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Organochlorine Residues in Golden Eagles, United States-

March 1964-July 19711
 

Russell F. Reidinger, Jr.,' and D. Glen Crabtree 

ABSTRACT 

Since 1964, golden eagles (Aquila chrysaetos) collected dead, 
dying, or Incapacitatedin the United States have been ana. 
lyzed for organochlorine residues under the National Pes-

ticides Monitoring Program. This paper reports residues 

found in 134 brain. heart, kidney, liver, and muscle 
(BHKLM), 73 brain, and 102 fat samples representing 169 
golden eagles front 22 States. DDE was found most Ire-
quently, and usually in the greatest concentrations, in each 
sample type. Dieldrin was also common. Heptachlor epoxide, 
polychlorinated biphcnyls (PCB's). DDD, DDT, endrin, 
DDMU (l-chloro-2, 2-bis [p.chlorophenyl] ethylene), and 
aldrin were found less frequently. Variability of residue 

levels was great for all types of samples, and no regional 

patterns were evident. The data suggest that exposure to 

organchloi .,e pesticides has remained relatively constant* 
from 1965 through 1970. Exposureis apparently through diet 
and not sufficient to warrant concern for direct nonsynergistic 
acute toxic effects. Sublethal erects are not precluded, how
ever. 

Of the 188 eagles found. 63 were examined for inunediate 
cause of mortality. The most frequent causes appeared to 
be shooting amid contact with power lines. 

Of the 169 eagles found, necropsy or residue analysis sug-
gested deaths by unnatural causes for 63. Of these, deaths 
due to shooting or contact with power lines were most 
common: other factors included trapping, collision with 
vehicles, and chemical poisoning. The remaining 106 birds 
died from undetermined causes which undoubtedly Included 
a high proportion of natural deaths. 

Denver Wildlife Research Center. U.S. Department of the Interior, 
Bureau of Sport Fisheries and Wildlife. Denver. Colo. 80225. 
On assignment to U.S. AincY for International Development. Philip-
pines APO 96528. San Francisco. 
Retired. Formerly with Denver Wildlife Research Center. U.S. De-
partment of the Interior. Bureau of Sport Fisheries and Wildlife,
Denver, Colo. 80225. 

VOL. 8, No. 1, JUNE 1974 

Introduction 

Tb 
e golden eagle (Aquila chrysaetos), a carnivore that is 

chain, has been selected by theterminal in its food 
Bureau of Sport Fisheries and Wildlife, U.S. Depart

ment of the Interior, as one of the species to be surveyed 

under the National Pesticides Monitoring Program (1). 
Under this program, golden eagles found in the United 
States that are dead, dying, or severely incapacitated are 
sent through U.S. Game Management Agents or Na

tional Wildlife Refuge Managers to Wildlife Research 
Centers for gross examination or necropsy and for 

paper reportsorganochlorine residue analysis. This 

necropsy and residue findings for 169 golden eagles 

received in this manner from 22 States by the Denver 

Wildlife Research Center between March 1964 and 
February 1970. 

Materials and Methods 

Whole birds and tissue samples were usually received 
frozen at the laboratory and were stored frozen until 
analysis. Most whole birds were examined for gross 

evidence of death due to unnatural causes, including 
shooting, impact on power lines, and chemical poisoning. 
A few were decomposed extensively, precluding 

necropsy. The birds were then dewinged, debeaked, and 
skinned for tiue sample removal. ,Usuallya composite 
of 5 g each of brain, heart, kidney, liver, and muscle 
(BHKLM) was selected. In some cases fat and/or brain 

samples were taken. 

Samples to be analyzed were blend-desiccated with so

dium sulphate (5 parts to 1 part of sample) and Soxhlet
extracted for 6 houts with 1:9 diethyl-ether:petroleum-
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ether. Extractants were evaporated, crude lipids were 
determined gravimetrically, and the sample was taken 
up in hexane and partitioned with acetonitrile by a pro-
cedure similar to that of Mills (2). Additional interfering 
substances were removed by liquid adsorption chro-
matography (2), co-sweep distillation (3), or both. Va
rious other cleanup and separative techniques, such as 
treatment with fuming sulfuric acid or chromatography 
with magnesia or alumina columns, were used when 
necessary. Recovery of organochlorine insecticides from 
eagle tissue by the above technique was 90 ±t 10%. 

Sample residues were usually determined by gas-liquid 
chromatography (GLC) using tritium-activated, concen-
tric-tube, electron-capture detectors. The most frequently 
used GLC operating parameters are presented in Table 
1. In most cases, a Dow-200 column was used for sepa-
ration. identification, and quantitation, and a QF-l (FS-
1265) column was used for confirmation. When residue 
levels permitted, futher confirmation was performed 
by thin-layer chromatography with laboratory-prepared each sample type according to State. TheseplaeachosamplemtypehaccordingmtoFState.iTheserdataiare
plates or Eastman Chromatogram (F) alumina- or silica-
gel films. 

TABLE .- Normal operating parameters for gas-liquid 
chromatography,with tritium electron-capturedetection 

Liquid phase 
Mesh size. H.P. chromasorb W 
N: flow rate. m/mn 
Temperature, 'C 
Retention time of aldrin. min 

Plates and films were 
and 2.5% benzene in 

COLUMNS (GLASS s' ,%" O.D.) 

QF-t Dow.200 

5% S% 
80-100 8-100 

so so 
175 185 
3.3 6.5 

developed with 0.5% methanol 
2,2,4-trimethyl pentane (v/v); 

spots were visualizcd by silver nitrate spraying and ultra-
violet exposure. The sensitivity of this procedure was 
greater than 0.1 ppm for organochlorine residues and 
1.0 ppm for PCB's. 

Results and Discussion 
Median values are presented instead of means because 
of the skewness of the data and the need for comparison 
with the literature. Residue levels reported in this study 
have not been corrected for percent recovery of p-
ticides from eagle tissues. 

Organochlorine residues were determined in 134 
BHKLM, 102 fat, and 73 brain samples representing 
169 golden eagles. Table 2 shQws the frequency of oc-
currence of the nine organochlorine compounds found 
in the samples, DDE being most ubiquitous. As shown 
in Tables.3-4, residues were generally greatest in the fat 
samples, intermediate in BHKLM samples, and least in 
the brain samples. 

TABLE 2.-Frequency o1 occurrence of nine organochlorine
residues in golden eagle samples 

Numa or SMLES CONTAINING S,.usI 

NUM (1 SA T US 
(34) FAT (102) BHKLMDRAIN (73) 

,.. , 
ORGOHt dO. - 2 t-jjo- t9 0 9 65 8 

DDE 127 94.8 100 98.0 65 89.0 

Dieldrin 6" :0.7 69 67.6 19 26.0 
Heptachlorepoxlde 23 17.2 32 31.4 7 9.6 
PCB's (poiychlorl

nated blphenyls) 20 14.9 13 12.7 15 20.5 
DDD 10 7.5 13 12.7 1 14 
DDT 3 2.2 8 7.8 3 4.1
Endrin 2 2.5 5 4.9 0 0.0 
DDMU 2 1.5 0 0.0 0 0.0 
Aldrin I 0.7 3 2.9 1 1 .4 

I Total number of golden eagles represented = 169. 
Table 3 gives the median, range, and number of sam
ples with each organrchlorine insecticide residue for 

data are
generally too variable and sample size is too small to 
permit meaningful statistical comparisons between States 

or regions. From the data available, it appears that ex
posure of individual golden eagles to organochlorine 
insecticides is quite variable but falls within approxi
mately the same range across the country. 

As shown in Table 3, DDE was found in at least one 
golden eagle from each of the 22 collection States. Few 
of the samples coiained alarmingly high residues, how
ever. Foue of the fat samples contained over 40 ppm 
DDE (50-84 ppm), two of the BHKLM samples ron

tained over 20 ppm DDE (24-25 ppm), and four of the 
brain samples contained over 2 ppm DDE (2.3-9.9 ppm). 
According to the general guidelines given by Stickel 
et al. (4) in their study of DDE residues in cowbirds 
(Molothrus ater), these residues are not sufficiently high 
to cause direct, nonsynergistic acute toxicity to eagles. 
Golden eagles from all 22 States contained a median of 
0.3 ppm DDE in BHKLM, 3.0 ppm in fat, and 0.1 ppm 
in the brain for the years 1964-70. These are higher 
levels than those of DDT and DDD in all sample types, 
indicating that most exposure to DDT and metabolites 
was not recent or was dietary. The DDE levels, however, 
are considerably lower than the lowest median DDE 
residue of 4.92 ppm in the carcass and 0.92 ppm in the 
brain of bald eagles (Haliaeetus leucocephalus) as re
ported by Mulhern et al. (5) for the years 1966-68, and 
7.80 ppm in the. carcass and 1.00 ppm in the brain of 
bald eagles as reported by Reichel. et al. (6) for the 
years 1964-65. The lowet residue content in the golden 
eagle compared to that in the bald eagle probably re
fleets their differing diets. The golden eagle's preferred 
diet of terrestrial herbivores such as rabbits and rodents 
(7,8,9) places it at the end of a shorter food chain than 
that of the bald eagle, which frequently takes fish (10). 
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Reichel et al. (6) also presented residue values for 21A the brain. The 40 golden eagle samples from South Da
golden eagle samples collected in 1964 and 1965, mostly kota for the years 1964-70 presented in Table 3 con. 
in South Dakota. These birds also contained residues 
lower than those in bald eagles, with median valuds of 
0.49 ppm DDE and 0.09 ppm dieldrin in the carcass, DDE and less than 0.1 ppm dieldrin in BHKLM; less 

and 0.10 ppm DDE and less than 0.05 ppm dieldrin in than 0.1 ppm DDE and 0.1 dieldrin in the brain. 

TABLE 3.-Organochlorine residues It golden eagles, listed by compound and State-1964-70
 
Residues In ppm. wet.weight basis
 

PATRAINSTT HKLM -

MEDAN RANGE NI MEDIAN RANGE N I MEDIAN RANCE N I 

DDE 
-Alaska 9.3 -1 1.0 - I 

Ariz. - - - 4.1 1! 
Ark. - - - - 0.3 1I 
Calif. 0,5 <0.1-5.2 6 0.2 <0.1-2.4 6 0.4 <0.1-16 5 
Colo. 0.3 <0.1.6.5 12 <0.1 - 4 0.8 <0.1-5 10 
Idaho 4.0 0.1-8.0 2 <0.2 <0.1-0.3 3 1.8 0.7-3.0 2 
Ill. 0.1 - - - - 1.6 -1 

Ind. 1.6 - I - - - 13 
--Iowa <0.1 <0.1-0.1 2 - -

Md. 3.2 0.7-5.7 2 2.3 - I 84 - I 

Minn. 0.6 <0.1-7.9 7 0.4 <0.1-0.7 4 7.1 1.8-40 5 
Mo. 0.4 0.3-3.1 3 0.8 0.2-1.4 2 <0.1 - I 
Nebr. 0.2 <0.1-2.6 26 <0.1 <0.1-1.1 11 2.5 <0.1-26.0 28 
Nev. 0.3 - 0.1 
N. Mex. 0.1 11 - - - 1.6 - I 

N. Dak. 0.3 <0.1.24 8 <0.1 <0.1-0.2 4 3.4 1.3-50 8 

Okla. 0.5 - I - - - 10 - I 
Ores. - - - 1.2 - 1 28 1.3-55 2
 
Pa. 1.0 0.4-.8 4 0.2 <0.10.5 4 29 6.6-38 4
 
S. Dak. 0.2 <0.1-25 41 <0.1 <0.1-4.6 18 4.4 140-28 23
 
Utah 0.4 <0.1-4.0 6 0.5 <0.1-1.9 3 3.6 0.3-55 4
 
Wis. 6.2 1.4-11 2 3.0 0.1-9.9 2 221 - I
 
All States 0.3 <0.1-25 127 0.1 <0.1-9.9 65 3.0 <0.1-84 100
 

DIELDRIN 

Calif. - - - - <0.1 -


Colo. <0.1 <0.1-4.4 8 <0.1 - 3 0.8 <0.1-12 t0
 
Idaho <0.1 - I - - .-


Ill. 0.1 -1 - - - 1.3 
----

-
Ind. 0.2 - 

--

Minn. 0.1 <0.1.0.2 3 <0.1 - 2 0.7 0.4-1.9 4
 
Mo. - - - <0.1 - 1 <0.1 -I
 

Nebr. <0.1 <0.1-0.4 is <0.1 <0.1.0.1 3 0.4 <0.1-2.2 22
 

Ney. 0.1 I '0. - i - - -


Iowa <0.1 -

N. Me. <0.1 - I - - - <0.1 I 
N. Dak. <0.1 <0.1-1.S 4 <0.1 - 1.4 0.4-3.1 6
 
Okla. <0.1 - I -.. 0.7 -1
 

Pa. 0.2 -  - - 2.4 -

S. Dak. <0.1 <0.1-3.0 27 <0.3 <0.10.4 8 0.8 0.2.6.6 20
 

Utah 0.1 - 3 
 - - - <0.1 -


All States <0.1 <0.14.4 68 <0.1 <0.10.4 19 0.7 <0.1-12 69
 

HEPTACHLOR EPOXIDE 

Ark. -- - - - <0.1 -I
 

Calif. ...... <0.1 - 1
 
Colo. 0.2 <0.14.2 3 <0.1 - 2 0.4 <0.1-1.2 8
 
Md. - - -. 1.4 I
 

- .- -MIna. <0.1 - I 

Mo. 0.2 - 0.1 - 1 <0.1 - 1
 
Nebr. <01 <0.10.1 II 0.1 - 1 0.7 <0.1-1.2 9
 
N. Dak. 0.4 - I - - - 2.1 05-2A 3 
S. Dak: 0.2 <0.1-122 6 0.3 <0.1-23 3 0.5 0.2-13 7
 
Utah - - - - <0.1 - I
 
All States <0.1 <0.1-12.2 23 0.1 <0.1-23 7 0.4 <0.1-2A 32
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TABLE 3..-Organochlorlne rejidues in golden eules, listed by compound and Sate-196470-Contnued 
Residues In ppm, wet-welght basis 

PCB 

Calif. 
I d a ho 
III. 
Md. 
Minn. 
Mo. 
Nebr. 
N. Dak. 
Pa. 
S. Dak. 
Utah 
Wis.. 

2.1 
6.0 
-
-

10 
10 

< 1.0 
1.0 

< 1.0 
<2.0 

5.0 
7.0 

<1.0-4.2 

-

-
< 1.0-19 

-

-

-

-
< 1.0-10 
< 1.0-10 

-

2 
1 

-

-
2 

3 

3 
4 
2 
1 

<1.0 
-
-

< 1.0 
< 1.0 

5.0 
< 1.0 

-
< 1.0 
< 1.0 

6.0 

-

-

<1.0-1.0 
-
-
--
-

< 1.0-0.2 

-

1 
-...... 

1 
2 
I 

3 
3 

-

9.5 

6.4 
3.0 

< 1.0 
-

< 3.0 
6.0 

< 1.0 
7.0 

.--

-

-

-

-

-
-

-
2.0-10 

-

<1.0-14 

-

2 

-

2 
2 
3 
2 

-

All States <1.0 <1.0-19 20 <1.0 e1.0-6.0 15 <1.0 < 1.0-14 13 

DDD 

Ark. 
Calif. 
Colo. 

--

-

0.2 <0.1-0.3 

-

2 

-

-

-

-

-

-

-

-

-

0.8 
1.0 

<0.1 

-
-
-

I 
I 
4 

Nebr. 
N. Mex. 
OkIla. 
Pa. 
S. Dak. 
All States 

<0.1 
<0.1 
<0.1 

0.1 
0.2 

<0.1 

-

-

-

-

<0.1-8.0 
<0.1-8.0 

2 
I 
I 
I 
3 

20 

-
-

-

-
<0.1 
<0.1 

-

-

-

-

-

-

-
-

-

-

1 

<0.1 
1.6 
0.5 
2.0 
0.9 
0.5 

-
-

-

-

<0.1-1.2 
<0.1-2.0 

I 

1 
3 

13 

DDT 

Ark. 
Colo. 
Idaho 
Minn. 
S. Dak. 
Utah 

0.2 
-
-

<0.1 
-

-2 

-

-

--

-

-

-

-
<0.1 
<0.I 

0.2 
-

-
-
-
-

-

-

I 
I 
I 

-

<0 
<0.1 

-

-

<0.1 

-

-

-

6 

All States 0.2 <0.1-0.2 3 <0.1 <0.10.2 3 <0.1 - 8 

ENDRIN 

Co.I-
Md. 

Nebr. 
N. Dak. 
All States 

-

<0.I 

<0.1 
I 

-
-

.--

-

I-
I 

2-

-

-<0. 
-

-

-

-

-

-
<0.1 

<0.1 
0.3 

<0.3 

-
-_ 

-3 

-

<0.14.3 5 

Colo .0o60S II 
DDMU 

-0. -6- -I0-.I5-
ALDRIN 

Calif. T -- <0.1 I 
Colo. j - - j - - <0.1 <0.1-0.1 3 

_ak. _IS. <0.1 . < . 

All States <0.1 - <0.1 I <0.1 <0,1-0.1 3 

I Number of specimens containing residue. Median is based on this number. 

Dieldrin occurred in 69 (68%) of the 102 fat samples in the brain judged necessary for acute toxic effects by 
analyzed (Table 2). Only 68 BHKLM samples (51%) Stickel et al. (11). In contrast, Mulhern et al. (5) found 
contained dieldrin, and 44 of these contained less than that 8 of 69 bald eagles contained sufficiently high 
0.1 ppm; the highest level of dieldrin was 4.4 ppm in a 
fat sample of a bird from Colorado (Table 3). Only 19 
brain samples (26%) contained dieldrin, and 16 of these The levels shown here in golden eagles do not preclude 

contained less than 0.1 ppm. The highest level found sublethal effects, however, as indicated by the studies of 
in the brain was 0.4 ppm in a bird from South Dakota. Lockie et al. (12), Hickey and Anderson (13), and Rat-
This is considerably Inwer than the minimum of 4 ppm cliffe (14). 
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PCB's were first quantified in golden eagles in this lab- Heptachlor epoxide. DDD. DDMU, DDT, endrin, and 
oratory in 1967 (Table 4). Their presence in 20 of 113 aldrin were seen in a few samples, usually in small quan-
BHKLM samples from 1967-70 indicates their ubiquit- tities. The highest median levels were 0.5 ppm for DDD 
oils ndture. in fat samples and 0.6 ppm for DDMU in BHKLM sam-

TABLE 4.-Organuchlorne reshes in golden eagles by year-1964-70 
Residues in ppm, wet-weight basis 

FATBRAIN 
ME1IAN I' , "ED I RAN. I N 

YEAR BlILM 

DDE 

1964 1.0 0.6-1.0 3 - - - 0.4 <0.1-6.5 8 
1965 0.8 <0.1-25 6 <0.2 - 1 6.3 0.8-26 5 
1966 0.4 <0.1-6.5 11 0.1 - 2 4.2 0.3,40 7 
1967 0.? <0.1-24 39 <0.1 <0."-.6 6 3.0 <0.1-84 30 
1968 0.2 <0.1-9.3 39 0.1 <0.1-4.6 31 2.8 <0.1-55 30 
1969 0.3 <0.1-8.0 25 <0.1 <0.1-1.4 22 3.7 0.3-35 18 
1970 6.4 0.8-11 4 0.7 0.2-9.9 3 33 1.0.55 2 
1964-70 0.3 <0.1-25 127 0.1 <0.1-9.9 65 3.0 <0.1-84 100 

DIELDRIN 

1964 0.1 - I - -1 - .2 <0.1-12 8 
1965 <0.1 <0.1-3.0 4 - - - O.S <0.1-2.2 5 
1966 <0.1 <0.1-4.4 10 <0.1 - 2 1.6 <0.1-2.4 5 
1967 <0.1 <0.1-2.3 24 <0.1 - I 0.5 <0.1-3.1 24 
1961 0.1 <0.1-0.6 17 <0.1 <0.1".4 9 1.2 <0.1-6.6 17 
1969 <0.1 <0.1-0.4 12 <0.1 - 7 0.7 0.24.6 10 
1970 - - - - - - 
1964-70 <0.2 <0.14.4 68 <0.1 <0.1-0.4 19 0.7 <0.1-12 69 

HEPTACHLOR EPOXIDE 

1964 -.... 0.4 <0.1-1.2 8 
1965 <0.I - I - - - 0.8 0.5-1.1 2 
1966 <0.1 <0.1-0.2 4 - - - 1.2 <0.1-2.4 2 
1967 <0.1 <0.1-12.2 10 <0.1 -1 0.7 <0.1-1.4 13 
1968 0.1 <0.10.6 4 <0.1 <0.1-2.3 4 0.4 <0.1-1.2 4 
1969 <0.1 <0.1-0.2 4 0.1 - 2 0.2 <0.1-0.4 3 
1970 - - - - 
1964-70 <0. I <0.1-12.2 23 0.I <0.1-2.3 7 0.4 <0.1-2.4 32 

PCB 

1964 - - - - - 
1965 ..... .... 
1966 - - - - 
1967 < 1.0 < 1.0-1.0 2 < 1.0 - 5.0 <1.0-10.0 2 
2968 < 1.0 <1.0-10 7 < 1.0 - 6 < 1.0 < 1.0.6.4 7 
1969 < 1.0 <1.0-10 7 < 1.0 < 1.05.0 6 < 1.0 < 1.09.5 3 
1970 8.0 1.019 4 4.0 1.0-6.0 2 14 - ! 
1964.70 < 1.0 <1.019 20 < 1.0 < 1.06.0 Is < 1.0 < 1.0-14 13 

DDD 

1964 - - - - - <0.1 - 4
 
1965 8.0 - I - - - - 

1966 <0.1 <0.1-0.3 3 - - - 1.2 0.8-1.6 2 
1967 <0.1 - 3 - - - 0.2 <0.1-1.0 4 
1968 0.1 - - - - 2.0 - I 
1969 0.1 <0.1-0.2 2 <0.3 - I 1.0 0.9-1.2 2 
1970 - - - - - 
1964-70 <0.1 <0.1-8.0 10 <0.1 -1 0.5 <0.1-2.0 1 

DDT 

1964 - - - - - - <0.1 - 6
 
1965 - - .- 
1966 0.2 - 2 - - - <0. 

1967 <0.1 - I <0.1 -I <0.1 - 1. 
1968 - - - - -.... 
1969 - - - 0.1 <0.1-0.2 2 - - 

1970 - - - - 
1964.70 0.2 <0.1.2 3 <0.1 <0.2-0.2 3 <0. - 8 
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TABLE4:-Organochlorneresidues fi goldeni eagles by year-1964-70-Continued 
Residues In ppm, wet-weight basis 

ENDRIN 

1964 - ........
 
1965 <0.1 
 I -  - <0.1 
1966 <0.1 	  _
 
1967 	  - .... <0.1 <0.1-0.3 419 68 - ........
 
19 69 - ........
 
1970 -........
 
1964-70 <0.1  2  - - <0.1 <0.14.33 

DDMU
 
1964 0.6 0.5".6 2 ......
 
1965 - - -....
 
1966 - - -....
 
1967 - - -...
 
1968 - - -.... 

1969 	 - 

1970 -	 -..- .. 
1964-70 0.6 0.50.6 2 - - - I - -

ALDRIN 

1964 	 .. ..- -- - <0.1 <0.1-0.1 3
19653 <0.1-	 --1966 	 - ...... 

2967 <03i-I
1968 -.......
 
1969 	 ........
 

1970 -.......
 

196"170 <0.1 -I 
 <0.1 - - <0.1 <0.1.4.1 3
 
I Number of specimens containing residue. Median is based on this number.
 

ples (for n,edian levels in birds from all States, see the 63 eagles included, 33 died from shooting or contact
Table 3). Each of these insecticides had a median of with power lines (collision or electrocution). Six of theless than 0.1 ppm in the brain, 	 eagles killed by 1080 (sodium monofluoroacetate) were 
The data in Table 4 suggest that exposure of golden collected in 1966, three in 1968, and two in 1969. Most
eagles to organochlorine insecticides has not changed of the specimens examined died from undetermined
significantly from 1964 through 1970. The years with the causes, which undoubtedly included a high proportion
largest sample sizes (1960-69) indicate no important of natural deaths. 
changes in exposure. The median concentrations of
DDE, which is represented by the largest number of LITERATURE CITED
samples, ranged only from 0.2 to 0.4 ppm in BHKLM (1) Johnson, R. E., T. C. Carver, and E. H. Dustman. 1967.
samples, and 	from 2.8 to 4.2 ppm in the fat samples Residues in fish, wildlife, and estuaries. Pestic. Monit.
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