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ABSTRACT

The Bobwhite is an abundant, non-migratory species found in brush,

abandoned fields anf' open pine lands in the eastern United Statei; which

are habitats characteristic of the types typically found at nuclear fuel

cycle f ac i l i t i e s . For assessment of situations where nuclear emissions

represent a potential source of contamination, differences among retention

rates in Bobwhite were determined from acute and chronic exposure to

Co, " Cd, and Cs. Tissue distribution of the radionuclides were

found in the groups given the chronic exposure. Under chronic exposure

to Co, Cd and Cs quail rapidly accumulated these radioisotopes

and the respective body burden concentrations began to level off after

11, 21 and 21 days of exposure. The biological half-lives for radioiso-

topes accumulated during the chronic feedings were 13 days for Co, 8

days for Cd, and 11 days for 37Cs. In contrast, biological half-

lives for these radioisotopes under acute feeding conditions (single

four-hour feeding) were 15 days for 60Co, 3 days for 109Cd, and 10 days

Research sponsored by the U.S. Energy Research and Development Admini-
stration under contract with the Union Carbide Corporation.

2
Publication No. , Environmental Sciences Division, Oak Ridge
National Laboratory.

Present address: Biology Department, Kenyon College, Gambier, Ohio.



for l 3 7Cs. These results indicate that food chain behavior of Co and

Cs in Bobwhite is similar following either acute or chronic exposure
l f)Q

contaminated food. For Cd, biologi

longer under chronic exposure conditions.

l f)Q

to contaminated food. For Cd, biological retention in Bobwhite was



INTRODUCTION

The role of animal populations in dissemination of elemental

contaminants from nuclear and nonnuclear industries is unclear.

It is known that other animal populations like small mammals do

contribute to the dispersal of elemental pollutants they ingest

(Crossley 1964, O'Farrell and Gilbert 1975). Information is also

needed on the potential for off-site bird populations potentially

consumed by man to accumulate contaminants derived from industrial

activities. Data available in the literature for birds do not

compare retention times of elements with feeding times. Without

this information interpretation of accumulation rates and nuclide

dispersal patterns by avifauna cannot be undertaken.

The purpose of this study was to examine the retention time of
6 0Co s

 1 0 9Cd and 137Cs by Bobwhite (Colinus virginianus) following

acute and chronic feedings. The distribution of each isotope in the

birds' body tissues was examined following chronic feeding. The

Bobwhite was chosen because it was an abundant non-migratory species

found in the brush, abandoned fields, and open pinelands from the

&rsat Plains eastward. This bird served as food for a number of

carnivores including man.

Both Co and Cs are nuclear waste products which may be released

to the environment from both reactor and fuel reprocessing operations.

They are important radiologically because of their relatively long physical

half-lives. Cadmium is an environmental contaminant derived from lead and

zinc mining-milling-wmelting, electroplating, and nickle-cadmium battery

operations. Cadmium is of concern because of its toxic properties at very

low concentrations.



METHODS

Thirty-six hatchery reared 16-week old Bobwhite Quail, housed

individually in wire cages (1 x 1 x 0.5 m) in a room where tempera-

tures, humidity and photoperiod were regulated at 22 ± 1 ° ^ 56 ± 3%

RH and 14 hours light, were used in the study. The birds were divided

into four groups, 12 in each chronic feeding group and 6 in the acute

feeding groups, and fed as follows: Chronic feeding: Group 1, wild

bird seed tagged with Co and C;;, fed for 21 days; Group 2, Chronic
109feeding: wild bird seed tagged with Cd, fed for 21 days; Acute feeding:

Group 3, wild bird seed tagged with Co and Cs, fed for four hours;
109Acute feeding: Group 4, wild bird seed tagged with Cd, fed for four

hours. The wild bird seed was tagged by soaking in a solution of the

radioisotopes in the form of CoCUr Cd(N03) and CsCK for 48 hours. Result-

ant radionuclide concentrations on 10 one-gram seed samples were: Co =

2.57-104(±.028) pCi/g; 1 0 9Cd = 9.37-104(±.039) pCi/g; and 1 3 7Cs = 6.31-103

(±.019) pCi/g. The birds were then counted daily in a Packard Armac Spec-

trometer with a counting efficiency of 30% for 60Co, 3% for 1 0 9Cd, and 20%
137

for Cs. Each group consisted of half male and half female birds; however,

no variation of isotope uptake or retention by sex was found.

Following the initial 21-day feeding period, six birds in both

Groups 1 and 2 were sacrificed for radionuclide tissue distribution

analysis. The remaining six birds -in these two groups and all birds

in Groups 3 and 4 were placed on noncontaminated food and were counted

at intervals after the initial feeding to determine elimination half

times.



RESULTS

Whole body uptake of Co was very rapid (Fig. 1). During the first

three days of feeding in Group 1, uptake proceeded at the rate of 87

pCi/g/day and then slowed markedly reaching an equilibrium whole body

burden of 277 pCi/g after 11 days. Cesium-137 was accumulated at a

rate of 107 pCi/g/day during the first 8 days of uptake in Group 1 and

then slowed to a rate of 14 pCi/g/day during the remaining eleven days

of uptake. The mean cesium body burden after 21 days of feeding was
lflQ

1010 pCi/g. During the first 8 days of Cd uptake by Group 2, the

birds accumulated 109 pCi/g/day and then slowed to 64 pCi/g/day until a

body burden of 1576 pCi/g was attained.

The distribution of 6 0Co, 109Cd, and 1 3 7Cs in tissues following a
13721-day feeding is shown in Table 1. Cobalt-60 and Cs are seen

109primarily in the muscle and Cd primarily in the gut.

All three radionuclides followed a two-component elimination pattern

(Fig. 2). The short component was assumed to be associated with the unassim-

ilated gut contents and the other with tissue elimination. A mathematical

model describing this mode of elimination has been previously employed (see

Anderson and Van Hook 1973).

Whole-body concentration of Co dropped rapidly following both

acute and chronic ingestion of the radioisotope. During the four-hour

feeding, the quail accumulated 21% of the whole body burden achieved

by the group fed the isotope for 21 days. After 48 hours, the acute

feeding group lost 78% of the isotope ingested (58 pCi/g), while the birds

fed the isotope for 21 days lost 67% of the equilibrium body burden. The

biological half-life (Tfa) for
 60Co in the gut of birds fed for four hours



was 0.17 day, and 15.00 days for the tissue component. The T b for the gut

component of the birds fed 21 days was 0.17 day and 14 days for the tissue

component calculated by least squares according to the method described in

Crossley and Van Hook (1970). Cobalt passes very rapidly through the gut

with 37% in the chronic feeding absorbed into the tissues. A smaller pro-

portion (25%) was absorbed by tissues of the animals fed an acute dose of

cobalt, indicating that tissue absorption is related in part to length of

feeding time.

137
The birds fed an acute dose of Cs lost 48% of the isotope during

the first 48 hours following the feeding while the birds fed a chronic

dose

137,

137
dose of Cs lost only 18% of the dose during the same period. More

Cs appeared to be absorbed by the tissues when chronic ingestion
137

occurred. The Tfa for the quail fed Cs for four hours was 0.57 day

for the gut component and 10 days for the tissue component. The quail

fed 21 days showed a shorter Tfa for the gut component (0.17 day) and

a similar T. for the tissue component (11 days) as the birds on the

acute feeding. Cesium-137 was assimilated by the tissues when the

birds were exposed to the isotope in their food for an extended period.

137Once the Cs was in the tissues it appeared to move at a similar rate

following the acute and chronic feedings.

Cadmium-109 retention was affected by length of exposure. The

biological half-life for the acute feeding period was 0.50 day for the

gut component and 2.48 days for the tissue component. The gut component

in the chronically fed group was 0.73 day while the tissue component was

8 days. The ingested cadmium appeared to be absorbed by the tissues

when the birds received multiple feedings. Short periods of feedings



did not allow time for the tissues to reach equilibrium for this element,

thus 12 days after an acute dose the isotope was not detectable in the

animals.

DISCUSSION

By considering that the average quail weighed 280 ± 12 grams and that

each bird ingested 4.78 ± 22 grams of wild bird seed per 24 hour period

(determined from a 14-day preliminary study), it was found that the

following proportions of each isotope ingested were retained in the

bird's body following the 21-day feeding: 6 0Co = 3%, 109Cd = 7%, and
1 3 7Cs = 30%. Since such small amounts of Co are retained (3%) it is

unlikely that the isotope can be spread in the environment in detectable

amounts. As cobalt is known to be a factor Iv. vitamin B-., synthesis

(Underwood 1971), continued ingestion of Co may result in an accumula-

tion of small amounts of this isotope. Furthermore, the high level of

Co in muscle tissue (Table 1) makes it potentially harmful to consumers.

Cadmium-109 is also retained in small amounts in the body following

chronic ingestion of the isotope. Such amounts are unlikely to lead to

appreciable dispersal by quail. By comparing the rapid elimination of
109

Cd following an acute ingestion with the chronic ingestion i t appears
109

that the time factor plays a role in body retention. Since Cd.

accumulates in liver and kidney tissue following chronic ingestion, it

is possible that, this metal is bound in some organic complex - perhaps

replacing zinc because of its strong binding force (Sigel and McCormack

1970).
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Since 30% of the cesium is retained by the birds following the

chronic feeding, this isotope may be accumulated by birds passing

through contaminated areas and carried to areas where they may poten-

tially be consumed by man. It takes 10 days to eliminate 50% of the
137body burden attained in the group fed Cs for 21 days and only 2 days

to eliminate 50% of the body burden achieved following the 4 hour feeding

(Fig. 2). The length of time that birds feed on food contaminated with
137

Cs may be an important factor in the movement of this isotope by birds.
Retention following short feeding periods is not great.

In addition to the time factor other variables must be considered
137when discussing the Cs retention rate. Studies on mammals show

1^7that several variables affect the retention rate of w Cs. Ichikawa

et a!. (1969) show that dietary differences are responsible for dif-
137ferential rates of retention of Cs in young rats. Furthermore,

they show that KC1 accelerates the elimination of Cs in young

animals. On the other hand, lactose supplements to the diet increases

the retention in experimental animals. Crossley (1964) indicates that

elimination of 22Na, 8 6Cs, 1 3 4Cs, and 137Cs from five species of large

mammals is slower than from small mammals. It appears that isotope

retention patterns are correlated with metabolism. The movement of
137

Cs to most tissues with highest concentration in the muscles (Table
1) creates a potential hazard for consumers.
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Table 1. Relative amounts of 60Co, 109Cd, and 137Cs in Bobwhite
tissues (P>.05) following 21 days of fedding. All figures
given as percent of whole body burden ± S.E.

Tissue

Bone

Gut

Heart

Kidney

Liver

Muscle

60Co

0

19 ±

11 ±

0

15 ±

52 ±

5

3

4

15

109Cd

0

90 ±

0

7 ±

1 ±

0

5

1

.01

1 3 7 C S

5 ± 2

19 ± 5

13 ± 3

9 + 3

1 6 + 3

29 ± 5



Figure 1. Whole-body uptake of 60Co, 109Cd and 137Cs by Bobwhite during
a 21-day feeding on tagged bird seed- Points represent the
mean ± S.E. of 12 observations.
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Figure 2. Whole-body retention by Bobwhite of 60Co, 109Cd, and 137Cs
following acute and chronic feedings. Points represent the
mean ± S.E. of s ix observations.
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