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Abstract: Lead shot ingestion by bald eagles (Haliaeetus leucocephalus)is considered

to be widespread and has been implicated in the death of eagles in nature. It was
recently demonstrated under experimental conditions that ingestion of as few as 10

lead shot resulted in death within 12 to 20 days. In the present study hematological
responses to lead toxicity including red blood cell ALAD activity, hemoglobin

concentration and 23 different blood serum chemistries were examined in five captive
bald eagles that were unsuitable for rehabilitation and release. Eagles were dosed by

force-feeding with 10 lead shot; they were redosed if regurgitation occurred. Red blood
cell ALAD activity was inhibited by nearly 80% within 24 hours when mean blood
lead concentration had increased to 0.8 parts per million (ppm). By the end of 1 week
there was a significant decrease (20-25%) in hematocrit and hemoglobin, and the

mean blood lead concentration was over 3 ppm. Within as little as 1-2 weeks after
dosing, significant elevations in serum creatinine and serum alanine
aminotransferase occurred, as well as a significant decrease in the ratio of serum
aspartic aminotransferase to serum alanine aminotransferase. The mean blood lead

concentration was over 5 ppm by the end of 2 weeks. These changes in serum
chemistry may be indicative of kidney and liver alterations.

INTRODUCTiON

There is increasing concern that inges-
tion of lead shot may pose a substantial
threat to bald eagles (Haliaeetus

leucocephalus). Since eagles frequently

prey upon weak, moribund or dead
animals, they have a high risk of ex-
posure to hunter-crippled game or lead
shot-poisoned waterfowl. Documen ta-

tion of lead shot poisoning in waterfowl
is quite extensive. 6,7,37 Lead shot poison-
ing also has been reported in ring-necked

pheasants (Phasianus colchicus),�
bobwhite quail (Colinus virginianus),

and mourning doves (Zenaidura

macroura).26 Eagles have been reported
to be attracted to waterfowl concentra-
tion areas including national and state
refuges. Dunstan’� found that 50-60% of

the bald eagle castings collected from
two midwestern refuges contained lead

shot. Lead shot poisoning in bald eagles
has been accompanied by elevated tissue
lead levels and occasionally by shot in

the digestive tract.24’.’3’.’9 Nine of 168
dead or dying bald eagles examined in
1975-77 appeared to have died from lead
poisoning and had liver lead levels of 23-
38 parts per million (ppm); lead shot was
found in the digestive system of three of
these.2�

ALAD (b-aminolevulinic acid
dehydratase) is an essential enzyme in
the biosynthetic pathway of heme syn-
thesis and is required to maintain
hemoglobin content in erythrocytes. In-

hibition of red blood cell ALAD has
become accepted as a standard bioassay

to detect acute and chronic lead exposure
in humans,22 in other mammals,� and in

birds.’4”#{176} Anemia is a primary sign of
lead toxicity in mammals’t’ and has been
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detected after lead poisoning in avian

species.”27

Pattee et al.” reported tissue levels of

lead, as well as histopathological lesions,

in captive bald eagles following acute
experimental poisoning of captive bald
eagles by lead shot ingestion. The
number of lead shot ingested, the total
milligrams of lead shot eroded and the

number of days following ingestion until
death were reported by Pattee et at.

They showed the days until death ranged

from 10 to over 100; the median was 20
days. Retention time for shot ranged
from 0.5 to 48 days. At least one shot was
found in the stomach of each bird at
death. Lead levels in birds at death
averaged 16.6 ppm in the liver and 6.0
ppm in the kidney. Renal, car-
diovascular, and liver lesions were found

upon histopathological examination;
renal lesions were the most notable.

The present investigation was con-
ducted as a companion study to the above
and reports the toxic effects of lead on red
blood cell ALAD activity and hemo-
globin concentration, as well as the
effects on blood serum chemistries in the
same eagles.

MATERIALS AND METHODS

Six bald eagles were selected from

birds held at the Patuxent Wildlife
Research Center at Laurel, Maryland.
All of these eagles were unsuitable for
rehabilitation and release, or for captive
breeding since most had sustained per-
manent wing damage. The eagles were
otherwise healthy and in good condition.
Birds were placed individually in wire

mesh cages (3 m X 3 m X 1.9 m) elevated
over a concrete slab. Each pen was

provided with a log for perching and a
large pan of water. Birds generally were
acclimated to the pens for 1 week or more
before treatment and were maintained
on a fish diet.

Treatments were replicated in time

using no more than two birds at any one
time. In this manner 5 of the 6 eagles

served first as untreated controls at one

time or another and then served as
treated controls afterwards to permit a

total of 5 controls and 5 treated birds. The
5 that received lead shot were examined
by necropsy at death and the 6th that
was not dosed was examined at necropsy
after euthanization as a control bird, to
provide tissues for the histopathological
and the lead analysis portion of this

study which has been reported by Pattee
et al.1’ Each bird was weighed, exam-
ined, and radiographed before dosing to
inspect for any preexisting shot. Treat-
ment consisted of dosing with 10 #4 lead
shot which were preweighed and sorted

to insure that all shot in a dose were
within 0.5 mg of each other. Dosing was

conducted by inserting the shot down the

throats of small smelt (95-120 mm total
length) and force-feeding the smelt to the
eagles. The cement slab under each pen
was searched daily for regurgitated shot.
If all shot were regurgitated, the eagle
was redosed within 48 h. Birds also were

radiographed weekly or sooner ifmost of’

the shot were regurgitated. This was
done to confirm the presence or absence

of shot prior to additional dosing. If all

shot were regurgitated, the eagle was
redosed within 48 h.

Blood samples were obtained from the
brachial veins of birds before initial
dosing (a 2 cc ammonium heparinized
sample and a 5 cc unheparinized sample)
and at 1, 3, 7, and 14 days following
dosing (2 cc ammonium heparinized

sample). A 5 cc sample was collected after
birds appeared to be weakened from
exposure to lead, appearing lethargic
with decreased appetite. The timing of
this sample for individual birds was 7,7,
8, 93 and 121 days after dosing.
Heparinized blood was used for the deter-
mination of hematocrit, hemoglobin con-
centration, red blood cell ALAD activity
and lead concentration. We measured
hematocrit in duplicate by the

microhematocrit method using an Inter-
national micro-capillary centrifuge at

7,500 rpm for 5 mm. Hemoglobin was
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determined in duplicate by the
cyanmethemoglobin method. Red blood

cell ALAD (EC 4.2.1.24) activity was
determined with 0.1 ml aliquots in
duplicate;’0 unit activity was defined as
an increase in absorbance at 555 nm of
0.100 with a 1.0 cm light path/m!
erythrocytes/hour at 38 C.

The remaining heparinized blood,
about 1.5 cc, was frozen and analyzed for

lead by dry ashing of the sample followed
by dissolving the ash in acid. The !ead in
this solution was subsequently quan-
tified by flame atomic absorption spec-

trophotometry with a Perkin Elmer

mode! 703-AAS equipped with a
deuterium arc background corrector, an

AS-SO autosampler, and a P115-10
printer. The lower !imit of quantification
for lead residues was 0.1 ppm.#{176} Un-
heparinized blood samples were placed
in tubes without additives and permitted

to stand at room temperature for about 30
mm to insure adequate clotting, cen-

trifuged at 3000 rpm for 10 mm and the
serum removed. Serum samples were

frozen at -80 C and then transported to a
commercial laboratory (Vet Path,

Bethesda, Maryland) at a later date for
determination of 23 serum chemistry
values on a computer process-controlled

“autochemist” (Autochem AB, Broma,
Sweden). These serum chemistries were:
glucose, creatinine, blood urea nitrogen,
uric acid, total bilirubin, direct bi!irubin,
total protein, albumin, globulin, total
!ipids, cholesterol, triglycerides, calcium,
phosphorous, sodium, potassium,
chloride, iron, alkaline phosphatase,
alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), 6 -

g!utamy! transpeptidase, and lactic
dehydrogenase. The methodologies for
all serum chemistry determinations were
described by Gee et al.’8 Hematocrit,
hemoglobin, and red blood cell ALAD
activity were compared by one way
analysis of variance and Duncan’s multi-
ple range test. Serum chemistries

between dosed and control birds were
compared by Student’s t test.

RESULTS

The red blood cell ALAD activity was

depressed by nearly 80% compared with
predose values or with the undosed con-
trols analyzed concurrently (Table 1).
Depression of ALAD activity occurred
within 24 h of lead shot ingestion; and
the blood lead concentration rose from
less than 0.1 ppm to a mean concentra-

tion of 0.8 ppm. B!ood lead levels con-
tinued to rise following treatment. By the

end of 1 week there was a significant
decrease of 20-25% in both hematocrit

and hemoglobin concentration. These
effects became more apparent in dosed

eagles that survived for longer than 2

weeks. The number of days from initial

dosing until death were 10, 12, 20, 125,
and 133. The specific blood chemistries
that were affected following lead dosage
(Table 2) included a small but highly
significant elevation (P<0.01) of 13% in

serum glucose and a significant eleva-
tion (P<0.05) of nearly 40% in serum
creatinine. An increased albumin to

globulin ratio was aparent and ap-
proached the significant level but was
not significant (0.10>P>0.05). Serum
ALT activity was significantly elevated

by nearly 50%; and the ratio of serum
AST to ALT decreased by about 30%
(P<0.05).

DiSCUSSION

Ingestion of 10 #4 lead shot by bald

eagles resulted in an elevated mean blood
lead concentration to 0.8 ppm within 24 h
and of over 3 ppm within one week.
Equally rapid increments in blood lead

concentration have been reported in
ducks and geese following lead shot

ingestion. Finley et. al.’7 reported a blood
lead concentration of over 1 ppm within 1
day of ingestion of one #4 lead shot in
mallards (Anas platyrhynchos) and a
concentration of greater than 2 ppm
within 1 week. Cook and Trainer’2
reported a blood lead concentration of
over 4 ppm within 3 days of ingestion of
five #4 lead shot in Canada geese (Branta
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canadensis). With blood lead concen-
trations in this range, an inhibition of
nearly 80% in the red blood cell ALAD
activity was not surprising. Significant
negative correlations have been reported
between ALAD activities and lead con-
centration in ducks where only 0.2 ppm
lead in the blood resulted in greater than

5091 inhibition of ALAD activity.’1”7
Retention of lead shot for at least 24 h
resulted in abnormal ALAD activity for 4

weeks. 11,17 The sensitivity of this enzyme
to lead exposure has been demonstrated
in other species of birds including
pigeons (Columba livia),” canvasback
ducks (Aythya valisineria),” quail

(Coturnix coturnix),” wood thrushes
(Hylocichla mustelina) (Hoffman, un-
pub!. data) and barn swallows (Hirundo
rustica) (Hoffman, unpubl. data). It is of

some interest that in spite of species
diversity, healthy adult birds examined
so far have shown ALAD activities
within a relatively narrow range
whereas the activity range in different

species of adult mammals is rather dis-
similar.’ This class difference may be

because avian erythrocytes are
nucleated and have a generally higher
metabolic activity than mammalian
erythrocytes. The degree of ALAD activi-
ty in mammals has been correlated with

the percentage of reticulocytes in the
circulation, as well as the plasma zinc
content, which are species dependent.’
Inhibition of ALAD activity in birds may

have more severe effects than in mam-
mals since the more metabolically active
nucleated red blood cells of birds require
porphyrin synthesis not only for
hemoglobin production, but also for
production of respiratory heme con-

taining enzymes. 2,8 Lead toxicity also
has been linked to inhibition of this

enzyme in the liver and brain of both
birds and mammals, and therefore
probably affects critical processes, such
as synthesis of protoporphyrins for in-

corporation into cytochromes which are

needed to support detoxication in the
liver.9,13,20
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Blood lead concentrations of greater

than 0.8 ppm in humans have been
generally associated with anemia,’’ and
a decrease in hemoglobin concentration
of about 10% or greater is considered

supportive of clinical diagnosis of lead
poisoning.2 Lead ingestion of 8mg/kg as
lead nitrate in the diet of mallards

resulted in up to a 66% decrease in the
erythrocyte count after 6 days with a

corresponding decrease in hemoglobin
concentration.” Young Japanese quail
(Coturnix coturnix) receiving 500 ppm
lead acetate in the diet developed signifi-
cant anemia with decreased hemoglobin
within several weeks.27 These findings
are in agreement with the anemia we
have reported in eagles.

Most of the alterations of serum
chemistries we reported following lead

ingestion were not great, but never-
theless represented significant
differences. Serum creatinine has been
considered useful in the diagnosis of

mammalian renal diseases since with
kidney dysfunction creatinine is retained

in the blood.’ Although the avian kidney
normally secretes small amounts of

creatinine compared with the mam-
malian kidney, it has been shown to be
highly capable of secreting creatinine
when the creatinine level is elevated by
intravenous infusion of creatinine.’ This
would suggest that the significant eleva-

tion in creatinine in the eagles might
have been representative of the renal
lesions reported by Pattee et at.

Alterations in the albumin/globulin
ratio may be indicative of liver or kidney
damage in mammals.’ The chief applica-
tion of ALT (GPT) determination in
mammals has been in the diagnosis of
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