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Radioecology of nuclear wastes was pioneered in the western United States on the Hanford site during 
the early 1940s when the Columbia River provided coolant water for produdion reactors. After the 
shutdown of production reactors, the radionuclide content of Columbia River water declined. Atten
tion was then directed to radionuclides released into the environment as a result of chemical process
ing of irradiated fuel and as a result of storage of radioactive wastes. Radioactive waste sites include 
solid waste burial grounds, soils below liquid storage areas, surface ditches and ponds, and the terres
trial environment around chemical processing facilities which discharge airborne radioactive debris 
from stacks. 

This study provides information to help assess the environmental impacts and certain potential human 
hazards associated with nuclear fuel cycles. A data base is being developed to define and quantify 
biological transport routes, which will permit credible predictions and assessment of routine and 
potential large-scale releases of radionuclides and other toxic materials. These data, used in assessment 
models, will increase the accuracy of estimating radiation doses to man and other life forms. Informa
tion obtained from existing storage and disposal sites will provide a meaningful radioecological per
spective with which to improve the effectiveness of waste management practices. Results will provide 
information to determine if waste management procedures on the Hanford site have caused ecological 
perturbations, and, if so, to determine the source, nature and magnitude of such disturbances. 

BIOTIC TRANSPORT PARAMETERS 

Studies related to biotic transport are being 
conducted to provide meaningful parameters for 
dose assessment. The studies include defin
ing how parameters are influenced by environ
mental variables and determining the magnitude 
of transport parameters that are not well 
known. 

Soil Contamination Configuration. Laboratory 
studies were conducted to examine the influ
ence of radionuclide placement (location re
lative to the plant root zone) on the concen
tration of strontium and cesium in crop plants. 
The data indicate that uptake may be slightly 
enhanced in peas when the radionuclide is at 
or near the soil surface (Table 1). Plant up
take of radionuclides distributed in a thin 
band below the soil surface (as might occur if 
a contaminated pond were drained and then 
covered with soil) was similar to uptake of 
radioactive material mixed throughout the ef
fective rooting medium (as might occur with 
standard agricultural tillage operations sub
sequent to a soil surface deposition of radio
active materials). Care was taken in this ex
periment to minimize resuspension of surface 
contaminants while approximating a field
growing condition. The implication of these 
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findings is that dose assessment calculations 
using concentration ratios (CR = radionuclide 
concentration in plant tissue divided by the 
radionuclide concentration in soil) can be 
used without alteration for waste disposal 
scenarios, where the radioactive material is 
layered beneath the soil surface, and for 
agricultural scenarios, where the contaminants 
have been mixed in the upper soil layer by 
tillage operations. A further implication, 
however, is that application of the CR for 
dose assessment requires that empirically de
rived CR values be obtained by sampling a core 
through the effective rooting zone of the 
plant or that allowances be made for any sur
face layering of radiocontaminants if only 
surface soil is sampled. The application of 
CR values to dose assessment have little "real 
world" relevance when contaminants are thinly 
layered on the soil surface, since the pro
cesses that then determine plant concentra
tions can be predominantly physical rather 
than biological. 

Food Chain Transfer of Technetium. In a col
laborative research effort (see "Environmen
tal Behavior and Effects of Technetium-99 and 
Iodine-129"), we examined the transport of 
technetium from feed to edible portions of 
Japanese quail (Cotournix cotournix japonica). 



TABLE 1. Concentrations (#Ci/g) of Cs and Sr by Peas Relative to location of the Radionuclides in the Soil Profile 

Placement of Radionuclide in the Soil Profile 

In Surface In Layer 5 cm In Layer 10 cm I n Layer 40 cm In Surface Layer In all Profile 
100 gram Below Surface Below Surface Below Surface (0-20 cm) 3.5 Kg (0-50 cm) 8.9 Kg 

Strontium-8S 
Harvest #1 

Seeds (4.5 ± 0.6).10-s(a) (2.8 ± 0.2).10-s(b) (5.6 ± 1.4).10-s(a) (2.0 ± 0.7). 10-s(b) (4.1 ± 0.3).lo-s(a,b) (2.4 ± 0.3).lo-S(b) 
(1.4 ± 0.5).lo-3(b) (1.8 ± 0.4).10- 3(b) Leaves (3.3 ± 0.4).lO-3(a) (3.3 ± 0.3).lO- 3(a) (4.5 ± 0.7). lo-3(a) (3.1 ± 0.4).10- 3(a) 

(1.2 ± 0.2).10- l (a,b) (7.5 ± 1.3).lo-4(b,c) Stems and (1.1± 0.2).lO- l (a,b) (9.3 ± 1.1).lo-4(b,c) (1.7 ± 0.4).10- l (a) (4.9 ± 1.1).lo-4(C) 
Pods 

Harvest #2 
Seeds (2.4 ± 0.7).10-4(a) (4.8 ± O.B). lo-s(b) (5.0 ± 1.6).10-s(b) (2.0 ± 0.4).10-s(b) 

(1.0 ± 0.2.10-3(b) 
(3.2 ± 0.9).lo-S(b) 
(2.2 ± 0.2).10- l (b) 

(2.B ± 0.3).10-s(b) 
(1.2 ± 0.2).10-3(b) Leaves and (5.9 ± 0.9).10-3(a) (2.6 ± 0.4).lo- 3(b) (l.B ± 0.3).10- l (b) 

Stems 

Cesium-137 
Harvest #1 

Seed (7.5 ± 0.4).lO-4(a) (1.0 ± O.l).lO- l (a) (4.6 ± 0.7).10-4(b) (6.2 ± 2.B).lO-4(a,b) 
(1.4 ± 0.6).lo- l (b) 

(4.2 ± 0.7).lo-4(b) 
(1.4 ± 0.2).10- l (b) 

(2.6 ± 0.2).10-4(b) 
(6.3 ± 0.3).10-4(b) Leaves (2.9 ± 0.5).lO- 3(a) (4.B ± 1.5).lO-3(a,b) (2.1 ± 0.4).10-3(b) 

Stems and (9.9 ± 1.2).lO-4(a) (1.9 ± 0.4).10- l (b) (9.2 ± 1.B).10-4(a) (6.5 ± 2.0). 10-4(a) (7.1 ± 1.3).10-4(a) (3.7 ± 0.5).lO-4(a) 
Pods 

Harvest #2 
Seeds (2.5 ± 0.6).10-2(a) (1.7 ± 0.9).10- l (b) (4.6 ± 1.0).lo-·(b) (5.6 ± 1.2).10-4(b) (2.6 ± 0.9).lo- l (b) (1.5 ± O.B).lO- l (b) 

(4.1 ± 0.6).lo- l (b) (1.6 ± 0.B).10- 3(b) Leaves and (4.0 ± 1.0).10-2(a) (2.2 ± 0.4).lo-3(b) (9.0 ± 0.6).lo-4(b) (B.O ± 2.3).lo-4(b) 
Stems 

(a,b,c) Numbers reading across the page having the same subscript are not significantly different at 5% level using Duncan multiple range 
test. 

Our results are contradictory to the fre
quently made food chain assumption that com
mercially raised fowl transfer a negligible 
(zero) percentage of ingested technetium. We 
found that the cumulati~e percentage of in
gested technetium occurring in all eggs laid 
subsequent to a single acute ingestion was 
approximately 8%. 

Half-times for reduction of technetium in con
secutively laid eggs subsequent to an acute 
ingestion were determined to be on the order 
of one to two days. A chronic ingestion study 
(ingestion measured at apparent technetium 
equilibrium in eggs) showed that approximately 
85 of the daily ingested technetium was incor
porated into and eliminated via the egg. Vir
tually all of the technetium contained in the 
eggs was associated with the edible portions 
(yolk and albumin). Percent of daily ingested 
technetium in edible tissues (muscle, heart, 
liver and gizzard) of the birds after about 
two weeks of chronic ingestion was 1.7% for 
females and 7.3% for males. The cumulative 
percentage of the daily ingested technetium 
associated with the female reproductive system 
(uterus, ovary, oviduct, shelled egg and ova 
of various sizes) was approximately 23%. Male 
reproductive organs contained less than 1% of 
the technetium ingested daily. Thus, it 
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appears that a large diversion of technetium 
to eggs in laying female quail may minimize 
the amount going to edible tissues in the 
bi rd s. 

Japanese quail are considerably smaller than 
chickens and have some fundamental functional 
differences. Their metabolism is higher than 
that of chickens, and their unit egg produc
tion, as a percent of total body weight, is 
about twice that of chickens. These differ
ences notwithstanding, our data suggest that 
transfer coefficients (feed to egg) for tech
netium in chickens may be in the range of 1% 
to 10%. Considering the long physical half
life of 99Tc and the potential for release to 
the environment with nuclear fuel reprocess
ing, these results suggest a food chain path
way to man of long-term significance. 

Aquatic Concentration Ratio Evaluation. A 
comprehensive review was initiated in order 
to better define the wide range of reported 
concentration ratios used for dose assessment 
of radionuclide contamination in aquatic sys
tems. Approx·imately 800 publications have 
been reviewed thus far. The publications fall 
into four broad categories: 1) laboratory or 
artificial pond studies; 2) chronic low-level 
or acute discharges to the environment; 



3) background and fall-out levels of radionu
clides; and 4) homologues. including elemental 
or specific activity concentrations. Parti
cular attention is being focused on natural 
and laboratory environmental conditions that 
influence observed concentration ratios. Com
pilation and analysis of data will provide 
user groups with a basis for selecting the 
most appropriate model parameter values for 
their individual dose assessment needs. Other 
applications of the biotic transport parameter 
review include model evaluation and identifi
cation of transport processes that have un
known or poorly defined parameter values. 

AQUATIC RADIOECOLOGY 

Recent emphasis in aquatic studies has been 
on the uptake and toxicity of uranium and 
thorium. This work was initiated as a result 
of recent emphasis on nonproliferative fuel 
cycles and the projected increased potential 
for uranium and thorium contamination of 
aquatic systems. 

Fate and Effects of Th and U. The proposed 
use of thorium and uranium fuels as an alter
native. nonproliferation fuel cycle has 
prompted study of the environmental behavior 
of thorium and uranium in aquatic environ
ments. The propensity of thorium to accumu
late in fish tissue was determined to be very 
low. Body burdens of thorium were highest 
during the exposure periods due to gut load
ing and/or surface absorption of contaminated 
particulates. At 5 and 25 days depuration, 
body burdens had dropped to less than 5% of 
the highest observed body burdens of thorium. 
Concentration ratios (concentration in fish 
divided by concentration in water) reflected 
this trend. After 27 days of exposure to tho
rium, mean concentration ratios (CR) ranged 
between 58 and 465. At 5 days depuration, the 
CRs were 0.7 and 8.1, respectively. The per
sistance of the same levels of thorium at 25 
days depuration suggests that the observed 
body burden levels represent tissue-bound 
thorium. 

Concentration ratios for uranium were also 
low: 2.0 to 2.8 following 35 days of exposure. 
Uptake of thorium and uranium was similar for 
fish exposed to approximately the same concen
tration of thorium and uranium. This observa
tion contradicts suggested CRs for thorium and 
uranium based on background levels in water 
and fish tissue. The background-based CRs 
should range up to 2.2 x 104 and -2 x 102 for 
uranium. 

Toxicity of Uranium in Columbia River Water. 
The acute toxicity of uranium for Daphnia 
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magna was determined as a function of water 
hardness. Toxicity of Uranyl ion (U02+6). 
which forms carbonate complexes at neutral to 
alkaline pH, is reduced as water hardness in
creases. The hardness of water tested was 
70.1 z 1.6, 134.4 z 4.4, and 195.4 z 4.0 mg/L 
CaC03 equivalents. Based on the combined data 
of replicate tests, the toxicological response 
(48-hour LC50) of Q. magna to uranium as a 
function of water hardness may be predicted 
by the function LC50 = 39.32 ln (water hard
ness), which is 159.7 within the range of 70 
to 200 mg/L total hardness (Figure 1). 
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FIGURE 1. Acute Toxicity of Uranium on 
Daphnia magna as a Function of Water 
Hardness 

The LC59 in Columbia River ranged from 5.34 to 
7.62 mg L uranium. Twenty-one-day replishment 
life cycle tests with Columbia River water 
suggested that reproduction was suppressed at 
concentrations as low as 0.57 mg/L uranium. 
There was evidence of stimulation of reproduc
tion to levels exceeding the control response 
in the range of 0.20 to 0.74 mg/L. The effect 
may be a result of interactions between ura
nium toxicity, loading density of adult daph
nids in the test chambers, and food supply. 

Reported concentrations of uranium in ground
water in the vicinity of uranium mines often 
exceeds the toxic concentrations demonstrated 
in these studies. The fact that the hardness 
of this groundwater is usually high may be 
self mitigating; however. the toxic hazards 
of uranium in soft water is of concern. 



TERRESTRIAL RADIOECOLOGY 

These studies consist primarily of field work 
on environmental radiocontaminants that result 
from nuclear waste management and waste dis
posal activities. The research is designed to 
identify processes and develop methods that 
can be used to evaluate and ultimately reduce 
risks associated with nuclear waste management 
processes. 

Fire and Wind Erosion. Creating and maintain
ing a stable vegetative cover over waste bur
ial sites often requires manipulating or con
trolling various aspects of the life cycle of 
the vegetation. This is particularly true for 
stabilizing the surface after a significant 
disturbance such as fire and/or wind erosion. 
Two aspects of response to disturbance were 
investigated this year: loss of seeds due to 
wind erosion, and long-term behavior of litter 
layers in stable cheatgrass swards that serve 
as models for waste burial site vegetation. 

Seed loss is a significant hinderance to re
vegetation following fire. To estimate the 
importance of seed loss, the top 3 cm of soil 
in an eroded area in a small scar from a 1979 
fire was sampled for seeds. A nearby unburned 
area was similarly sampled. The result2 sug
gest that a total of some 5,000 seeds/m re
sided in the undisturbed soil. After fire, 
and a subsequent wind erosion loss of about 
1 cm of soil, the number of seeds available 
for sprouting was reduced by 50%, to about 
2,000 seeds/m2. The importance of the surface 
layer is clear: in both cases, more than 90% 
of the seeds were in the top centimeter. Ap
parently, the soil disturbance associated with 
erosion allows seeds to trickle deeper in the 
soil, so that not all seeds in the top centi
meter are lost with the top centimeter of 
soil. This observation coincides with earlier 
experience that about 3 to 5 cm of soil must 
be lost before the entire seed stock is lost, 
even though the seeds originally were only in 
the top centimeter. 

Radiocesium in Deer. A standard method for 
evaluating radionuclide concentrations in deer 
near radioactive waste management areas is to 
collect samples from deer killed on roads. 
However, data collected in this manner are 
difficult to interpret since no information is 
available on the past histories and potential 
exposures of individual animals to radioactive 
contaminants. In this study, deer are being 
captured in the vicinity of Hanford waste man
agement ponds, equipped with radiocollars, and 
released. Deer are then relocated at random 
times (three days to a week) to estimate the 
proportion of time spent near waste manage
ment sites. Individuals are sacrificed and 
samples including muscle, gut, and liver are 
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analyzed for gamma-emitting radionuclides. 
Additional deer are being radiocollared 
throughout the Hanford site to monitor gen
eral movement patterns. 

Twenty-seven deer have been captured and ra
diocollared on the Hanford site; nine of 
these animals were marked in the vicinity of 
the 200-Area waste management ponds. Three of 
the 200-Area deer were collected for sample 
analysis. The remaining six deer either moved 
away from the 200 Area prior to the three
month residency required for 137Cs to reach 
equilibrium or had radiocollars which malfunc
tioned. The 137Cs values for muscle tissue 
from the three sacrificed deer ranged from 
0.51 to 1.02 pCi/gm wet weight. The three 
sacrificed individuals spent from 52% to 100% 
of their time within 2 km of the waste man
agement ponds. 

Following completion of the field tracking, 
137Cs values for these animals with known 
past histories will be compared to data from 
road-killed deer. Comparable data exists for 
five deer killed between 1971 and 1979 on 
roads near the 200 Area and for 23 road
killed deer found elsewhere on the Hanford 
site. 

Portions of this study are being supported 
by funds received from DOE-RL. 

Waterfowl Movement Studies. Twenty mallard 
ducks were trapped at Gable Mountain Pond and 
fitted with radio-transmitters and U.S. Fish 
and Wildlife Service leg bands. Five of the 
mallards were fitted with radiotransmitters 
just prior to the start of the waterfowl hunt
ing season. Thereafter, at approximately one 
month intervals, three additional sets of five 
mallards were fitted with radio-transmitters. 
An additional 157 mallards were leg banded. 
Radio frequencies from each duck were moni
tored continuously by receiver/recorder sta
tions located at both Gable Mountain Pond and 
B-Pond. Supplementing the recorder stations, 
periodic monitoring of radio-tagged ducks were 
checked at Gable Mountain Pond, B-pond, Wet 
Lake, B-2-3 Chem Waste Ditch (inside 300 El, 
and the Hanford Reach of the Columbia River. 

The four cohorts of radio-transmitterized mal
lards captured at consecutive one-month inter
vals had average residence times on the waste 
ponds of 71, 41, 13 and 2 days, respectively. 
Over the same time interval, the total number 
of mallards in the vicinity of the waste ponds 
was changing rapidly as a result of migratory 
movements. 

Six mallards (including 2 of the radio-tagged 
mallards) were sampled selectively from Han
ford waste ponds, and two additional control 



mallards were shot 5 miles west of West R1i~h
land. Muscle samples were analyzed for 37Cs. 
Mallard muscle collected at Hanford ponds 
contained an average of 101.43 = 41.41 pCi 
137Cs/gm dry weight. Cesium-137 in control 
mallards averaged 0.02 = 0.01 pCi/gm dry 
weight. 

These data suggest that routine collection 
and radionuclide analysis of waterfowl tissues 
used for dose estimation should be closely 
correlated with the hunting seasons. Sampling 
the waste ponds early in the hunting season 
will provide a high proportion of birds having 
maximal radionuclide concentrations. Later 
sampling should show dramatically reduced ra
dionuclide concentrations and a much lower 
frequency of "above background" birds. The 
dose-to-man implications from changing numbers 
of waterfowl on the ponds during the hunting 
season and the differential radionuc1ide con
centrations in their tissues suggest the po
tential for a few individuals to consume birds 
having maximal radionuc1ide concentrations 
versus a chance that more people (hunters and 
their families) could consume flesh having 
lower concentrations of radionuc1ides. 

Honeybee Study. This work is intended to 
document the reliability of honeybee colonies 
as monitors of radionuclide contamination, to 
determine the occurrence and survival of wild 
honeybee colonies within the semi-arid Hanford 
environment, and to evaluate theii potential 
for transporting waste materials away from 
managed sites via honey and pollen. 

Honey and pollen samples were collected during 
1980 from colonies established near and remote 
from radioactive waste facilites. Results of 
the pollen analysis are shown in Table 2. 
Elevated quantities of 6UCo, 134Cs, 137Cs and 

54Mn were noted for colonies located near 
100-N facilities. Counts associated with 
137Cs also appeared higher for colonies lo
cated near Gable Pond. Analysis of the honey 
samples has not been completed. A total of 16 
wild honeybee colony locations have been lo
cated on Hanford. Two were removed or killed 
due to their close proximity to work areas. 
More than 50% of the remaining colonies have 
survived over at least one winter, indicating 
that feral honeybees can be expected to in
habit most of the Hanford area. 

Plant and Animal Responses to Buried Wastes. 
Two new subtasks were initiated this fiscal 
year on the radioecological aspects of shallow
land burial of low-level wastes. One study 
involves methodology development for examining 
the functional rooting depth of plants growing 
over buried waste. In some situations, plant 
covers are desirable because they provide eco
nomical stabilization of the soil surface and 
extract soil moisture which otherwise could 
penetrate through the wastes and leach con
taminants to groundwater. Deeply rooted 
plants, however, may extract and return ra
diocontaminants to the soil surface. 

The second study involves an examination of 
burrowing small-mammal population densities 
that occur in response to the vegetation types 
established for waste burial ground stabili
zation. Animal penetrations through the soil 
covering may expose radionuclides for mobili
zation and distribution in the environment. 
With these two studies, we plan to provide in
formation on interactions and relationships 
between buried wastes and the nearby plant and 
animal populations in order to permit more ef
fective isolation of buried low-level wastes 
from the environment. 

TABLE 2. Radioactive Contaminants of Pollen Collected from Honeybee Colonies 

Snively 
Contaminant B-Pond Gable Pond 100 N U Pond (control) 

&OCo 0.015 - 0.024 0.022 - 0.035 0.87 - 6.15 0.027 - 0.036 0.014 - 0.025 

134CS <0.014 - <0.025 <0.020 - 0.040 2.67 - 2.82 <0.022 - 0.029 0.044 - 0.063 

137CS 0.144 - 0.483 1.27 - 3.95 7.66 - 59.3 0.138 - 0.639 0.074 - 0.081 

40K 13.5 - 16.5 10.6 - 11.7 12.9-15.1 10.1 - 10.5 15.4 - 21.2 

54Mn <0.011 - 0.031 <0.16 - 0.022 3.52 - 30.8 0.019 - 0.020 0.012 - 0.077 
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