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Blood Lead Levels of Wild Raccoons (Procyon lotor) from the

Eastern United States
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University, Philadelphia, Pennsylvania 19107, USA

ABSTRACT: We analyzed 161 raccoon (Procy-
on lotor) blood samples obtained from New Jer-
sey (n = 109), rural Pennsylvania (n = 29) and
laboratory confined animals (n = 23) in the USA
for lead content; we found significantly higher
levels in the New Jersey raccoons (mean = 4.4
ug/dl, SE = 2.9). There was no difference be-
tween the lead levels of raccoons from the other
two groups (mean = 2.6, SE = 0.5 and mean =
2.5, SE = 0, respectively).

Key words: Blood lead, Pennsylvania, New
Jersey, raccoons, Procyon lotor.

Lead is ubiquitous in the environment
and traces of it have been found in all
living tissues (Goyer, 1986; Hamir, 1986).
Exposure to toxic amounts of lead pro-
duces pathological changes in a variety of
organ systems (Hamir, 1986), including the
immune system. Experimental exposure of
inorganic lead results in impairment of im-
mune function (Hemphill et al., 1971;
Koller, 1973; Luster et al., 1978) and sup-
pression of host defense mechanisms re-
sulting in increased susceptibility to infec-
tious agents (Hemphill et al., 1971).

Presently the eastern USA is undergoing
an epizootic of raccoon rabies (Cartter et
al., 1992). To control this disease, an oral
vaccinia-rabies glycoprotein (V-RG) vac-
cine has been developed (Rupprecht et al.,
1986). Experimental vaccination with the
V-RG vaccine results in protective im-
munity in the vaccinated animals and pro-
tects them against challenge by street ra-
bies virus for at least six months (Rupprecht
et al., 1986). Under U.S. Department of
Agriculture (USDA) approval, the V-RG
vaccine has been field-tested in Virginia,
Pennsylvania and New Jersey (USA).
However, the use of vaccinia virus as a
vaccine vector of other genetic material is
a controversial issue (Karzon, 1985). Since
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lead is widespread in the environment and
has been shown to suppress the immune
system, we were concerned about the risk
for vaccine failures in wild vaccinated rac-
coons that have high but subclinical levels
of lead.

In some areas of the USA, liver lead
concentrations of raccoons have been found
to be high (Sanderson and Thomas, 1961;
Diters and Nielsen, 1978) and clinical cases
of lead toxicosis have been documented
(Diters and Nielsen, 1978; Morgan et al.,
1991). However, background blood lead
concentrations have not been reported.
Since blood lead levels reflect the degree
of lead exposure, we conducted a survey
of blood lead levels of raccoons from two
locations and compared the results to lab-
oratory-confined raccoons.

Blood samples of free-ranging, wild rac-
coons of both sexes were obtained from
New Jersey (n = 109) and Pennsylvania
(n = 29), June to September, 1992. The
raccoons were live-trapped in Tomahawk
#207 traps (Tomahawk Live Trap Com-
pany, Tomahawk, Wisconsin, USA), and
lightly anesthetized with a mixture of ke-
tamine (10 mg/lb, Veterinary Products,
Bristol Laboratories, Syracuse, New York)
and xylazine (0.4 mg/lb, Haver, Miles
Laboratory, Inc., Shawnee, Kansas, USA);
2 ml of blood was drawn from the jugular
vein. All samples were collected in ethyl-
enediaminetetra-acetic acid (EDTA) tubes.
Twenty-three blood samples also were ob-
tained after light anesthesia from captive
raccoons that were kept under laboratory
conditions for periods ranging from sev-
eral months to over a year.

Raccoons from northeastern Pennsyl-
vania were obtained from State Game
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FiGURE 1. Blood lead levels of 109 raccoons from

New Jersey, USA, June to September, 1992.

Lands #13 (41°18'N; 76°20'W) and the
New Jersey raccoons were from the south-
ern part of the state (39°15'N; 75°00'W).
The former mountainous site is sparsely
inhabited by humans whereas the latter
site has a relatively high human population
density. Raccoons at the New Jersey site
were predominantly trapped at municipal
dump sites.

Blood lead levels were determined by
Zeeman atomic absorption spectropho-
tometry using the graphite furnace meth-
od (Pruszkowska et al., 1983). The results
were analyzed by statistical method using
Duncan’s multiple means test (Bruning and
Kintz, 1977). A level of a« = 0.05 was ac-
cepted as significant.

The mean blood lead level of all the
raccoons was 3.8 ug/dl (SE = 2.5). There
were no significant differences in blood
lead levels of raccoons from Pennsylvania
and the laboratory-confined raccoons
(mean = 2.6 ug/dl, SE = 0.5; and mean =
2.5 ug/dl, SE = 0, respectively). All ani-
mals from the laboratory and 26 of 29
raccoons from the Pennsylvania group had
<2.5 ug of lead per 100 ml of blood. The
three raccoons from the latter group had
blood lead levels of 2.9, 3.0, and 5.0 ug/
dl. These values were considered to be
within the normal range.

Raccoons from New Jersey had mean
(£SE) values of 4.4 (+£2.9) ug/dl (Fig. 1).
Many (66 of 109) of these raccoons had
blood lead levels <2.5 ug/dl and nine had
blood lead levels which ranged from 10 to
17 ug/dl. As a group, the New Jersey rac-
coons had significantly higher levels (P =
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<0.05) than those from Pennsylvania and
the laboratory-confined group, though the
mean was not higher than the normal range
for other species (Bratton and Kowalczyk,
1989).

Lead toxicosis affects many organ sys-
tems including central and peripheral ner-
vous, hemopoetic, skeletal, gastrointesti-
nal, reproductive and urinary systems
(Goyer, 1986). In dogs the clinical signs of
lead intoxication are predominantly gas-
trointestinal and nervous (Hamir, 1986).
Clinical signs of lead toxicosis may be dif-
ficult to distinguish from canine distemper
and rabies (Zook et al., 1969; Hamir et al.,
1982).

For the detection and diagnosis of lead
poisoning, most procedures rely on deter-
mination of concentration of lead in blood.
The blood lead level indicates lead ab-
sorption by the animal and is the com-
monly used index of lead exposure in med-
ical, scientific, and legal contexts (Hamir,
1986). According to Bratton and Kowal-
czyk (1989), analysis of blood for lead con-
tent is the single best index for establishing
a diagnosis of lead intoxication. Since nor-
mal blood lead values for raccoons are not
available, we had to rely on data that were
available from other species. In dogs, blood
lead levels of >25 ug/dl may indicate lead
intoxication (Bratton and Kowalczyk,
1989). This level, however, is considered
rather high for humans, for whom values
as low as 10 to 15 ug/dl are considered
evidence of potential lead toxicity (U.S.
Department of Health and Human Ser-
vices, 1988). In our study, many of the
New Jersey raccoons had high lead levels
and nine raccoons had lead levels between
10 and 17 ug/dl. Although the effects of
low levels of lead exposure on raccoons has
not been documented, and certainly the
immunosuppression induced by lead has
only been documented in laboratory ani-
mals and wild birds, the possibility of lead
modulation of immune functions should
be of concern to authorities responsible for
the management and control of wildlife
diseases.



The source of lead for the raccoons in
southeastern New Jersey is unknown. Per-
haps these animals obtained lead from their
omnivorous diet. Maurer and Nielson
(1981) proposed that scavenging of gar-
bage by raccoons provides a source of lead
for the animals that show clinical lead tox-
icosis.

The finding of higher blood lead levels in
the New Jersey raccoons was not a surprise,
as similar findings have been reported in
dogs that reside in rural and urban areas
(Hamir et al., 1986). Since lead-exposed an-
imals may have suppressed immune func-
tions, such animals may not be able to mount
an adequate immune response when chal-
lenged with naturally occurring or intro-
duced microbial agents. Therefore, when
considering vaccination of animals in the
wild, it is essential that the target animals
have adequately functioning immune sys-
tems; otherwise vaccine failures may result
in a proportion of animals, which could lead
to an unsuccessful disease control in an area.

Based on our results, we propose that
raccoons in some urban areas of the eastern
USA have higher blood lead levels than
raccoons from relatively uninhabited ar-
eas. We are in the process of evaluating
the pathologic effects of experimental ad-
ministration of low levels of lead to rac-
coons and the effects of V-RG oral vaccine
on such animals.
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