pCi/g)

STD = Standard deviation of the mean
Max = Maximum measurement
Median = Middle measurement
Min = Minimum measurement
P95 = Ninety-fifth percentile
PS5 = Hfth percentile



TableE1l RadionuclideConcentrations (pCi/g) in Upland Gamebirds, 1967-1970

Nuclide Sample N Mean _STD  Max Median Min P95 PS5
p32 pheasant 46 60.8224 295,702 1990 2330 1 124 1
p32 i 98 17.984 53.870 490 4.125 1 & 1

quai |
65 phessart s &quai | 144 491361 18 2088 214 4.815 0.2 10 02
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Appendix G

Summary Radionuclide Concentrationsin Shellfish from the
Pacific Ocean near the Coumbia River, 1960-1970

Table G.1 summarizes the data for phosphorus-32 and zinc-65 concentrationsin shellfish
sampled from the Pecific Ocean near the mouth of the Columbia River. Information included in this
file are summary statisticsfor various locationsand radionuclides.

The column headings are described below:

OBS
Nuclide
Location
Class
Year
N
Mean
STD
Median
PA5
P5

T VT T T T T T T TR

Line number (not part of data)

Radionuclide; standard abbreviations for the element and isotope number
Location where the sample was collected

Typeof shellfish (oysters, crabs, and clams)

Year sample collected

Number of samples collected

Average in picocuries per gram (pCi/g) wet weight
Standard deviation of the mean

Middle measurement

Ninety-fifth percentile

Fifth percentile
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11
12
13
14
15
16
17
18
19
20
21
22

24

26
27
28
29
30
31
32
33
34
35
36
37
38
39

41
42
43

45

Table G1 Radionuclide Concentrations (pCi/g wet weight) in Shellfish from the
Pacific Ocean near the Columbia River, 19601970

Location

willgpabay
willapabay
willgpabay
willapabay
willapabay
willapabay
willgpabay
willapabay
willgpabay
willgpabay
willgpabay
al aska

al aska
alaskacoast
astoria
astoria
astoria
astoria
astoria
astoria
astoria
astoria
astoria
cannonbeach
cooshay
cooshay

cooshay
graylandbeach

longbeach
longisland
nahalemrivej
nahalemriverj
nyaquinabay
oceancity
oceanpark
olympia
oyhut
oysterville
palixriver
portorford
purdy
seasidebeach
seasidebeach
seasidebeach
seasidebeach
seasidebeach

Class Year
oyst 60
oyst 61
oyst 62
oyst 63
oyst 64
oyst 65
oyst 66
oyst 67
oyst 68
oyst 69
oyst 70
crab 67
crab 68
crab 63
crab 62
crab 63
crab 64
crab 65
crab 66
crab 67
crab 68
crab 69
crab 70
crab 68
cam 66
oyst 63
oyst 70
clam 60
clam 60
clam 60
crab 68
crab 69
crab 62
clam 60
clam 60
oyst 60
clam 60
oyst 60
oyst 60
crab 67
oyst 60
clam 62
clam 63
clam 64
clam 65
clam 66

et bt DD DD ek ek ek et A = B WD = DD b = R W) e = N = DO 00 00 00 00 S]NDN N ==

N

12

26
24
26

24
24
21

Mean _STD. Median _P9S.

0.5700
1.7183
2.9182
3.9300
4.6667
3.7154
3.0400
3.3750
1.8708
3.2762
1.0917
0.1000
0.1000
0.2000
28.5000
22.5556
17.1143
13.6250
12.2750
11.0750
11.2500
6.6400
3.6667
6.4000
1.3000
3.9000
0.1000
8.5000
22.5000
2.0000
9.1000
4.2000
13.9000
13.0000
18.2500
0.5000
11.0000
55.0000
58.0000
0.7000
0.5000
20.2500
13.9500
23.8000
12.6000
9.4000

0.3933
3.4210
3.1419
3.2947
4.2575
2.6016
1.9545
3.1734
1.1969
3.6543
0.3175

0.0000
0.7071
4.5426
2.0724
2.0268
1.5563
1.2937
1.8966
1.1664
1.0989

0.7071
7.3655
3.5355

0.8485

6.2450
4.4253

4.2426

22.5567
1.9092

0.620
0.185
2.000
2.300
3.150
2.750
2.600
1.500
1.100
1.000
1.000
0.100
0.100
0.200
28.500
23.600
16.400
13.750
12.000
11.050
11.250
6.600
3.300
6.400
1.300
3.900
0.100
10.000
22.500
2.000
9.100
4.200
13.900
11.000
18.000
0.500
11.000
55.000
58.000
0.700
0.500
20.250
13.950
23.800
12.600
9.400

1.0
12.0
6.6
10.0
14.0
9.0
7.5
10.0
35
9.8
2.1
0.1
0.1
0.2
29.0
27.2
20.7
16.7
15.2
13.2
13.8
8.5
5.1
6.4
1.8
3.9
0.1
15.0
25.0
2.0
9.1
4.8
13.9
20.0
23.0
0.5
14.0
55.0
58.0
0.7
0.5
36.2
15.3
23.8
12.6
9.4

PS5

0.10
0.10
0.93
0.88
1.30
1.00
1.00
1.00
1.00
1.00
1.00
0.10
0.10
0.20

28.00

12.20

14.50

10.40
9.90
9.40
8.60
4.30
1.90
6.40
0.80
3.90
0.10
0.50

20.00

2.00
9.10
3.60

13.90
8.00
14.00

0.50

8.00
55.00
58.00
0.70
0.50
4.30
12.60
23.80
12.60

9.40



OBS Nuclide
47  zn6s
48  zn65
49  zn6s
50  zn65
51 zn65
52  zn65
53  zn65
54 zn65
55  zn65
56  zn65
57  zn65
58  zn65
59  zn65
60  zn65
61  zn65
62  zn65
63  zn65
64  zn65
65  zn65
66  zn65
67  zn65
68  zn65
69  zn65
70  zn65
71  zn65
72  zn65
73  zn6é5
74  zn65
75  zn6s
76  zn65
77  zn65
78  zn65
79  zn65
80  zn65
8l  zn65
82  zn65
83  zn65
84  zn65
85  zn65
86  zn65
87  zn65
88  zn65
89  zn65
O  znb5
91  zn65
92  zn65
93  zn65
A zn65
9%  zn6s

L ocation

seasidebeach
seasidebeach
seasidebeach
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
tillamookbay
willapabay
willapabay
willapabay
willapabay
willapabay
willapabay
willapabay
willapabay
willapabay
willapabay
willapabay
willapaharbor
winchesterbay
yaquina/agatebeach
yaquina/agatebeach
yaquina/agatebeach
yaqudagatebeach
yaquina/agatebeach

TableG.1. (contd)

Class Year
clam 67
clam 68
clam 70
clam 61
clam 62
clam 63
clam 64
clam 65
clam 66
clam 67
clam 68
clam 69
clam 70
crab 62
crab 63
crab 64
crab 65
crab 66
crab 67
crab 68
crab 69
crab 70
oyst 62
oyst 63
oyst &4
oyst 65
oyst 66
oyst 67
oyst 68
oyst 69
oyst 70
oyst 60
oyst 61
oyst 62
oyst 63
oyst 64
oyst 65
oyst 66
oyst 67
oyst 68
oyst 69
oyst 70
crab 60
crab 70
crab 68
crab 69
crab 70
oyst 62
oyst 64

@
w

N

EBrrrer

R&ob

~ERERRoRo~~wok

rRrNoRRrRORR

Mean

7.7000
6.8000
1.9000
0.4000
3.0400
20818
14300
1.5556
25077
1.2667
06727
0.3875
02571
18.3000
14.0125
11.8818
9.0625
7.1833
7.3250
6.9154
4.0250
22364
238143
17.8545
14.4001
13.7333
91167
10.4455
8.2091
6.3917
3.2800
55.0000
67.3240
91.0400
713735
53.9750
39.0000
281538
32.2000
252500
19.0000
13.0083
9.5000
0.1000
3.4000
5.5000
0.5500
3.2000
2.3000

STD

1.0987
1.2836
0.3093
0.7732
2.0443

0.9903 -

0.2453
01553
0.0976
6.4645
1.3346
19518
14725
1.0667
25083
11127
06771
05971
7.2066
51839
3.9142
35831
41817
3.6977

1.0689
0.9976
12.7436
473477
185416
37.3005
17.5002
16.3002
66795
134381
6.0235
3.5496
45113
91924

0.6364

Median _P95 PS5
7.700 1.7 7.70
6.800 6.8 6.80
1.900 1.9 1.90
0.400 0.4 0.40
2.900 53 1.70
1.700 5.6 0.90
1.250 21 1.20
1.200 34 1.00
1.100 6.5 0.70
1.000 4.2 0.40
0.700 1.1 0.30
0.350 0.7 0.20

0.30 04 0.100
17.40  27.4 10.000
14.15 160 11.800
10.90 16.1 9.400

930 114  6.400

7.20 8.8 4,700

5.85 121 4.600

7.20 85  5.100

4.15 5.1 2.700

2.10 34 1.500
22.00 37.0 15.000
18.70 279 7.100
12.80 234  9.600
13.05 200 8.000

790 21.6 5.600
1020 182  5.000

840 139  3.900

6.45 7.6 4.500

3.20 4.7 1.600
52.50 78.0 40.000
66.00 140.0 0.095
92.00 116.0 64.000
82.00 123.6 0.092
52.50 86.0 37.000
36.00 48.0 26.000
28.00 390 16.000
30.00 44.0 20.000
24.50 340 17.000
18.00 24.0 14.000
1200 210 7.700

9.50 16.0 3.000

0.10 0.1 0.100

340 34 3400

5.50 5.5 5.500

0.55 1.0 0.100

3.20 32 3.200

2.30 23 2300



OBS Nuclide L ocation
96  zn65 yaquina/agatebeach
97  zné65 yaquidagatebeach
98  zn65 yaquina/agatebeach
99  zn65 yaquina/agatebeach
100  zn65 yaquina/agatebeach
101  zn65 yaquidagatebeach
102 zné5 yaguinabay

TableG.1. (contd)

Class Yer N

oyst
oyst
oyst
oyst
oyst
oys
aab

65
66
67
68
69
70
67

G4

Pk DD bt ek ek ek ek

Mean

STD

3.3000
2.0000
1.1000
1.2000
0.2000
0.7000
2.2000

0.1414

Median

3.30
2.00
1.10
1.20
0.20
0.70
2.20

P

3.300
2.000
1.100
1.200
0.200
0.600
2.200
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