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THOMAS J. O'SHEA

Environmental Contaminants
and Marine Mammals

Environmental contaminants have gained increasing atten-
tion as potential threats to marine marnmals. In this chapter
1 present an overview of the current state of knowledge on
marine mammals and the two classes of environmental con-
taminants that have received the most attention: organo-
chlorine compounds and toxic elements. A brief introduc-
tion to other classes of contaminants and toxins is included.
The scope of the chapter does not include marine mammals
and oil, which has been treated in depth in other sources
(Geraciand St. Aubin 1990, Loughlin 1894). The approach.is
to provide a general introduction and overview with exam-
ples of case studies. However, appendices with detailed tabu-
lations of specific information are also provided as a key to
the primary literature. This will allow the interested reader
to pursue these topics in greater depth. General reference
works should also be consulted (e.g., Peterle 1991, Hoffinan
et al. 1994, Klaassen 1996). Although numerous investiga-
tions have been conducted in this field, the state of knowl-
edge abour effects of many contaminants on marine mam-
mals remains very incomplete. In addition, results of studies
have oceasionally been interpreted to be of significance in
ways that are beyond the bounds that can actually be sup-
ported by existing data. Nevertheless, prudent interpreta-
tions of some of the findings in this field have implications

that are profound and call for continued research into the
future.

Organochlorine Compounds

One of humankind’s major technological advances has been
the capability to synthesize and manufacture chemicalsona
massive scale for applications in industry, agriculture, and
health, Remarkable changesin society have been enabled by
these developments, but, like many technological advances,
seemingly unpredictable environmental consequences have
also occurred. Pollution of the planet by highly persistent
organochlorine compounds is a classic example.

The organochlorines are a diverse group of industrialand
agricultural compounds synthesized for various properties,
including chemical stability. Many of the organochlorines
are highly fat soluble (lipophilic) but have low water solubil-
ity (hydrophobic), and differentially accummlate in lipids of
animals. Millions of tons of these chemicals have been pro-
duced and released into the environment, mostly during the
latter half of this century (Hoffman et al. 1994). Designed
for chemical stability, some of the organochlorines are ex-
tremely persistent in the environment and resistant to meta-
bolic degradation, thereby increasing in concentrations
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through food webs. Because the ultimate sinks for many of
these persistent compounds are the oceans of the world,
where organochlorines are rapidly adsorbed to organic mat-
terand taken up by plankton, marine mammalshave beenan
end point in the food web accumulation of these com-
pounds. Numerous studies have documented the presence
of organochlorines in marine mammeal tissues (Appendices 1
to 4). References cited in the appendices to this chapter indi-
cate that organochlorines have been reported in tissues of at
least 23 species of pinnipeds, 44 species of odontocetes, and
11 species of baleen whales, as well as sea otters, sirenians,
and polar bears. Analyses have been conducted on samples
from more than 7000 individuals (Appendices 1 to 4). Many
of these analyses have focused on the organochlorines, al-
though other halogenated compounds such as the poly-
brominated biphenyls have occasionally also been reported.
Many of the organochlorines reported in marine mammal
tissues were originally introduced to the environmentas pes-
ticides targeting the nervous systems of insects. However,
thereader should bear in mind that many insecticides nowin
use, particularly in developed nations, are not organochlo-
rines but organophosphates, carbamates, and other forms
that are not persistent in tissues and do not appreciably ac-
cumulate in marine food chains. Thus, the common use of
the generic term pesticides for organochlarine insecticide
residues is misleading. Similarly, the term pesticide also en-
compasses the numerous synthetic herbicides (some of
which include halogens in their structure), which are de-
signed to affect plant physioclogical systems and have never
been determined to be a serious contaminant issue for ma-
rine mammals.

Expression of Results of Organochlorine
Residue Analyses

The reporting of concentrations of otrganochlorines in tis-
sues can be bewildering to those people who are unfamiliar
with the field. Most studies report contaminant residues on
the basis of mass of chemical per unit mass of tissue. The lat-
ter, however, may be expressed on the basis of fresh weight
{or “wet weight”) of the tissue sample, on the basis of weight
of the sample with water removed (“dry weight™), or on the
basis of the extractable lipid components (“lipid weight™),
which for all practical purposes will contain all of the
organochlorine contarminants. The most typical expression
of concentrations in the literature are given as parts per mil-
lion (ppm) wet weight, which on an unit of mass basis may
also be expressed as llg/ g, or mg/kg. Lower concentrations
may be expressed as parts per billion (ppb) or by the units
ng/gor Ug/kg. It is important to be certain of the units in
comparing findings among various studies. Publications that
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most thoroughly document results give values of concentra-
tions of contaminants, but will further provide percent lipid
(which canbe quite variable even in blubber) and percent wa-
ter, thereby permitting the reader to recalculate values for
comparison with other findings. Many factors can cause
variation in organochlorine concentrations in marine mam-
mals and these are discussed in other sections of this chapter.
A few studies attempt to estimate total amounts of organ-
ochlorines in bodies and organ systems of marine mammals,
expressing amounts in units of mass and total body bur-
dens. Patterns of variation in total body burdens of organ-
ochlorines can differ from patterns in concentrations in
blubber,

Concentrations of contaminants in tissues are also de-
scribed using different summary statistics. Often results
are expressed as means, ranges, and standard deviations or
standard errors. However, in many samples the actual distri-
bution of contaminant concentration data points is non-
normal, and whatis often found is a skewed array with many
relatively low values and a few very high values, Arithmetic
means or parametric statistical tests of hypotheses on these
data can be inappropriate and misleading, Instead investiga-
tors often transform the data to a logarithmic scale, and
compute a geometric mean and confidence intervals to help
adjust for the non-normality of distributions. As with units of
expression, it is important to be certain of the statistical basis
of the summary data provided when interpreting results of
various studies. Thorough presentations of results often in-
clude tables with original data in addition to summary statis-
tics. Thisallows readers to make derailed comparisonsand to
perform their own statistical tests of hypotheses.

Major Compounds

The following section provides an overview of the charac-
teristics of the various organochlorines frequently reported
from marine mammals (Appendices 1 to 4). In subsequent
sections [ explore patterns of variation in organochlorine
concentrations in marine mammal tssues, review evidence
for impacts of these contaminants on marine mammal
health and population dynamics, and summarize recent
studies of organochlorine metabolism and biochemical
toxicity in marine mammals. Over the years the analytical
methodology used by chemisiry laboratories to quantify
organochlorine residues in tissues has become increasingly
sophisticated. Several methods have been used, burmodern,
thorough studies typically use high-resolution capillary gas
chromatography with electron capture detection, combined
with confirmation by mass spectrometry, subsequent to use
of standardized extraction and clean-up procedures using
highest purity grade solvents. High-performance liquid



