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3.3. CASE STUDY DESCRIPTION

3.3.1. Background Information and Objective

[t is generally assumed that human health risk standards for radionuclides protect wildlife
sufficiently. However, under some circumstances the risk to wildlife from radionuclides may need
to be considered, such as managing risks, developing cleanup strategies, and identifying injury
under the Natural Resource Damage Assessment (NRDA) process. The objective of this case study
is to evaluate the applicability of the ecological risk assessment paradig for radionuclides as
stressors in the Columbia River.

The Hanford site, an area of slightly more than 1,400 km? (560 mi?), straddles the
Columbia River just north of Richland, Washington. Three northwest-southeast-trending basalt
ridges cross this broad, relatively level gravel plain. The semiarid climate supports various
communities of shrubs—steppe and grassland.

The Columbia River extends 1,954 km (1,214 mi) from its origin in Columbia Lake in
British Columbia to its mouth at Astoria, Oregon, making it the fourth-longest river in North
America. Typical flow rates of the Columbia River at Priest Rapids Dam range from 2,800 to
3,400 cubic meters per second (cms), or 99,000 to 122,000 cubic feet per second (cfs) (Woodruff
et al., 1991).

The Columbia River has eight primary uses:

1. River navigation through navigation locks from the Pacific Ocean to the Port of Benton
in Richland.

2. Agricultural purposes, primarily irrigation. Ap; >ximately 6 per 1t of the Columbia

Basin’s water is diverted for agricultural use.

Nonagricultural irrigation.

4. Electric power generation, provided by the system of 11 dams along the Columbia

River in the United States.

Flood control, also provided by the dams.

6. Fish and wildlife habitat, especially for anadromous salmon.  he Hanford Reach
comprises the last major salmon and steelhead spawning area withint  Columbia River
proper. The Columbia River also supports the vast majority of mesic terrestrial habitat
in the semiarid 1 1ford Reach.

7. Water supplies to numerous municipalities and industries.

8. Recreational use.

W)

(9]

The Hanford Reach of the Columbia River runs from Priest Rapids Dam to just north of
the City of Richland and flows past the reactor areas of the Hanford site (figure 3-2). The average
annual flow of the Columbia River in the Hanford 1 ch, based on 65 years « record, is about
3.400 cms (120,100 cfs) (DOE, 1988). Flows in the Hanford Reach vary widely, not only because
of the annual flood flow but also because of daily regulation by the upstream power-producing
Priest Rapids Dam. Flow rates during the late summer, fall, and winter may vary from a low of

3-19 _
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Table 3-1. Summary of

ater Quality Data, 1957-1973 (DOE, 1988)

Color Ortho
Location/ DO* :n rature Coliform (PT-CO* Hardness Turbidity PO-P NO,-N
Statistic (mg ) (°C) (MPN*/100 mL) pH units) (mg/L) JTuY) (mg/L) (mg/L)
Below Priest Rapi (River Mile 5) |
Minimum 9.5 1.8 0 65 0 55 0 0.01 0.02
Mean 11.9 1.4 131 7.7 69 0.08 0.10
Maximum 15.9 19.2 2,000 85 33 81 29 0.15 1.50
Pasco (River Mile 330)
finimum 6.8 3.0 1 68 O 40 0 0.01 0.05
Mean 10.8 12.2 182 8.1 73 15 0.10 0.19
kat Maximum 14.3 22 4,800 8.6 68 90 140 0.02 0.37
‘s
*DO = Dissolved oxygen.
JTU = Jackson turbidity units.
MPN Most probable nui er.

PT-CO

1

Platinum-c

alt.
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and 10° for certain molluscs. The BCF for plankton in the Columbia River ranges from 300 to
19,000 (Cushing an Watson, 1966; Cushing, 1967a, b), with adsorption as the primary means of
uptake. Because of its long half-life and biological mobility, zinc-65 can be transported through
food webs. '

3.3.2.3. Ecosystem Potentially at Risk

The Columbia River supports a diversity of aquatic and terrestrial wildlife. The major
ecological components are benthic macroinvertebrates, zooplankton, phytoplankton, and fish.
Although a detailed description of the wildlife exceeds the scope of this effort, appendix A lists the
fish species and shows the generalized aquatic food web. This risk assessment focuses on the fish
of the Columbia River because they are aquatic organisms sensitive to ionizing radiation and
because the Columbia River supports a-wide variety of fish, including several species that are
commercial, recreationa_ll, and cultural assets of the region.

3.3.2.4. Endpoint Selection

Exposure of aquatic organisms to radioactivity can elicit a toxic response depending on the
dose level, the length of exposure, the particular species, and the life stage at the time of exposure.
The magnitude of the response is proportional to radiological dose. In this study, the assessment
endpoint was the health and condition of local popr itions of selected fish species that were of
commercial, recreational, and cultural interest.

The risk assessment evaluated multiple measurement endpoints. The included literature
investigations of adverse effects on fish, such as acute mortality and sublethal and developmental
effects. Dose from ionizing radiation was evaluated in the maximally exposed individual fish and
fish in early developmental stages during the study period. Because no net increase occurred in the
concentration of elements, the assessment considered only toxicity resulting from ionizing
radiation, not toxicity resulting from chemical characteristics.

3.3.2.5. Conceptual Model

Radionuclides in the Columbia River are partitioned between river water, sediment, and the
aquatic food web. Organisms become exposed through direct contact with river water, through
contact or ir ~»stion of cont___nated sed orth 1ghfoodv »inct > ion of
radionuclides.

Two organism exposure pathways exist for ionizing radiation. In the external exposure
pathway, an organism receives a dose from its external envircnment, such as ionizing radiation
from the water. If the energy of the radiation is high enough, it may penetrate the organism’s
external tissue. In the internal exposure pathway, an organism receives a dose of ionizing radiation
as a result of uptake of a radionuclide. Consequently, exposure occurs to internal organs and -
tissues. The significance of each exposure pathway depends on the aquatic fate of the
radionuclide, its concentration, the energy of its radiation. and also on the pathway of
bioaccumulation.

3-15
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The level of organism dose from either external or internal exposure depends on the length
of time an organism spends in the Hanford Reach feeding and breeding habitats, the degree of
interaction with the sediments (i.e., living on or in the sediments), the discharge levels of
radionuclides, and the river flows. Potential dose to aquatic organisms equals the sum of the total
ionizing radiation dose from multiple radionuclides.

Possible exposure scenarios include organisms living near or in reactor effluent discharges,
at various locations downriver of Hanford, and on or in contaminated sediments. A resident fish,
such as whitefish, can spend its entire life in the Hanford Reach. The adult chinook salmon, on
the other hand, is present only during selected periods of the year.

Generally, higher-level organisms such as fish have greater sensitivity to ionizing radiation
than lower-level organisms such as algae and invertebrates (Frank, 1973). Consequently, fish can

serve as indicators or benchmarks of the health of fish populations and the ystem. For fish,
sensitivity varies with developmental stage, (i.e., adult fish being less sens then juveniles),
amount of time required for various developmental stages, and number of zed eggs produced

(Whicker and Shultz, 1982). Species fecundity factors into extrapolating individual organism
effects to a population. For example, species with high fecundity rates most likely will not
experience adverse effects to the same degree as species with low fecundity rates. In addition, the
exposure of organisms to low-level ionizing radiation can promote injury repair mechanisms.

For Hanford, most of the available monitoring data for radionuclides were for river water
activity and tissue concentrations of selected species of fish, including mounta whitefish
(Prosopium williamsoni). One of the most fished species in the Columbia River, mountain
whitefish remains resident throughout the year, making it a useful biomonitor of radionuclide
incorporation into the human food chain. The food cha accumulation of rad 1wuclides by
whitefish occurs in a three step process:

Water -~ Algae - Insects - Whitefish

Calculated dose to whitefish can be extrapolated to other fish specie :h as adult chinook
salmon that occur seasonally in the Hanford Reach of the Columbia River. e risk assessment,
whitefish served as an indicator or “generic" fish ) develop a potential exposure/dose scenario.
Where available, the risk assessment incorporated data for other fish s; ies along with supportive
or ecosystem descriptive data for phytoplankton, snails, and crayfish. )se was estimated from

.ost to meas d radionuclides in the river to salmon embryos, identified as one of the most
sensitive organisms to ionizing radiation. '
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variability of radionuclide concentrations upstream. This variability result  from the discharge of
eight production reactors with individual production schedules. Once established, the relationship
between exposure and potential effects can be applied to upstream locations.

3.3.3.2. Data Analysis

The risk assessment reviewed three data sets to characterize exposure: measured
radionuclide river concentrations, measured sediment concentrations, ar measured fish tissue
concentrations. The data were collected during routine monitoring of radionuclide concentrations
in the Columbia River system. River water was collected as composite, grab, or cumulative
samples. The sampling scheme varied over the 2-year period (table 3-2). Figu 3 3-3 and 34
show the monthly water grab sample concentrations for selected radionuclides over the 2-year
period. Water concentrations were generally highest during the winter and : 1l and lowest in
the spring and summer.

3.3.3.3. Exposure From Measured River Water Concentrations

Exposure concentrations were established by reviewing measured river activity data to
determine the relationships among composite, grab, and continuous samples: that is, to see
whether one form of sampling yielded consistently higher water concentrations than another. The
results of this analysis showed that the highest river concentrations of radionuclides occurred in
whole-water grab samples.

An upper-boundary exposure concentration was derived by using the maximum observed
grab sample water concentr on for the 2-year study period for each radionuclide shown in table
3-3. These concentrations were assumed to represent the maximum concentration for exposure of
river organisms. If the effect characterization indicated a itential risk, then more typical exposure
concentration scenarios could be developed.

The maximum sediment concentration measured for each radionuclide was used to calculate
organism dose.

\ 3.3.3.4. Calculation of Organism Dose

The internal total-body dose rate to an organism from water expo. ‘e for a number (N) of
1 clides is given as:

R = Z bi.c Ei.c (3-1)

where R_ is the dose rate to total body of organism c (rad d'), b; . is the specific body burden of
nuclide i in organism ¢ (Bq kg), and E, . is the effective absorbed energy rate for nuclide i per
unit activity in organism c (rad Ci"' d''):

3-18
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Table 3-4. CRl..22 Code Calculation of Organism- Dose From Water Exposure to Various
Radionuclides (continued)

OUT File Name: RMAX.QUT Created: 10:21  18-mAY-92

UsSR File e RMAX, USR
Version of Program used: V 1.0 of 26-Mar-92

>

Parameters and Water Concentrstions

Mo dilution model used.
8iocaccumulation Factors for: Fresh Ko bioaccunulation factor corrections used.

Release Outfall
Concentration Plant Fish Crayfish Duck-P  Duck-F

Distance (m) 1 1 1 1 1
Mixing Rstio 1 1 1 1 1
Radius (cm) 5.0 5.0 2.0 5.0 5.0
Mass (k@) --------- .- -- .- 1.0 1.0
Intske rate (g/d) - .- .- .- 100 200
Diet ==ccccccmccace .- -- .- P -F
fransit Time (h) -- 0 0 0 0 0

Water Concentrations , ( Decay during transit included )

H. L. «=Cifys  =erecscccccccncccaciciiniocacnnes Ci/m3 or uCi/mL ===----cscescmscccccna. see---
AS-76 26.32 H --- 2.3e-06 2.3E-06 2.3E-06 2.36-06 2.3E-06 2.3E-06
Co-60 5.°7 Y .-- 1.26-07 1.2E-07 1 07 1.2E-07 1.2E-07 1.2E-07
CR-51 Q7 4D --- 2.56-05 2.5E-05 2.-5z-05 2.SE-05 2.56-05 2.5€-05
Cu-64 12.701 B --- 1.06-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05
1-131 8.04 D .e- 3.4E-08 3.4E-08 3.4E-08 3.4E-08 3.4E-08 3.4E-08
NA-26 15.00 H  .--- S.6E-06 5.6E-06 5.6E-06 5.6E-06 S5.6E-06 5.6E-06
wp-239  2.355D  --- S.6E-06 S.6E-06 S.6E-06 5.6E-06 5.6E-06 5.6E-06
p-32 16.29 D --- 6.38-07 6.3E-07 6.3E-07 6.3E-07 6.3E-07 6.3E-07
$R-90 2.2y --- 2.6E-09 2.6E-09 2.6E-09 2.6E-09 2.6E-09 2.6E-09
=65 %390  --- 1.86-06 1.86-06 1.8E-06 1.88-06 1.8£-06 1.BE-06

3-25
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Table 3-5. Calculated Dose Based on issue Concentration for Selected Organisms of the Columbia River*

Tissue Concentration (pCi/g wet weight)

Organism Na-24 Cr-51 Mn-56 Cu-64 Zn-65 La-140 P-32 Total
Plankton 1,414 59,500 291 00 102,000 14,000 5.900 23,000 14.8
Dose, rad/d 5.2E-2 6.8E-3 13.1 0.70 0.021 0.21 0.80

Caddisfly 764 1,390 6,490 8,560 2,980

Dose, rad/d 0.028 1.6E4 0.29 0.058 3.1E-3 0.38
"Chironimids 1,595 1,940 1,700 2,230 658 13

Dose, rad/d 0.058 2.2E4 0.076 0.015 9.7E4 4.4E-3 0.15
Limpets (soft parts) 1,595 1,940 2,230 4,500 2,820 73

Dose, rad/d 0.050 2.2E4 0.076 0.031 4.2E-3 2.6E-3 0.17
Limpets (shell) 644 1,080 7,480 2,230 658 113

Dose, rad/d 0.024 1.2E-4 0.35 0.015 9.7E4 4.0E-3 0.39
Clams (soft parts) 393 620 556 3,320 100 47

rad/d 0.014 7.0E-5 0.025 0.022 1.6E-3 1.7E-3 0.065
C m (shell) 136 181 617 383 441 5 ,
Dose, rad/d 5. i3 2.1E-5 0.028 2.6E-3 6.5E4 1.8E4 0.036
Crayfish 955 536 982 48 811 12

Dose, ri d 0.035 6.1E-5 0.044 S.1E-3 1.2E-3 4. 4 0.085
Fish (wh fish) 270 20,700

Dose, rad/d 1.7E-3 0.73 0.73 .
*Using minimum effective radius ¢ 1.4 cm.

19
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Table 3-6. Maximum Sediment Radionuclide Concentrations the Hanford Reach and Dose
to an Organism Living in the Sediments (Dirkes, 1 2; Haushild et al., 1966;
Nelson et al., 1964) ‘

Nuclide . Cm_lﬁsntration (pt Kg dry weight)*
Cr-51 13.000

Co-60 100

Sc46 , 46

Zn-65 3.9

*Total dose: Organism buried in sediment—0.16 rad/d.
Organism on surface of sediment—0.08 rad/d.

that can cause acute mortality occurs at approximately 100 rad (1 Gy) for amphibians and 1,000
rad (10 Gy) for crustaceans and fish (figure 3-5). Figure 3-5 summarizes the relationship between
organism dose and response and also shows the range for LDg,s. Un r no circumstances did
calculated dose to fish or other organisms exceed the boundary dose v :re acute effects would be
observed. Dose calculations based on tissue concentrations for selected Columbia River organisms
confirmed this finding. No aquatic animal organism used in the risk assessment exceeded the DOE
dose limit of 1 rad/d.

Few studies have evaluated the effects of chronic exposure to i izing radiation. However,
it is known that the early developmental stages of chinook salmon are especially sensitive to
ionizing radiation. NCRP (1991) reported that exposure to 5.1 rad/d (! mGy/d) for up to 69 days
produced no increase in mortality to chinook salmon embryos and alevins up to release as smolts.
Hershberger et al. (1978) reported lower return of spawning adult chinc  salmon after exposure
of eggs and alevins at approximately 10 rad/d of gamma radiation. Gonadal development was
retarded in chinook salmon on exposure to 10 rad/d delivered to embryos (Bonham and Donaldson,
1972). Other laboratory research (Erickson. 1973) found that an exposure of 0.4 rad/d (4.0
mGy/d) reduced courting activity for male Poecilia reticulara exposed as embryos. Chronic
gamma radiation (190 days at an exposure of 18.5 rad/d) causes sterility in young adult Ameca
splendens (Rackham and Woodhead, 1984).

Based on available literature, the dose used in DOE Order 5400.5 appears sufficiently
conservati to protect most aquatic organisms. Cons¢ ently, unless fut : data indicate
otherwise, this dose can be considered protective of populations and the ecosystem in general. To
date, the sole qualifier is the work of Erickson (1973), who reported reduced male guppy courting
activity when exposed to 0.4 rad/d. _Little other information exists with regard to behavioral
changes in fish exposed to ionizing radiation.

Figure 3-6 summarizes the effects of acute irradiation on development of fish. The

threshold for developmental effects on fish occurs at approximately 5 rad (0.05 Gy), as observed
for the one-cell-stage developing chinook salmon . bryos. Radiosensitivity reportedly decreases

3-28
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The characterization of the level of potential risk to fish during early developmental stages
and as adults was expressed as a hazard quotient (HQ), defined as the ratio of radionuclide
organism dose (exposure or tissue value) to a dose-response benchmark value:

HQ = Exposure Dose (3-4)
Dose Bencluuark Value

If the HQ is equal to or greater than 1, the likelihood of an adverse effect or high risk
exists. The characterization was completed for the maximally exposed individual for the study
period. It was assumed that if risk to the indiv 1al w low, the population was not at risk.

The hazard quotients shown in table 3-7 »r earlv developmental stages of fish and adults
were compared with toxicity values and DOE Order 55 0.5. The maximum hazard quotient was
0.73 for adult fish. Assuming that this was the maximally exposed individual, the likelihood of an
adverse effect to an individual was low.

Table 3-7. Hazard Quotient for Early Devel ment Stage of Fish and Adult Fish

' Minimum EfTect

Maximum Exposure Level Hazard Quotient
Unfertilized ovum,
One-cell stage 0.00442 0.96,* 0.4° 0.004,* 0.11°
Adult 0.73 1 0.73%¢

*Based on recommendation of the NCRP (1991).
Based on male courting activity in guppies (Erickson, 1973).
°DOE Order 5400.5.

3.3.5.2. Chrc¢ c Exposure to Ionizing Radiation

Mortality from chronic exposure presented minimal risk to fish. C. nic expo to 5.1
rad/d for up to 69 days did not produce any mortality to chinook salmon embryos or alevins
(NCRP, 1991). Hershberger et al. (1978) reported lower return of spawning chinook salmon after
exposure of eggs and alevins to 10 rad/d and effects on gonadal development in chinook salmon
was reported to occur at 9.5 rad/d. Because the maximum dose rate to Columbia River adult fish
and developing embryos was 0.73 and 0.00442 rad/d respectively, no chronic effects or mortality
would be expected. Applying the behavior response noted for guppy embryo exposure (Erickson,
1973), the benchmark concentration would be 0.4 rac/d with an HQ of 0.1.

3.3.5.3. U certainty

Extrapolation of individual effects of radionuclides to populations and communities suffers
from the same constraints as similar extrapolations fcr hazardous chemicals. The quantitative

3-32
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relationship between potential effects to fish or fish embryos and population and community
response is not known. However, the effects data available for radionuclides showed that the
single-cell stage in salmon  one of the more sensitive indicators of irradiation effects in fish and
that protection of this s e of development should be protective of the population. Although
specific data were )t available for salmon embryo, data for embryo development of plaice was
used to estimate dose.

The NCRP (1991) suggests that a "maximum dose rate 0.4 mGy/h (0.96 rad/d) would
provide protection for endemic populations of aqu : organisms in environments receiving
discharges of radioactive effluent.” It further states, "adoption of a reference level of 0.4 mGy/h
appears to represent a reasonable compromise based on current literature, i.e., considering both the
nature of the effects observed at this dose rate and the limited amount of information on effects of
radiation in natural populs ns, including interactions between ionizing radiation and ecological
conditions." This value is also in agreement with DE Order 5400.5.

Because whitefish are resident species in the Columbia River and can accumulate
radionuclides throughout their life cycle, the assessment assumed that the whitefish tissue dose
would be sufficiently conservative to extrapolate dose levels to other adult 1 1, including salmon.
Salmon, on the other hand, spend only a short period of t e in the river and do not feed when
present. In addition, during the spring and early fall when salmon are present. river concentrations
of radionuclides were generally the lowest.

The risk character ition used the maxima / exposed individual to calculate organism dose.
The risk characterization assumed that if an organism dose is below any known effect level with
some degree of certainty, then the likelihood of an adverse effect is minimal. (The assessment
endpoint was maintenance of important recreational fish populations in the Columbia River
measured by protection of fish populations and specifically salmon embryos.) Results indicate that
this is a reasonable assumption. Fish appear to be a suitable choice of receptor for screening risk
from ionizing radiation. In addition, a fish dose © less an 1 rad/d should be protective of the
ecosystem in general. However, since CRITR2 indicate that ducks could I ‘e received a dose
higher than 1 rad/d, further studies are warranted.

Another area of uncertainty in the risk assessment is the extrapolation of muscle tissue
concentration to whole fish concentrations for radionuclides. The assumption that protection of the
maximally exposed individual extrapolated to sensitive life stages constitutes an adequate measure
of the assessment endpoint also is a source of uncertainty. Alternatively, the hazard quotient is a
reasonable approach for radionuclides for baseline or screening assessments.

3.3.5.4. Conclusions

This study demonstrates that the ecological risk assessr 1t paradigm is  plicable to
radioactive substances. However, stressor-response data were limited to acute exposures; few data
addressed chronic subl 1al exposures. Most endpoints used for hazardous chemicals are expected
to be equally appropriate for radionuclides. This study uncovered only one benchmark that
specifically addressed protecting aquatic organisms from exposure to radiation. DOE Order 5400.5
limits exposure to aquatic animals to | rad/d.
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Table 3-A1. Fish Species in the Hanford Reach of the Columbia River (continued)

Cammon Name

941

J441.

Threespine stickleback
Black bullhead
Yellow bullhead
Brown bullhead
Channel catfish
Yellow perch

Walleye

Sand roller

Pacific lamprey

River lamprey

Lake whitefish

Coho salmon

Sockeye salmon
Chinook saimon
Mountain whitefish
Cutthroat trout
Rainbow trout (steelhead)

Dolly Varden trout

(33

Srientific Name

Gasterosteus aculeatus
Ictalurus melas

Ictalurus naralis

Ictalurus nebulosus
Ictalurus punctatus

Perca flavescens
Stizostedion vitreum vitreum
Percopsis transmontana
Entosphenus tridentatus
Lampetra ayresi
Coregonus clupeaformis
Oncorhynchus kisutch
Oncorhynchus nerka
Oncorhynchus tshawytscha
Prosopium williamsoni
Oncorhynchus clarki
Oncorhynchus mykiss

Salvelinus malma

3-A3




Sal8441. 0054

Waterfowl

Swallows
Carnivorous Fish
/ \ / Herbivorous Fish
“

Forage Fish \ Adiy
- Crayfish
N~ Mo”u%\

Zooplankion Insect Larvae q\\ \

/ Periphyton - Macrophytes
Phytopiankton 1 /
>‘ Water

~ Seaiments ‘____/
(Inorganic and Organic)

Figure 3-A1. Columbia River aquatic ecosystem
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CRITR Code Calculation of Organism Dose rom
Water Exposure to Various Radionuclides

'CRITR QA Printout --- User File: RMAX.USR Run of: 09:52

No Dilution Model used.

DFSWIM DFSED FSOLD  FRUF 18 BUILDUP  TTRANS EXP

3.56-12 3.2E-11 6.9E-02 0.2 3.7E+02 1.66+00 0.0E+00 1.0e+00

INUC K NUKSYMS NS CONCRIT 810 KB RINTAKE ECRIT 1810 F1 LAMC  MASS
1 1 AS-76 P 8.5e+0¢ 3.0E-01 1.000 0.000 1.S56-08 280.0 S5.0E-01 O0.0E-00 0.0
1 2 AS-76 F 8.5e+06 3.0E-01 1.000 0.000 1.56-08 280.0 S5.0E-01 0.0E~00 0.0
1 3 AS-76 C 8.56+04 3.0E-01 1.000 0.000 1.SE-08 280.0 S5.CE-0% 0.0€-00 0.0
1T & AS-76 P 8.5e+06 3.0E-01 1.000 0.100 1.SE-08 280.0 S.0E-01 6.3E-01 1.0
1 S AS-76 F 8.56+06 3.0E-01 1.000 0.200 1.56-08 280.0 5.0E-0% 6.3E-01 1.0
DFSWIM DFSED FSOLD  FRUF T8 BUILDUP  TTRANS EXP

2.1E-11 1.78-10 6.9E-02 0.2 3.7e+02 3.4E~02 0.0E+00 1.0€+00

INUC X NUKSYMS NS CONCRIT 810 KB RINTAKE ECRIT . TBIO F1 LAMC 11
2 1 Co-60 ° 4&.6E-03 1.0e+00 1.000 0.000 6.0E-09 9.5 3.0E-01 O0.0E~00 v.0
2 2 Co-60 F &.4E+03 3.3E-01 1.000 0.000 6.0€-09 9.5 3.06-01 0.0e+00 0.0
2 3 co-60 € 4.4E+03 2.0E+00 1,000 0.000. 3.3£-09 9.5 3.06-01 0.0e+00 0.0
2 & Co-60 P 4&.6E+03 1.0e+00 1.000 0.100 &.0E-09 9.5 3.Ce-01 7.3e-02 1.0
2 5 co-60 F 4.4E+03 3.3E-01 1,000 0.200 6.0E-09 9.5 3.0e-01 7.2g-02 1.0
DFSWIM DFSED FSOLD  FRUF T8 BUILDUP  TTRANS EXP

2.6E-13 2.58-12 6.9E-02 0.2 3.7€+02 &.0E+01 0.0e-00 1.0e+00

INUC K NUKSYMS NS CONCRIT 810 KB RINTAKE ECRIT 1810 Fi LAMC  MASS
3 1 CrR-S1 P 9.36+05 4.0E+Q0 1.000 0.000 7.36-11 616.0 1.0e-01 0.0E+00 0.0
3 2 CrR-51 F 9.36+05 2.0€E-02 1.000 0.000 7.36-11 616.0 1.06-01 0.0E+00 0.0
3 3 ¢r-SY € 9.3E+05 2.0E-00 1.000 0.000 3.8E-11 616.0 1.0E-01 0.0E+00 0.0
3 & CR-S1 P 9.3E+05 4.0E-00 1.000 0.100 7.3E-11 616.0 1.0E-01 2.6E-02 1.0
3 % CR-SY F 9.3e+05 2.0e-02 1.000 0.200 7.3e-11 616.0 1.0E-01 2.6E-02 1.0

OFSWIM DFSED FSOLD  FRUF T8 BUILDUP  TTRANS EXP
1.%6-12 1.4E-1% 6.98-02 0.2 3.7e+02 7.6E-01  0.0E-00 1.0E~GO

INUC K NUKSYMS NS CONCRIT 810 KB RINTAKE ECRIT 1810 F1 LAMC  MASS
4 1 Cu-ss P 3.76-05 2.0E+00 1.000 0.000 2.1E-09 80.0 5.0E-01 0.0E~00 0.0
& 2 Cu-66 F 3.76+05 2.56-00 1.000 0.000 2.1E-09 80.0 S5.0E-01 0.0e+00 0.0
& 3 tuss ¢ 3.7e-05 &4.0E-01 1,000 C.000 1.9E-09 80.0 5.0E-01 0.0E-00 0.0
& & Cu-66 P 3.76+05 2.06+00 1.000 ©.100 2.1E-09 80.0 S.08-01 1.38+00 1.0
& 5 Cu-6& F 3.76+05 2.5£¢00 1.000 0.200 2.1E-09 80.0 5.0E-01 1.3E+00 1.0

DFSWIM DFSED FSOLDO  FRUF T8 BUILOUP  TTRANS EXp

3.1E-12 3.0E-11 6.9E-02 0.2 3.7e+02 1.2E+01  0.0E+00 1.0E-00
INUC K NUKSYMS NS CONCRIT B10 K8 RINTAKE ECRIT 1810 F1 LAMC  u2§S
-131 P 1.38+03 3.0E-01 1.000 0.000 3.4E-09 - 100.0 1.0E-00 0.0E~00 0
1-131  F 1.3-03 5.06-02 1.000 0.000 3.46-09 100.0 1.0E-00 O0.0E+00 v.0
1-13% ¢ 1.38+03 1.0e-01 1.000 0.000 2.9€-09 100.0 0.Je+00 0.0
t-131 P 1.3+03 3.0E-01 1.000 0.100 3.4€-09 100.0 1.0E-00 ¢9.3e-02 1.0
[-131 F 1.36+03 5.0E-02 1.000 0.200 3.4E-09 100.0 1.0E~00 9.3€-02 1.0

OFSWIM DFSED FSOLD  FRUF T8 BUILOUP  TTRANS EXP
3.BE-11 2.6E-10 6.98-02 0.2  3.7E+02 9.06-01 0.0e+00 _1.0E-00
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INUC X NUKSYMS NS CONCRIT 810 K8 RINTAKE ECRIT 1810 F1 LAMC  MASS
6 1 NA-26 P 2.1e+-05 1.0e-01 1.000 0.000 1.S€-08 11.0 1.0E+00 0.0£+00 0.0
6 2 NA-2L F 2.1E-05 1.0E-01 1.000 0.000 1.5€-08 11.0 1.0e-00 0.08<00 " O
6 3 NA-26 € 2.1E+05 1.0E-0% 1,000 0.000 1.1E-08 11.0 1.0E+00 0.0E~00 0
6 & vt-26 P 2.1E<05 1.0E-01 1.000 0.100 1.5E-08 11,0 1.0E-00 1.2E+00 ..0
6 5 2 F 2.18-05 1.0€-01 1,000 0.200 1.5€-08 11.0 1.0E~-00 1.2E+00 1.0
DFSWIM DFSED FSOLD  FRUF T8 BUILDUP  TTRANS EXP
1.66-12 1.4E-11 6.98-02 0.2 3.7e+02 3.6E+00 0.0E-00 1.0E-00
INUC X NUKSYMS NS CONCRIT 810 KB RINTAKE ECRIT 1810 F1 LAMC  MASS
1 NP-239 P 2.1E-05 3.0e-01 1.000 0.000 2.9€-09 39000.0 1.0E-03 O.0E+00 0.0
7 2 NP-239 F 2.1E+05 2.5e+00 1.000 0.000 2.9e-09 39000.0 1.0E-03 0.0E+00 0.0
7 3 NP-239 C 2.1E+05 3.0E-02 1.000 0.000 2.8E-09 39000.0 1.0E-03 0.0E-00 0.0
7 & NP-239 P 2.1E<05 3.0E-01 1,000 0.100 2.9E-09 39000.0 1.0E-03 2.9€-01 1.0
7 S NKP-239 F 2.1E«05 2.S5E-00 1.000 C.200 2.9€-09 39000.0 1.0E-03 2.9e-01 1.0
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DOSECRIT
3.9E-04
J.9E-04
3.96-06
3. 1E-05
6.1E-05

DOSECR!T
2 7E-05

9E-06
<.9E-05
1.1€-0S
7.3E-06

DOSECRIT
2.78-04
1.4E-06
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1.0€-04
1.0E-06

DOSECRIT
1.6€-03
2.0E-03
2.8E-06
6.0e-05
1.5€-04

DOSECRIT
1.3E-06
2.1E-07
3.7e-07
1.48-06
4.6€-07

-DOSECRIT

3.0E-04
3.0E-04
2.2E-04
2.6E-05
5.1E-05

DOSECRIT
1.8E-04
1.5£-03
1.8€-05
6.28-08
1.0E-06

PLANT
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OUCK-F
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PLANT
FISH
CRAWDAD
ouck-p
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DFSWIM DFSED FSOLD FRUF 18 SUILDUP  TTRANS EXP
0.06+00 O0.0E-00 6.98-02 0.2 3.7E+02 2.18+0%  0.0E+«00 1.0E~00
INUC X NUKSYMS NS CONCRIT Bl0 KB RINTAKE ECR!T 1810 Fi LAMC KASS
g 1 P-32 P 2.36+04 S5.0E«02 1.000 0.000 9.46-09 257.0 B8.0E-01 0.0E+00 0.0
g 2 P-32 F ‘2.36+06 1.76-01 1.000 0.000 9.46-09 257.0 8.0E-01 O0.0E<0D 0.0
8 3 p-32 [ 2.36+04 1.0E+02 1.000 0.000 9.66-09 257.0 B8.0E-0! 0.0E-00 0.0
8 4 P32 p 2.36+06 S.0E+02 1,000 0.100 9.6E-09 257.0 8.0£-01 S.1€-02 1.0
8§ 5 pP-32 F 2.36+04 1.76-0% 1.000 0.200 9.8E-09 257.0 3.0E-01 S.1g-02 1.0
DFSWIM DFSED FSoOLD FRUF T8 BUILDUP TTRANS ExP
0.0c+00 0. 00 6.98-02 0.2 3.7e+02 3.66+02 0.0€+00 1.0€E+00
INUC  NUKSYMS NS CONCRIT BIO KB RINTAKE ECRIT T810 A LAMC 7§
® 1+ SR-90 P 9.66+01 3.06+00 1.000 0.000 1.6E-08 4000.0 3.0€-01 0.0£+00 o]
9 2 SR-90 9.66+01 S5.0£-02 1.000 0.000 1.66-08 4&000.0 3.0E-01 0.0€+C0 v.0
9 3 SR-90 ¢ 9.66+01 1.0e-01 1.000 0.000 1.46-08 4000.0 3.0e-01 0.0De~00 0.0
9 & SR-90 P 9.6E+01 3.0E<00 1.000 0.100 1.66-08 4000.0 3.0£-0t 2.4E-04 1.0
9 S5 SR-90 F 9.6E+01 S5.06-02 1.000 0.200 1.6E-08 4000.0 3.0€-01 2.4E-04 1.0
pFfSV DFSED FSOLD FRUF 78 BUILDULP TTRANS EXP
4. 8E-12 &.1E-11 6.9E-02 0.2 3.7e+02 2.36+02 0.0E+00 1.0E+00
INUC X NUKSYMS NS CONCRIT 810 KB RINTAKE ECRIT 1810 F1 LAMC pees
10 1 2N-65 P 6.7€+04 2.0E+01 1.000 0.000 1.26-09 933.0 S.0E-01 0.0E-00 0
10 2 2In-65 F 6.7E+06 6.4E-02 1.000 0.000 1.26-09 933.0 5.06-0!' O0.0E-00 v.0
10 3 2865 C 6.7€+0& 1.0E+01 1.000 0.000 S.36-10 933 7 5,06e-01 0.06-00 0.0
10 & 2IN-65 P 6.76+0& 2.0e+01 1.000 0.100 1.2€-09 933 5.0e-01 3.66-03 1.0
10 S 2n-65 F 6.7E+04 6.4E-02 1,000 0.200 1.28-09 933.. S5.06-01 3.4E-03 1.0
Notes & Units:
Kanford biofactors used.
No bicaccumulation factor corrections used.
LAMDA Rad. Decay constant 1/d CONCRIY Conc. in Water
DFSWIM  fmmersion OF Sv/d per Bg BIO Bioaccum factor
DFSED Sediment DFf Sv/d per Bq RINTAKE Intak: rate
FSOLD Nuclide sed. buildup rate m3/me-d ECRIT Energy absorbed
FRUF Roughness factor .- 1810 Biological half time
18 Sed. Buildup time d F1 Fraction to total y
BUILDUP Sed. Buildup 8q-d/Bqg LAMC Effective decay consc.
TTRAKS  Transport time d MASS Organism mass
Exp fractionsl decay during trans. -- DOSECR!T organism Dose

DoeerRIT
1. 01
0s
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01
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— s PO

DOSECR!TY
4.8E-06
7.6€-08
1 ce.q7
¢ 08
1 .06

DOSECRIT
1.6€-03
5.0E-06
3.6E-04
1.6E-02
1.0€-04
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m3/kg
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Hanford-Specific Bioaccumulation Factors and Human Biological
Half-Lives and Uptake Fractions (Baker and Soldat, 1992)

-~--Fish---- ---Crustacean--- ----- Mollusc----  -~---- Plant----- T, f,
Fresh S Fresh Sailt Fresh Salt Fresh Salt
--------------------------------- L/kg ---c-ccccmcmccc i ccnacaeees o (d-- -—---
As 300 300 300 300 300 300 300 300 280 0.5
Cr 20 2000 500 2000 1140 4000 4000 616 0.1
Cs 2000 : 100 30 100 .30 500 700 115 1
Cu 2500 1000 400 5000 4 L) 2000 1000 80 0.5
Fe 2000 30 ) 100 5000 100 30000 1000 50000 800 0.1
Mn 400 400 100000 800 100000 6000 10000 10000 17 0.1
Na 100 1 100 0.1 100 0.3 100 1 11 1
Ni 1 100 500 500 500 500 500 3000 67 0.05
Np 2500 2500 30 10 30 150 300 6 39L_) 0.001
P 170 ¢ 00 100000 3801 1 0000 45000 500000 00000 257 0
Sc 100 7t 1000 200 1000 1000 100L . 1000 30 1€-4
In 64 100 100(¢ 00 000 30000 20000 50000 933 0.5
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