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BURGER, J., S. M. REILLY AND M. GOCHFELD. Comparison of lead levels in bone, feathers, and liver of herring
gull chicks (Larus argentatus). PHARMACOL BIOCHEM BEHAYV 41(2) 289-293, 1992. — Bone, feathers, and liver were
analyzed for lead in herring gull chicks (Larus argentatus) of two different ages. The highest levels were found in the bone,
evidence of chronic exposure. No differences were found within the bones. Differences occurred between different bones,
with the ribs having twice the amount of lead than any other bone. These studies indicate that type of bone affects lead
levels; thus researchers should clearly state which parts of which bones are examined. It is also suggested that for humans
consistent location should be used for analysis by in vivo X-ray fluorescence.
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LEAD is a common contaminant of the environment, whether
from natural or anthropogenic sources. Mortality in wild birds
has mostly been attributed to ingestion of lead shot (31,39),
but there are many other sources of lead available. Contami-
nation of the Coeur d’Alene Valley by mine wastes resulted in
increased mortality of swans (Cygnus) and other waterfowl
(14). Vehicle emissions, smoke from coal and refuse burning,
and emissions from metallurgical and industrial processes are
all sources of lead contamination (15).

Exposure to lead can cause a variety of pathological, physi-
ological, and neurological effects including impairment of be-
havior functions (21,24). Barthalmus et al. (5) showed that
the schedule-controlled response of the adult male White Car-
neaux pigeon is sensitive to chronic low-level exposure to lead.
Avery and Cross (3) found a dose-related relationship in im-
pairment of learning and memory in the rat. Snowdon (35)
suggested that rats may be more sensitive to the behavioral
effects of lead during the earliest developmental stages. Low
concentrations of lead have been shown to retard learning in
children (2,7,8,11,12,23,25,33).

There are data on the concentrations of lead in tissues of
birds that have died from lead poisoning, but there is little
information of the relationships of natural, nonlethal levels
of lead in different tissues of wild birds that include feathers,
bone, and liver.

Lead is unevenly distributed in the vertebrate body (4,41),
with the skeleton containing over 90% of the total body bur-
den of lead (32). For humans, 70% of lead in children is
present in osseous tissue, and over 95% of lead in adults is in
bone (26). Uptake of lead by bone is rapid and release is slow,
so lead concentrations in bone reflect chronic exposure (38).
The bone pool of lead is in dynamic equilibrium with the
blood lead, and during chelation treatment for lead poisoning
a dramatic decline in blood lead is followed by a rebound,
when lead is mobilized from the skeleton and other organs
(17,34). Humans and other animals continually exposed to
low amounts of lead over extended periods of time accumulate
high levels in their bones (39). By contrast, high concentra-
tions of lead in the liver reflect recent acute exposure (31).

Recognition of the importance of the skeleton as a reser-
voir for lead and the rebound of blood lead levels in people
undergoing chelation has focused attention on a better under-
standing of the skeletal blood pool and its potential utility as
an indicator of exposure status. Although the affinity of lead
for the skeleton has been recognized (26), there are few evalua-
tions of skeletal lead toxicity in humans or animals (29). Lead
indirectly alters bone cell function through changes in circulat-
ing levels of hormones, by perturbing the ability of bone cells
to respond to hormonal regulation, and by impairing the abil-
ity of cells to synthesize or secrete components of the bone
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matrix (29). Further, during periods of altered mineral metab-
olism (as in pregnancy) lead in the bone may be mobilized
and transferred to the more bioavailable compartment of cir-
culation (34). Nonetheless, because of its relative stability,
lead in bone may be a more accurate dosimeter for chronic
exposure (34). Since lead is one of the major public health
problems in the United States (26), understanding lead deposi-
tion in bone is important.

In the past, lead was assayed by biopsies of a small sample
of bone, but a major question related to its representativeness
(26). With the development of X-ray fluorescence as a means
of assaying human skeletal lead in vivo (13,30), it is important
to understand how lead levels vary among bones and within
the parts of bones. We use an avian model to assess these
differences using traditional AA spectrophotometry tech-
niques.

We studied the distribution of lead in the avian skeleton in
lead-exposed and control birds. The objectives were to com-
pare lead levels in different parts of several bones in herring
gulls (Larus argentatus) and compare lead levels in bone with
those in liver and feathers. We chose liver and feathers be-
cause they are most often used for monitoring lead levels in
wild birds.

METHODS
We performed three experiments with herring gull chicks:

1. comparison of lead levels in the radius and ulna of 30-day-
old chicks;

2. comparison of lead levels in the liver, feathers, tibiotarsus,
and radius-ulna of 2-day-old chicks; and

3. comparison of lead levels in the liver, feathers, skull, tibio-
tarsus, and radius-ulna of 15- to 20-day-old chicks.

All herring gull chicks (L. argentatus) were collected under
appropriate federal and state permits. We analyzed bone,
liver, and breast feathers. Acid-rinsed instruments were used
for all dissections. After dissection, all bones were rinsed in
distilled water and dried overnight at 100°C. The bones were
ashed in a muffle furnace at 550°C for 8 h or until completely
white (40). A section of the liver was removed and dried over-
night. Breast feathers were washed three times with acetone
and distilled water and then dried overnight. All samples were
digested with 3 ml Ultrex nitric acid and then diluted to 10
ml. Samples were analyzed on a Perkin-Elmer graphite fur-
nace atomic absorption spectrophotometer using a modifica-
tion of methods described by the EPA (18).

In the first experiment, 22 1-day-old herring gull chicks
were collected from Captree, Long Island. The chicks were
randomly assigned to two groups: lead dosed or control (9).
Dosed birds received 0.1 or 0.2 mg/g of a 50 mg/ml lead
nitrate solution IP on day 2. All birds were fed fresh fish
obtained from bait shops. At 30 days of age, the chicks were
sacrificed and the radius and ulna were dissected out and di-
vided into three parts. The radius was separated into the head,
shaft, and styloid; the uina into the styloid, shaft, and coro-
noid.

In the second experiment, 11 2-day-old chicks were col-
lected. Liver, feathers, tibiotarsus, and radius-ulna were ana-
lyzed.

In the third experiment, we collected 13 15- to 20-day-old
herring gull chicks. Liver, feathers, segments from the skull
and the midsection of the tibiotarsus and radius-ulna, and six
ribs were removed from each bird for analysis. Three anterior
rib sections and three dorsal sections were analyzed. Two birds
had two vertebrae and additional ribs analyzed.
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TABLE 1

LEAD LEVELS (PPM DRY WEIGHT) IN RADIUS-ULNA OF HERRING
GULL CHICKS (L. ARGENTATUS, AGE = 30 DAYS)

N Ulna Radius X (0)
Control
Styloid 11 129+ 9.7 394 + 30.2 4.8(0.03)
Shaft 11 196+ 195 152+ 9.8 NS
Coronoid/head 11 13.1 + 19.5 258 £+ 26.7 5.1(0.02)
X’ (p) NS NS
Dosed
Styloid 11 111.0 £ 69.2 210.3 + 126 5.1 (0.02)
Shaft 11 158.7 = 117.5 161.3 + 118.2 NS
Coronoid/head 11 120.4 + 64.7 1453 = 80.2 NS
X (p) NS NS

Given as mean + SE; Kruskal-Wallis x% NS, not significant.

RESULTS

Although there was a difference overall between the dosed
and control 30-day-old birds in lead levels in the radius and
ulna, only the styloid and coronoid/head portions of the con-
trol birds and the styloid of the dosed birds showed any signif-
icant differences (Table 1). The dosed birds showed 11 of a
possible 15 positive correlations in levels of lead among and
within parts of the radius and ulna, a greater number than in
the control birds (Table 2).

The above experiments indicated that there were some dif-
ferences in lead levels in 30-day-old chicks among and within
bone. These chicks, however, were raised in the laboratory.
Thus in the next experiment we examined chicks from the wild

TABLE 2

CORRELATIONS OF LEAD LEVELS IN DIFFERENT PARTS
OF THE RADIUS AND ULNA AMONG HERRING GULLS
(30 DAYS, KENDALL TAU TEST)

Ulna Radius
Styloid Shaft Coronoid Head Shaft Styloid
Control
Ulna
Styloid —  0.382 -0.055 0.564 0.236 0.709
Shaft NS - 0.127 0.163 0.418 0.163
Coronoid NS NS - —0.200 ~0.090 -0.055
Radius
Head 0.016 NS NS - —0.055 0.636
Shaft NS NS NS NS - 0.018
Styloid 0.002 NS NS 0.006 NS —
Dosed
Ulna
Styloid - 0477 0.550 0.477 0.550 0.661
Shaft NS - 0.709 0.418 0.709 0.600
Coronoid 0.019 0.002 - 0.491 0.709 0.818
Radius
Head 0.042 NS 0.036 - 0.273 0.309
Shaft 0.019 0.002 0.002 NS - 0.745
Styloid 0.005 0.010 0.0005 NS 0.001 -

Above the diagonal is the Kendalls Tau; below is the level of
significance; NS, not significant.



LEAD IN BONE, FEATHERS, AND LIVER

TABLE 3

LEAD LEVELS (ppm) IN THE LIVER, FEATHERS, TIBIOTARSUS,
RADIUS-ULNA, AND SKULL OF 2-DAY-OLD AND
15 TO 20-DAY-OLD HERRING GULL CHICKS

N 2 Days Old N 15-20 Days Old X (@)

Liver 11 0.79
Feathers 11 6.32
Tibiotarsus 10 13.48
Radius/ulna 9 38.90
Skull -
Fvalue (p)

0.92 13 027 = 0.10 4.47 (0.0344)
574 13 0.81 + 0.31 16.21 (0.0001)
720 13 19.85 + 8.35 NS
19.14 13 13.82 = 7.65 11.22 (0.0008)
13 18.66 + 10.70 -
18.5 (0.0004)
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Given are mean + SE, Wilcoxin x?, F value; NS, not significant.

that were exposed to environmental lead through their food at
two different ages (Table 3). In this experiment, the 2-day-old
chicks had significantly higher levels of lead in the liver, feath-
ers, and radius-ulna, compared to the 15- to 20-day-old
chicks. One of the 2-day-old samples showed a level of 295
ppm lead; this unusually high level was excluded from analy-
sis. There were no significant differences between the tissue
samples of the 2-day-old chicks.

Among the 15- to 20-day-old chicks, however, the liver and
feathers were significantly different from the bone tissues '
= 18.78; p < 0.001), but there were no differences among
the bones. The only differences occurred between the tibiotar-
sus and the radius-ulna (52 = 4.28, p = 0.0485).

There were no correlations between the bone and liver lev-
els in 2-day-old chicks (Table 4). Among the older chicks,
however, levels in skull, tibiotarsus, and radius-ulna were all
positively correlated with each other, but not with liver levels
or weight (Table 4).

Table 5 shows the lead levels (ppm) in the ribs of the 15- to
20-day-old herring gull chicks. These levels were much higher
than those found in the other bones of the same chicks o =
36.2, df = 12, p < 0.0001). The ribs showed only 4 correla-
tions of a possible 21, but these were for anterior with anterior
and dorsal with dorsal (Table 6).

TABLE 4

CORRELATIONS OF LEAD LEVELS IN THE LIVER, FEATHERS,
SKULL, TIBIOTARSUS, RADIUS-ULNA, AND WEIGHT IN
2-DAY-OLD AND 15 TO 20-DAY OLD HERRING GULL CHICKS
(KENDALL TAU TEST)

Liver Feathers Tibiotarsus Radius/Ulna Weight

2-day-old
Liver — 0.018 0.244 -0.156 —-0.037
Feathers NS - —-0.111 0.111 0.147
Tibio NS NS - 0.156 —0.467
Radius/ulna NS NS NS - -0.333
Weight NS NS NS NS -

15-20 Day Old
Liver - 0.013 0.039 -0.116 0.194 0.271
Feathers NS - 0.821 0.615 0.615 0.256
Skull NS 0.0001 - 0.590 0.590 0.333
Tibio NS 0.003 0.005 - 0.538 0.179
Radius/ulna NS 0.003 0.005 0.010 - 0.385
Weight NS NS NS NS NS -

NS, not significant.
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TABLE 5
LEAD LEVELS (ppm DRY WEIGHT) IN THE FRONT AND
BACK RIBS OF 15-TO 20-DAY-OLD HERRING GULL CHICKS

Rib N Front Back X
1 13 609 + 77.2 49.7 £+ 44.2 NS
2 13 58.8 + 127.8 54.7 + 75.1 NS
3 13 57.7 £+ 64.4 41.5 + 434 NS

Given mean + SE, Kruskal-Wallis x* test; NS, not significant.

DISCUSSION

Because the principle organ of accumulation of lead in
humans and other animals is bone (26), the measure of skeletal
lead concentrations can provide an index of cumulative expo-
sure. Therefore, it is important to understand where lead is
deposited in the skeleton. Consistent differences in lead depo-
sition should influence selection of sample sites for analysis
(37). This is particularly true for people, where one possible
objective is to quantify the skeletal stores using in vivo x-ray
fluorescence (13). These levels would be an important variable
in the understanding of the long-term human health effects of
lead (34,36). It is also necessary to identify the importance
of sample site selection when examining previous research.
Randomly selecting bones for analysis is not adequate. Con-
sistency in results is required for drawing conclusions. There-
fore, knowledge of how site affects lead deposition will influ-
ence interpretation of past results.

The lack of significant differences within parts of the ra-
dius or ulna suggest that within a particular bone there may
be no distinction where bone samples are taken. However,
there were differences in lead levels in different bones. The
ribs contained twice the levels of lead found in any other bone
taken from the herring gull chicks. This is a significant result
because ribs are not commonly chosen for lead analysis. The
high levels found here may suggest that lead can preferentially
deposit in portions of the axial skeleton, rather than the ap-
pendicular. The results indicate that lead deposition is homo-
geneous within a particular bone, but variations occur be-
tween different bones.

TABLE 6

CORRELATIONS OF LEVELS IN THE FRONT AND BACK RIBS
AND WEIGHT IN 15- TO 20-DAY-OLD HERRING GULL CHICKS

(KENDALL TAU TEST)
Front Rib Back Rib
Weight
1 2 3 1 2 3 (®)
Front
1 - 0.513 0.576 0.205 0.051 0.205 0.103
2 0.01 - 0.424 0.128 0.077 0.077 0.282
3 0.009 NS - 0.424 0.272 0.091 0.061
Back
1 NS NS NS - 0.590 0.333  0.026
2 NS NS NS 0.005 - 0.487 0.385
3 NS NS NS NS 0.02 - 0.333

Weight NS NS NS NS NS NS -

Above the diagonal is the Kendall tau; below is the level of signifi-
cance; NS, not significant.
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The skeletal levels found in this study are comparable to
those previously reported. Lead in the radii-ulnae of four spe-
cies of waterfowl showed levels ranging from <0.5-345 ppm
(40). Stendell et al. (39) found levels up to 127 ppm lead in
bones of sora rails (Porzana carolina) that had ingested lead
shot. Lead levels (40.38 ppm) in skeletal tissue of 13 swans
found dead in the Mission Lake area of Idaho were attributed
to ingestion of lead-contaminated vegetation (6).

DiGiulio and Scanlon (16) examined the ulnar bones for
lead in 12 species of waterfowl from the Chesapeake Bay. The
means for most of the species were lower than these, but
ranged from <0.5-331.4 ug/g. White and Stendall (40) ana-
lyzed wingbones from waterfowl from 11 U.S. Fish and Wild-
life Service refuges on Sauvie Island, an Oregon Wildlife Man-
agement Area. Mallards, Anas platyrhynchos, from three
refuges (San Luis and Sacramento, CA, and Sauvie Island,
OR) contained mean lead levels of 16.45, 18.58, and 27.85
ppm, respectively, similar to those found in the herring gulls,
but birds from other areas had much lower levels. Pattee et
al. (28) dosed bald eagles (Haliaeetus leucocephalus) with no.
4 lead shot. After death, the femur, humerus, and tibia were
analyzed. The bone lead levels were higher in the dosed eagles
than in the controls, although the levels in the dosed birds
were slightly lower than those in the herring gulls. The con-
trols were definitely lower than the gull controls in this study.
No trends were observed among the different bones in the
bald eagles.

Among the other tissues we analyzed, the liver exhibited
the lowest level in both the 2- and 15- to 20-day-old chicks.
This was anticipated since hepatic lead concentrations indi-
cated recent exposure, which was not expected to be high. The
levels found in the 2-day-old chicks are noteworthy since the
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only source of lead for these chicks was the egg. Pattee (27)
found eggs from clutches of American kestrels fed metallic
lead all had levels below 0.5 ug/g. He concluded that little
lead was transferred from the female to the eggshell or egg
content. Nonetheless, transfer of heavy metals from femalies
to their eggs has been demonstrated in a number of cases
(10,19,20,22).

The levels of lead found in the 2-day-old chicks must have
come from the egg since the time after hatching was not
enough to allow for such levels to be deposited in the bone. If
the chicks obtained lead from their food in the first 2 days
alive, the lead levels in the liver should have been higher than
they were.

There were also differences in levels between the chicks of
different ages. In the liver, feathers, and radius-ulna, the lev-
els reported in the younger chicks were significantly higher
than in the older chicks. Just-hatched chicks may have an
initial dose of lead that is very high, with maturation improv-
ing the ability to metabolize and excrete such metals.

The data in this article explore correlations between the
different sites of lead deposition in bone, liver and feathers.
Further studies will be necessary to reveal the definitive rela-
tionships of a larger variety of bone. Nonetheless, our results
show significant differences in levels of lead in different
bones, suggesting the importance of bone selection in assess-
ing lead levels in humans and other animals.
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