
Chlorinated Hydrocarbon Residues in Perianal 
Fat of Desert Bighorn Sheep 

Jack C. Turner 
Department of Zoology & Physiology 

University of Wyoming 
Laramie, Wy. 82071 

Use of chlorinated hydrocarbon pesticides for more than 30 
years and polychlorinated biphenyls (PCB) for more than 40 years has 
resulted in the accumulation of these compounds in various ecosys- 
tems. Their accumulation in different ecosystems both near and well 
removed from their source of application is enhanced principally by 
their persistence and subsequent magnification between trophic lev- 
els. Particularly noted for their residual properties are DDT and 
dieldrin as they can remain in their original state in the soil or 
be converted to various breakdown products. Photodecomposition of 
dieldrin results in products more toxic than the parent compound 
(SOTO and DIEC~V~N 1967:307). 

Although numerous investigators have inventoried chlorinated 
hydrocarbon pesticide residue levels in various big game species 
(CLAUSEN et al. 1974, SMITH et al. WALKER et al. 1965, BROWN and 
BROWN 1970), there is no information on the unintentional exposure 
and acct~uulation of pesticides nor the accumulation of chlorinated 
hydrocarbon residues in desert environments inhabited by desert 
bighorn (Ovis canadensis cremnobates and O. c. nelsoni). 

Southern California desert bighorn occupy an altitudinal zone 
between 240-1200 m. Bighorn habitat is typified as being inaccess- 
ible and generally removed from the influences of man, especially 
those of an agricultural orientation. Despite their remoteness they 
are potentially exposed to pesticide residue in their food as a re- 
sult of wind blown contamination from agricultural areas and from 
ground water contamination as a result of leaching and run-off from 
higher forested areas. Neither the direct nor cumulative effects 
upon bighorn from wide spread use of chlorinated hydrocarbon pesti- 
cides is well known. 

The objectives of this study were to determine the extent to 
which o,p'DDT, p,p'DDT, p,p'DDE, p,p'DDD, PCB, aldrin, dieldrin, 
heptachlor, heptachlor epoxide and lindane are found in the perianal 
fat of two different races of desert bighorn sheep in Southern Cali- 
fornia deserts. 

MATERIALS AND IvIETHODS 

San~01es (3-10 gins) of subcutaneous perianal fat were collected 
from carcasses of 15 desert bighorn sheep. Additionally, biopsies 
(3-5 gins) of perianal fat were obtained from 6 frcc ranging desert 
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bighorn (Table I) which were immobilized in conjunction with another 
study. Fat samples were enclosed in tight fitting new glass vials 
and stored at 13-20~ until analyzed. Before analysis each fat sam- 
ple (3 gins) was homogenized for 2 minutes with 40 mls nanograde hex- 
ane and anhydrous sodi~n sulfate in an ice jacketed flask. Tissue 
was transferred to a Buchner funnel with Whatms~ No. 1 filter paper; 
flasks were quickly rinsed with an additional 5 mls nanograde hexane; 
and cooled homogenate was rapidly filtered. The filter paper was 
then rinsed with 5 mls nanograde hexane. A 5 ml aliquot of filtrate 
was evaporated to dryness in a vacu~n oven for gravimetric deter- 
ruination of total fat, and the remaining filtrate was cleaned up by 
using the technique of WOOD (1969). 

Standards of heptachlor, heptachlor epoxide, lindane, aldrin, 
dieldrin, PCB (Aroclor 1254), o,p'DDT, p,p'DDT, p,p'DDE and p,p'DDD 
were added to mutton fat in known amounts to produce increasing lev- 
els from 0.1-5.0 ppm of each residue. One set of standards was ex- 
tracted with each set of ten unknown samples. These extracted stan- 
dards were corrected for background contamination in the mutton fat 
and then used as standards in the GLC and TiC analyses described 
below. Because the standards were added to mutton fat and experi- 
enced the extraction procedure, use of these standards automatic- 
ally corrected for extraction efficiency. 

All samples were separated into several groups by thin-layer 
chromatography (TLC) to reduce overlapping GLC chromatograms, prin- 
cipally those of PCB and DDT related compounds (REYNOLDS 1969). The 
TiC technique of BREIDENBACH et al. (1964) and the modifications of 
GREENWOOD et al. (1967) were used. 

Residue concentrations were determined on a Hewlett Packard 
Model 7600A gas-liquid chrcmatograph equipped with a 63Ni electron 
capture detector and an electronic integrator. A borosilicate 
glass column (2m x 4ram, i.d. ) was placed with I0 percent DC-200 on 
80 to I00 mesh gas chrom Q and used with a carrier gas mixture of 
95 percent argon and 5 percent methane at 120 ml/min flow rate. The 
column, inlet and detector temperature were 200 ~ 240 ~ and 250oc 
respectively. 

Standard curves were prepared from the integrator counts and 
known standards, and the unknown values were obtained from these 
curves. All residue concentrations were then calculated on a per- 
fat basis by dividing the whole sample concentration by the fraction 
of fat in the sample. Significant relationships were determined by 
use of non-parametric },~%nn-~Tnitney U statistics. 

RESULTS 

Results of desert bighorn perianal fat analysis are shown in 
Table 2. All samples analyzed had chlorinated hydrocarbon residues. 
Only one sample, from Los Angeles County (ocn-19), had heptachlor 
and heptachlor epoxide above the limits of detection (0.01 ppm). 
No samples had aldrin in detectable quantities (0.01 ppm). 

Dieldrin and lindane were found in 17 (71%) and 22 (92%) of the 
24 analyzed san~01es, respectively, but comprised an average of less 
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TABLE 1 

Age, sex and county of desert bighorn biopsied and sam- 
pled for chlorinated hydrocarbon pesticide residue in 
Southern California. 

Sample Age 
Species No. (yrs) Sex County 

Penninsular Desert 
Bighorn 

(Ovis canadensis 
cremnobates) 

Nelson's Desert 
Bighorn 

(Ovis canadensis 
nelsoni) 

occ 19" 3 E Riverside 
occ 22 lamb E San Diego 
occ 26 4 E Riverside 
occ 30 5 E Riverside 
occ 34* 2 E Riverside 
occ 37* 3 E Riverside 
occ 39 lamb R Riverside 
occ 41" 6 R Riverside 
occ 46* II R Riverside 
occ 47 lamb R Riverside 
occ 50 3 �89 E Riverside 
occ 51 lamb R Riverside 
occ 54* 4 R Riverside 
occ 55 9 R Riverside 
occ 59 5 R Riverside 

ocn 19 lamb R Los Angeles 
ocn 22 6 R San Bernadino 
ocn 36 6 R Riverside 
ocn 39 4 E San Bernadino 
ocn 51 3 E San Bernadino 
ocn 57 3 �89 E San Bernadino 
ocn 64 4 E Inyo 
ocn 76 year. R Riverside 

Biopsy 
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than 14 percent of the total residue load per animal. Levels of 
dieldrin and lindane were not significantly different between the 
two races of sheep (p _< 0.05) averaging 0.03 ppm for both compounds. 

DDT (reported as the s~n of o,p'DDT plus p,p'DDT) or its decom- 
position products DDE (p,p'DDE) and DDD (p,p'DDD) were found in all 
analyzed fat san~01es. Levels of DDT, DDE and DDD were not signifi- 
cantly different between the two races of bighorn (p • 0.05). Av- 
erage levels of DDT were less than either DDE or DDD. Residues of 
DDE contributed more than 56 percent of the residue attributed to 
DDT related compounds. The overall contribution of these compounds 
to the total residue load per animal averaged 17 percent. The resi- 
due load contributed by the DDT related cempounds comprised a great- 
er percent of the total load (20%) for the Penninsular bighorn when 
c~npared with Nelson's bighorn (13%), however, there was no signifi- 
cant difference in the absolute amount of these residues present 
(p ~ O.O5). 

No significant relationships were found between rams and ewes 
for any of the residue levels detenuined (Table 3). Similarly, no 
age relationships were found for lambs and yearlings taken as a 
group, considered against adult animals (>2 years), except for DDE. 
The DDE levels (0.04 ppm) in adults averaged nearly four times the 
average residue level in lambs and yearlings (0.01 ppm); however, 
there was considerable variation in individual animals. The larg- 
est DDE residue recorded for a lamb was 0.05 p~m. This value was 
the sixth largest value recorded from the 24 sau~01es analyzed. 

Polychlorinated biphenyls were found in all samples analyzed 
and cxm~rised an average of 69 percent of the total residue load per 
animal. The pennisular and Nelson's bighorn averaged PCB residue 
levels of 0.28 and 0.70 ppm, respectively. A Nelson's bighorn ram 
lamb, from Los Angeles Co. had the largest PCB residue level meas- 
ured. Neither age, sex nor subspecies were significantly (p ~ 0.05) 
related to the measured PCB levels. 

Total residue levels showed no significant relationship with 
sex or age group. Lambs and yearlings averaged 0.79 ppm total resi- 
due whereas adults averaged 0.46 ppm. When the average total resi- 
due was recalculated for lambs and yearlings without the unusually 
high residue values for sample ocn-19, total residues average 0.37 
ppm. The significance of total residue levels to sex or age group 
was not importantly altered with the omission of sample ocn-19 from 
consideration. 

DISCUSSION 

Although chlorinated hydrocarbon residues are widespread in 
the ecosystem, 75 percent of the total land in the United States 
has never been sprayed with pesticides (USDA 1968). Data presented 
here indicate remoteness and inaccessibility do not preclude the in- 
advertent contamination of animal populations as a result of pest 
control operations. 

Direct application of chlorinated hydrocarbon pesticides to 
desert bighorn habitat has probably never occurred; however, wind 

27 



TA
BL

E 
3 

Co
mp

ar
is

on
 

of
 

me
an

 
ch

lo
ri

na
te

d 
hy

dr
oc

ar
bo

n 
re

si
du

es
 

pe
r 

de
se

rt
 

bi
gh

or
n 

se
gr

eg
at

ed
 

on
 

th
e 

ba
si

s 
of

 
ag

e 
an

d 
se

x.
 

Va
lu

es
 

in
 

pp
m 

an
d 

ex
pr

es
se

d 
on

 
th

e 
ba

si
s 

of
 

ex
tr

ac
te

d 
fa

t.
 

St
an

da
rd

 
de

vi
at

io
n 

is
 

in
 

pa
re

nt
he

se
s.

 

Di
el

dr
in

 
Li

nd
an

e 
DD

T 
DD

D 
DD

E 
PC

B 
To

ta
l 

La
mb

s 
an

d 
Ye

ar
li

ng
s 

0,
04

 
0,

04
 

0.
01

 
0.

02
 

0.
01

 
0,

67
 
t 

0.
79

 
t 

(0
.0

3)
 

(0
.0

2)
 

(0
,0

2)
 

(0
.0

3)
 

(0
.0

2)
 

(0
.9

8)
 

(1
.0

4)
 

Ad
ul

ts
 

(>
2 

ye
ar

s)
 

0.
02

 
0,

03
 

0.
01

 
0.

02
 

0.
04

 
0.

34
 

0.
46

 
(.

0.
02

) 
(0

.0
2)

 
(0

.0
1)

 
(0

.0
2)

 
(0

.0
2)

 
(0

.2
2)

 
(0

.2
6)

 

Ra
ms

 
0.

03
 

0.
03

 
0.

01
 

0.
02

 
0.

03
 

0.
50

 
0.

62
 

(O
.O

3)
 

(O
.O

2)
 

(0
.0

1)
 

(0
.0

2)
 

(O
.O

3)
 

(0
.7

0)
 

(0
.7

5)
 

Ew
es

 
0.

02
 

0.
03

 
0.

01
 

0.
01

 
0.

04
 

0.
35

 
0.

47
 

(0
.0

2)
 

(0
.0

1)
 

(O
.0

1)
 

(0
.0

2)
 

(0
.0

2)
 

(0
.2

3)
 

(0
.2

7)
 

tV
al

ue
s 

ca
lc

ul
at

ed
 

fo
r 

PC
B 

an
d 

to
ta

l 
re

si
du

e 
no

t 
co

ns
id

er
in

g 
oc

n-
19

 
ar

e 
0.

27
 

(0
.1

8)
 

pp
m 

an
d 

0.
37

 
(0

.1
9)

, 
re

sp
ec

ti
ve

ly
, 



and mediated vectors undoubtedly are, in part, responsible for the 
presence of these compounds in bighorn habitat. High levels of 
chlorinated hydrocarbon residues were found in 16 air samples from 
18 California cities (WEST 1968). The observed high levels of 
chlorinated hydrocarbon residues in rain water, due to aggregation 
of residues on dust particles, is thought to be a major mode of resi- 
due transport in the ecosystem (COHEN and PINKEHfIDN 1966). 

The movement of residues from the soil to plants is rate limiting in 
the biological transport of residues in terrestrial organi~ns 
(MATS~A 1975). Although terrestrial plants usually do not accumu- 
late chlorinated hydrocarbon pesticide residues above the levels found 
in soil, their contribution is significant because of their large biomass. 

Acute pesticide toxemia in wildlife is generally accidental and 
occurs within a limited geographical area. Such localized exposure 
does not result in the same widespread ecological impact that chron- 
ic exposure and subsequent bioacc~nulation of chlorinated hydrocar- 
bon pesticide residues can cause. 

It is well doct~nented that residues of DDT and other chlorin- 
ated hydrocarbon pesticide residues accumulate and persist in adi- 
pose tissue (HAYES 1959, ~TSUM~ 1975, PILI~RE and FINLEY1963), 
but terrestrial n~nals do not accumulate these residues to the ex- 
tent of their avian counterparts (MATSUMURA 1975). Terrestrial her- 
bivores generally acct~nulate the least amounts of chlorinated hydro- 
carbon residues, pres~ably due to their low level exposure within 
the trophic level. 

Low levels of DDT and its related residues in desert bighorn 
sheep (0.01-0.13 ppm) are not unusual due to the widespread distri- 
bution of these c~unds. Similar observations have been made by 
other investigators on various game species (BENSC~ and SMITH 1972, 
C~USEN et al. 1974, GRE~0OD et al. 1967, MOORE et al. 1968, 
TURNER 1965, WALKER et al. 1965). 

A cor~arison of the proportions of DIYr, DDD and DDE in the body 
fat allows for an assessment of the exposure of desert bighorn to 
these compounds (HUNNEGO and HARRISON 1971). The relatively high 
levels of DDE compared to DDT and DDD suggest that the bighorn's ex- 
posure was to either DDE or long term exposure to low levels of DDT, 
pres~nably the latter. 

Aldrin is readily converted to dieldrin by plants and animals 
(BANN et al. 1956) and is presumably a factor in the absence of this 
compound (aldrin) from the samples analyzed. Dieldrin, however, is 
one of the most persistent chlorinated hydrocarbons known. Its fre- 
quency and low residual level in bighorn fat suggest a continual low 
level rate of intake (GANNON et al. 1959). 

Co~aratively high chlorinated hydrocarbon residue values were 
found in lambs. These residue levels indicate exposure was perhaps 
chronic, cc~mencing with the lamb's first suckling or before. High 
residual levels of DDT and its derivatives have been shown to occur 
in railk (QUINBY et al. 1965). Similarly, lactation is a major path- 
way of dieldrin excretion (BRAUND et al. 1968, HARR et al. 1970, 

29 



MURPHY and KORSCHGEN 1970). Transplacental mowment of chlorinated 
hydrocarbon pesticides has been demonstrated in various animal groups 
(BRAUND et al. 1968, HATHWAY 1965, MURPHY and KORSCHGEN 1970). 
Placental transfer of chlorinated hydrocarbon residues and subse- 
quent incorporation by fetal fat, in addition to lacteal au~nenta- 
tion, may have contributed to the high pesticide residue levels 
observed in the lambs. 

Body fat in wild animals is a dynamic tissue which is rapidly 
mobilized as an energy source during illness, starvation or breed- 
ing activity. This can result in an increased concentration of 
chlorinated hydrocarbon residues in the remaining tissues (DALE et 
al. 1962). Otherwise diffuse low levels of residues could be poten- 
tially concentrated above benign levels to cause debility. 

The United States Food and Drug Administration has set toler- 
ance levels (maximum permissible amount) for chlorinated hydrocarbon 
pesticide residues in fat of livestock involved in interstate com- 
merce; no such guidelines exist for game species. No levels of 
dieldrin or heptachlor are permitted in livestock fat. If the fed- 
eral regulations were applied to harvested game species,* many would 
not meet minimal standard tolerance levels. 
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