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Studies of Metals in Crocodilians
by Spectrochemical Methods

SRUJANA BEERAM, MARK E. MERCHANT,
AND JOSEPH SNEDDON

Department of Chemistry, McNeese State University, Lake Charles, Louisiana

Abstract: This review covers the results of metal determinations using various spectro-
chemical analytical techniques in crocodilians from various geographical regions. The
most widely determined metal is mercury, both inorganic and organic. However, many
other metals, including the known toxic metals of lead and cadmium, have been deter-
mined. In general, more elevated levels of metals have been determined in crocodilians
from potentially contaminated as opposed to more pristine areas. Significant differences
in concentrations for many metals have been demonstrated in captive versus wild al-
ligators. The part of crocodilians most widely utilized for food, tail or tail meat, has
attracted the most interest, but studies on kidney and liver as well as blood have been
reported. Eggs and hatchings have also been examined for several metal concentrations.

Keywords: Metals, mercury, spectrochemical methods, crocodilians

Introduction

Crocodilians comprise a group of ancient vertebrates that currently have 23 extant species.
The earliest crocodilian forms appeared on the earth approximately 200 million years ago.
Alligatoroids constitute one of two lineages that diverged from the Crocodylids some 100
million years ago. In general, crocodilian species are apex predators in every environment
in which they exist. Although some, such as the slender-snouted crocodile (Mecistops
cataphractus) and the gharial (Gavialis gangeticus), lead piscovoris lifestyles, most are
opportunistic and aggressive feeders that consume a wide variety of prey items and may
potentially ingest and accumulate toxic compounds including metals that may bioconcen-
trate in food they eat.

In terms of geographical area, in the United States Florida and Louisiana have been the
most widely sampled area, although some studies have been conducted in South Carolina.
Australia, Belize, China, Costa Rica, and South Africa are other areas in the world where
studies on metal concentration in crocodilians have been performed.

Though there are numerous methods for the determination of metals in samples (in-
cluding crocodilians), such as electrochemical methods (voltammetry, amperometry, and
coulometry) or molecular spectroscopy, spectrochemical methods are among the most
widely used and accepted analytical techniques. These techniques include flame and furnace
(graphite) atomic absorption spectrometry, atomic fluorescence spectrometry, inductively
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coupled plasma–optical emission spectrometry, and inductively coupled plasma–mass spec-
trometry. Some metals can be determined using specific variations of common spectrochem-
ical techniques. For instance, mercury determination is often conducted using a cold vapor
variation of the atomic absorption method due to increased sensitivity with a detection
limit of parts per billion (ng/g) obtained. In addition, selenium, arsenic, lead, antimony,
bismuth, germanium, tellurium, and tin content can be determined using hydride gener-
ation, in conjunction with traditional atomic absorption, atomic or optical emission, and
inductively-coupled plasma methods. These techniques are well-documented and have been
widely used (1–9).

Though direct metal determinations of tissues are desirable, spectrochemical tech-
niques are best suited to wet chemistry methods that primarily utilize aqueous solutions.
Therefore, the preparation of samples is frequently an integral part of spectrochemical
methods. These digestion techniques range from classical wet chemistry through the more
modern approach of microwave digestion. These techniques have been used extensively for
the determination of metals (10–12).

The most widely determined metal has been mercury, both in inorganic and organic
forms, although lead has also been frequently determined. However, there are a number of
studies in which numerous metals have been determined.

Metal concentrations have been determined most often in the tail or tail meat, because
this is the part of a crocodilian that is most widely consumed by humans. However,
other studies have focused on metal concentrations in the kidneys, liver, blood, caudal
scutes, various muscles and tissues, and eggs. Results are typically presented in nanograms,
micrograms, or milligrams per kilogram.

Discussion

In this review, the results of metal determination in various parts of crocodilians are
summarized in Table 1 and the results of several studies for mercury are presented in Table
2. The metals for which the tissues were determined, sample type (tissue, blood, liver, etc.),
geographic location, species of crocodilians, and spectrochemical analytical technique with
relevant information and selected results are included in Table 1.

Viera et al. (13) studied both mercury and methyl mercury ratios in Caiman crocodilus
yacare from the Pantanal area in Brazil. Total mercury ranged from 0.02 to 0.36 µg/g,
and ratios of mercury to methyl mercury were reported to be near 70%. They noted
increased mercury concentrations in sites impacted with anthropogenic activities versus less
industrialized areas. Mercury concentrations in crocodilian tissues from various geographic
locations, primarily from Alligator mississippiensis, are shown in Table 2. The reported
concentrations (0.02 to 5.57 µg/g) varied widely.

Campbell et al. (14) showed that the length and sex of 33 wild alligators from South
Carolina showed no statistical correlation with metal concentrations for arsenic, cadmium,
cobalt, chromium, mercury, nickel, lead, and selenium. They did note that cluster analysis
showed three groupings of alligators based on liver concentrations had high Hg concen-
trations with low selenium : mercury ratios. They attributed this phenomenon to diet and
micro-habitat usage.

Merchant et al. (15) investigated iron withholding as an immune mechanism in Alli-
gator mississipiensis from southwest Louisiana. The work was to show that the alligator’s
innate immune mechanism protected it against in vivo microbial proliferation. They noted a
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time-dependent decrease in iron blood plasma after injection of bacterial lipopolysaccharide
but none for serum zinc and copper.

Rainwater et al. (16) investigated the presence of several metals, including cadmium,
copper, lead, zinc, and mercury, as well as organochlorine pesticides in caudal scutes from
crocodiles from Central America (Belize and Costa Rica). Mercury, cadmium, copper, lead,
and zinc were found in all 25 samples.

Studies on arsenic, iron, manganese, copper, lead, cadmium, chromium, lead, zinc,
and mercury in feces and eggs of Chinese alligator were performed by Xu et al. (17). Of
the nine metals investigated, they showed that there was a high correlation between metal
contents of shell membrane and egg content.

Lance et al. (18) found that captive (n = 44) over wild (n = 15) alligators had higher
lead concentrations, there were no significant differences in cadmium concentrations, and
selenium was 50% higher in wild compared to captive. Bone, liver, kidney, and egg yolk
were analyzed. The elevated levels of lead were attributed to the alligator eating nutria meat
containing lead shot.

Rumbold et al. (19) studied mercury (organic and inorganic) in 28 alligators from
the Florida Everglades and found ranges from 0.6 to 17 mg/kg in the tail as well as
the total mercury in liver of around 1.2 mg/kg. Further work on crocodiles, in particular
eggs from Belize, showed mean mercury concentrations of 0.11 + 0.05 µg/g20. Several
studies were performed on estuarine crocodiles (Crocodylus porosus; tail and pelvic area)
from regions in northern Australia (20, 21) and some general conclusions were reported,
including that concentrations of magnesium decreased significantly with increase in length
(1.7 to 5 m) and age (5–40 years) in the flesh and osteoderms of estuarine crocodiles,
titanium concentration in flesh decreased with increasing length, and zinc and selenium
concentrations in flesh increased with increasing length and/or age. Khan and Tansel (22)
showed bioaccumulation for mercury particularly in the liver and kidneys of the Florida
Everglades alligators compared to alligators from other areas.

Swanepoel et al. (23) correlated several parameters (such as total serum protein al-
bumin, chloride, urea, creatine, blood calcium, potassium, and inorganic phosphate) with
several metals in Nile crocodiles (Crocodylus niloticus) from Kruger National Park in South
Africa. Burger et al. (24) showed the bioaccumulation of several metals in alligators from
three lakes in central Florida and concluded that the liver showed increased (more than
expected) concentrations of lead, chromium, and tin. Elsey et al. (25) determined mercury
in edible tail meat from alligators from Louisiana and found that the levels were far below
Food and Drug Administration (FDA) action levels for seafood. Several studies (26, 27)
determined elevated concentrations levels of mercury in parts of alligators in the Everglades
of Florida but also in South Carolina. Further work on assessing the safety of alligator tail
meat from Florida showed a mean concentration level of 0.621 ppm mercury (28). Roe
et al. (29) studied selenium concentrations in alligator eggs and hatchlings in the neigh-
borhood of a power plant in South Carolina and noted increased levels ranging from 2.1
to 7.9 ppm compared to a reference (and presumably more pristine area) of 1.4–2.3 ppm.
The topical analytical technique of laser ablation–inductively coupled plasma–mass spec-
trometry (LA-ICP-MS) was used to determine lead, calcium, and strontium in both wild
and captive alligators (30), with lead concentrations in femurs high in captive alligators.
Particle-induced X-ray emission spectrometry (PIXE) was primarily investigated to show
its potential for future high-resolution metal analyses (31). Lance et al. (32) determined
sodium, potassium, and chlorine in blood samples from alligators from a beach in southwest
Louisiana shortly after a hurricane impacted this area. The authors noted elevated levels of
these metals and the results were attributed to increased stress from the hurricane.
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160 S. Beeram et al.

Conclusion

Not surprisingly, elevated concentrations of metals were often found in crocodilians in
areas where there was a high probability of pollution generated from industrialized and
anthropogenic sources. However, bioaccumulation of metals has also been found in non-
industrialized areas. Mercury has been the most widely determined metal, in both the
inorganic or organic forms. Clearly there is a continued need to determine and monitor
metals in crocodilians. Several of the studies reported in this review could be used as a
baseline for future studies. Due to their low sensitivity and specificity, spectrochemical
methods will continue to provide the means for metal determination in crocodilians.
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