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Environmental Contaminants
and Marine Mammals

Environmental contaminants have gained increasing atten-
tion as potential threats to marine mammals. [n this chapter
[ 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 artention: 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
(Geraci and St. Aubin 1990, Loughlin 1994). The approach is
to provide a general introducrion and overview with exam-
ples of case studies. However, appendices with detailed tabu-
lations of specific informartion 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, Hoffman
ec al. 1994, Klaassen 1996). Although numerous investiga-
tions have been conducted in this field, the state of knowl-
edge about effects of many contaminants on marine mam-
mals remaius very incomplete. In addition, results of studies
have occasionally 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
furure.

Organochlorine Compounds

One ofhumankind’s major technological advances has been
the capability to synthesize and manufacture chemicalson a
massive scale for applications in industry, agriculture, and
healch. Remarkable changesin society have been enabled by
these developments, buc, 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 industrial and
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 accumulate in lipids of
animals. Millions of tons of these chemicals have been pro-
duced and released into the environment., mostly during the
latcer half of this century (Hoffman et al. 1994). Designed
for chemical stability, some of the organochlorines are ex-
tremely persistentin 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-
ter and taken up by plankron, marine mammals have beenan
end point in the food web accumulation of these com-
pounds. Numerous studies have documented the presence
of organochlorines in marine mammal 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 orters, 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 tothe environment as pes-
ticides targeting the nervous systems of insects. However,
the reader should bearin mind that many insecticides now in
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 organochlorine 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 physiclogical 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 organochlorines 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 contaminants. 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 [Lg/ g, or mg/kg. Lower concentrations
may be expressed as parts per billion (ppb) or by the units
ng/gor ig/kg. It is important to be certain of the units in
comparing findings among various studies. Publications that

mostthoroughly document results give values of concentra-
tions of contaminants, but will further provide percent lipid
(which can be quite vanable eveninblubber)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.
malsand these are discussedin 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
redatively 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-
dude tables with original data in addition to summary staris-
tics. This allows readers to make detailed 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
sectiotis I explore partterns of variation in organochlorine
concentrations in marine mammal tissues, 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 chemistry laboratories to quantify
organochlorine residues in tissues has become increasingly
sophisticated. Several methods have been used, but modern.
thorough studies typically use high-resolution capillary gas
chromatography with electron caprure 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

L




chromartography is sometimes used in the process of isolat-
ing certain individual compounds {for example, see Varanasi
et al. 1992, Wells and Echarri 1992). Quality assurance pro-
cedures also must be followed and well documented to en-
sure scientific credibility. These can entail determination and
reporting of errorin calibrated or “spiked” samples, multiple
analyses of the same sample withto the same laboratory, in-
terlaboratory comparison studies, and use of standard refer-
ence materials. Systernauc procedures for collecting ussues
to ensure avoidance of spurious contamination must also be
followed (see Geraci and Lounsbury 1993). Steps toward
developing standardized protocols for analysis of marine
mammal tissues have been taken (Lillestolen er al. 1993).
However, an internationally standardized set of analyrical
methods and quality assurance procedures has not yet been
developed and formally agreed on for determination of con-
taminants in marine mammals, and rherefore methodology
can vary among studies.

DDT and Metabolites

DDT (2.2-bus-{(p-chloropbenyl)-1,1,1-trichloroethane or di-
chlorodiphenylitrichloroethane} and its metabolites (Fig.
10-1) are the best known and most widely reported or-
ganochlorines found in marine mammal tissues and as such,
deserve treatment from a historic perspective. They are ar-
guably one of the most notorious groups of compounds to
be recognized as environmental contaminants, and indeed
provided significant impetus to the rremendous surge in so-
cietal awareness of the potential dangers of persistent envi-
ronmental contaminants. These compounds were at the
forefront in sparking growth in both the science of wildlife
toxicology and government regulation of contaminanrs (the
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latter, however, was not without much debare). DDT and
metabolites were first reported in marine mammaltissues in
the 1960s, at about the time it became evident from field
studies that they were assocated with eggshell thinning and
declines in populations of some species of birds (Ratcliffe
1967, Hickey and Anderson 1968, Stickei 1973). DDT was
also implicated in direct mortality of some speces of wild-
life. Contamination of the global manne ecosystem by
organochlorines was exemplified by the discovery of res-
idues of DDT and metabolites in Antarctic seals. far from
significant sources of direct exposure, reported in the jour-
nal Nature more than three decades ago by investigators
ar the Patuxent Wildlife Research Center and Johns Hopkins
University (Sladen et al. 1966). Much of the controversy
surrounding the regulation of DDT, however, was on the
possible human health impact, primarily carcinogenic po-
tential, rather than impacts on wildlife or possble impair-
ment of reproduction. The evidence for its carcinogenicity
continues to cause debate and, although use of DDT has
been banned in some nations (parncularly the developed
countries of the northern hemisphere), the chemical is
still used in many parrs of the world. Transport from these
areas ro some of the more “pristine” reaches of the globe
has been well documenred (for example, see Simonich and
Hites 1995).

Today DDT has notoriety among marine mammalogists
chiefly as a contaminant and environmental “villain.” How-
ever, as pointed out by Mertcalf (1973}, this chemical . . . has
had an influence on human ecology perhaps unmatched by
any other syntheric substance. Through its effectiveness in
the conquest of malaria, typhus. and orher insect-borne dis-
easesit has played a decisive role in the population explosion.

Figure 10-1. Chermcal structures of (a}
p.p “DDT and the principal metabolites of
this compound found in marine mammal
tissues. (b) p.p “DDE. and(c) p,p“DDD or
(o]] TDE. p,p™~DDE s usually the most wide-
spread and abundant mertabolite found

in marine mammal blubber The 1somer
o,p “DDE (d) 1s reported less often buc has
greater esLrogenic acuvicy,

Cl

o,p'- DDE
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It has also become the classic example of an environmental
micropollutant.” DDT (and, to a lesser extent, its metabo-
hites) is primarily neurotoxic but can also cause pathological
changes to the liver and reproductive system in laboratory
mammals.

The synthesis of DDT was first reported in 1874 by the
German chemist Othmar Zeidler. However, the insecticidal
properties of the chemical were not discovered until it was
resynthesized in 1939 by Paul Miiller. The magnitude of the
technological impact of this discovery on humankind can be
gaugedby the awarding ofa Nobel Prize to Miillerin 1948 for
“discovery of the strongactionof DD T against a wide variety
of arthropods” (Metcalf 1973). In India alone, the World
Health Organization credited DDT spraying with a reduc-
tioninmalaria from 100 million casesin 1 yearin the 1930s to
150,000 per year by 1966 (Metcalf 1973). DDT was sprayed
not only for control of disease vectors, but against crop and
gardeninsects, and over entire landscapes of forested ecosys-
tems in efforts aimed at eradication of timber pests. During
World War 11, soldiers were dusted with DDT to control
body lice (which as vectors of typhus played a larger role than
military tactics in turning the tide of many previous wars).
The compound was also sprayed to protect troops from
malaria and other diseases. As pointed outby Metcalf (1973),
one can only speculate how history might have been
changed had the insecticidal properties of DDT beenrecog-
nized at the time of its discovery by Zeidler, rather than after
it had rested on the shelf for some 65 years.

Unfortunately, history has a pattern whereby strides for-
wardin technology are often accompanied by large scale set-
backs to the narural functioning of ecosystems (Ehrenfeld
1981). Among such unforeseen ecosystem ramifications is
the widespread occurrence of DDT and its metabolites in tis-
sues of biota throughout the world, including marine mam-
mals. Extremely high concentrations of these compounds,
higher than found in tissues of most terrestrial mammals,
have been reported inodontocete cetaceansand pinnipedsin
some parts of the world. The presence of metabolites of
DDT in marine mammals throughout the globe is fact. The
significance of these metabolites for marine mammal popu-
lations is subject to difficulry ininterpretation, as explored in
further sections.

Most analyses of tissues of marine mammals for
DDT and other organochlorines have focused on the
blubber, which because of its high lipid content is the ma-
jor storage compartment for these contaminants. The
breakdown product DDE (2,2-bis-(p-chlorophenyl)-1,1-
dichloroethylene or dichlorodiphenyldichloroethylene)
is the most abundant metabolite found in blubber. DDE
concentrations are usually far higher than of DDT or
of TDE (2,2-bis-(p-chlorophenyl)-1,1-dichloroethane or

terrachlorodiphenylethane), also referred to as DDD
{dichlorodiphenyldichloroethane) (Fig. 10-1). DDE is much
less toxic (in terms of lethality to laboratory animals) than
DDT. Asmall portionofthe technical grade mixturesof DDT
also contain the o,p” isomers (Fig. 10-1), which are not fre-
quently reported in environmental samples. The o,p isomers
have also beenreportedatiower concentrations insome stud-
ies of marine mammal tissues. Some studies have also re-
ported additional metabolites of DDT, including methyl sul-
fone compounds {Appendices 1 to 4). It is common for
publications on concentrations of DDT and metabolites in
tissues to provide an arithmetic summation of these meas-
urements in each tissue sample. This sum of the individual
components is rypically referred to as “total DDT” and de-
noted by notations such as LDDT, DDTR, or DDTs. Sorme of
the earlier studies (generally before the 1970s) on concentra-
tions of DDT and metabolites in marine mammals were car-
ried out before the recognition of polychlorinated biphenyls
(PCBs) as environmental contaminants (and therefore their
separation during chemical analysis), making accuracy in
quantification of values reported less reliable.

The dynamics of storage and metabolism of DDE and
related compounds in marine mammal tissues are com-
plex, and although studied in some detail as described in
futther sections, knowledge of these dynamics and their
possible ramifications to health and population stability of
marine mammals remains incomplete. These compounds
can be expected to be found at some level in most biota on
Earth, and certainly in every living marine mammal. How-
ever, great variation exists in concentrations of these and
other organochlorines in tissues of marine mammals, mak-
ing it difficult to desctibe “rypical” or background levels of
contamination. As a rough reference point, during the
1960s and early 1970s mean concentrations of 2DDT in
human adipose tissue in the United States ranged from 5 to
10 ppm, and concenrtrations in human adipose tissues in
other nadons ranged from 2 ppm (Australia, Necherlands) to
28 ppm (India) (presumed lipid weight basis; Matsumura
1985; see also Jensen 1983). More current values for LDDT
in buman adipose tissue obtained in Mexico during the late
1980s to early 1990s range from 1.0 to 90.0 ppm (lipid basis)
in fat (Waliszewski et al. 1996), and recent determinations
of average 2DDT in mother’s milk in African countries
range from 3.0 to 20 ppm (lipid basis) (Ejobi et al. 1996). Ex-
treme cases of 2DDT contamination of marine mammals
have resulted in concentrations of 1000 to 2600 ppm or
more in blubber. However, typical concentrations range
much less than 100 ppm, with many samples at 10 ppm or
less, particularly in the baleen whales or other species from
the open oceans or high latitudes. Residue concentrations
of total DDT in milk of marine mammals have been sel-
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domly reported (Appendices 1 to 4), buc are typically less
than or equivalent to those found in some contemporary
African mothers.

The Cyclodienes

Aldrin, dieldrin (Fig. 10-2), and endrin are cyclodienes syn-
thesized by a chemical process referred to as the Diels-Alder
reaction (hence the etymology). They are insecticides that
are generally much more acutely toxic than DDT; they also
were used in large quantities before restrictions in some
countries during the 1970s. The cyclodienes are highly
neurotoxic, with likely different mechanisms of action than
DDT atthe cellular and biochemical levels, and can cause re-
productive defects in laboratory mammals at high dosage
levels. Dieldrin is an insecticide in its own right but is also a
metabolite of aldrin, which breaks down in the environment
much more quickly than dieldrin. Dieldrin is commonly
found in blubber of marine mammals, whereas the less per-
sistent aldrin and more toxic endrin are seldom reported
(Appendices 1 to 4). Concentrations of these chemicals in
marine mammal tissues are generally lower than those of
DDT and its metabolites or the PCBs. However, dieldrin in
particular has been found in marine mammals throughout
the world. According to Matsumura (1985:58) dieldrin “is
one of the most persistent chemicals ever known.” Some

(a) (b)

Aldrin

(© (d)

Heptachlor epoxide
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publications refer to dieldrin by the alternate chemical ab-
breviation of HEOD.

The technical grade of the cyclodiene insecticide chlor-
dane is a mixture of compounds and isomers, abour §0% of
whichischlordane. Chlordane occurs as a mixture of cis- and
trans-isomers (Fig. 10-2). Other persistent components of the
mixture include heprachlor, nonachlor, and oxychlordane.
Heprachlor is also prepared from chlordane as an insecticide
in its own right and generally is of higher acute toxicity. The
more toxic heptachlor epoxide (Fig. 10-2) is the principal
metabolite of heptachlor found in marine mammal tissues;
isomers of chlordane, oxychlordane, and nonachlors have
also been reported (Appendices 1 to 4). These compounds
have been found in marine mammals throughout the glo-
bal marine ecosystem, and include complex mixtures and
metabolites from seemingly pristine reaches such asthe Arc-
tic and Antarctic (Norstrom and Muir 1994), but at concen-
trations that can generally be considered low.

Toxaphene

The literature on organochlorines in marine mammal tis-
sues occasionally reports the presence of toxaphene (Ap-
pendices 1 to 4). Technical grade toxaphene released to the
environmentis not acompound buta mixture of compounds
and isomers used as an agricultural pesticide, particularly on

Figure 10-2. Cage diagrams of chemical
structures of representative cyclodiene
compounds. The cyclodienes are
organochlorine insecticides or metabolites.

Dieldrin

cis-Chlordane
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cotton. Icconsists of many chlorinated rerpenes (ako referred
toaschlorinated camphenes, polychlorocamphenes[PCCs],
and as chlorinated norbornane derivatives). The theoretical
number of isomers of toxaphene compounds and metabo-
lites is in the thousands, with estimates based on empinical
analytical chemistry numbering in the hundreds. Some con-
geners can be masked by PCBs during chemical analysis.

Toxaphene was widely used before restrictions imposed
in some narions, including a ban on insecricidal use in the
United States in 1982. Restrictions were based primarily on
suspected carcinogenicity and mutagenicity. Toxaphene is
intermediate in acuce toxiciry between dieldrin and DDT. In-
dividual components vary widely in toxiciry. It was the most
widely used insecticide in the United States before restric-
tons and continues to be used in many nations. Like other
organochlorines, it can be spread through the emvironment
by atmospheric transport and is found in low coneentrations
in tissues of marine mammals in remote areas such as the
Arcric (Zhu and Norstrom 1993). Cumulative woeld use dur-
ing the period 1946 to 1974 was more than 409,000 metric
tons (mrt). Saleh (1991) provides an excellent firerature re-
view on these and other aspects of the chemistry, toxicology,
and environmental kinetics of toxaphene.

Polychlorinated Biphenyls

The polychlorinated biphenyls (PCBs, also referred to as
chlorobiphenyls or CBs) are a mixture of compounds (Figs.
10-3 and 10-4). They are produced by the chlarination of
biphenyls and theoretically can include a mixture of 209 dif-
ferent isomers and congeners, although a smaller number
have actually been reported as contaminants i biological
samples. They have had a wide variery of industrial applica-
tions, including use as dielectric fluids in elearical trans-
formers; in heat transfer systems, capacitors, and plastics; as
inks, additives, and lubricants; in carbonless copy paper; and
in hydraulics. Publications on PCBs in marine mammals
sometimes refer to them by trade names such asthe Aroclors
(produced in the United States) in which the last two digits
refer to the weight percentage chlorine of the mixture, e.g.,
Aroclor 1254 is 54% chlorine by weight; other trade names of
mixtures produced in different countries and sometimes
referred to in the marine mammal literature mclude the
Kanechlors (Japan), Phenoclors (France). and Clophens
(Germany). These commercial mixtures contained large
numbers of individual PCB congeners (e.g., Asoclor 1254
typically contains some 50 to 70 PCB compounds). The total
amount of PCBs produced since 1929 has been estimated at
1.5 million mt (de Voogt and Brinkman 1989} Individual
PCB congeners may also be synthesized for specialized uses.
PCBs were first discovered as environmental contaminants

meta ortho ortho mets
para para
meta ortho ortho meta
(b)
Cl (i
Cl Cl
Cl Cl

Figure 10-3. (a) Generalized smuctural formula for polychlori-
nated biphenyls (PCBs) with numbering of the carbon atoms in
rings and porential positions of chlorine and vicinal H atoms. An
example (b) is the merabolically resistant PCB 153 (2,2°,4,4",5,5"-
hexachlorobiphenyl).

in the late 1960s and subsequently were determined to be
widespread throughout the biota of the globe.

During the 1970s and 1980s the manufacturing of PCBs
was terminated in most industrialized nations with the
recognition of their widespread distribution as ecological
contaminants and the potendal for detrimental health
effects. This recognition was heightened by mass human
exposure due to accidental mixing of PCBs with rice oils
(“Yusho disease”) in Japan in 1968 and Taiwan in 1979, re-
sultng in a number of related ailments (although subse-
quent research suggests some of the resulting effects may
have been attributable to unusually high concencrations of
polychlorinated dibenzodioxins [PCDDs) and polychlori-
nated dibenzofurans [PCDFs] (Fig. 10-5) in the mixtures as
well). Despite the marked cessation in their production and
sale, most PCBs are still contained in systems for which

they were originally designed (such as transformers and
other machinery) and have not yer reached the environ-
ment. As these systems leak, degrade, and are disposed of,
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Figure 10-5.

PCB 169

C

Figure 10-4. Examplesof coplanar PCBs
with chemical names and [UPAC numbers.
Non-ortho: 3,3°,4,4"-tetrachlorobiphenyl
(PCB 77); 3,3",4,4",5-pentachlorobiphenyl
(PCB 126); 3,3",4,4",5,5"-hexachlorobiphenyl
(PCB 169). Mono-ortho: 2,3".4,4",5-pen-
tachlorobiphenyl (PCB 118); 2,3,3",4,4"-
pentachlorobiphenyl (PCB 105);
2,3,3",4,4",5-hexachlorobiphenyl (PCB 156).
Di-ortho: 2,2°,3,3",4.4"-hexachlorobiphenyl
(PCB 128); 2,2",3,4,4",5™-hexachlorobiphenyl
(PCB138).

PCB 156

(b)
Cl Cl

O

Cl 0 Ci

2,3,7,8 - Tetrachlorodibenzofuran

Examples of polychlorinated dibenzodioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). The dioxin (2,3,7,8-

terrachlorodibenzo-p-dioxin or TCDD) is a potent enzyme inducer and one of the most toxic compounds known. Although not generally
reported at elevated concentrations in marine mammals, it is the basis for calculadon of toxic equivalencies. Some PCBs are considere to

be approximate isostereomers of TCDD.

the quantities released to the environment will increase.
The ultimate repository for these compounds will be
the oceans. PCB concentrations in the environment, and in
the tissues of marine mammals in particular, are projected
to increase for many years to come (Tanabe 1988). Like
other organochlorines, PCBs are lipophilic and therefore,
are readily sequestered in marine food webs. However,
there is wide variance among individual congeners in their

toxicity and persistence in various metabolic systems, as
detailed elsewhere in this chapter in discussions of PCB
metabolism.

The analyrical methodology used to quantify the pres-
ence of PCBs in marine mammal tissues has matured dur-
ing the past two decades. Research into the presence of
organochlorines in tissues before the 1970s generally did not
include determination of PCBs: this caused some inaccura-
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cies in the expression of amounts of other compounds. Sub-
sequently, the practice was ro compare the amounts of PCBs
present in the sample with a standard mixture such as Aro-
clor 1254 or 1260. However, choice of standard and analyrtical
methodology affects the estimated concentrations, with
results from the same individuals showing concentration
estimates with three- to fourfold differences using different
procedures and Aroclor standards. Modern analytical pro-
cedures now can provide concentrations of individual
congeners, which is of great importance because of wide
differences among congeners in relative toxiciry, and total
PCBs can be estimated as the sum of congener concentra-
tions. Because of the wide number ofindividual congeners, a
systematic numeric system of nomenclature for individual
PCBs has been adopted in addition to standard names based
on structural formulae (Figs. 10-3 and 10-4). These are
referred to in the literature as IUPAC, Ballschmiter, or
PCB numbers (for example, 2,3,3",4,4",5-hexachlorobiphenyl
(Fig. 10-4b) is simply referred to as PCB 156) and are listed in
detail by Ballschmiter and Zell (1980} and Ballschmiter et al.
(1989). For point of reference, PCBs generally range from 1
to 10 ppm (lipid basis) in human adipose tissue and 1 to 2 ppm
(lipid basis) in human milk, typically quantified in compari-
sonwith an Aroclor 1254 or 1260 standard (Ballschmiteretal.
1989). Additional discussion on the patterns of occurrence
and potential effects of PCBs in marine mammals are treated
elsewhere in this chapter.

Other Organochlorines

PCDFs, PCDDs, polychloroquaterphenyls (PCQs), and
polychlorinated napthalenes (PCNs) have been detected in
commercial PCB mixtures where they have been formed in
low quantities as by-products of the PCB manufacturing
process. PCDDs and PCDFs are also formed as impuridies in
a variery of other industrial and combustion processes (Safe
1986, 1991). The PCDD compound 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD; Fig. 10-5) isamong the most toxic
compounds known and is the most intensively studied. It
was an impurity present in the defoliant Agent Orange used
during the Vietnam War. A few reports indicate the presence
of these compounds in marine mammal tissues (Appendices
1 to 4), although with few exceptions (Jarman et al. 1996) in-
vestigations have not been extensive.

Isomers of hexachlorocyclohexane (HCH), sometimes
also referred to as benzene hexachloride (BHC), often ap-
pear in low concentrations in blubber of marine mammals
(Appendices | to 4). It is an insecticide. the pure Yisomer of
which is also named lindane. Lindane is neurotoxic, and
some isomers of HCH have caused tumors in liver cells of
laboratory mammals. Ratios and metabolism of various iso-
mers of HCH were quantified and discussed for 10 odonto-

cete species by Tanabe etal. (1996). Other organochlorine in.
secticide residues reported infrequently in marine mammals
include the structurally related compounds kepone and
mirex, and endosulfan (which is also used as an ascaricide),
Hexachlorobenzene (HCB) is a fungicide that appears as a
widespread environmenrtal contaminant and has been de-
tected in a variery of marine mammals (Appendices 1 to 4).
Some related compounds wich different numbers of chio-
rines are sometimes reported as total chlorobenzenes (CBz).
The methyl sulfone metabolites of DDE and PCBs, which
are toxic themselves, have also been quantified in marine
mammal dssues (Appendices 1 to 4; Bergman et al. 1994),
One recentstudy has also revealed the presence of hexachlo-
rinated anthracenes in seals from the Baltic Sea (Koistinen
1990). In addition to the organochlorines, other organohal-
ogens reported in marine mammal tissues include the
polybrominated biphenyls (PBBs), manufactured as flame
rerardants, octachlorostyrene (OCS), and polybrominated
diphenyl ethers (Kuehl etal. 1991, Kuehl and Haebler 1995).
The substance tris (4-chlorophenyl) methanol (TCP) has
been found in several species of pinnipeds and cetaceans, and
may stem from synthetic dyes or DDT (Jarman etal. 1992, de
Boer etal. 1996, Muir etal. 1996a).

Distribution and Kinetics of Organochlorines
in Body Compartments of Marine Mammals

In marine mammals, blubber is the major repository for
organochlorines, and most of the emphasis on determina-
tion of residue concentrations has focused on this tissue (Ap-
pendices 1to4). Tanabe etal. (1981) demonstrated thatin an
adult male striped dolphin (Stenella coeruleoalba) most of the
body weight is contributed by muscle (56%), followed by
blubber (17%) and bone (12%). Striped dolphin blubber,
however, contained 95% of the total body burden of 2 DDT
and PCBs and more than 90% of the body burden of HCHs
and HCB. This is because of the higher lipid composition of
blubber (about 75% of blubber weight was lipid and 91% of
all lipids in the body were found in blubber, whereas muscle
tissue is comprised of 1% to 4% lipid). The total amounts of
organochlorines found in bone and other organs were negli-
gible, leading these researchets to suggest that combined
amounts in blubber and muscle (with its larger total mass)
could be used to represent the total amounts of these con-
taminants in individual animals. Most organs had similar
proportions of various organochlorines, except the brain
and liver. Lower relative concentrations of DDT were found
in the liver (implying active metabolism). The brain had
lower concentrations of organochlorines on a lipid weight
basis, as well as apparent differences in amounts of lower
chlorinated PCBs and isomers of HCH. Lower relative con-
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centrations of organochlorines in brains have also been re-
ported for sperm whales (Physeter macrocephalus) (Aguilar
1983), harp seals (Phoca groenlandica) (Frank er al. 1973),
small cetaceans (O'Shea et al. 1980), and a variety of other
species (Aguilar 1985; see Appendices | to 4 for additional
references).

Very few studies have actempted to estimate the absolute
body load of organochlorines m marine mammals other
than in the striped dolphin. One exception, however, is the
derailed study of fin whales (Balaenoptera physalus) con-
ducted by Aguilar and Borrell (1994b), who calculared ris-
sue masses for five complete whales by dissection and
derermined organochlorine concentrations in samples of
blubber, muscie, bone, liver, and kidney for 26 individuals,
extrapolating results to a rotal sample of 169 whales. (For ex-
trapolarions, they estimated toral body loads based on
organochlorine concentrations in blubber samples and em-
pirical relationships established in the smaller groups.
Anaromical studies of reproductive tracts provided derails
on sexual maruriry, and growth layer counts in ear plugs es-
tablished age estimates.} Using this information, they were
able to estimate quantities of organochlorines ransferred to
voung by females during reproduction by differences in esti-
mated total body loads of males and females of the same age.
Body loadsaveraged 6.5 g for LDDT and 7.8 g for PCBsinthe
sample of 26, with estimates as high as 23.5 ¢ DD T and 20.1 g
PCBs in males. These amounts are one to two orders of mag-
nitude higher than estimares for some small ceraceans,
which s attributable to the huge differences in bedy size and
amounts of lipd.

The general framework for understanding the kinetics of
organochlorines in marine mammals is similar to that estab-
lished for other homeotherms. in which the blood is consid-
ered a central “compartment” through which vanous organs
maintain a dynamic relationship with contaminant exposure
(Aguilar 1985). Asnoted for striped dolphins, the organochlo-
rine residues found in other organs are generally disuibuted
according to their fat content, with concenrrations expressed
ona hpid weight basis being highly similar among all organs.
The brain tends to have lower concentrations of organochlo-
rines than would be predicted on the basis of its fat contenr.
This is northoughtto be attnburable to a blood-brain barner,
which is unlikely to be efective for Jiposoluble organochio-
rines, but rather to the kinds of lipids present in the brain.
The brain has a higher amount of phospholipid 1n compari-
son wirh other organs, and organochlorines tend to have a
lower affinity for phospholipids than for other lipids. In
general, organs with higher amounts of the less polar triglyc-
erides and nonesterified fatty acids have higher organochlo-
rine concentranons {Aguilar 1985). Characteristics of com-
pounds present will vary among organs as well, with highly
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polar forms occurring at higher concentrations in phospho-
lipids, and greater proportions of degradation products pres-
entin the liver because ofits active merabolic funcrion.

Although most of the organochiorines in the bodies of
marine mammals can be found in blubber, the dynamics of
this relanonship are complex. Blubber 1s not merabolically
inert. Many marine mammal species undergo exrensive an-
nual and seasonal changes in the amounts of fat stored in
blubber. These changes correlate with cyclesin hreeding and
lactarion, and migrations off feeding grounds. Residue con-
centrations in blubber can be diluted with rapid expansion of
the lipid component during seasonal fattening periods or
growth. In contrast, marine mammals sampled as stranded
carcasses may have depleted lipid reserves from disease or
starvation, with consequent elevations in organochlorine
residue concentrations in blubber. Although in marine
mammals the rates ar which organochlorines are either
passed into the blood with lipid mobilization or are concen-
trated in the remaining fat are poorly known, iris likely that
both processes take place (Aguilar 1985, 1987). It has also
been suggested that organochlorine concentrations in blub-
ber of different whale species with similar prey may be in-
versely related to body size, owing to both overall metabolic
rate and the size of the lipid compartment available for dilu-
tion of residues (Aguilar 1989, cited in Borrell 1993).

A number of variables affecting organochlorine content
of blubber can be controlled during sampling. Blubber fat
content can vary by topographic locationon the body and by
structural stratification within areas. Fatty acids are more
highly saturated in inner deposits, and changes to the inner
deposits may contribute more greatly to variations in blub-
ber thickness. These differences require consistency in field
sampling protocols (see Geraci and Lounsbury 1993). Lipid
composition of blubber can be dissimilar to other far-rich
areas such as wvisceral fat deposits and the melon area of
cetaceans. In addition, lipid composition of the blubber jtself
can vary among species. Time since death may also alter
residue concentrations in rissues. Borrell and Aguilar (1990)
repeatedly sampled biubber of a stranded striped dolphin
catcass for organochlorines over a 55-day period and found
changes in concentrauons (both declines and increases, de-
pending on the compound), beginning 2 weeks after iniual
sampling.

Patterns of Organochlorine Concentrations
in Marine Mammal¥

Age, Sex, and Reproductive Status

Age, sex, and reproductive status have significant effects on
organochlorine residue concentrations in blubber of marine




Table 10-1.  Summary of Selected Investigations on the Relationships among
Sex, Age, and Organochlorine Concentrations in Blubber of Marine Mammals

Croup and Species Region General Findings References
Pinmpeds
Callorhinus ursinus  Japan PCBs and IDDT in females increased to 6 years of age, then decreased sharply,  Tanabe eral. 1994b

increasing again after age 28. No trend observed in HCHs.
Eumetopias jubatus  Alaska Concentranons of ZDDT, PCBs, and chlordanes were higher in males than Lee eral. 1996
females. Age-relared increases occurred in males; females increased in
organochlorines undl age s, then decreased until about age 20-25, when
increases concident with likely reproductive senescence occurred.
Halichoerus grypus  Nava Scotia Higher concentrations of PCBs in mature males; concentrations in mature Addison ecal. 1988
fernales 30% of males; newborn to 3 weeks no sex difference, concentratians
10% of adult males.
H. grypus North Sea (England) Total organochlonne concentragons higher in mature males than immature Donkin eral. 1981
males, and higher in males than females. Significant variation mn total organo-
chlorine concentranons wicth both age and blubber thickness.
Odobenus rosmarus  Arctic (Canada) Concentrations of multple organochlorines higher in males than females. Muir etal. 1995
Q. rosmarus Arctic (Greenland) Concentranons of ZDDT and PCBs increase with age in males, but not females.  Born etal. 1981
PCB concentrations decrease with age in females and are significandy higher
in immature than mature fernales. No correlations existed berween age and

IDDT in females.

Phoca groenlandica  North Adantic (Canada) ZIDDT, PCBs, and dieldrin increase with age in young females, reaching a Frank etal. 1973
plateau at sexual macurity.

P. groenlandica Greenland Sea Concentrations of PCBs, DDE, and HCH in blubber increased wich age in Ochme etal. 1995b

males. PCDDs and PCDFs did not.
P. groenlandica Gulf of St. Lawrence Goncentrations of LDDT, DDE, and PCBs increased with age, but TDE, DDT,  Addison etal. 1973

(Canada) and dieldrin did not.

P, groenlandica Gulf of St. Lawrenceand Concentranions of ZDDT, PCBs, and other organochlorines higher in males Beck et al. 1994
Hudson Strait than females.
(Ganada)

P groenlandica Northwest Adannicand ~ ZDDT, PCBs, heprachlor epoxide, dieldrin concentrations generally higherin =~ Ronald et al. 1984a
Arctc oceans {Canada, adult males than in adult females, increase with age in males but not females.
Greentand) Variations in patrerns occurred among areas.
P hispida Baltic Sea IDDT and PCB residue concentrations significandy higher in males in compar-  Helle et al. 1976a,b
ison with reproducnve females; concenmrations increase with age in males

but not in females.

P, hispida Arcrc (Canada) Concentrations of DDE, DDT, and PCBs in blubber lipids increased with age in  Addison and Smith !
males. but not in females, and were inversely proportional to blubber thick- 1974; Addison et al.
ness. Concentrations in males were higher than in femnales. 1986a

P. huspida Norway Higher concentranons of PCBs and DDE in nales than females. Daelemans et al. 1993

P, hispida Lake Saimaa (FinJand} Concentrations of ZDDT aad PCBs increase with age in males but not females.  Helle eral. 1982

P. hispida Arctic Ocean (Canada) PCB congeners, ZDDT. and chlordane concentratons increased with age in Muir et al. 1988b

males, but not in females. Conceniranions were significandy higher in males.
Age and sex differences aiso occurred among groups in PCB congeners and

homologs.
E stuling Morth Sea (UK.} No significant variation in concentranons of ZDDT, PCBs, dieldrin with sex; Hall er al. 1992
increase with age for PCBs only.
P virulina Northern Ireland Higher concentrations of DDE in males than fernales; no differences between  Mitchell and Kennedy
sexes in other organochiorines. 1992
B virulina Narth Sea (Germany, Higher concentrations of PCBs in males, but no tests of statisiical significance.  Heidmann et al. 1992
Iceland)
Odontocere cetaceans
Berardius bairdn Western North Pacific DDE and PCB residue concentradions higher in males than females. Subramanian etal.
Uapan) 1988a
Cephalorhynchus Southern Indian Ocean  Males with hagher concentrations of LDDT and PCBs than fernales. Concentra-  Abarnou et al. 1986
commersonu {Kergulean lslands) tions decline with age in females, increase in males.
Delphinaprerus St. Lawrence estuary PCBs. ZDDT concentrarions hugher in adult males than females, increase with  Martineau er al. 1987
lewcas (Canada) age in both sexes.
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Table 10-1  continued
Group and Species Region General Findings References
D. leucas St. Lawrence estuary PCBs, ZDDT. mrex, others positively correlated wath age of adult females bur - Mwirecal 1996a
(Canada) not adult males. Perhaps due to shifisin diets by older males, lack of repro-
duction and age structure in females,
D. leucas Canada (several regions)  PCD concentranons ligher n males than femnales, vanable results with other Muir zral 1990
organochlormes Neganve correlations berween age and concentranons of
some organochlorines in females and posiuive correlanions in males in some
' stocks
Delphmus delphis  [ndian Ocean increased concentrations of PCBs and ZDDT with age in males, rapid dechine Cockeroft eral. 1990
{South Africa) m females at the age of sexual matunry Mature males with significantly
higher concentrations than all age and sex classes except nonreproducuve
females
Giobicephala Western North Pacific DDE and PCE residue concentranions increase wich age in females to about Tanabe eral. 1987b

macrorhynchus

G. melaena

Lagenorhynchus
ACUIRS
L. albirostrs

Phacoena phocoena
P. phocaena
P phocoena
P phocoena
P. phocoena

P. phocoena
Phocoenondes dalli

Physeter
macrocephalns
P macrocephalus

Stenella

coeruleoalba

Turswops truncatus

T. truneatus

T truncatus

T truncacus
T. truncatus
Mysticete cetaceans

Balaenoptera
acitorestrata

(Japan)

Faroe Islands

Faroe Islands
Northwestern Atlanuc
{Newfoundland)
Faroe Islands
Northwestern Atlantic
{Bay of Fundy)
North Sea (Scotland)
MNorth Sea (Metherlands)
Northeastern Adantic
Great Britain
Bering Sea and
Northwestern Pacific
Morth Atlantic (Span)
MNaorrh Sea

Mediterranean Sea

Indian Ocean
tSourh Africa)

Western North Atlantic
(US.A)

Atlanuc Coast (US.AL)

Gulfof Mexico (S A )

Gulf of Mexico (LLS.A )

Antarcac

10 years, then decrease sharply with reproductive magarity, remain low unuil
reproducrive senescence.

Higher ZDDT and PCB concentrations in mature males than mamre females
No differences berween sexes in immature amimals. ZDDT and PCB concen-
wranons dechne significantly with age in mature ferales, but show no trend
with age m mature males.

Higher ZDDT and PCB concentratons in males.

Concentrations of ZDDT, PCBs, chiordane, and PCB congeners increase with
age in males but not in females.

Higher ZDDT and PCB concentranions in males.

Males with higher concentrations of ZDDT, PCBs. and dieldrin than femnales.
Concentranons in reproducnve females Jower than in immature and resung
females Concentravons increase with age in males, but decrease in females

Sigmficant increase n LDDT, PCBs, chlordanes, and dieldnn wath age in males
buc not females No changes in HCB concentrzuons.

Higher PCB concentranons in blubber of maies. increasing with age

Concenrranons of muitiple orpanochlonnes imcreased with age in blubber of
males, except HCB, HCHs.

Higher organochlorine concentrations wirh age.

Higher concentrations of PCBs and DDE 1n males than females; concentrations
n females decrease with increasing age after 2 years unul age 6 or 7 Relatve
concentranons of certain PCB congeners shift with age in females bnt not
males

Males with lower concentrations of PCBs and ZDDT than females, perhaps due
to differences in feeding habits and habitar

Positive correlations berween hody jengmh und concentrations of FICB,
dheldrin, TDE, o,p"-DDT, chlordanes, several PCB congeners

DDE and PCB concentrauons higher in males than females.

Mature males with significantly lngher concentranons of PCB and ZDDT chan
females or immatures, concentranions Jowest in reproductively acove
females Concentravions increasc with age in males.

DDE. PCB, and t-nonachlor concencrations mgher in blubber and liver of adult
males than adult females.

Higher organochlonine concencrarions in males

Higher PCB and ZDDT concencrations in males, orher orggnachlurines var-
able ZDDT increased with age in males, but not in femnales.

Higher organochlonnes in adult males than femaies, immatures

DDE and PCB concentranions increase with age in males but nor females, and
are generally higher in marure males than in mature females

Borrell 1993, Borrell
and Aguilar 1993,

Bouvrell etal 1995

Borreli 1993

Muir et al. 1988a

Borrell 1993

Gaskin eral 1982,
1983

Wells eral. 1994

van Scheppingen et al.
1996

Klewane eral. 1995

Kuiken er al. 1994

Subramanian et al.
1988b

Aguilar 1983

Law cral 1996

Agular and Borrell
19943

Cockeroft ecal. 1989

Geraci 1939

Kuehl et al. 1991
Salata eral. 1995

Knehl and Haebler
1995

Tanabe cral. 1986

Continued on next page
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Table 10-1  continued
Group and Species Region General Findings References
B. borealis Eastern North Atlanue  Higher organochlonne concentrauons 1o males. Borrell 1993
B. physaius Eastern North Atlanuc  Nodifferences in concentrations of PCBs or LDDT in immature males and fe-  Aguilar and Borrell
males. Concentrauons increased with age and body size in males bur de- 1988, 1994b
creased in females, tending toreach a plateau in borh sexes. Patterns of total
body loads were also similar. Relative abundance ol degraded compounds
increased wath age in males, decreased in fernales. Amounts transferred with
reproduction estimated.
B. physalus Eastern North Adantic  Higher organochlonne concentradons in males. Borrell 1993

Eschnchtivs robustus Pacific Coast
North Amenca

Higher concenrtrations of mirex, DDE, and ZDDT in males.

Varanasi et al. 1994

DDE = 2,2, -hs{p-chlorophenylk- 1.1 dichloroethylene: DDT = 2,2,-bis-{p-chiorophenyl)-1, 1 -trichloroethane, EDDT = anthmetic summabon of concentranons of 1somers and
metabolites of DDT. HCB = hexachlorabenzene, HCH = hexachlorocyclohexane: PCBs = palychlorinated biphenyls; PCDDs = polychlorinated dibenzo-p-dioxing; PCDFs =

polychlonnated dibenzofurans, TDE = 2.2,-bu-(p-ehlorophenyl)-1.1-dichloroethane.

mammals (Table 10-1). The general pattern observed ex-
tends to most species examined thus far and is based prima-
rity on studies of DD T and metabolites and PCBs. Immature
males and females often show no differences in arganochlo-
rine concentrations in blubber. Organochlorine concentra-
tions thenincrease with age in males butdecrease withage in
mature females. Mature animals often show significant diff-
erences berween sexes (males with higher concentrations)
and in ratios among compounds. These differences are at-
tributable to transfer of organochlorines from females to
young during gestation and lactation, and the lack of these
avenues for excretion in males. Organochlorines are accu-
mulated by the fetus transplacentally, but reproductive
transferin the lipid-rich milk is especially pronounced. Addi-
son and Stobo (1993) reported that 98% of the organochlo-
rine burden of gray seal pups at weaning s obtained through
maternal milk; 30% of the total body burden of ZDDT and
15% of PCBs in adult fernales are transferred to a single lac-
tating young (Addison and Brodie 1977). Calculations indi-
cate thata primiparous female Stellersealion transfers about
80% ofits PCBs and 2DDT toits first-born pup through lac-
tation (Lee et al. 1996). Among cetaceans, it has been esti-
mated that more than 90% of the PCBs of adult female
striped dolphins is transferred to the calf through lactation
(Tanabe 1988); about 80% of the PCBs and 2DDT of a fe-
male bottlenose dolphin is transferred to the first-born caif
(Cockcroft et al. 1989); and young adult pilot whales transfer
about 68% of the ZDDT and 100% of the PCBs through ac-
tation to their calves (Borrel! et al. 1995). Therefore, these
contaminants are physically passed from generation to gen-
eration. The proportion of the body burden of organochio-
rines transferred to young by fernales may be less in mys-

ticetes than in odontoceres (Tanabe et al. 1986; Aguilar and
Borrell 1988, 1994b). Female fin whales were estimated to
wransfer abour 26% of the total body load of 2 DDT and 14%
of PCBs to the first-born calf, with amounts transferred
decreasing substantially with subsequent reproduction
(Aguilar and Borrell 1994b). These percentages for fin whales
are lower than some of the estimates of reproductive transfer
in other marine mammals (Table 10-2), but the lower pro-
portions may be attributable to shorter lactation periods in
fin whales. Total amounts transferred to young “are not ex-
pected to have significant toxicological effects on the popula-
ton” (Aguilar and Borrell 1994b), a conclusion that should
not necessarily be extended to other species because fin
whales are among the least contaminated cetaceans.
Differences between sexes in proportions and ratios of
DDT metabolites and PCB congeners in North Atlantic fin
whales and sej whales (Balaenoptera borealis) may be attribut-
able to corresponding modifications in enzymatic activiry of
the liver produced by differences in organochlorine burdens
within sexes, as well as by reproductive transfer of certain
compounds by females to offspring (Aguilar and Borrell
1988, Borrell 1993). The repeated findings of differences in
organochlorine residue concentrations among age and sex
categories (Table 10-1) point out both the need to account for
these factors inreporting research results and the difficulties
inherent in interpretation of data based on small sample
sizes. The only notable exception to this pattern occurs in
belugas (Delphinapterus leucas) from the St. Lawrence River
estuary (Canada), in which correlations with age and certain
organochlorines exist in females but not males (Muir et al.
£996a). This may be attributable to an unusual age distribu-
tion of the sample population, lack of reproduction in older




Table 10-2. Studies Pertinent to Reproductive Transfer of Organochlorine

Compounds between Females and Ofspring in Marine Mammals

Group and Species

General Findings

References

Pinmpeds
Arciocephalus gazella
Callorhenus ursinns
Mirounga angustirostns
Neophoce cinerea
Zalophus califormanus
Callorlinus wrsinus

Enmetopras jubatis

Halichoerus grypus

H. grypus

H. grypus

H. grypus

Phgea hisprda

Odontocete cetaceans
Delphmapterus lencas
Delphunis delphis

Globrecphala melaena

Phocoena phocoena

P, pliocoena

P phocoena
Phocoenoides dalli
Physeter macrocephalus
Stenella cocruleoalba

5. coeruleoalba

Tursiops truncatus

T truncalus

Mysocete ceraceans
Balacuoprera physains

Orther

Ursies meratimus

Determined organochlorie concentranions n nulk, including specific PCB congeners. DDE
and PCBs found in milk of pmnipeds in all areas, ncluding Antarctica, but one w0 two or-
ders of magnitude higher in northern hermisphere samples

Determuned HCH concentranons and ranos in milk, and m tissues ol neanates

Esumared lactatnional ansfer based on changes i organochlonne concentranons i blubber
of females at age of reproducuve marurity in contrast to males Caiculanons suggest chat
abour 80% of PCBs aod ZDDT are cransferred (o the firseborn pup.

Determined concentranons of DDE, DDT, ZDO'T, PCBs, and PCE congsners m maternal
milk, blubber, blood and pup hlubber and blood. Demonstrated selecuvity in transfer of
some organochlorines from hiood to milk.

Determimed organochlonne concentranons (ZDDT, PCBs, and trans-nonachlor, HCB, o-
HCH) in blubber of neonates, and changes in concentradons 1o weaning and 1 year of age
Total burdens increased sharply from birth 1o weaning, then did not change, excepr for o
HCH, which declined significantly.

Determined concentrations of ZDDT, PCBs, and dieldrin in mothers and feruses. Estimated
that the near-term ferus conrained less than 1% of the organocnlorine bnrden of the
mother, obtained through transplacental transfer.

Determined concentration of ZDDT and PCBs 1n maternal blubber and milk and pup hluh-
ber Esumated that about 30% of LDDT and 15% ot PCBs in females are transferred to
pup through annual lacration,

Concentranons of LDDT and PCBs present in blubber of neonates, increased rapidiy duning
suckiing perod.

DDE, ZDDT. PCBs, and PCB congeners reported in milk sample from one female.

Marked decline in PCB and ZDDT concentrations in blubber of females after age of sexual
maturiry; calculations of amounts transferred to firsi-born calves.

LDDT transfers to the ferns more readily than PCBs, hurt transfer rates are comparable in lac-
ration Reproducuve transfer from females dechines with age. with young females transfer-
nng three umes that of older females by lactation and six times by gestation

Higher dieldrin and EDDT concentranons i tmmarure and resung ferale blubber than in
reproducnve females

Determined presence of dieldrin, chlordane compounds, HCE. PCBs and PCB congeners in
feral blubber, demonstrating transplacental transfer

Determined presence of DDE, DDT, TDE, o,p-TDE, PCBs, dieldon, HCB, HCHs in ussues
of a ferus, demonstraung transplacental transfer.

Decline in PCB and DDE concentrations in female binbber at sexual matuncy Grearer trans-
fer of lower chiorinared biphenyls in lactation than gestation.

PCB and ZDDT concentrations reported in milk samples.

Reported concentrations of ZDDT, PCBs, and HCHs in milic

Determined organochlorine burdens m a pregnant female and near-term fetus, and estmated
transplacental transfer rates from 4 0% to 9 7% for PCRs, ZDDT, HCHs, and HCB

Significant decline in PCB and ZDDT concentrations in blubber of females after age of sexual
maturity. Caiculanons that 80% of body load of female is passed to first-born calf

Determined concentrations of DDE. PCBs. and other organochlorines in milk of capuve fe

males Highest concentranons in 34-vear old first lactation, lowest in youngest female

Estumated total body loads of ZDDT and PCBs 1 inales and females, and determned age-
vetated trends 1n cach sex Differences at similsr ages were considered due to reproducove
iransfer. About 26% of ol hody load of ZDDT and 14% of PCRs wransferred to first calf.

with decreasing amoonts transferred 11 subsequent reproducnon i

Deternuned changes in concentrauons of ZDDT, PCBs. chlordane, HCHs, and CBz in adi-
pose tssne and mulk of females and cubs, and mean daily ingesuon races through lactation.

Bacon eral. 1992

Maossner et al. 1992
Lee et al, 1996

Addison and Brodie 1987

Addison and Stobo 1993

Donkan et al. 1981

Addison and Brodie 1977

Helle et al. 1983

Massé eral. 1986
Cockeroft et al. 1990

Borrell et al. 1995

Gaskin ecal. 197}

Wells eral 1994

Duinker and Hillebrand
1979

Subramaman et al. 1988b

Aguilar 1983

_ Kawaieral 1988

Tanabe et al. 1982
Cockeroft et al. 1989

Ridgway and Reddy 1995

Aguilarand Borrell 1994b

Pohschuk et al. 1995

See Table 101 lon summaries of addinomal studies on changes 1n organachlerme concentranions 1n fermales at reproductive maturity

Chz = chlorobenzenes, DDE = 2.2 -us-(p-chloropheny 1, 1-dichiorsethylene, DT = 2,2, s-{p-chiorophenyl)-1, 1 -trichloreethane. ZDDT = anthmenc summanoen of concen-

trations af isomers and metabolites of DDT HCR = hexachlarcbenzene; HCH = hexachloracyclohexane; PCBs = palychlannated phenyls, TDE = 2.2,-bis<(p-chlorophenyl)-

LI-dichloraernane
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females, and age-related shifts in food habits (Muir er al.
1996a).

Regional, Ecological, and Temporal Variation

[n addition to variation attributable to age and sex, major di-
fferences in observed concentrations of organochlorine
residues in marine mammals occur according to geographic
location and feeding ecology. Marine mammals in areas with
generally high organochlorine inputs, such as near-shore
waters close to coastal industrial and agricultural centers,
tend to have higher concentrations of organochlorines in tis-
sues. Similarly, species that tend to feed higher in marine
food webs also tend to have increased concentrations in tis-
sues. Baleen whales tend to have much lower organochlo-
rine residue concentrations in blubber than other marine
mammals, atrributable to their generally more pelagichabits
(resulting in reduced exposure to near-shore contamination)
and low position in the food chain (O’Shea and Brownel
1994). Members of inshore populations of piscivorous
species tend to have greatest concentrations of organochlo-
rines in tissues, particularly where subject to industrial con-
tamination. Extremely high concentrations of 2DDT and
PCBs have been reported in odontocete cetaceans from the
eastern North Pacific off southem California, the mid-
Atlantic coast of the United States, the Mediterranean Sea,
and the St. Lawrence River estuary. Very high contamina-
tion of pinnipeds has been reported from the Baltic Sea
and coastal southern California. Odontocetes and pinni-
peds from such areas can have concentrations of PCBs and
2DDT that are two to three orders of magnitude higher
thanin those from the open ocean or coastal reaches of more
pristine latitudes. Greater numbers of kinds of organochlo-
rinesare also usually detected in these contaminated popula-
tions. However, even in remote reaches of the Arctic, a wide
array of organochlorines has been demonstrated in marine
mamrmal tissues(Muiretal. 1990, 1992a; Norstrom and Muir
1994). Marine mammals in the northern oceans tend to be
more contaminated with organochlorines than those in
southern oceans, but this trend may shift as usage of some
organochlorines declines in the north and increases in devei-
oping nations of the southern tropics (O’Shea and Brownell
1994, Tanabe et al. 1994a, Oehme et al. 1995a). Southern
oceans currently have less contamination than northern
oceans because of less industrialization and less intensive
agriculture, but contamination with DDT has already in-
creased; in addition, much of the organochlorine deposition
in tropical countries is removed to the atmosphere by high
temperatures and heavy rainfall, with subsequent global re-
distribution (Hidaka et al. 1983; Tanabe et al. 1983, 1984b;
Kawano et al. 1986, 1988; Tanabe 1988). However, little at-
tention has focused on residue surveys in southern hemi-

sphere marine mammals. More than 90% of the individuals
sampled in the literature summarized in Appendices | 1o 4
have been in che northern hemisphere (more than 75% of
these from European and Canadian waters).

Organochlorine contamination of marine mammals on a
broad regional basis hasbeen intensively studied in the north
polar regions (particularly the Canadian Asctic and subarc-
tic; see Appendix), where marine food chains include plank-
ton, fish, seals, polar bears (Ursus maritimus), and humans,
Excellent reviews on this topic have been provided by Muir
etal. (1992a)and Norstrom and Muir (1994). Higher levels of
more volatile organochlorines (such as HCHs and compo-
nents of chlordane and toxaphene) relative to PCBs and
2DDT are found in marine mammals of high latitudes, and
these more volatile organochlorines are relatively more uni-
formly distributed across these regions. This is attributable
to atmospheric transport from lower, warmer latitudes and
subsequent condensaton in cool regions—a process re-
ferred to as the global distillation effect (Simonich and Hites
1995). Whereas compounds such as the PCBs and the DDT
group are the predominant organochlorine residues in tis-
sues of marine mammals in temperate and tropical zones,
concentrations of HCHs and components of chlordane and
toxaphene are found at nearly equivalent concentrations in
marine mammals of the polar regions. Although relarive
proportions change with increasing latitude, actual concen-
trations are low. PCBs in Arctic ringed seals (Phoca hispida)
occur in concentrations some 10 to 50 times lower than in
Scandinavian and Baltic ringed seals, and PCBs and 2.DDT
concentrations are 25 to 30 times lower in Arctic belugas
than in belugas from the St. Lawrence River (this difference
is not apparent in the more volatile HCH and chlordane
components in beluga tissues) (Muir et al. 1992a). Concen-
trations of organochlorines in marine mammals of the Arc-
tic are, as a rule, higher than in those from rthe Antarctic.
PCDDs are found at greater concentrations in marine mam-
mals of the high Arctic thanin the subarctic, possibly because
of deposition by the particulate-laden “Arctic haze” trans-
ported over the pole from sources in Burope and Asia,
“sometimesas thick as smogin major cities” (Norstrom etal.
1990). PCDDs and PCDFs do not biomagnify in seals or
polar bears (Norstrom et al. 1990, de Wit et al. 1992). Polar
bears have a capacity to metabolize certain organochlorines
thatis unique among marine mammals, and perhaps among
all animals (Norstrom et al. 1988, Norstrom and Muir 1994).
Biomagnification of ZDDT from seal prey does not occur,
and chlordane components are also much more readily me-
tabolized by polar bears.

Variation in population structure and dynamics, particu-
larly age at first reproduction, can also resuit in seeming dif-
ferences in contamination among populations, species, and
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regions because of varying patterns of organochlorine accu-
mulation with age and sex as noted previously (also see Wells
eral, 1994). In additon, Aguilar et al. (1993) noted that after
adjustmenr for age, females from different pods of long-
finned pilot whales (Globicephala melaena) from the fishery of
the Faroe Islands could be distinguished by aspects of their
organochlorine residue concentrations, particularly by ra-
tios of p, p“DDE/Y.DDT. These researchers suggested that
observed differences in organochlorine profiles likely corre-
sponded to ecological segregation in use of food resources.
Contaminant concentrations and ratios have also been used
as possible indicators of populations that may segregate geo-
graphically (Aguilar 1987, Kleivane eral. 1995). Populations
of walrus (Odobenus rosmarus) in the Canadian Arctic differ in
concentrations and characteristics of organochlorines in
blubber, and these differences suggest significant seal eating
by walrus in some areas (Muir eral. 1995).

Afew studies have examined changes in contamination of
marine mammals with organochlorines over time. For ex-
ample, Aguilar (1984) investigated changes in the ratio of
DDE to 2DDT in several species of marine mammals from
the North Adlantic over the period 1964 to 1981. These ratios
showed a significantincrease with time, indicating continual
transformation of DDT to DDE in marine systems and also
indicating that such ratios may be used to assess the recency
of chronology of DDT inputs to marine ecosystems. Tanabe
etal. (1994b) examined trends in organochlorine contami-
nants in northern fur seals (Callorhinus ursinus) from Japan
from 1971 to 1988. 2DDT increased until the mid-1970s,
then declined. The proportion of X DDT composed of DDT
dropped off sharply afterthe early 1970s. PCBsalso increased
until the mid-1970s, then dropped off to a constantlevel dur-
ing the 1980s. HCHs showed a slight decline. In the Balric
Sea, 2DDT and PCBs decreased considerably from the 1969
to 1973 period to the 1980s in ringed seals, whereas ZDDT
(but not PCBs) declined similarly in gray seals (Halichoerus
grypus). The differences in trends have been attributed to
differences in feeding ecology berween the two species
(Blomkvist et al. 1992). In male harp seals from the St.
Lawrence River estuary, concentrations of PCBs decreased,
but ZDDT did not decline with time (1982-1989); however,
the percentage of LDDT composed of DDE increased, indi-
cating continued decreases in input of the more readily me-
tabolized DDT (Becketal. 1994). Seasonal changes were also
apparent, with winter and summer areas differing in expo-
sure through the food. However, interpretations of temporal
differences must be approached with caution because of
potential differences in sample attributes and in analyrical
procedures. Prevalence of chlordane and toxaphene compo-
nents in Hudson Bay beluga whales increased from the 1960s
to the 1980s, consistent with the hypothesis of increased at-

Environmental Contaminants and Marine Mammals 499

mospheric deposition from the lower latitudes (Muir et al.
1990). Sr. Lawrence River belugas showed declines in
2 DDT, PCBs, and some other organochlorines in males (but
not females) sampled in 1993 to 1994 in comparison with the
early and mid-1980s (Muir et al. 1996b).

Impacts of Organochlorines on
Marine Mammal Populations

Numerous studies have suggested that exposure to organ-
ochlorines could have impacts on marine mammal popula-
tions. Such impacts would most likely be manifested
through mortality or reproductive impairment. To date only
a few studies have been carried out that firmly support this
possibility, but findings have confounding factors that com-
plicate establishment of possible cause-and-effect relation-
ships or prevent pinpointing specific compounds. However,
mounting evidence suggests that organochlorines may be
detrimental to marine mammal populations. Three poten-
dal ways in which organochlorine effects may manifest
themselves are direct mortality, reproductive impairment,
and increased susceptibility to disease. Studies that relate to
these possibilities and the general link to population declines
are examined below.

Direct Mortality

There is no evidence for direct mortality of marine mam-
mals caused by organochlorine compounds. This topic was
reviewed for the baleen whales by O’Shea and Brownell
(1994), who noted that the brain is the only tissue in mam-
mals and birds in which concentrations of organochlorines
can be considered diagnostic of cause of death. Organochlo-
rine concentrations reportedin brains of baleen whales were
far lower than diagnostic levels in other mammals. Concen-
trations reported in brains of small cetaceans, pinnipeds, or
other marine mammals noted in studies summarized in Ap-
pendices 1 to 4 also do not approach those consistent with
lethality in other species. However, such levels have not been
accurately established specifically for marine mammals,
brain tissue is not routinely obtained from marine mammals
for organochlorine analysis, and sample sizes worldwide are
generally small.

Reproductive Impairment

Organochlorines (largely PCBs) have been experimentally
verified to be responsible for impaired reproduction only in
the harbor seal (Phoca vitulina) (Reijnders 1986), although it
has been suggested that even in the relatively controlled ex-
perimental studies of harbor seals, confounding effects may
have occurred (Addison 1989). The harbor seal feeding ex-
periment was conducted to follow up field surveys that re-
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vealed high concentrations of organochlorinesin adeclimng
population in the Wadden Sea (Reijnders 1980). Control and
experimental groups of 12 female hasbor seals each were fed
diets low in organochlorines (mackerel from the eastern
North Atlantic) or high in organochlorines (other fish spe-
cies from the Dutch Wadden Sea), primarily PCBs and
DDE, over a 2-year period. Blood samples were periodically
monitored for progesterone and estradiol- 17, and breeding
males were introduced to both groups. Reproductive suc-
cess was significantly lowerin females fed fish from the Wad-
denSea, and failure wasthoughtto occur at the implantation
stage of pregnancy.

Association of elevated organochlorine concentrations
with impaired reproduction (but not direct experimental ev-
idence) has been noted in three other pinniped species from
two other contaminated coastal areas: ringed and gray seals
from the Baltic Sea (Helle et al. 1976a, 1976b) and California
sea lions (Zalophus califernianus) (DeLong et al. 1973). How-
ever, interpretation of these data is not simple. Female
marine mammals with impaired reproduction for reasons
other than contaminant exposure will also have higher or-
ganochlorine concentrations in tissues because they are
not able to excrete these chemicals through lactation.
Hence, in contrast to experimental feeding studies (Reijn-
ders 1986), higher organochlorine concentrations found in
field surveys of tissues of females with impaired versus non-
impaired reproduction does not constitute unequivocal evi-
dence of cause-and-effect relationships. This was apparentin
investigations of stillbirths and premarure pupping in Cali-
fornia sea lions. Initial studies associated this phenomenon
with high organochlorine residues (DeLong et al. 1973), but
laterinvestigations showed that disease agents(Leptospirosis)
and other factors may have been at least partly responsible
(Smith et al. 1974, Gilmartin et al. 1976, Martin et al. 1976).
Furthermore, although contaminated with organochlo-
rines, California sea lion populations have not declined but
have generally increased in recent decades (Le Boeuf and
Bonnell 1980, Lowry et al. 1992, O’Shea and Brownell 1998).
In the case of seals from the Baltic, Helle et al. (1976a,b)
found higher concentrations of organochlorines in female
ringed seals with uterine occlusions or stenosis, but Blom-
kvist et al. (1992) later reported no relation between organo-
chlorine concentrations and uterine pathology in female
gray seals from the Baltic. Reijnders (1984) and Addison
(1989) provide further review of the evidence for effects of
contaminants on pinniped reproduction. Without addi-
rional experimental studies such as those with harbor seals,
links berween organochlorine exposure and reproductive
anomalies are unlikely to be entirely conclusive.

Evidence for impaired reproduction in cetaceans attrib-
utable to organochlorine exposure is very limited. Mar-

tineaueral. (1987) suggested thatelevated PCBsin belugas in
the St. Lawrence Ruver affected their reproduction. Béland
et al. (1991) provided additional data on a small sample of
stranded adult female belugas from che St. Lawrence that in-
cluded observations of reproductive pathology, but the non-
specific nature of the lesions and the representativeness of
the sample are not clear enough to draw firm conclusions of
cause-and-effect relationships. Addison (1989) pointed out
that residue concentrations may not be markedly higher in
St. Lawrence River belugas than in other populations when
other factors are considered. For example, body condition
may have influenced results, and other forms of habitat dete-
rioration may also have affected this population (Addison
1989). Indirect evidence for potential impacts of organochlo-
rines on cetacean reproduction is provided by biochemical
lesions. In Dall’s porpoises (Phocoenoides dalii), Subramanian
et al. (1987) obtained a weak correlation berween testos-
terone concentrations in blood and DDE concentrations in
blubber of 12 males collected in May to June 1984 in the
northwestern North Pacific. No significant correlations ex-
isted among testosterone levels and other organochlorines.
This finding is of interest but should be followed with ex-
panded studies that partition variation among other possible
confounding factors such as nutritiocnal status and age.

No evidence exists for organochlorine impacts on repro-
duction in sirenians, where contaminarion is low because of
theirposition in the food chain (O’Sheaeral. 1984). There are
no published studies demonstrating impacts of organochlo-
rines on reproduction in sea otters (Enhydra lutris), but this is
a topic of interest for furure srudy because of the high sus-
ceptibility of some other mustelids to reproductive impair-
ment by PCBs (for review, see O’Shea and Brownell 1994).
Although they are at the top of the Arctic food chain, itis “un-
likely that organochlorines are currently having a significant
effect on the polar bear reproduction,” due both to exposure
levels and the remarkable detoxification capabilities of this
species (Norstrom et al. 1988).

Susceptibility to Disease

Bergman and Olsson (1985) examined 19 gray seals and 10
ringed seals from the polluted Baltic Seaand reported the oc-
currence of uterine stenoses and occlusions, benign uterine
tumors, adrenocortical hyperplasia, hyperkeratosis, nail de-
formations, and other lesions. The nature of the pathology
suggested the existence of a disease complex involving
organochlorine interference with the endocrine system, re-
sulting in hyperadrenocorticism. PCBs were especially sus-
pect, in part because effects on adrenal function have been
demonstrated in laboratory studies of other mammals
(Fuller and Hobson 1986). In addition, evidence that Aroclor
1254 alters the synchesis of steroids after in vitro exposure of
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adrenals from gray seals has been reported (Freeman and
Sangalang 1977). Changes in symmetry of the skull and fre-
quencies of bone lesions, indicating possible developmental
and hyperadrenocortical effects of organochlorines, have
alsobeen noted in museum specimens of gray seals collected
from the Baltic Sea after 1960, when pollution was substan-
tial, in comparison with specimens collected in previous
years (Zakharov and Yablokov 1990, Bergman et al. 1992,
Olsson et al. 1994). Similar, but less pronounced, increases in
skulllesions in recent years in comparison with historic spec-
imens have also been reported for Baltic Sea harbor seals
(Mortensen etal. 1992), and both species have been found to
have chromosomal aberrations possibly related to contami-
nant exposure (Hongell 1996). To further investigate the hy-
pothesis that the adrenal cortex of marine mammals is en-
larged as a result of exposure to organochlorines, Kuiken et
al. (1993) examined 28 harbor porpoises (Phocoena phocoena)
stranded singly in various areas of Great Britain. They used
quantitative methods of histopathology and chemistry with
derailed statistical analyses to investigate this hypothesized
relationship. Adrenal hyperplasia was found, but not in asso-
ciation with concentrations of seven organochlorine pesti-
cides and metabolites or 25 PCB congeners. It was generally
related to chronic causes of death such as disease and starva-
tion, and was thought to be a general indicator of stress
rather than organochlorine exposure.

Because of the findings of immunosuppression by or-
ganochlorines in studies of laboratory animals, a number
of investigators have considered that organochlorine expo-
sure may have played a role in the recent mass die-offs of ma-
rine mammals caused by morbilliviruses. This is an area of
much active research, conflicting results, and some con-
tention. Hall et al. (1992) tested the relationship berween
organochlorine concentrations in blubber of harbor seals
that died in a morbillivirus (phocine distemper virus, PDV)
outbreak in Great Britain in 1988 and those that survived
(sampled alive by capture and biopsy in 1989). Statistical
analyses were adjusted for age class, sex, and location.
Higher concentrations of organochlorines were observed in
the seals that succumbed to the epizootic. However, as
pointed out by Hall et al. (1992). seasonal differences in blub-
ber thickness could also have contributed to the lower con-
centrations of organochlorines in survivors, and age-related
effects may have been obscured. These investigatorsdecided
that “data are not sufficient to conclude that there was a di-
rect link between mortality from PDV infection and OC
{organochlorine] contamination.”

Kuiken et al. (1994) used another approach to test the hy-
pothesis that exposure to organochlorines causes immuno-
suppression in marine mammals. They examined 94 harbor
porpoise carcasses found stranded in Great Britain from
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1989 to 1992 and analyzed the blubber for a vadety of
organochlorines, including 25 individual PCB congeners.
Each case wasdassified as having died from physical trauma
(principally accidental deaths in fisheries) or from infectious
or parasitic disease. (Death artributable to trauma was con-
sidered to be likely independent of organochlorine concen-
trations, whereas marine mammals found dead due to
disease could have relatively higher organochlorine con-
centrations if the larter produced immunosuppression that
rendered them more susceptible to disease.) Diseased por-
poises had higher PCB concentrations in blubber than
those found dead from trauma. However, body condition
was also poorer in diseased porpoises. and the region of ori-
gin had a major effect on PCB concentrations in blubber.
When the apalyses were adjusted for region by limiting the
data set to 69 individuals from a more well-defined area,
there were no significant differences in concentrations of
organochlorines between the diseased and physical trauma
groups. Similarly, Blomkvistetal. (1992) found no significant
differences in PCB and DDT concentrations in juvenile har-
bor seals from Sweden collected during and before a PDV
outbreakin1988. Schumacher et al. (1993) examined thyroid
glands of harbor seals that died during a PDV epizootic as
well as harbor seals and harbor porpoises that did not. They
distinguished histological changes consistent with impacts
of PCBs on laboratory animals but could not demonstrate
conclusively that PCBs were responsible for the conditions
observed in the seals. Jenssen et al. (1994) did not find a cor-
relation berween PCBs and thyroid hormone levels in blood
of gray seal pups.

Kendall et al. (1992) examined the relationships among
concentrations of organochlorines in blubber and plasma
thymulin concentrations of harbor seals and gray seals dur-
ing and after an epizootic of PDV at coastal Scotland and
Northern Ireland. (Smudies in other laboratories indicated
that thymulin concentrations are low in mammals with im-
munodefidency. Thymulin is produced in the thymus, infl-
uences development of T cells, and can be stimulated by
adrenocorticotrophic hormone. The thymus is sensitive to
some contaminants, such as dioxin.) Thymulin levels wcre
negatively correlated with titers to morbillivirus in gray
seals, bur this relationship was not affected by organochlo-
rine concentrations. Similarly, no relationships were de-
tected between thymulin levels and organochlorine con-
centrations in blubber of harbor seals. Kendall et al. (1992)
suggestedthe immunosuppressive effect of the morbillivirus
itself may have obscured relationships between organochlo-
rine concentrations and thymulin levels, and that additional
study should further examine these relationships based on
organochlorine concentrations in blood. Significant rela-
tionships berween thymulin levels and time since exposure
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combined with levelsof PCB 153 and PCB 180 in multiple re-
gression analysis suggested such an effect, aithough these in-
vestigators stated chat “these resuits should not be inter-
preted as implying that seals with high OC levels were
therefore more vulnerable to mortality from PDV. ” This
caution is reinforced by experimental dosing studies. Harder
et al. (1992) exposed six harbor seals to dietary PCBs, fol-
lowed by dosing with cell-culrured phocine distemper virus.
Four control seals that had minimal PCB exposure were also
dosed with PDV. All seals developed severe clinical signs of
PDV, and both PCB exposed and unexposed groups suffered
mortality and showed no differences in antibody produc-
tion. Therefore, PCB dosing in this experiment had no in-
fluence on suscepubility to the morbillivirus, although con-
centrations of PCBs reached in the exposed animals were at
levels exceeded by those measured in some field samples.

In contrast, Ross et al. (1995) fed two groups of 11 young
harbor seals relatively uncontaminated Atlantic herring or
herring from the Baltic Sea for 2 years. The latter group had
higher concentrations of PCBs, dioxins, and furans. The
seals fed Baltic Sea herring had lowerin vivo immunological
responses to ovalbumin injection. The researchers suggested
that these findings support the contention that organochlo-
tines played a role in the European PDV outbreaks through
immunosuppression, buc noted that “it is difficulr to ex-
trapolate from the immunological responses using oval-
bumin as an antigen to a seal’s ability to mount a specific
immune response against a pathogen in the natural environ-
ment.”

Considerable analytical efforts have gone into investiga-
tions of the potential connection between organochlorine
contaminarion and the striped dolphin morbillivirus epi-
zootic in the Mediterranean Sea during the early 1990s. Kan-
nan et al. (1993¢) and Aguilar and Borrell (1994a) observed
concentrations of PCBs (particularly the coplanar PCB con-
geners) in blubber of some of these individuals that were
much higher than reported in other marine mammals else-
where in the world (reaching as much as 1000 ppm on a lipid
weight basis). They speculate that PCBs and DDT may have
played a role in immunosuppression and susceptibility to
morbillivirus. Blubber from bow-riding striped dolphins
sampled by biopsy dart (for a review of this technique, see
Aguilar and Borrell 1994c) in the same region in years before
and after the epizootic had PCB concentrations that were
significantly lower than in blubber of those found dead dur-
ing the epizootic. PCB concentrations in liver were higher
than in blubber in those found dead during the epizootic,
suggesting mobilization of lipids and release of PCBs to the
bloodstream. Aguilar and Borrell (1994a) noted three pos-
sible hypotheses to explain che potential relatonship be-
tween increased PCB concentrations and susceptibility to

the morbillivirus epizootic: (1) PCBs could have caused im-
mune system depression, perhaps through effectson the thy.
mus. [ndividuals with higher PCBs in tissues may therefore
have been more susceptible to the disease and suffered
higher mortality; (2) liver lesions that were common in
striped dolphins that succumbed to the infection may have
been caused by mobilized PCBs, and interacted with the dis-
ease to cause higher mortality in individuals with higher
PCBburdens; and (3) the liver lesions could have been caused
by a previous condition, resulting in higher PCB concentra-
tions in tissues of affected dolphins because of a reduced ca-
pacity of the liver ro metabolize PCBs.

A very detailed field scudy was carried out by Hall et al.
(1997) to address possible relationships between PCB expo-
sure and susceptibility to disease in gray seal pups. Duringa
3-year period, wild gray seal mother-pup pairs were cap-
tured and sampled for individual PCB congener analysis in
milk and for determinarion of various hematological and
blood chemistry properties. Pups were also challenged with
morbillivirus vaccines and stimulated with mitogens to de-
termine immunocompetence. No relationships were found
berween the prevalence of infection in pups (as an indica-
tor of possible immunosuppression) and cumulative expo-
sure to PCBs in mother’s milk. Pups born to females with
high levels of PCBs in the milk did not show any biochem-
ical, hemarological, or immunological abnormaliies in
comparisons to pups suckling from fernales with lower con-
centrauons. [n a different approach, attempting to test the
hyporthesis that organochlorines suppress the immune sys-
tem of dolphins, Lahvis et al. {(1995) determined concentra-
tions of PCBs, DDT, DDE, and o,p “DDE in blood samples
of five free-ranging male bottlenose dolphins. They com-
pared these concentrations with in vitro mitogen-induced
proliferation responses of lymphocyte cultures from these
same individuals. Linear regression analyses indicated corre-
lations berween reduced immune responses and higher
organochlorine concentrations. This was considered consis-
tent with the hypothesis and with findings in studies of labo-
ratory animals, although sample sizes were very small and
spurious effects could possibly exist (for example, age of dol-
phins in this study also appeared to be correlated with
organochlorine concentrations).

Controlled experimental scudiesrelated to immune func-
tion and organochlorine exposure were carried out on har-
borseals in the Netherlands (de Swart etal. 1993, 1994, 1996;
Ross et al. 1996). Patterned after similar studies investigating
reproductive effects (discussed previously), two groups of
captive seals were captured as newly weaned pups in a rela-
tively uncontaminated area of Scotland and held for a 1-year
acclimation period. They were then matched by weightand
sexand fed either herring from the Atlantic (relatively low in



organochlorine contamination) or more highly contami-
nated herring from the Baltic Sea over a 2.5-year period.
Daily intakes of organochlorines were estimated based on
chemical analysis of samples (including determination of
specific PCB congeners) and calculations of toxic equivalents
(TEQ, see definition in section on metabolism in this chap-
ter). The Baltic herring diet was about five times as high in
PCBsand 2.DDT and 10 times higher in toxicequivalents. As
in previous studies (Brouwer et al. 1989), vitamin A levels
were lower in the group of seals fed this diet. In addition,
counts of total white blood cells and granulocytes (but not
lymphocytes or monocytes) were higher. Immune function
differed after stimulation with certain mitogens: natural
killer cell activity and lymphocyte function assays were
significantly lower in seals with greater organochlorine
exposure (de Swart et al. 1994). Responses were inversely
correlated with TEQ summations (predominantly PCBs) in
blubber biopsies. Cellular rather than humnoral immunity
appeared affected, consistent with expectations from labora-
tory animal studies. Seals were then subjected to a 15-day
fasting period at the end of the study. Although concentra-
tions of organochlorines in blood were increased during mo-
bilization of lipids as energy reserves, differences were not
observed in either group after the 15-day period. These stud-
ies support the possibility that organochlorine exposure
could have led to an increased susceptibility to the morbil-
livirus infections seen in wild popularions of marine mam-
mals. As pointed out by Kennedy (1995), however, immuno-
suppression also occurs as a direct tesult of morbillivirus
damage to lymphoid tissues, resulting in the numerous sec-
ondary infections observed in recent morbillivirus-caused
epizootics. Morbilliviruses are known for their very high vir-
ulence and have historically produced very high mortality in
immunologically naive populations of terrestrial mammals,
even before the widespread synthesis of organochlorines by
humans. It is likely that morbillivirus infections alone were
the primary cause of high mortality in recent marine mam-
mal die-offs, but the possibility of organochlorines con-
tributing to susceptibility cannot be fully excluded.

The St. Lawrence River estuary in Quebec, Canada, is
highly contaminated with a wide variery of pollutants, in-
cluding organochlorines, toxic elements, and polyaromacic
hydrocarbons. Although it is not possible to separate the in-
dividual effects of these contaminants on disease processes,
Béland et al. (1993) and Martineau et al. (1994) reported a
high prevalence of tumors, digestive tract and mammary
gland lesions, and other abnormalities (including true her-
maphroditism) in belugas found dead and examined at
necropsy. Reproductive abnormalities were also observed,
along with high levels of numerous contaminants in com-
panson with ussues from other populations. Much interest
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centers around the role of organochlorines in the disease
processes observed in these animals (Béland et al. 1993, Mar-
tineau et al. 1994). A high prevalence of carcinomas has also
been reported in California sea lions, with a hypothesized
link to possible contaminanc exposure (Gulland et al. 1996).

Links between Organochlorine Levels
and Marine Mammal Population Declines

It is often assumed that sublethal toxic effects of persistent
contaminants will ultimately alter population size, survival,
recruitment, and species composition of mammalian com-
munities. However, as pointed out by McBee and Bickham
(1990), changes in such parameters attributable to sublethal
effects of contaminants have rarely been demonstrated in
any wild mammalian populations, terrestrial or marine (see
also Heinz 1989). Unfortunately, field studies are hampered
by many confounding variables, obscuring the nature of
various associations and possible cause-and-effect relation-
ships. Marine mammal populations with high exposure to
organochlorines are also likely to have been subjected to nu-
merous other forms of human-induced stress, such as other
contaminants, noise pollution and disturbance, habiratdete-
rioradion, or changesin food quanrity and quality. The cause-
and-effect relationships berween contaminants and popula-
tion declines of marine mammals may be further obscured
by overhunting. In the cases of seals in the Baltic and belugas
in the St. Lawrence, previous overhunting is well docu-
mented and was probably the primary cause of population
declines, with contaminants thought to play a role in pre-
venting population growth after hunting ceased (Helle 1980,
Reijnders 1985, Sergeant and Hoek 1988). Very recently,
more detailed assessments of trends in St. Lawrence River
belugas showed that the population has not declined since
the early 1970s, and that hunting in the 1970s was the major
factor impacting population growth potential (Kingsley
1998). During recent years, in some parts of the Baltic, seal
populations have increased or remained stable as concentra-
tions of some organochlorines in blubber have decreased
(Olsson et al. 1992). Sea lions in California, in contrast, have
had elevated organochlorine concentrations, but popula-
tions continue to increase (O’Shea and Brownell 1998).
Although evidence for the impacts of organochlorines on
reproduction in marine mammals is limited, it is supported
by smdies in which some of these compounds have been
determined to affect reproduction in laboratory animals.
In particular, dietary PCBs can profoundly impair repro-
duction of females in some mammals. The susceptibility of
mammalian species to PCBs is variable, however, even
among closely related taxa. Although the literature on con-
raminants in marine mammals often generalizes from stud-
ies of other mammals that show dramatic effects (such as
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mink), some species have very low sensitivity. O'Shea and
Brownell (1994) reviewed the literature on reproductive
effectsofdietary exposure to PCBs in carnivores (mustelids),
primates, lagomorphs, bais, and rodents and noted consid-
erable differences in sensitivity of reproduction to PCB ex-
posure, even among species in the same genus. This wide
variance in sensitivity makes generalization to marine mam-
mal species difficult. [t is likely that concentrations of PCBs
in food of the baleen whales and sirenians are typically lower
than those demonstrated to cause effects in most other
mammals. However, this may notbe the case for piscivorous
species of cetaceans and pinnipeds that feed near shore in
contaminated regions.

Metabolism, Biotransformation,
and Biochemical Toxicity

The metabolism, biotransformation, and excretion of
organochlorines involves processes that convert these hy-
drophobic compounds to more polar metabolites. Details of
the precise metabolic pathways are complex and incom-
plete, but models of these processes implicate certain
organochlorines as inducers of enzymes that could also lead
to endocrine imbalances, a critical biochemical link to repro-
ductive impairment. A general overview of this rapidly ad-
vancing field is provided in this section. I encourage the
reader to consultother sources, including texts or reviews in
biochemical toxicology or biotransformation (e.g., Klaassen
1996), for more in-depth treatments. Reviews ofthe metabo-
lism of organochlorines in relation to enzyme induction and
possible mechanisms of toxicity have been prepared by a
number of investigators, including Borlakoglu and Haegele
(1991), Goldstein and Safe (1989), Hodgson et al. (1980), Mat-
sumura (1985), Paasivirta (1991), Peakall (1992), Rice and
O’Keefe (1995), and Safe (1984, 1990, 1994). De Voogrt et al.
(1990), Boon et al. {1992, 1994), and Reijnders (1994) have
specifically reviewed this topic for marine mammals. This
overview condenses information provided in these papers
and references therein. This is a field that is growing rapidly.

Mixed Function Oxidase Induction

Research into the biochemical pathways of organochlorine
metabolism in laboratory mammals has shown that initial
steps take place on membranes of the endoplasmic reticu-
lum of the microsomes of liver cells (heparocytes). This is
the site where the cytochrome P-450-dependent monoxyge-
nase enzyme systems function, and an understanding of their
role is critical for interpreting recent literature on contami-
nants in marine mammals. Cytochrome P-450 is actually a
family ofhemoproteinsthat givesa characteristicabsorption
spectrum of 450 nm, hence the derivation of the name.

There are many types of cytochrome P-450 monoxygenases
associated with the endoplasmic reticulum of the liver, any
one or more of which may be induced by a particular foreign
compound (xenobiotic). Each form in turn cacalyzes the ox.
idative metabolism of a relatively specific group oflipophilic
substrates. Referred to as the mixed function oxidase (MFO)
system, these biochemical pathways initially evolved to al-
low animals to detoxify poisonous natural compounds (such
as plant defensive chemicals) at a higher rate of metabolism,
thus removing them from the body more quickly. [It has
been suggested that natural selection may have resulted in
carnivores being less able to metabolize xenobiotics than
herbivores because of the wider number of plant toxins nor-
mally ingested by the latter (Peterle 1991).) The MFO system
is also capable of enhancing the metabolism of anthro-
pogenic chemicals such as the organochlorines, but during
some metabolic transformations can actually render some
compounds to forms thatare more toxic. Many hundreds of
xenobiotics from numerous sourcesare now known to cause
inducrion of enzymes of the MFO system. All of these MFO-
inducing xenobiotics are organic and lipophilic, and can only
be excreted after metabolic conversion to polat products.
Typically, the initial step involves oxygenation in the MFO
system, which is characterized by the requirement of the re-
duced form of nicotinamide-adenine dinucleotide phos-
phate (NADPH), microsomes, and oxygen fot degradation
ofthe foreign compound. Induction of MFO activity is a true
induction, resulting in synthesis of new enzymes (rather
than activation of previously synthesized enzymes). In some
cases the metabolites produced from synthetic organochlo-
rines can have greater toxicity than the parent compounds.

Cytochrome P-450 is the component that binds with
oxygen and the substrates, thereby converting them into
compounds that are more polar and subject to enhanced
excretion. The significance of the presence of many cyto-
chrome P450s is that each can exhibit a different substrate
preference, providing the system with an overall ability to
oxidize many different xenobiorics. The number of known
genes that encode these various cytochtome P-450 enzymes
is large and continues to grow. Nebert et al. (1991) described
more than 150 forms of cytochrome P-450, each belonging
to one of 27 gene families. A gene family may respond to a
characteristic group of xenobiorics as well as endogenous
compounds. The literature includes an evolving nomencla-
ture for these families. Boon et al. (1992) provide a summary
as follows: the gene is indicated by an italicized root symbol
CYP (cytochrome P-450), followed by an Arabic numeral in-
dicating the family, a letter designating the subfamily, and an
Arabic numeral tepresenting the individual gene within the
subfamily (e.g., CYP1Al).

Biochemists have tentatively grouped inducers of MFO
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activiry into two primary classes on the basis of drug metab-
olism studies. One classis characterized by induction by phe-
nobarbital (PB) and includes a wide variery of anthropogenic
compounds. The other class is induced by 3-mechyl-
cholanthrene (3-MC). PB-type inducers induce the CYP2B
subfamily and result in a proliferation of the smooth endo-
plasmic reticulum and induction of cytochrome P-450, as
well as a number of other oxidative activities, some of which
have been measured in marine mammals (Table 10-3). There
islittle or noincrease in arylhydrocarbonhydroxylase (AHH)
activiry. The 3-MC class of compounds, in contrast, does not
cause a marked increase in the smooth endoplasmic reticu-
lum, and induces cytochrome P-448. The 3-MC caregory
of compounds induces oxidative activity involving AHH
and O-deethylation of 7-ethoxycoumarin. The 3-MC classin-
ducesthe CYP1A subfamily and includes the most potenten-
zyme inducer known, TCDD (Fig. 10-5). [n addition to these
two primary classes of enzyme inducers, some xenobiotic
compounds induce both kinds of activities and are referred
to as mixed-ctype inducers.

The Ah Receptor, PCBs, and the Toxic Equivalency Concept

Xenobiotics can function as enzyme inhibitors, inducers, or
substrates, and the many interactions berween different
compounds and enzymes can be extremely complex. The
mechanism of induction of cytochrome P-450 is incom-
pletely known. Some of the observations can be accounted
for by the Ah receptor model (Nebert and Gonzalez 1987,
Safe 1994), in which highly hydrophobic xenobiotics enter
cells through typical uptake processes and then possibly
compete successfully with a hypothetical normalcellular lig-
and for a receptor protein, designated the arylhydrocarbon
or Ah receptor. According to this model (which is very gen-
eralized and is rapidly being revised as new wock develops),
this results in the formation of an inducer-receptor complex
in the cytosol. This complex is then translocated to an un-
known site, leading to the transcription of specific mRNAs
thart, after translanon on ribosomes, ultimately induce forms
of cytochrome P-450 that are incorporated into the endo-
plasmic reticulum. This model may explain the enhanced
metabolism of pollutants and the pattern of metabolites
formed from xenobiotics present in the cytosol. However,
metabolism may lead to the formation of reactive interme-
diates thatare capable of binding to critical moleculesin the
cytosol or the nucleus, thereby initiating toxiciry in the cell.
A wide variety of toxic responses in laboratory animals have
been correlated with P-450 inducrion. Most of the support-
inginformation for the model has come from laboratory rats
and inbred strains of laboratory mice, where it has been
shown thatstrict molecular structure is required co bind suc-
cessfully to the Ah receptor(Nebertand Gonzales 1987, Safe,
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1984). The Ahreceptor is thought to play a role in controlling
portions of what biochemusts refer to as Phase [ and Phase 11
drug metabolism, which coordinate the oxidative metabo-
lism and conjugation of xenobiotics. Phase I drug metab-
olism reactions include induction of aldrin epoxidation,
AHH, ethoxycoumarin-O-deethylation (ECOD), and ethoxyre-
sorufin-O-deethylation (EROD). Induction of enzymes
involved in Phase II drug metabolism reactions include
epoxide hydrolases, glucuronyl transferases, and glutathione-
S-transferases. Patterns of enzyme induction can be used to
distinguish among the various classes of inducers, and have
been measured in some marine mammal species (Table 10-3;
discussed later). _

The toxicequivalency conceptisbased on the likely struc-
ture-activiry relationships (SAR) of xenobiotics with recep-
tors. TCDD has a planar aromatic structure that fits closely
to the Ah receptors. Certain PCB congeners have a structure
that can also fit this Ah or “dioxin receptor.” Their toxiciry
depends on the location of the chlorine atoms. For example,
when only one chlorine atom at the 4 position of PCB 126
(Fig. 10-4) is changed to 5" (PCB 127), AHH induction de-
creases to 1/50,000 of that of PCB 126 (Paasivirta 1991). The
measurement of AHH or EROD induction has been used as
a screeningmethod for possible TCDD-like toxicity of PCBs,
with degree of induction showing correlation with other
toxic effectsin labocatory mammals. This has resulted in the
“toxic equivalency factor (TEF)” concept. The concept has
been most extensively applied to PCBs where it was first
developed for marine mammals by Tanabe and colleagues,
particularly with reference to cetaceans (see below). After
careful scrutiny, a number of caveats to the use of TEFs have
been recently raised (Reijnders 1994, Safe 1994). Neverthe-
less, a body of literature has developed that uses the TEF ap-
proach in studies of contaminants in marine mammals, re-
quiring a brief overview.

A TEF can be calculated for a specific PCB congener
based on the potency of a biclogical response in relation to
the response to TCDD, the most toxic of the PCDDs and
PCDFs (Safe 1990, Ahlborg et al. 1994). The coplanar and
mono-orthoplanar PCBs (Fig. 10-4) give the most similar re-
sponses to TCDD, bur activities are generally much less pro-
nounced than in PCDDs and PCDFs. TEFs are calculated as
the ratio of the magnitude of a biological response to the
PCB to the same response to TCDD. TEFs are commonly
based on the abiliry to induce components of the MFO sys-
tem (an Ah receptor-mediated response) but can also be ex-
pressed in terms of immunotoxicity, carcinogenicity, or
other responses. The PCB congener with the highest TEF is
PCB 126(0.1 TEF).

The TEF concept has been extended to include an overall
estimate of the TCDD-like toxiciry of the entire complex



Table 10-3.

Summaries of Studies Reporting Enzyme [nduction in Marine Mammals

Group and Species

General Findings

References

Pinnipeds
Cystophora cristata

Halichoerus grypus

H. grypus

Phoca groenlandica

2 vitulina

P vitulina

Odontocete ceraceans

Delphinapterus leucas

Globicephala

macrorhynchus

Orcinus orca

Phocoena phocoena

Stenella coeruleoalba

S. coeruleoalba

Mysticete cetaceans
Balaenoptera
dcutorostrala

B. acutorostrata

B. physalus

Heparic cytochrome P-450 activities measured in 18 adults and 7 pups, and in response to pheno-
barbitol treatment in | pup. Enzyme actvities determined for NADPH (cytochrome P-450), NADH
{cytochrome b,}, EROD, PROD, ECOD, MCOD, E,-OHase, UDP-GT. No contaminant concentra-
nons determined.

Heparic cytochrome P-450 levels increased with age and were correlated with concentrations of
PCBs in blubber.

EROD activiry determined in 8 adults and 12 pups. Acavity in liver samples was higher than in kidney,
and higher in adults than pups. EROD activity did not differ by sex or age in adults. Concencrations
of contaminants not reported.

Hepatic cytochrome P-450 activities measured in 10 adult females and 11 pups, and in response to phe-
nobarbital crearment in 1 pup. Enzyme activities determined for NADPH (cytochrome P-450),
NADH (cytochrome b,), EROD, PROD, ECOD, MCOD, E,-OHase, UDP-GT. No contarninant con-
cenrrations determined.

Hepatic EROD and BPOH activides similar to other mammals, whereas cytochrome P-450 and b, con-
centradons were slightly lower. MFO activities m newborns lower than in adulr females. No data
provided on contaminant concentratons.

Deterrmned in vitro hepatic microsomal metabolism of PCB 127 and EROD acuivity in one seal.

EROD activity was comparable to the rat, mewbolite production was comparable to a harbor

porpoise.

Extensive biochemical and molecular characterization of hepatic microsomal enzymes from § males
and 5 females from the Canadian Arctic. Determined activities of cytochrome P450, CYP1A, cyto-
chrome b,, EROD, PROD, E,-OH, AHH. CYP1A activity verified and correlated with PCB concen-
trations in tissues. Activitics consistently higher in males. Immunochemical similarities of other
P-450 forms related to CYP2B and CYP2E! observed.

Hepatic cytochrome P-450 activities determined for 2 feruses, and 33 immature and mature indivi-
duals. Enzyme acuvities determined for NADPH-cytochrome ¢ reductase, ALDE, AH, AHH,
EROD. No significant diffecence in monooxygenase activides berween sexes or among age groups.
Concentrations of contaminants not reported.

Hepatic cytochrome P-450 activities determined for 3 individuals. Enzyme activides determined for
NADPH-cytochrome ¢ reductase, ALDE, AH, AHH, EROD. Concentrations of contaminants not
reported.

Determined in vitro hepatic microsomal metabolism of PCB 127 and EROD acrivity in one porpoise.
EROD activity was less than in a harbor seal, but PCB metabolite formation was comparable.

BPMO activity in biopsy skin samples of 7 individuals determined in relation to organochlorine con-
centradons in blubber. Enzyme activities and organochlorine concentrations were much higher
than in fin whales from the same acea.

Hepatic cytochrome P-450 activaties derermined for § individuals. Enzyme activities determined for
NADPH-cytochrome ¢ reductase, BPOH, ALDE, AH, EROD. Concentrations of contaminants not
reported.

Determined concenrradons of hepatic cytochrome P-450, cytochrome b,, BROD, ECOD. NADPH-
cytochrome P-450 reducrase, AHH, APDM in four females, one male, and rwo fetuses. Intraheparic
differences observed only in EROD. Concenrrations of contaminants not reported.

Deterrmined concentrations of hepatic and renal cytochrome P-450, cytochrome b,, NADPH-cyto-
chrome P-450 reductase, EROD, ECOD, biph.-40H, AHH, E-20H, UDP-GT, GSH-T in four feruses
and (0 adults.

BPMO activity in biopsy skin samples of 9 individuals decermined in relation to organochlorine con-
cencrations in blubber. Enzyme activides and organochiorine concentrations were much lower than
in striped dolphins from the same area.

Goksayr et al. 1992

Addison et al. 1988

Addison and Brodie
1984

Goksayretal. 1992

Addison et al. 1986b

Murk et al. 1994

White eral. 1994

Watanabe et al. 1989

Wartanabe et al. 1989

Murk et al. 1994

Fossi et al. 1992

Wartanabe et al. 1989

Gokseyreral. 1985,
1986

Cokseyr et al. 1988,
1989

Fossi er al. 1992
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Table 10-3  continued
Group and Speaies General Findings References
Other

Ursus maritimus

Detailed analysis of CYP1A, CYP2B protein content, EROD, PROD. BROD 10 heparic microsomes to-

Letchereral, 1996

gether with deterrmination of concentranons of congeners of PCBs, PCDDs, PCDFs, other organo-
chlorines. High correladons berween CYP LA activity and EROD, PROD, TEQs, PCBs, PCDDs,
PCDFs. Low BROD correlations. CYP2B correlations highesr with chlordanes. o-PCBs.

Sowrce: See also Fossi and Marsili 1997,

AH = aniline hydroxylase: AHH = aryl (benzofalpyrene) hydrocacbon hydroxylase; ALDE = aldnn epoxidase; APDM =armunopyrine N-demethylase; biph.-a0H = bipheny] 4.
hydroxylase; BPMO = benzo[ajpyrene monooxygenase; BOPH = benzo[a]pyrene hydroxylase. CYPLA = subfarily of monoxygenases (see text); CYP2B = subfamily of
monoxygenases (see text); CYP2E = subfamily of monoxygenases (see text); €,-OH = estradiol 2-hydroxylase: ECOD = 7-ethaxycoumarin odeethylase: EROD = 7-
ethoxyresorufin o-deethylase; GSH-T = glutathvone §-ransferase; MFO = muxed funcuon oxygenase: NADH = nicotinanude aderune dinucleonide (reduced): NADPH = nicon-
narnide adenine dinucleotide phosphate (reduced): PCBs = polychlonnated biphenyls, PROD = pentoxyresorufin o-depentylase. UDP-GT = undine diphosphate glucuronyi

transferase.

mixture of PCBs, PCDDs, and PCDFs present in environ-
mental and tissue samples. This is commonly referred to as
the toral “toxic equivalents” or TEQ of a mixture, calculated
as the sum of the concentration of each PCB, PCDD, or
PCDF times its TEF for the entire measured sample. Al-
though individual PCBs have much lower TEFs than the
dioxins and dibenzofurans, they are nearly always present at
much higher concentrations, and the TEQ of a mixture is
thought to better reflect the overall porential toxic impact.
However, a number of investigators have pointed out that
toxic responses may not be additive (although this may be
the case for Ah receptor-mediared toxicity) but can be non-
additive with antagonistic effects. Thisis clearly seen in some
response systems such as immunotoxicity, where the meas-
ured responses can be considerably less than predicted on
the basis of the sum of TEFs (Safe 1994). Furthermore, as
pointed out by Reijnders (1994), even when TEQs are calcu-
lated on the basis of Ah receptor-mediated responses, differ-
ences in induction of P-450-based enzymes exist among
species and organs, and the toxicities of PCB metabolites are
notincluded in calculations. This isimportant because some
phenolic metabolites of PCBs have greater potencies than
the parent compounds.

Metabolism and Possible Toxicity of PCB Congeners

The quantification of PCBs in marine mammal tissues was
initially limited to comparisons with standard mixtures such
as Aroclor 1254. However, Tanabe and coworkers at Ehime
University in Japan (see references below) made ground-
breaking advances in isomer-specific quantification of PCBs
in cetacean tissues. Their initial findings on residue concen-
trations led to some interesting hypotheses suggesting possi-
ble links among PCB congener profiles, MFO activiry, and
potential for toxicity. Although there are in theory 209 possi-
ble isomers and congeners of PCBs (only about 120 are

known from industrial mixrures), the investigations focused
on a subset of the 20 coplanar PCBs with non-ortho chlorine
substitution in the biphenyl rings, in particular those with
four or more chlorine atoms in the para and meta positions
(Fig. 10-4). These were chosen because of structural similar-
ity to TCDD and their similar toxic responses (but requiring
higher doses), that include induction of MFO activity.
Tanabe etal. (1987a, 1988) revealed the presence of trace
amounts of coplanar PCB 77, PCB 126, and PCB 169 (Fig.
10-4) in small sample sizes of fish, cetaceans (finless porpoise
[Neophocaena phocaenoides]), Dall’s porpoise, Baird’s beaked
whale [Berardius bairdii], Pacific white-sided dolphins
[Lagenorhynchus obliquidens), killer whales [Orcinus orca]), hu-
mans, dogs, and cats. Samples in remote marine areas con-
tained coplanar PCBs, and their concentrations in animal tis-
sues were highly correlated with total PCB concentrations
(although three to five orders of magnirude lower). Consid-
ered rogether with the proportions of coplanar PCBs de-
termined in commercial PCB preparations, these findings
constiruted evidence that coplanar PCBs were widely dis-
tributed as contaminants of the global environment as a
direct resulr of general industrial PCB pollution. The initial
study (Tanabe et al. 1987a) revealed that the amounts of
these coplanar PCBs in the environmental samples, al-
though low, were much higher than those of PCDDs and
PCDFs, both in terms of absolute concentrations and on the
basis of toxic equivalency as related to enzyme induction in
laboratory animals (discussed previously). On the basis of
the pattern of relative concentrations of these coplanar PCBs
in commercial mixtures and biota, these investigators fur-
ther suggested thac cetaceans may have a lower capacity to
metabolize these congeners. (However, this suggestion was
based on small sample sizes of a limited number of other
taxa.) Tanabe et al. (1987a:158) further cautioned that, al-
though coplanar PCBs may have a greater potential for harm
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than dioxins or dibenzofurans when viewed from a toxic
equivalency standpoint, “the toxic effects of trace levels of
coplanar PCBs, PCDDs, PCDFs on a long-term basis to hu-
mans and environmental animals are neither fully under-
stood nor clearly demonstrated.”

Additional investigations on this topic ensued. On the ba-
sis of calculations derived from the residue concentrations of
coplanar PCBs (Fig. 10-4) in cetaceans relative to those in po-
tential food organisms and a small number of other mam-
malianspecies, it was hypothesized that cetaceanslacked the
capacity to metabolize these congeners, and, as a correlate,
were likely to have no PB-type MFO systems and a relatively
small capacity for induction of MC-type enzymes (Tanabe
1988, Tanabe et al. 1988). It was also suggested that low en-
zyme induction capacity could cause reproductive toxicity
by these chemicals (Tanabe 1988), but this speculation was
not based on direct measurements of enzyme induction ca-
pacity or strong evidence for reproductive impairment in
cetaceans. Furthermore, the relationship between MFO ac-
tivity and reproductive effects in mammals currendy re-
mains an area of considerable debate and uncertainty (Stone
1994).

Kannan etal. (1989) expanded on the eatlier work and de-
termined concentrations of mono- and di-erthe analogs of
the coplanar PCBs (Fig. 10-4) as well as these non-ortho chlo-
rine substituted congeners in the same or a similar series of
samples. Investigations into the occurrence of these analogs
were called for by their potentially comparable toxicity with
the non-orthe chlorine substituted PCBs, as suggested by
their structure and enzyme-inducing capability in labora-
tory mammals. The mono- and di-ortho coplanar PCBs were
also found in all samples atlow concentrations butin greater
amounts than dioxins or dibenzofurans. Interestingly, how-
ever, the concentrations of all coplanar PCBs relative to total
PCBsdid not vary between humans and cetaceans, an obser-
vation inconsistent with the hypothesis that cetaceans lack
an ability to metabolize these compounds (Kannan et al.
1989). Data on concentrations of specific PCB congeners in
harbor porpoises from near the Netherlands, and other
cetaceans, agreed with earlier findings of metabolism of con-
geners with vicinal H atoms in the ortho, meta position and a
maximum of one ortho-Cl, but also suggested an ability for
cetaceans to metabolize congeners with vicinal H atoms in
meta and para positions, although at a lesser capacity than in
seals (Duinker et al. 1989). PCB 153 is especially resistant to
metabolism in the harbor porpoise (van Scheppingen et al.
1996).

The hypothesis that cetaceans lack an ability to metabo-
lize coplanar PCBs was further tested by Watanabe et al,
(1989) by the direct determination of MFQ activity in liver
microsomal samples from 33 short-finned pilot whales (Glo-

bicephala macrorhynchus) (and two fetuses), five striped dol-
phins, one killer whale, and one laboratory rat. MFQ activiry
of both MC and PB types was measured (Table 10-3) and
found in all cetaceans, with some significant differences
among species. Levels of cytochrome P-450 in cetacean liver
microsomes were comparable to those from other mam-
mals. Activities of EROD and AHH in cetaceans were com-
parable to those in the rat, whereas activities of aldrin epoxi-
dase (ALDE) and AH were lower (Watanabe et al. 1989),
Although both MC and PB-type induction was demon-
strated to occur, resuits were interpreted to support the hy-
pothesis that PB-type induction (low ALDE and AH activity)
is low in ceraceans and could account for the pattern of
coplanar congener accumulation in tissues demonstrated
by other studies. NADPH cytochrome ¢ reductase, cyto-
chrome P-450, and MFO activities were generally lower in
the fetal pilot whales than in mature or immature individu-
als, but did not differ berween sex or age groups (Kannan et
al. 1989). This study was a milestone in providing measure-
ments of MFO in cetaceans. However, it tempers earlier con-
clusions about a complete inability of cetaceans to metabo-
lize certain coplanar PCBs because of a lack of enzyme
induction capability. The work also underscores the need to
better understand the variability in MFO activity levels in
wild populations, exacerbated by very little data on relauon-
ships between organochlorine concentrations in tissues or
food and MFO activity levels in marine mammals (Table
10-3). Additional studies, such as those by Letcher et al.
(1996), in which MFO activities, CYP protein contents, and
organochlorine concentrations in polar bear livers were de-
termined and correlations established, will help fill these
information gaps. The recent establishment of cell culture
lines and verification of the existence of an Ah receptor in
bortlenose dolphins should also allow more thorough inves-
tigation of various aspects of P-450 induction in the future
(Carvan etal. 1994).

As progress in understanding details of PCB metabolism
in cetaceans was advancing based on analytical chemistry
studies in Japan, researchers in Europe also began congener-
specific determinations in marine mamrmals, emphasizing
seals. Boon et al. (1987) determined concentrations of indi-
vidual congeners in the diet, blood, and feces of captive fe-
male harbor seals fed organochlorine-contaminated, as well
as less~contaminated control fish in experimental studies in
the Netherlands. The patterns of PCBs within fish and seal
blood samples were nearly constant, but differed substan-
tially between the two; differences in congener composition
between seal groups were related solely to diet (Storr-
Hansen et al. 1995). Molecular structure of congeners that
persisted and accumulated in seal blood differed from that of
congeners that were metabolized. Congeners that were me-



rabolized by the seals were those with 3 to 6 chlorine atoms
and penta- and hexa-chlorinated hiphenyls with vicinal
H atoms at meta—para positions, or vicinal H atoms at
ortho-meta positions with single ortho-chlorine atoms. Con-
geners with 5 to 10 chlorine atoms and with either 2 or 3 or-
tho-chiormes were not metabolized. Boon eral. (1987) noted
that congener persistence was likely related to enzymatic
metaholism as it is influenced by molecular structnre. Con-
geners with vicinal F atoms at meta-para positions were me-
rabolized in “globular configurations” {rings perpendicniar);
such metabolism is likely to be carned out hy the P-450 en-
zymes. Congeners with orthe-meta vicinal H atoms reach a
planar configuration that is more likely to be metabohzed by
P-448 enzyme systems. Struccurally, the mono-ertho chlo-
rine-containing congeners can reach both globular and pla-
nar confgurations, and are known to be mixed-type MFO
inducers (Boon et al. 1987). The capacity of harbor seals to
metabolize these rwo classes of PCB congeners is shared
with some small cetaceans and the polar bear, but may be di-
mimshed 10 ringed seals (Boon et al. 1989). Ratjos of the
more easily metabolized PCB 32 to the resistant PCE 153
also are similar among porpoises and dolphins from the
North Sea of Scotland bur are much lower in harbor seals
from the same region (Wells et al. 1994).

The pattern of congeners found in polar bears is espe-
cially umque. Many of the congeners prominent in their seal
prey are absenr or occur ar relatively low concentrations in
polar bear tissues. [denrities of specific congeners indicate an
ability of polar hears to merabolize PCBs with nonchlori-
nated para posirions, adjacent nonchlorinated ortho-meta
positions, or both erthe positions chlorinated in one ring
{Norstrom et al. 1988). Differences in metabolism of con-
geners among marine mammal species, as well as differences
berween marine mammals and Jaboratory species. point “to
the dangers of extrapolation between species” (Boon et al.
1992:152). Many recent studies have included congener-
specific determinations in marine mammoals and will help
further elucidate patterns of PCB metabolism { Appendices 1
to 4). Such recent work with belugas of the St. Lawrence
River estuary, for example, implies ligh actvity of both
CYPIA and CYP2B enzyme systems, perhaps through
heightened induction from heavy PCB exposure (Muir er al.
1996a).

The use of enzyme induction wformation 1s growing
the study of contaminants in marine mammals. These are
sensitive broassays, but they do not firmly establish the exis-
tence of harmful impacts to individual animal health or pop-
ulation status. Much like the simple presence of contami-
nantsin tissues, consequences can only be inferred based on
results ol laboratory studies of ather species, which unforru-
natelv sometimes show significant vaniation in responses. [n
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addirion to the cavears and research needs noted above,
Peakall (1992:99) recendy pointed out that for wildlife
species in general, “it bas not been established whether in-
duction ol cytochrome-mediatec enzyme activines leads ei-
ther directly or indirectly to toucity or whether enzyme
induction and toxicity are independent aspects of the re-
sponses.” Clearly, this is an area of much needed additional,
coordinated research.

Marine Mammals and the “Gender Benders”

Much recent attention has focused on the role of organ-
ochlorine contaminants as disrupters of the endocrine sys-
tem in humans and wildhte. The existence of chemucals
with endocrine-disrupting capacity (“gender benders™) is
well known, as exemplified by the drug diethylstilbestrol
(DES), used to prevent miscarriages in women in the 1950s
and 1960s. Laborarory animals and humans exposed to DES
prenatally can exhibit a number of anomalies of the repro-
ducuve system as adults. Similar changes have been seen in
wildlife species in areas very heavily contaminated with
orgauochlorines, including altered hormone levels and dys-
functional manifestations of reproductive behavior (Col-
born et al. 1993, Raloff 1994). Endocrine disrupters can
include any xenobiotics that interfere with the normal
function of hormone receptor proteins (which mediate the
effects of endogenous hormones on gene activation). These
chemicals can either mimic the hormone (Fig. 10-6) by bind-
ing to the receptor and activating a hormonelike response,
or can act as an antagonist by binding to the recepror pro-
tein, making it unavailable to be activated by the natural
hormone. In the case of the estrogen receptor (ER), the
former action is termed estrogenic. whereas the latter is
antiestrogenic.

Organochlorines exhibita wide and mixed array of estro-
genic activity in studies of laboratory animals. For example.
p.p “DDE is not estrogenic, whereas o,p “DDT is estrogenic:
Ah receptoragonists. however. such as TCDDs and PCDFs,
are antiestrogenic. The presence of complex muxrures of
both estrogenic and antiestrogenic organochlorines in ma-
rine mammals makes it difficult to predict ultimare biolog1-
cal effects. The organocblorinesmay be presentatlower con-
centrations than natural hormones and may have much
jower activities; hormonelike natural chemicals (such as
those found in the human diet) often have much stronger
endocrine effects than organochlorines in laboratory tests.
The question ol wherheg organochlorines at typical back-
ground concentrations exert any meaningful endocrine
effectsatall 1s a topic of much debate, parrticularly as applied
to humans (Colborn and Clement 1992, Colborn ecal 1993,
Stone 1994, Safe 1995). There has been little intensive study
of rhis topic in marine mammals although the experimental
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Figure 10-6. Structural similarities of some estrogenic com-
pounds. Estradiol-17f} is a “narural” ovarian estrogen, diethyl-
stilbesrrol (DES) is a synthetic pharmaceutical, and o,p"-DDT is an
isomer of the insecticide DD T. Controversy surrounds the impor-
tance of synthetic organochlorines as estrogenic or antiestrogenic
disrupters of endocrine metabolism at typical background levels.

studies of harbor seals support such a possibilicy. Not only
do captive seals fed diets high in organochlorines fail 1o re.
produce normally, they also show biochemical lesions (low-.
ered retinol and thyroid hormones) compatible with an
endocrine disruption hypothesis (Brouwer et al. 1989).

Toxic Elements

A long-standing postulate of toxicology, first attributed to
the Renaissance scientist Paracelsus in the 1500s, is thar “all
substances are poisons; there is none which is not a poison,
The right dose differentiates a poison from a remedy” (Gallo
1996). No better example of this can be found than in the
study of toxic elements. Unlike organochlorines, elements
are naturally occurring substances, many of which are essen-
tial to normal metabolic function and sustenance of life.
However, at certain exposure levels, these elements can have
toxic effects, and some elements have no known essential
role in normal biological processes. Abourt 80 of the elements
on the periodic chart can be considered merals. Goyer (1996)
provides an overview of toxicology of these metallic ele-
ments. A few elements have been a major focus in studies of
marine mammals, primarily because of their known danger
and roxicity to humans and other animals. Significant atten-
tion has thusbeen given to investigating cadmium, lead, and
mercury in tissues of marine mammals. These metals are
treated in depth in this chapter and an overview of some of
the other elements is also provided. Original studies have re-
ported results of analysesof up to 40 trace elements in tissues
of nearly 6000 individuals in more than 60 species of marine
mammals. Many of these studies are summarized in Appen-
dices 5 to 8. The methods used to quantify residues of toxic
elements in tissues can vary among studies. These should in-
clude systematic procedures for tissue collection and storage
that prevent spurious contamination; up-to-date methods of
sample preparation, including tissue homogenization and
digestion; and the use of quality assurance procedures such
as comparisons with certified standard reference materials,
use of procedural blanks, multiple analyses of the same sam-
ples within the same laboratories, and interlaboratory cali-
bration and comparison studies. Zeisler et al. (1993) provide
an example of excellent quality assurance procedures for de-
termination of elemenral concentrations in marine mammal
tissues. Actual chemical quantification procedures can vary
with the laboratory, elements chosen for analysis, desired
sensitivity, and overall objectives. Such techniques may in-
volve atomic absorption spectrometry (flame, flameless, or
cold vapor may be appropriate depending on the element).
instrumental neutron activation analysis with gamma ray
spectrometry (e.g., Mackey et al. 1996), inducrively coupled
argon plasma emission/mass spectrometry, x-ray fluores:



cence, prompt gamma accivation analysis, and differential
pulse and square wave stripping voltammetry (e.g., Zeisler
eral. 1993).

Cadmium

Cadmium is a naturally occutring, nonessential element. It
canbecome an environmental contaminant as a by-product
of various industrial processes, such as mining and smelting,
petroleum production, and manufacruring ol a number of
products. It has been used in items as diverse as storage bar
teries, paints, and nuclear reactors, and is also released into
the environment through motor vehicle exhausts and the
breakdown ol auromobile tires. Cadrmum concentrations
can increase 1n sediments of aquanc systems subject to in-
dustrial effluents. fn mammals, toxic effects of cadmium ex-
posure are mirigated by protective binding with endoge-
nously produced merallothionein, a low molecular weight
proten. Cadmium typically reaches its highest concentra-
rions in the kidneys, although greater amounts can be found
in the liver in cases of unusually excessive exposure. Hu-
mans chronically exposed to cadmium ingestion from pol-
lured mine waste warter used for crop irrigation near
Toyama Bay in Japan suffered itai-itai (“ouch-ouch™) dis-
ease. This syndrome, which included leg and back pain,
skeletal deforrmties, and suscepribility to bone fractures,
was attributable to loss of calcium through cadmium-
damaged kidneys (Goyer 1996). A variety of other toxic
effects has also been produced in laboratory mammais sub-
jected to excessive cadmium exposure, including disotders
of the circulatory system, netvoussystem, and reproductive
system (particularly in males), as well as tenal system
pathology. However, in some cases relatively high amounts
are required to produce these effects, some of which may
[ail to occur in the presence of adequate dietary zinc and se-
lenium. Cadnium 1s only slowly excreted from the body
and has a halflife of 30 yearsin humans.

Cadmium concentrations have been determined in or-
gans of numerous marine mammal species (Appendices 5 to
8). Asin othet mammals, almost without exception the high-
est cadmium concentrations in organs of marine mammals
occur i kidneys, with lesser concentrations in liver, fol-
lowed by relatively lower amounts in muscle and most other
organs and ussues, including bone. The telatively high accu-
mulation of cadmium in kidneys has been demonstrated for
atleast 28 species ol marine mammalsin all major taxonomc
groups (see telerences in Appendices 5 to 8). Grear variation
in cadmium concentrations in kidneys of marine mammals
has been noted among individuals, with much of the varia-
tion attributable to increased accomulation with age (Table
10-4), Unusually high concenrrations of hundreds of parts
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per million of cadmium have been teported 1n kidneys of a
variety of species (Table 10-5).

Despite seemingly high coucentrations in kidneys of
some indwviduals (linked to age in many), I am unaware
of any published observations demonstrating cadmium-
induced pathology in marine mammals. Some of the high
cadmium concentrations reported 1n marine mammals are
undoubtedly a result of naturally high cadmium concentra-
tons in prey species rather than anthropogenic contamina-
tion. High cadmium concentrations in organs of squid, for
example, are a known source of elevated cadmium in marine
mammals (Hamanaka etal. 1977; McClurg 1984; Leonzio et
al. 1992; Szeferecal. 1993, 1994; Malcolm eral. 1994; Caurant
and Amiard-Tnquet 1995). Certain molluscs have also been
suggested as a dietary source ol cadmium in walruses (Miles
and Hills 1994).

Marine mammals appear to share the protective action of
merallothionein proteins against cadmium toxcity, first re-
ported in terrestrial mammals. Metallothioneins are induced
by the presence ol divalent cations suchas Hg™, Cd*~, Cu*~,
and Zn™* and have a high affinity for binding such carions.
Forms of merallothioneins have been reported in an array of
organisms ranging from blue-green algae to mammals. Met-
allothionein has been isolated from tissues of gray seals and
northern fur seals (Olafson and Thompson 1974), California
sea lions (Lee et al. 1977), tibbon seals (Phoca fasciata)
{Mochizuki et al. 1985), harbor seals (Mochizuk: et al. 1985,
Tohyama et al. 1986), and narwhals (Monodon monoceros)
(Wagemann er al. 1984). Other meral-binding proteins have
been isolated from tissues of sperm whales and California
sea lions (Ridlington et al. 1981). Most of the cadmium in the
cytosol of sea lion liver and kidney is in association wich met-
allothionein (Lee et al. 1977). In the harbor seal, meralioth-
ionein levels in livers and kidneys increased positively with
age and with cadmium and zinc concentrauons, indicating
sequestration of these metais by this protein. The thiol
groups of metallothionein proteins are-thought to acr as soft
Lewis bases that bind readily with soft (easily polarizable)
Lewis acids such as Zn**, Cd**. and Hg'* (Pertrili et al.
1986). in addinion to zing, some studies have shown positive
correlations between cadmium and selenium concentra-
tions in organs of marine mammals, indicaring paruicipation
ofthese elements in formation of the biochemical complexes
that reduce toxiciry.

There appear to be no notable differences between the
sexes in cadmium concegtrations in tissues of marine mam-
mals. Little cadmium seems to be transferred to the fetus
{Hondaand Tatsukawa 1983, Robertseral. 1976, Wagemann
et al. 1988), although minotr amounsts of such translet have
been documented (Meador et al. 1993). In striped dolphins,
cadmium n bones increased primarily in the late suckling




Table 10-4.  Summary of Studies Reporting Relationships becween Age, Sex, and Meral Concentrations in Marine Mammals
Group and Species Organ Relauon with Age and Sex References
Pinnipeds
Arctocephalus gazella L Cd increase with age. No relanonship with age and concentrations of Rb, Mg, Sr, Malcolm et al 1994
Mo, Pb, Cu, Zn, Cr, Hg.
A. pusillus Muluple organs  Hg increase with age in liver, spleen, brain, and hair, Bacher 1985
Callorhmus ursinus Bone, K, L, M Cd increase with age in liver. muscle, bone, but not kidney. Hg increase with agein ~ Goldblatt and An.
liver. No relanonships with age and Pb, Ni, Zn in kidney, liver, muscle, or bone. thony 1983
C. ursinus K LM Age positively correlated with Hgn muscle, liver, kidney. Fe in muscle andliver, Cd =~ Noda et al. 1995
in kidney. Negative correlanon with age and Mn in muscle, kidney, Cu in kidney.
C. ursinus KL M Concentranons of Cd, Pb in liver and kidney did not correlate with age. Hginliver  Anas 1974a
correlated with age. Hg 1n kidney and muscle did not.
Engnathus barbatus LM Hg, Se increase with age. Smith and Armstrong
1975,1978
Eumeropas jubatus KL MO Cd increase with age in kidney, liver. Hamanaka et al. 1982
Halichoenus grypus KL Positive correlation with Se, Hg, and age. Perttild et al. 1986
H. grypus BX. L Posicive correlarions between age and Cd, Cr, V, Hg, and Se in either kidney, liver, or  Frank et al. 1992
both. Negative correlation of Co with age. No correlations with age for Al, As, Pb.
Relationships with orher elements also derermuned
H. grypus Teeth Agr and Cd, Cr, Pb show negauve correlanon, Zn posiave correlation, Cuno Heppleston and
correlation. French 1973
H. grypus Br.K.L Cd increase with age in kadneys, Hg increased with age in livers. Hg in brain did not ~ Heppleston and
increase with age. French 1973
Odobenus rosrarus KL Cd, As increase with age in liver and kidney, Zn in kidneys. No correlations withage  Warburton and Sea-
and Pb, Hg, or Se. No metals varied with sex except higher Se in livers of females gars 1993
and higher As in livers and kidneys of males.
0. rosmarus KL M Hg increase with age in liver. Bom etal. 1981
Phoca groenlandica Br. K. L. M Cd, Hg, Se increase with age in kidney, liver, muscle, dependent on locadon. No con-  Ronald et al. 1984b
sistent relation with age and Cu.
P, groenlandica KLMO Cu and Zn higher in pups than mothers, higher proportion MeHg in livers of pups. ~ Wagemann et al. 1988
MeHg correlated with age in muscle only.
P. groenlandica LM Hg increase with age class. Botta et al. 1983
P. hupda KL M Cd, Hg increase with age in kidney; Cu decrease with age in liver, kidney, muscle. As  Wagemann 1989
increase with age in liver; Pb independent of age; other relations also examined.
P. huspida K L No correlation with age and Se or Hg. Perttili er al. 1986
P huispuda Hair No differences in concentrations of Cd, Cr, Hg, Ni, Pb in hair of still-born, pups, Hyvirinen and Sipild
adults, except Ni higher in still-borns than pups, yearlings; Hg lower in subadults 1984
to age 2 than adults or pups.
P. hispida KL M Cd in kidney and Ag, Hg in liver increased with age; Cu in three tissues and Zn in Wagemann 1989
muscle decreased with age, No age effects noted with Pb, Se.
P hispuda LM Hg, Se increase with age. Smith and Armstrong
1975, 1978
P wituhina KL Cd, Hg in liver and kidney increase with body length. Tohyama et al. 1986
Poviruling KL MO Cd increase with age n kidney, liver, No increase in Pb with age. Hg increase with Roberts et al. 1976
age in liver, rate of increase varies with location.
P vaituling B KL Positive correlations berween age and Cd, Cr, V, Hg, and Se in either kidney, liver,or Frank eral 1992
both. Negauve correlation of Co with age. No correlarions with age for Al, As, Pb.
Relationships with other elements also determined.
P vatuling KL Cd increase with age in kidneys and Pb and Hg in livers of males but not females. No  Miles et al. 1992
correladon with age and Pb in kidney, As or Se in liver.
Powahing Br.X. L Apparentincreases with age in Cd and Pb in liver and kidney, Hg in liver. No age- Drescheretal. 1977
related patterns in Zn, Cu concentrations in kidney, liver, or brain.
P wviruling Hair, skin Pb, Cd increase with age in hair of males, not females. Cd higher in males. No dif- Wenzel et al, 1993
ferences or effects noted for Hg.
P wnuhna Br.K,L Cd increase with age in kidneys, Hg increase with age n livers. Hg in brain did not Heppleston and
increase with age. French 1973
P. vitulina L Hgincrease with age in lvers. Koeman er al. 1972
P, vrtuling Br, K, L Hg, Se increase with age in liver. Reijnders 1980

...
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Table 10-4  continued
Group and Species Organ Relanen with Age and Sex References
P owitulina KL Hg increase with body length an liver, kidney, Se increase in liver, Himeno etal 1989
Zalophus californianus B, K, L, M, O Noapparent Hgincrease with age. Buhlereral 1975
Odontocete cetaceans
Deiphinapterus leucas L Hg increase in hver with age. Béland eral. 1991
D. leucas K LM Hg increase with age m hver and kidney, Cd increase wich age in kidney, Cu decrease Wagemann eral. 1990
with age in liver, muscle, and kadney
D. leucas K, LM Posiuve corcelations with age and Cd, Se, Hg in liver and Hg in kadneys Hansen et al. 1990
D. lencas L Ag, Hg, Se increase with age. Becker eral. 1995
Globicephala melacra L Hg, Pb, Sencrease with body length. Meador eral 1993
G. melaena B K LM Hg increase with age wn ail organs, depending on location Cd increase with age or Muir eral. 1988a
length in kudneys, liver. No correlation with age and Cu, Zn, Pb. Other relation-
ships noted.
G. melasna KLO Hg, Se, Pb increase with body length in hvers. Only Pb in brain differed by sex. Meador et al. 1993
G. melaena B.K. L .M Correlations with body size invesugated for Ag, Cd, Cu, Hg, Se, Zn. Hg m muscle, Se  julshamn ecal 1987
and Hg in hver, and Cd, Se and Zn i kidneys were posiuvely correlated with size
No differences berween sexes i total Hg, which was lower in immarures.
G. melaena K,L,Mm, O Cd, Hg, Se.in liver and kudney correlated with age and length. Other patterns de- Caurant eral. 1993
pended on pod pforigin Metals in liver higherin females than males watlun age
Eroups.
G. melaena L. Ag, Hg, Se increase with age. Beckereral 1995
G, melaont L Ag, Hg, S¢ increase with body length, eight other elements show no correlanon Mackey et al. 1995
with lengih.
Lagenorhynchus B.K.L M Cd increase with length in liver, kidney, with age in muscle No correlacon withage  Muireral. 1988a
albirvostris or length for Hg, Se, Cu, Zn, Ph.
Monodon monoceros B KL M Complex relanonshups among effects of size and sex on concentrations of Hg, Se, Cd, Wagemann et al. 1983
Cu, Zn, and Pb in four rissues. Only 7 of 26 relationships involved sex differences,
with no ohvious pattern Cd increase with size in kidneys, but decrease in livers;
Hgncrease with size in livers of males bur decrease in females, increased with size
in kidneys of both sexes. Pb decrease with length in livers. Other relarionships
noted.
M. monoceros K. LM Positive correlations with Cd and age in livers of males and kidneys of fernales, Hg Hansen etal 1990
and Se in all organs, Zn n kidneys of femnales,
Phocoena phocoena KL O Hg and Cd, but not Cu or Zn increase with body length 1n livers and kadneys. Falconer et al. 1983
P, phocoena Br. K, L M Hg increase with age. Caskin ecal 1979
P. phocoena K L increase in toral Hg, Se with age. No differences berween sexes within age classes. Teigen etal 1993
P phocoena K, L M Toral Hg increase wich body length, with MeHg decreasing as a proporuon of total. — joins ecal. 1291
No differences between sexes.
Physeter nacrocephalus ™M Hg lower in smaller, nonreproductive females than reproducnive females No cor- Cannella and Kitch-
relation berween Hg and body length in females, neganive correlation in males.  »* ener 1992
Stenella attenuata K L MO Cd increase with age in multiple organs. Hg increase with age, higher in females. Andreé et al 1990,
1991b
§ coerulecalba K LM Increases in concentration with age for Fe, Pb, Mi, Cd, Hg 1n muscle, Pb. Ni, Cd, Hg ~ Honda ctal. 1983
in liver, Hg in kidney; Mn, Zn and Cu decreased with age in hver, Mn and Cu de-
creased wath age in kidney. Complex changes seen ar weaning and between calves
and older ammals.
S, cosruleoalba Bone Complex relavons with various metals and age and developmental state. Toral Hg Honda et al. 1986a
increased with age.
§. coerulesalba K, LM, O Hg increased wirth roral length in ver and muscle. No difference berween sexes. Andreeral. 1991a,b
5. coernlecatba K.L.MO Cd concentrations ncrease markedly from birth to 1.5 yrin most organs, remauing  Honda and Tatsukawa
constant to age 15, then increasing with age in kidney, liver, muscle. %n concen- 1983, Honda et al.
trations in vanous organs did not change with age in adults; Cu decrease with ape 1983
in liver, kudney. Pb, Ni increase with age in muscle, hver, Other changes noted
S. coerudeonllxt Bone Complex changes from fetal to old age noted in several elements. Cd, Hg, Pb, Zn Honda eral. 1986a
mcrease with age in mature animals; MeHg constant. Pban liver highestin
mature males
. coeruleoalba Muscle Hy in muscle increase with age. Arima and Nagakura

1979

Continued on next page
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Table 10-4  continued

Group and Species Organ Relauon with Age and Sex References
S. coeruleoalba Br,K,L.M Hg increase wath lengrh. Leonzio eral. 1992
Tursiops truncatus K. LM Cd concenrranons in kidneys positively correlated with total length. Cuin livers Wood and Van Vleer
hughest in neonares, decreasing withage. 1996

Mysticete cetaceans

Balaenopiera L Correlations berween age and Cd, Fe, and Hg in livers. No relanonstups with Mn, Honda et al. 1987
acurerostrata Zn, Cu, Pb, Ni, Co. Only Fe differed berween sexes, higher in femaies.

B. acutorostrata KoL, M Correlatons berween age and Cd in mascle, Hg, Se in liver. Hansen et al. 1990

B. physalus K.L M Total Hg and organic Hg in liver, total Hg in muscle increase with age. No dif- Sanpera etal. 1993
ferences berween sexes.

B. physalus K. L M Complex relanonships that vary with location and sex for Cd, Cu, Zn in three ussues.  Sanpera et al. 1996

Polar bears, sea otters, and siremans

Dugong dugon K LM Complex relavonships and interactions. Cu, Mn in liver and kidney negatively cor- Denton et al. 1980
related with age. Zn, Cd increase with age in liver and kidney; Fe increase with age
n liver and muscle, Ag with age inkidney, Co in liver. No relationships with age
and Ag in liver, Fe and Co in kidney. Zn, Cu, Mn in muscle.

Trichechus manatus K.L Size and Cn in livers varied negatively, Cd in kidneys increase, whereas Fe n Livers O’'Shea etal. 1984
and Pb in livers and kidneys showed no relationship. Metal concentrations did not
vary by sex.

Ursus maniimus I Effect of age and locaton on Cd, Hg, and Se concentracions. No effect of age on Ag,  Norstrom et al. 1986
As, Ca, Cu, Fe, K, Mg, Mn, Na, B, 51, Zn.

U. manitimus L Cd, Hg, Se increase with age in livers; K. Mn, Mg, and P decrease with age: Ag, Ca, Braune et al. 1991
Na no rrend with age.

U. maritimus Hair Total Hg in hair not related to age orsex. Born eral. 1991

U. mantimus LM Hg in livers of adults higher than young in some areas. No differences by sex. Lentfer and Galster

1987

B = blubber, Br = brawn. K = kudney, L = liver, M = musde; MeHg = methyl mercury; O = other.

stage, probably because of a higher absorption efficiency
from milk and rapid bone growth phases in comparison to
later ages {(Honda et al. 1986a). Premature and normal pups
of ringed seals do not differ in cadmium concentrations in
hair (Hyvirinen and Sipild 1984). Broad regional trends in
cadmium concentrations in livers of polar bears have been
noted across the Arctic (Norstrom et al. 1986).

Lead

Leadis a nonessential element that is well known for its toxi-
city in mammals. It is a major airborne contaminant. Some
primary sources of introduction of lead to the environment
are from production of storage batteries, automotive ex-
haust, combustion of fuel with lead additives, smelting, pig-
ments in paints, water pipes (particulacly in older plumbing
systems), and lead arsenate used as aninsecticide. Pathology
oflead poisoning hasbeen well documented for domestic an-
imalsand humans, withevidence of the latter extendingback
to the ancient Romans. Modern causes of lead poisoning in-
clude ingestion of lead paint fragments by children and con-

sumption of lead-tainted illegal moonshine whiskey. A vari-
ety of sublethal behavioral effects of lead are known from
laboratory studies, and chronic exposure can cause patho-
logical disorders of.the nervous system, gastrointestinal
tract, renal system (correlated histopathologically by the
presence of lead-based intranuclear renal inclusion bodies),
and immunotoxicity. Lead exposure also interferes with the
production of hemoglobin and red blood cells. The inhibi-
tion of enzymes (delta aminolevulinic acid dehydratase) in
the biosynthesis of heme provides a well-known biochemi-
cal marker of lead exposure (Peakall 1992).

Lead has generally notbeen found in marine mammal tis-
sues at levels that are cause for concern. Most repotrs are of
concentrations in soft tissues such as liver, kidney, and mus-
cle (Appendices 5 to 8). The liver and kidneys of marine
marmnmals tend to have higher lead residue concentrations
than muscle, blubber, or other soft tissues. There is no clear
pattern across studies that examine the relative amounts of
lead in liver versus kidney of marine mammals. In most stud-
ies, concentrations in these tissues are less than 1 ppm (wet
weight) and in nearly all cases are within the normal ranges

\—
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Examples of Unusually High Concentrations (ppm) of

Cadmium, Mercury. and Lead Reported in Soft Tissue of Marine Mammals

Group and Species Cadmium Mercury Lead References
Pinnipeds
Arctocephalus gazella 684 (K, D) Malcolm et al. 1994
Callorhinus ursinus 568 (K. D) LB (K. W) Anas (974a, Goldblatr and Anthony 1983
148(L, D)
Enjgnathus barbatus 420 {L, W) Smith and Armstrong 1975
Halichoerus grypus 1097 (L, W} 7.0(L, W) Law et al. 1991, Simmonds et al. 1993
Odobettus rosmarus 458 (K, D) 11.6 (K, D) Warburton and Seagars 1993
Phoca hispida 608 (K, D) ] Wagemann 1989
P. vitulina >700(L, W) 2.3(L, W) Duinker et al. 1979, Reijnders 1980, Roberts et al. 1976
Zalophus californianus 569 (K, D) 240(L, W) 3.0 (K, W) Braham 1973, Buhler et al. 1975, Martin et al. 1976
Odontocete cetaceans
Delphinus delphis 3.5(L, W) Kuehl et al. 1994
Delphinapterus leucas 275 (K, D) 756(L, D} 2.1 (L. D) Wagemann ec al. 1990
Globicephala melanea 425 (K, D) 626 {L, D) Meador et al. 1993
Koga breviceps 412 (K, W) Marcovecchio et al. 1990
Monodon monoceros 800(K, D) Wagemann et al. 1983
Phococna phocoena 43(L.W) Law et al. 1991
Pseudorea crasndens 106 (K, W) 728(L. W) Baird et al. 1989
Steneila coeruleoalba 1544 (K, W) 12.4 (K, D) André et al. 1991a, Leonzio et al. 1992
Tursiops truncarus 13,150 (L, D) Leonzio ec al. 1992
Mysticete cetaceans
Balasnoptera acutorosirata 115(K, D) 2.6(L,D) Honda et al. 1987
B. physalus 209 (K, D} Sanpera et al. 1996
Other
Dugong dugon 308 (K, D) Denrton et al. 1980
Trichechus monatus 190(K, D) 71K D) O’Shea et al. 1984
Ursus maritinus 1.6 (L, W) Norheimn et al. 1992

K = kidney: L = liver; D = dry weight basis; W = wet weight basis

seen in other mammals, including humans. Some of the
higher concentrations reported in soft tissues of various
species are provided in Table 10-5. Comparatively high con-
centrations reported in livers of a small number of harbor
porpoises and one white-beaked dolphin (Lagenorhynchus al-
birostris) from Danish waters (to 5.3 ppm and 4.5 ppm wet
weight, respectively) more than 20 years ago (Andersen and
Rebsdorff 1976) have not been replicated. Similarly, eacly re-
ports of high lead concentrations in livers of gray seals and
hacbor seals (to 17 and 12 ppm wet weight, respectively)
around Grear Britain (Holden 1975) have not been repeated
in more recent sampling (Law et al. 1991).

Moststudies of concencrations oflead in soft tissues of ma-
rine mammals show no consistent trend wich age or sex (see
references in Table 10-4). However, a few studies have corre-
lated concentrations of lead in soft cssues with age: higher
concentrations in liver and kidney of older harbor seals were
reported by Drescher et al. (1977); decreases in lead concen-
trations with age were found in teech of gray seals (Hepple-

ston and French 1973); lead concentrations in livers of pilot
whales increased with body length (Meador et al. 1993) but
not age (Muiretal. 1988a); and lead in livers of harbor seals in-
creased with age in males, but not in females or in kidneys of
eithec sex (Miles et al. 1992). The most detailed study to show
atrendin lead concentrationsin soft tissues withage was con-
ducted in striped dolphins. Lead concentrations in muscle,
liver, and kidney increased withage until about 1 year, leveled
off up to 18 years, then increased in older age and were high-
estin the oldest individuals (Honda et al. 1983).

Bone is the prominent depot for long-term storage of lead
in vertebrartes, and the highest concentration of lead known
in tissues of marine mammals is 61.6 ppm (wer weight) in
bone of a young bottlenose dolphin stranded on the edge of
Spencer Gulf, Australia, an area known for emissions from a
lead smelter (Kemper et al. 1994). A maximum of 62.8 ppm
(dry weighe) reported for the humerus of a California sea lion
was considered comparable to values in normal human bone
(Braham 1973). Bones of most ocher marine mammals exam-
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ined have had far less lead and, although generally negligible
concentrations are reported in marine mammal bone, the
number of studies on this topic has been limited. Amounts
present are usually higher than those in soft tissues (Braham
1973, Roberts et al. 1976, Goldblart and Anthony 1983, Kem-
peretal. 1994). Hondaet al. (1984) noted that, although bone
of striped dolphin represented only 4% of the body weight,
nearly 13% of the body burden of lead was in the skeleton,
with certain bones having higher concentrations than others.
Lead in female striped dolphin bone occurred at lower con-
centrations than in males, and lead accumulated most rapidly
during the suckling period (Honda et al. 1986a). There are no
publishedstudiesindicatinghistopathological damage orbio-
chemical lesions caused by lead exposure in marine mam-
mals. One account of a possible case of lead poisoning in an
unspecified marine mammal (but without documentation of
lead concentrations in tissues) was suggested by Britt and
Howard (1983). Smith et al. (1990, 1992) used isotopic ratios
to show that, although lead concentrations in teeth of sea ot-
ters have not changed berween modern and preindustrial
eras, the source oflead has shifted from narurally derived lead
to anthropogenic aerosol-dominated forms.

Mercury

Long recognized for its poisonous effects, mercury is one of
the few nonessential elements that shows appreciable bio-
magnification in marine food webs and has a relatively low
threshold for toxicity. Despite the latter, marine mammals
have evolved biochemical mechanisms to tolerate seemingly
high exposure to mercury in the food chain. Mercury enters
the environment as a contaminant resulting from a number
of processes, including mining, combustion of fossil fuels,
manufacruring of paper, and chlor-alkali plants. It is inten-
tionally used as a fungicide, particularly as a seed dressing,
Much mercury in the environment is also released through
natural processes, and certain regions have higher metcury
levels from geological sources. Mercury can also be highly
volatile. Narural mercury brought to the sea surface from
cold upwellings in the equatorial Pacific may volatize to the
atmosphere in quantities approximately equal to all global
anthropogenic emissions (Kim and Fitzgerald 1986). Atmos-
pheric mercury can return to the Earth as fallout in particu-
late marter. Both aerobic and anaerobic microorganisms in
sediments and soils convert various organic and inorganic
forms of mercury to dimethyl (CH,-Hg-CH,) or methy!
forms. The highly toxic methyl mercury ion (CH,-Hg* or
MeHg) is soluble in water, taken up by organisms, and can
biomagnify several orders of magnitude in the food chain.

Mercury is best known for its neurotoxic effects and was
once used in the production of felt hats, which inspired the

character of the “Mad Hartter” in Lewis Carroll’s Alice in Won-
daland. It is also nephrotoxic, immunotoxic, mutagenic,
crosses the placenta, and is found in milk. In recent history
there have been notable cases of human mercury poisoning,
Inthe 1950sand 1960s, people in the area of Minamata Bay and
Nagata Bay in Japan suffered an epidemic of paralysis and mor-
tality that was traced to seafood contaminated with mercury
from effluents of chlor-alkali plants. In these instances, mer-
ary concentrations in fish were up to 2000 times that of mer-
cery concentrations in the surrounding water. Mass poison-
mgs also occurred in recent history in Iraq, where 459 deaths
were arributed to ingesting bread in which flour was made
from mercury-treated seed. [n comparison to other forms of
mercury, methyl mercury is readily absorbed by the gastroin-
testinal tract. Mercury accumulates in the kidneys, liver, and
brain (particularly the methyl form), but the organ distribu-
tion and toxicity also varies with the chemical form. In marine
mammals, most chemical analyses have determined the con-
centrations of total mercury in tissues rather than the more
toxic methyl mercury fraction (Appendices 5 to 8). A few stud-
fesreport "organic mercury” (not strictly equivalent to methyl
mercury) as a fraction of the total mercury.

One ofthe most outstanding cases ofinteractions between
toxic elemenss is the apparent protective effect of selenium
against mercury toxicity. Laboratory studies of a number of
organisms show that various toxic effects of mercury were
prevented or reduced in severiry by simultaneous orprior ex-
posure to selenium (Cuvin-Aralar and Furness 1991). In ma-
rine mammals, tissue concentrations of mercury that would
indicate toxicity in other species are ofren exceeded with no
evidence of harm, but these concentrations are typically ac-
companied by increased seleniumin the liverina 1:1 molar ra-
tio (Koeman et al. 1973, 1975). The interactions and molecu-
lar level complexities of this protective effect are not well
understood (Lee et al. 1977, van de Ven et al. 1979, Cuvin-
Aralar and Furness 1991), but may include redistriburion of
mercury away from sensitive organs (such as the kidney)
wo muscle and other tissue. In the absence of selenium, mer-
cury is bound to mertallothionein proteins (see section on
cadmium), which detoxify mercury, but also may cause
long-term mercury retention. Selenium apparenty diverts
binding of mercury away from merallothionein to higher
molecular weight proteins. Very little of the mercury in sea
lion livers, for example, wasbound to metallothionein (Lee et
al. 1977), and no significant correlation exists between metal-
lothionein and mercury in livers in harbor seals (Tohyama
etal. 1986). Some ofthe proposed mechanisms for the protec-
tive effect of selenium against mercury have been reviewed
by Cuvin-Aralar and Furness (1991), and include redistribu-
tion of mercury, competition for binding sites, formation of
a mercury-selenium complex (described in ceracean livers




by Marrtoja and Viale 1977), conversion of toxic forms of
mercury to more benign forms, and prevention of oxidative
damage.

Mercury determinations in tssues of marine mammals
typically focus on the liver, although orher tissues and organs
sometimes examined include kidney, muscle, blubber, and
hair (Appendices 5 to 8). Concentrations of total mercury are
usually higher in liver than in kidney, muscle, or other tissues
and have often been shown to increase significantly in liver
with age (although the proportion that is methyl mercury
decreases with age) (Table 10-4). Some of the concentrations
oftotal mercury found in livers of marine mammals are farin
excess of those that would be toxic to other mammals, bur
lethal effects have generally not been observed. This is ap-
parently because of the metabolic capacity of marine mam-
mals to protectively guard against mercury toxicity. Al-
though most of the mercury in fish prey is in the highly toxic
methylated form, the proportion of total mercury in marine
mammal liversthatisactually methylated is usually very low,
with the methyl mercury fracdon highestin othercissues like
muscle, which are less active as sites of merabolic deroxifi-
cation. Examples of extraordinarily high concentrations of
total mercury in livers of marine mammals without evi-
dence ofaccompanying toxicity include cases where mercury
reached hundredsand sometimes thousands of parts per mil-
lion (Table 10-5). In humans poisoned at Minamata Bay, in
contrast, mercury in livers ranged from 22 to 70 ppm, but un-
like in marine marnmals, nearly all was methyl mercury
(Britr and Howard 1983). Areas where mercury of geologic
origin is naturally high, such as the Mediterranean Sea, pro-
duce very high mercury concentrations in marine mammals
(André eral. 19912, 1991b; Leonzio et al. 1992; Kemper etal.
1994). Marine marmmals that typically feed lower in the food
chain, such as baleen whales and sirenians, have very low
mercury concentrations in liver in comparison with piscivo-
rous species (Denton and Breck 1981; O’Shea et al. 1984;
Byrne etal. 1985; Honda et al. 1986b, 1987; Dietz er al. 1990;
Sanpera et al. 1993). Unlike organochlorines in blubber,
which are usually highest in adult males, mercury concen-
trations in livers of marine mammals generally show no dif-
ferences berween sexes or are higher in females (Table 10-4).
Concentrations of mercury in tissues of some marine mam-
mals could pose human healch risks in areas where people
consume organs from these animals (for example, see Botta
et al. 1983, Andersen et al. 1987, Simmonds et al. 1994), but
the potential risk relares to the extent to which mercury is
methylated (Eaton etal. 1980).

Mercury-selenium correlarions have been derermined in
tissues of numerous marine mammals, and results are con-
sistentwith a role forseleniumin protection aéainst mercury
toxiciry (Koemanetal. 1973, 1975; Cuvin-Aralar and Furness
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1991). Such positive correlations have been noted, for exam-
ple, in muscle, bone, livers, kidneys, and brains of striped
dolphins {Arima and Nagakura 1979, Honda et al. 1986a,
Leonzioeral. 1992); in kidneys, livers, and muscle of belu gas
(Wagemann etal. 1990); in livers and kidneys ofharbor, harp,
gray, ringed, and bearded seals (Erignathus barbatus) (Smith
and Armstrong 1978, van de Ven etal. 1979, Reijnders 1980,
Ronald et al. 1984b, Perttild et al. 1986, Wagemnann et al.
1988, Frank et al. 1992); in livers of bottlenose dolphins
(Kuehl eral. 1994); in livers and kidneys of pilot whales (Jul-
shamn et al. 1987, Muir et al. 1988a, Caurant et al, 1993,
Meador et al. 1993); in livers and kidneys of white-beaked
dolphins Muir et al. 1988a); in livers of polar bears (Nor-
strom etal. 1986, Braune et al. 1991, Norheim et al. 1992); in
livers and kidneys of walrus (Taylor et al. 1989, Warburton
and Seagars 1993); and in livers and kidneys of narwhals
(Wagemann eral. 1983). Many ofthese studies also verify the
approximately 1:1 molar rato of mercury to selenium in
liver, suggestive of a protective effect of selenium (Koeman
et al. 1975). The mercury-to-selenium ratios in fish (as prey
species) differ dramarically from those seen in marine mam-
mals (Koeman er al. 1973, 1975; Kari and Kauranen 1978).
Numerous other studies have conducted analyses on rela-
tions besween mercury and various otherelementsinorgans
of marme mammals (Appendices 5 to 8). The gross distrizn-
tion of mercury within different parts of the liver has been
determined for a few species and appears homogenous
(Nielsen and Dietz 1990, Stein et al. 1992).

A detailed example of investigations on the distribution of
mercury, methyl mercury, and selenium in marine mammal
body compartments was conducted on striped dolphins
(Itano er al. 1984a,b,c). Similar patterns revealed by these
analyses have also been observed in other marine mammal
species (see references in Appendices 5 to 8). Samples of 15
organsand tissues were analyzed from 55 individuals. High-
esttotal mercury was found in the liver, but liver had the low-
est proportion of methyl mercury. Selenium wasalso highest
inthe liver. Toral mercury concentrationsin muscle and liver
increased with age, bur leveled off at age 20 to 25 years(roral
body burdens reached a constant level at age 16 years). No
differences in total mercury concentrations were apparent in
tssues or whole bodies of males and females. Selenium and
mercury concentrations were significantly correlated in
nearly all tissues and organs. In the striped dolphins, 90% of
the entire body burden of methyl mercury was located in
muscle. In feruses and calves of striped dolphins, most of the
mercury was methylared, and in the term fetuses was about
1% of that in the pregnant female. Total mercury (most of
which was merhylated) in milk was much lower than thatin
any other tissue. Transfer of mercury across the placenta,
relatvely low concentrations in milk, and high proportions
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of methyl mercury in pup liver have also been reported in
pinnipeds (Wagemann et al. 1988).

Unlike investigations on other metals in marine mam-
mals, a few experimental studies have been conducted on
toxicology of mercury in seals. Tillander et al. (1972) dosed a
captive female ringed seal with radioacrively labeled methyl
mercury and determined a two-phased excretion rate. One
component involved rapid excretion of about 55% of the
mercury with a half-time of about 3 weeks, whereas the re-
mainder was excreted with a half-time of 500 days. Ram-
prashad and Ronald (1977) administered methyl mercuric
chloride at two dosage levels (0.25 and 25 mg/kg) to four
harp seals and determined an effect of mercury exposure on
sensory epithelium in the cochlea. Ronald et al. (1975, re-
ported in Holden 1978) found thatat the higher dosage level
death occurred in 20 to 26 days due to renal failure in these
seals, which showed increases in mercury concentrations in
the brain and liver, as well as hepatitis and renal failure. Free-
man etal. (1975) reported thatin harpseals given 0.25 mg/kg
methyl metcuric chloride for 61 days, more than 70% of the
mercury in the liver was inorganic, demonstrating substan-
tial demethylation. Muscle tissue had higher proportions of
methyl mercury. In vitro synthesis of steroids in gonads and
adrenals of harp and gray seals due to mercury exposure has
also been reported (Freeman et al. 1975, Freeman and San-
galang 1977). Van de Ven et al. (1979) administered methyl
mercuric chloride to captive gray seals and found that both
mercury and selenium increased in livers and kidneys, but
only mercury increased in other tissues. In vitro tests for sev-
eral enzymatic demethylation mechanisms were nega-
tive, and no indication of demethylation processes by the
microflora of the gut was found. Administration of methyl
mercury also did not stimulate the P-450 enzyme system. Re-
sults suggested thar the role of selenium in ameliorating
mercury toxicity primarily involves tissue distribution and
accumulation. However, Himeno et al. (1989) reported
higher in vitro demethylation activity in liver and kidneys of
harbor seals in comparison with laboratory rats and mice.
Few studies of mercury contamination in marine mammals
have included associated investigations of histopathology.
Rawson et al. (1993, 1995) noted mercury-associated pig-
ment granules and liver disease in bottlenose dolphins with
relatively high concentrations of mercury in comparison to
those without such conditions.

Other Elements

Various studies have provided data ot concenrrations of up
to 40 trace elements in tissues of marine mammals (Appen-
dices 5 to 8). Most of these elements are currently of lesser
congcern as toxic contaminants in marine mammals than cad-

miurn, lead, or mercury, chiefly because of their relarively
low concentrations, their necessity as essential dietary ele.
ments, or because of an absence of information suggesting
harmful effects at reported levels of exposure. Arsenic hag
been reported in numerous species of marine mammals, buc
at levels not considered toxic. Copperisan essential element
thar rypically decreases with age in livers of marine mammals
(Table 10-4). Ithas not beenimplicated as a potential threatin
marine mammals except for a specificlocalized case where it
was applied as an aquatic herbicide in a winter feeding
ground of Florida manatees (O"Shea et al. 1984). In this case,
elevated hepatic copper concentrations were found to corre-
spond with geographic patterns of copper herbicide use (af-
teradjusting for age), with maximum concentrations in liver
equivalent to those associated with toxic effects in some sen-
sitive terrestrial mammals. Unusually high concentrations of
silver have been documented in the livers of Alaska beluga
whales, positively correlated with selenium and age, but the
toxicological significance of these findings is unknown
(Becker et al. 1995). Similarly, livers of some Alaskan marine
mammals appear to have elevated vanadium concentrations
relative to marine mammals from other areas (Mackey et al.
1996). Most of the work on selenium in marine mammals has
focused on its protective association with mercury, but this
essential elemetit can be toxic to other mammals in its own
right. Very little is known about interactions among otherel-
ements in marine mammals, butimbalances, particularly in-
volving bromine, have been suggested as playing a role in
premature parcurition in California sea lions (Mattin et al.
1976). Certainly, much remains to be learned about the roles
of potentially toxic elements in the health of marine mam-
mals. Recent work, for example, has revealed the presence of
organotins (butyltins) in blubber of eight species of marine
mammals, with higher concentrations in individuals from
coastal areas (Iwarta et al. 1994). Unlike organochlorines, the
butylcins have a greater affinity for tissues with a higher pro-
tein-binding capacity, such asliver and hair, than lipid-rich tis-
sues (Kannan etal. 1996, Kim etal. 1996). Butyltins have been
used in a variety of applications, including marine antifoul-
ing paints, pesticides, and wood preservatives. The possible
toxic significance of their recently discovered (Iwata et al.
1994, Kim etal. 1996, Kannan etal. 1998) accumulation in tis-
sues of marine mammals isundetermined.

Other Contaminants and Toxins

Air Pollutants

Marine mammals inhabiting urbanized coastal areas are sub-
ject to contamination from various air pollutants at levels
similar to those experienced by large fractions of the human




population. However, little research has been conducted on
potential impacts of air pollution on marine mammals. Raw-
son et al. (1991) noted the presence of carbon deposits in
macrophages in mediastinal lymph nodes and lung tissue of
Atlantic bottlenose dolphins from the west coast of Florida.
Such deposits are also typical in humans and domestic ani-
mals in urban areas, and stem from inhaled carbon particles
that enter the alveoli and are ingested by macrophages that
pass to the mediastinal lymph nodes of the pulmonary lymph
systems. No pathology was associated with these deposits in
the limited number of cases observed in Florida. Mercuric se-
lenide (tiemannite) granules in tissues of bordenose dolphins
and pilot whales from this area may possibly result from in-
halarion of atmospheric mercury (Rawson etal. 1995).

Aromatic and Polycyclic Aromatic Hydrocarbon's

The aromatic and polycyclicaromatic hydrocarbons (AHs and
PAHs) are often topics of investigation in marine pollution
studies, but have not been an extensive focus of inquiry in ma-
rine mammals. These compounds can stem from numerous
natural and anthropogenic sources, but as contaminants they
are chiefly associated with components of petroleum. AHs
have carbon atoms arranged in ring structures (1 to 6 rings
with 6 carbon atoms per ring) and PAHs are AHs with up to 7
fused carbon rings that can have substitutionsattached (Albers
1995). They include some well-known carcinogens such as
benzo{a]pyrene. The PAHs and AHs do not show great bio-
magnification in food chains and are readily metabolized by
many organisms. Hellou etal. (1991) found relatively low con-
centrations of PAHs in muscle tissue of 28 harp seals from
the northwest Atlantic, and no accumulation with age. Low
concentrations were also reported in muscle samples from
smaller numbers of a wider range of species from the same
region, including harbor, harp, hooded (Cystophora cristata),
and ringed seals, and single beluga, sperm whale, and minke
whales, common and white-sided dolphins (Hellou et al.
1990). Law and Whinnertt (1992) also reporred simiiarly low
concentrations of PAHs in muscle tissue of 26 harbor por-
poises from the coast of the United Kingdom. PAHs have been
hypothesized to be responsible for tumors in belugas of the St.
Lawrence River estuary through the formation of DNA
adducts (e.g., Martineau et al. 1988), but this view is not fully
accepted (Geraci etal. 1987), and DNA adducts have also been
reported at similar levels from beluga whale livers in remote
locations with negligible PAH contamination (Ray etal. 1992).

Dinoflagellate Toxins

[rruptions of toxin-producing marine dinoflagellates of vari-
ous species occur throughout the world. Although not con-
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sidered anchropogenic contamination, a seeming increase in
irruptions worldwide is suspected to be associated with nu-
trient enrichment and other human activities (Anderson
1994). Some dinoflagellate blooms have been associated
with mortality of fish, birds, and mammals, as well ashuman
mortality and illness (particularly from ingesting shellfish
and other seafood that have concentrated dinoflagellate tox-
ins). The characreristics of poisoning vary with species of
dinoflagellate, mode of exposure, and chemical characteris-
tics of the roxins produced. The resulting toxic syndromes
(known best from human exposure) fall into four categories:
neurotoxic shellfish poisoning, paralytic shellfish poisoning
(PSP), diarrheric shellfish poisoning, and ciguatera poison-
ing (Baden 1983, Steidinger and Baden 1984). Most symp-
roms are neurological or gastrointestinal. Mortality of bot-
tlenose dolphins and manatees has been associated with
blooms of the dinoflagellate Ptychodiscus brevis (also referted
toas Gymnodinium breve) in Florida (Gunreretal. 1948, Layne
1965, O'Shea et al. 1991), which were also held responsible
for the widely publicized manatee die-off of 1996 (Bossart et
al. 1998). In the latter case, manatees may have been exposed
to lethal amounts of brevetoxin through ingestion of con-
taminated food or water or perhaps through inhalation of
aerosols released during lysis of cells by wind and wave ac-
tion at the water surface (severe lesions were present in the
lungs of many manatees). Deaths attributable to toxins pro-
duced by other dinoflagellate species have also been ob-
served inhumpback whales (Geracietal. 1989) and sea otters
(De Gange and Vacca 1989). In the case of the humpback
whales, the agent was saxitoxin produced by the dinoflagel-
late Alexandrium tamarense, a substance that can accumulate
in food chains and had built up in mackerel ingested by the
humpbacks. Experimental feeding studies have demon-
strated that sea otters will selectively avoid the most toxic
portions of prey clams with high quantities of PSP roxins
{Kvitek et al. 1991).

Radionuclides

lonizing radiation can produce a broad spectrum of injuries
to mammals at the molecular, cellular, organ, and organis-
mal levels, including effects on behavior, growth and devel-
opment, and muragenicity and carcinogenicity (fora review,
see Eisler 1994). Anthropogenic radionuclides that contami-
nate today's ecosystems come primarily from fallout from
nuclear weapons testing (which peaked 30 to 50 years ago),
the Chernobyl accident in 1986, nuclear reactor operations,
nuclear fuel processing and disposal, and applications in
medicine, industry, agriculture, and research. Only a few
studies have examined marine mammals to determine the
extent oftheir contamination by radionuclides, and none has
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reported any associated effects. Anderson et al. (1990) exam-
ined milk and tissues of gray seals collected in 1987 from the
North Sea and North Atlantic for cesium-137 ("*7Cs) and the
actinides plutoniumand americium. Levels of '’Cs were low
in milk and tissues and about 70% was attributed to the nu-
clear reprocessing industry in England, with the remainder
from the Chernobyl accident. Actinides were barely de-
tectable. Anderson et al. (1990) concluded that there was no
evidence for extensive concentration of radionuclides from
fish prey and that the radiation doses received by seals were
below the limit for human radiation workers, but likely
higher than limits set for the general public. Calmet et al.
(1992) collected muscle and liver tissues from spotted, spin-
ner, and common dolphins from the eastern Pacific and de-
termined '”’Cs concentrations as well as “K and #°Pb. These
investigators concluded that the concentration factor from
seawater was about the same asin fish, and that the radiation
doses measured are unlikely to have effects on dolphin pop-
ulations. Other marine mammals in which radionuclides
have been measured include fin whales (Osterberg et al.
1964, Samuels et al. 1970), harp seals (Samuels et al. 1970),
sperm whales, spotted seals, and bearded seals (Holtzman
1969, cited in Eisler 1994).

Conclusions and Future Research Needs

Interpreting the significance of the presence of contaminants
in marine mammal tissues is a difficult and sometimes con-
troversialarea. However, the readershould bear in mind that
the published literature summarized in the appendices to
this chapter includes results of organochlorine and toxic ele-
ment residue surveys from more than 13,000 samples of ma-
rine mammals. Laboratory analyses for determination of
contaminants are expensive; these results represent a cumnu-
lative investment by society of many millions of dollars. An
enormous amount of information has been learned from
these surveys about fundamental patterns of variaton in
contaminant residues in marine mammals. Some of the
organochlorines, for example, are known to accumulate
differentially in the most lipid-rich tissues, and to increase
with age in males bur not in reproductive females who
largely shunt these substances to their young through lac-
tation. DDE and PCBs are the most commonly reported
organochlorines. PCBs vary widely in individual persistence
and resistance to metabolism. Global transport of organo-
chlorines has been verified, and these substances show up
in the bodies of marine mammals, albeit at low concen-
trations, in some of the most remote areas of the world’s
oceans. [n more inshore species in some of the most heav-
ily contaminated environments, an alphabet soup of differ-
ent organochlorines can be detected, some at incredibly

high concentrations, particularly in species highest in the -
food web.

The study of organochlorines is complex, however, and
analyses that focus on residues alone, although expensive,
leave much to be desired for interpretation of significance to
the health and dynamics ofexposed populations. In addition,
many studies have small sample sizes. Despite a considerable
investment in research, no marine mammal deaths in the
wild have conclusively been shown to be a direct result of
organochlorine or toxic element exposure. Indirect effects
have been difficult to pinpoint. Reproductive impairment
and gross lesions associated with organochlorine contami-
nants have been convincingly demonstrated in a few highly
polluted areas, and experimental cause-and-effect srudies
have been carried out in only one species. There is mixed ev-
idence for linkages with increased susceptibility to disease,
and the complex study of biochemical and physiological
effects in marine mammals is in its infancy. Although there is
a lack of absolute scientific certainty in linking the presence
of specific organochlorine contaminants to detrimental im-
pacts on marine mammal populations, the body of indirect,
circumstantial evidence reviewed in this chapter continues
to grow. Organochlorine pollution of the seas will condnue,
particularly from PCBs, and efforts to abate contamination
without waiting for more “smoking guns” can only benefit
marine mammal conservation in the long run.

The study of toxic elements has included determination
of residue concentrations from thousands of individuals in
numerous species. This work has revealed patterns of varia-
ton that include relationships among metals, such as the
protective linkage berween selenium and mercury, organ-
specific sites of accumulation for certain metals, and age-
dependent accumulation (cadmium in kidneys) or loss (cop-
perin livers) of some elements. Some elements can be found
in very high concentrations in marine mammal tssues be-
cause of high, narurally occurring geologic sources (for ex-
ample, mercury in the Mediterranean Sea) or relatively high
amounts in prey (for example, cadmium in squid). However,
most of the mercury found in marine mammal livers is not
in the toxic methylated form, and although mercury may
sometimes occur at concentrations in livers of marine mam-
mals that exceed toxicamounts in other species, itappears to
be detoxified and no harmful effects have been conclusively
demonstrated. Similarly, higher concentrations of cadmium
in tissues of marine mammals are protectively bound by
merallothionein proteins, and no associated pathological
effects of cadmium are known from these animals. Very little
is known abourt sources of varation, interactions and effects
of most of the other potentially toxic elements found in tis-
sues of marine mammals. Unlike organochlorines, most re-
search has not gone beyond the study of residue concentra-




tions, and little detail is known abour relationships among
metals and marine mammal physiology, disease, or popula-
tion dynamics. Knowledge of other contaminants and roxins
in marine mammals s even less comprehensive although,
unlike anthropogenic chemicals, dinoflagellate biotoxins
have been more firmly established as sources of direct mor-
tality and morbidity ol marine mammals,

Tohave a maximum impact onknowiedge, furure research
on the presence of contamiuant residues in marine mammals
needsto emphasize obtaining sufficiently large sample sizesto
partiuon vanation in residue concentrations among such po-
tentially significant sources as age, sex, location, reproductive
status, feeding habits, and vutritional status. in addinon, ro al-
low for adequate iuterpreration, conraminant studies should
include corollary research such as gross parhology and his-
ropathology, analysis of reproducrive tracts, and evidence
ofbiochemical lesions such as MFO acrivity, circulating Jevels
ofhormones, and orher biomarkers. These data shouid be col-
lected from the same individuals for which contaminant con-
centrations are determined. Knowledge of overall habirar
quality and the status of the population (increasing or declin-
ing, harvested or unharvested) from which samples are ob-
tained is also useful for interpretation of conraminant dara.
These requiremencs are a tall order and would have greatest
chances of success in establishing associations berween con-
taminant exposure and biological effecrs if carried out simul-
taneously in areas of contrasting contamination. Because of
sample size requirements, advantage should be taken of ob-
taining fresh samples from by-catches of fisheries or from har-
vested populations. As an alternarive approach, utilization of
biopsy sampling techniques (Aguilar and Borrell 1994¢) would
be of particular value if combined with studies thar emphasize
Jongitudinal record keeping on reproductive histories of some
of the same individuals {see Wells, Boness, and Rathbun,
Chapter 8, this volume) or where detailed observauonal fol-
Jow-up is possible. as m the case of pinniped breeding colonies.
These suggestions norwithstanding, impacts of contaminants
on marine mammals would most conclusively be determined
through carefully controlled captive feeding experiments.
Thus far, expense and erhical-political considerations have
prevented such research in all buta very few cases.
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Appendices

The lirerarure on environmental contaminants in marine mammals
spans numerous disciplines, making access difficult to those beginning
work in this field. Sources include journals in the fields of chemistry,
biochemistry, environmental sciences, physiology, toxicology, wildlife
biology, marine mammalogy,and other areas of study. For ease of
entry into this literature, [ have tabulated information from most of
the published references in this field that have appeared during the
past 30 years (through most of 1996). Tables can be used to find infor-

Appendix 10-1.

Yamamoro, Y., K. Honda, H. Hidaka, and R. Tatsukawa. 1987. Tissue
distribution of heavy merals in Weddell seals (Leptonychotes wed-
delli). Marine Pollution Bulletin 18:164-169.

Yediler, A.. A. Panou, and P. Schramel. 1993. Heavy merals in hair
samples of the Mediterranean monk seal (Monachus monachus).
Marine Pollucion Bulletin 26:156-159.

Zakharov, V. M., and A. V. Yablokowv. 1990. Skull asymmerry in the
Balcic gray seal: Effeccs of environmental pollution. Ambio
19:266-269.

Zeisler, R, R. Demiralp, B. ]. Koster, P. R. Becker, M. Burow, P.
Ostapczuk, and 8. A, Wise. 1993, Determination of inorganic
constituents in marine mammal tissues. The Science of the Tortal
Environment 139/ 140:365-386.

Zhu. ].,and R.]. Nostrom. 1993. Identification of polychlorocam-
phenes (PCCs) in the polar bear {Ursus marnitimus) food chain.
Chemosphere 27:1923-1936.

Zhu,]., R.]. Norstrom, D.C.G. Muir, L. A. Ferron, ].-P. Weber,
and E. Dewailly. 1995. Persistenr chlorinated cyclodiene com-
pounds in ringed seal blubber, polar bear fat, and human plasma
from northern Québec, Canada: [dentification and concentrations
of photoheprachlor. Environmental Science and Technology
29°267-271.

mation on various species, regions of the world, and rypes of contami-
nants, organs, and numbers of individuals investigated. | hope these
rabulations prove useful in planning future studies as well as in making
comparisons with completed work. Original sources should be ob-
tained for more derailed observations and interprecation. Species
names are as used in the original publications and may differ from
those provided in Chapter 1.

Summary of Selected Organochlorine Residue Surveys in Pinnipeds

Number of
Sample Tissues Individuals
Species Region Period Sampled Sampled Compounds Reported References
Arcrocephalus New Zealand (captive) — L 5 PCBs, DDE, DDT, TDE, ZDDT Solly and Shanks 1976;
forstent Lock and Solly 1976
A. gazella Antarctica 1984-85 Mi 3 PCB congeners, DDE, 0,p-DDE, DDT, Bacon etal. 1992
o,p"-DDT, TDE. 0,p"- TDE, chlor-
danes, heptachlor epoxide, dieldrin
A. gazella Antarcrica 1987 B 1 PCB congeners, PCDDs, PCDFs Oehme et al. 1995b
A. pusillus Southeastern Australia — B.LMO 11 DDT, TDE, DDE, XDDT, PCB, HCB, Smillie and Waid 1987
HCH
Collorhinus Alaska 1981 Mi 7 PCB congeners, DDE, 0,p"-DDE, DDT, Bacon et al. 1992
ursinus o,p"-DDT, TDE. 0,p"TDE, chior-
danes, heprachlor epoxide, dieldrin
C. ursinus Alaska 1990 B L & Y DDT. PCBs Varanasi ecal. 1992,
1993b
C. urstnus Alaska | Pnbilof Islands) 1990 B, Br, L. Lu, Mi 4 HCHSs Mossuer et al. 1992
C. ursinus Bering Sea (Alaska) 1987 B KL M 2 DDT, o,p"-DDT. TDE, DDE, 0,p-DDE, Schantz etal. 1993

LDDT. PCBs, PCB congeners, HCB,
HCHs. heptachlor epoxide, chlor-
dane, t-nonachlor, dieldrin
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Appendix 10-1  continued
Number of
Sample Tissues Individuals
Species Region Penod Sampled Sampled Compounds Reporred References
C. ursinus Eastern North Pacific 1968-69 Br, L 30 DDE, TDE, DDT, dieldrin Anas and Wilson 1970
(Alaska, Washingion)
C. wrsinus Eastern Nouth Pacific 197980 L q DDE, TDE, DDT, £DDT, PCBs Britt and Howard 1983
(Southern California)
C. ursnus Eastern North Pacific 1972 B 12 Y.DDT plus PCBs combrned Anas and Worlund
(Washington) 1975
C. ursinus Japan 1971-88 B 105 DDE, DDT, TDE, 2DDT, PCBs, PCB  Tanabe eral 1994b
congeners, HCHs
C. ursinus North Pacific {Pribilof  1968-69 B, Br, L, M, M1 37 DDE, TDE, DDT, dieldrin Anas 1971
Islands; Washingron)
C. ursinus Pribilof Islands (Alaska) 1972 B, O 7 DDE, TDE, DDT, 0,p"-DDT, 0,p"-TDE, Kuttz and Kim 1976
TDDT, dieldnn, PCBs
Cystophora Greenland 1972 B S DDE, PCBs, heprachior epoxide, al- Clausen et al. 1974;
cristata drin. lindane Clausen and Berg
1975
C. cnstata Gulf of St. Lawrence 1960s B H DDE, TDE, DDT, PCBs, dieldrin Holden 1970
(Canada)
Engnathus Arcuc (Canada) 1971-72 Far 2z DDE, TDE, DDT, PCBs Bowes and jonkel
barbatus 1975; Bowes and
Lewis 1974
E. barbatus Greenland 1972 8 1 DDE, PCBs, heprachior, heptachior Clansen et al. 1974;
epoxde, aldrin, lindane Clausen and Berg
1975
Eumetopias Japan 1990 -3 4 DDE, DDT, TDE, ZDDT, PCBs, PCB  Tanabe eral. 1994b
Jjubatus congeners, HCHs
E. jubatus alaska 1985-90 B.L 8 ZDDT, PCBs Varanas: et al. 1992,
1993b
E. jubatus Alaska, Bering Sea 1976-81 B, L 43 DDE, TDE, DDT, ZDDT, HCHs, Leeetal 1996
HCB, chiordanes, nonachlors, oxy-
chiordane, PCBs
E. jubatus Japan 1994 B.K,L.M,O 1 2DDT, PCBs, HCHs, chilordanes Kum et al. 1996
Halichoerus Baltic Sea 1969-73 B 60 ZDDT, PCBs Olsson et al. 1975
grypus
H. grypus Baluc Sea 1991 B L 1 Y.DDT, PCBs, methyl sufones of PCB Bergman et al. 1994
congeners and DDE
H. grypus Balog Sea (Finland) 1981-87 B 7 PCB congeners, PCDFs, PCDDs, Koistinen 1990
PCNs, hexachlorinated anthracenes
H. grypits Baluc Sea (Finland; 1985-89 B 1 ZDDT, HCH, lindane, HCB, chlor-  "Paasivirta and Ranuo
dane. toxaphene, PCN, PCBs, PCB 1991
congeners, dibenzofurans
H. grypus Baluc Sea 1976-82 B,K.L.M 9 DDT, TDE. DDE, ZDDT, PCBs, Peruild eral. 1986
(Guif of Finland} chiordanes, trans-nonachlor,
oxychlordane
H. grypus Baltic Sea (Sweden) 1968 B, L, Mi 8 DDT, ZDDT, PCBs Jensen et al. 1969
H. grypus Baltic Sea (Sweden) 1979-87 B — PCDDs, PCDFs deWitetal. 1992
H. grypus Baltic Sea {Sweden) 1976 Fat 3 PCBs, PCTs Renberget al. 1978
H. grypus Baltic Sea (Sweden) 1974-77 B 5 YDDT, PCBs, chlordanes, HCHs, Jansson et al. 1979
toxaphene °
H. grypus Baltic Sea (Sweden) — B, K, L, other 5 DDE, PCBs, phenolic merabohtes Jansson et al. 1975
H. grypus Baltic Sea (Sweden) 1979-90 B 37 LDDT, PCBs. PCB congeners, methyl  Blomkvist et al. 1992;
sulfones of PCBs and DDE Haraguchi ec al.
1992
H. grypus Britain - B.Br.K L,M,O 25 2LDDT. PCBs, dieldrin Heppleston 1973
H. grypus Eastern North Atlantuc  1977-79 B, L 12 2DDT, PCBs, HCB, HCHs Ofstad and Martinsen

(Norway)

1983

Continued on next page
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continued

Species

H. grypws
H. grypus

H. grypus
H. grypus

H. grypus
H. grypus

H. grypws

H. grypus
H. grypus

H. grypus
H. grypus
H. grypus
H. grypus
H. grypus

H. grypus

H. grypus

H. grypus

Hydrurga

leptonyx
H. lepronyx

Leptonychotes
weddelli

L. weddeili

L. weddell

L. weddellri
L weddelli;

L weddelin
L. weddellit

L. weddelln
Lobodon
caranophagus

Sample Tissues
Region Peniod Sampled
England 1960's B, L
Engiand 1988-89 B, KL
Gulf of St. Lawrence 1960 B
(Canada)
North Adantic (Wales) 1988 B, KL M
North Sea (England) 1965 L.
North Sea (England) 1972 B.L
North Sea (England) 1988 B
North Sea (Scotland) 1988 B
Northeast Atantic — B.KLM
{France)
MNorthwest Adantc 1987 B, Mi
{Nova Scouia}
Norway 1991 Blood
Nova Scotia — B
Scotand 1960s B
Scotland 1965-67 B.Br. K,L .M. O
Western North 1967 B
Adannc {Canada)
Western North 1982 B
Adanuc (Nova
Scona)
Western North 1984-85 B,O
Adannc (Nova
Scoua)
Auscralia —_ B
New Zealand — L
(captive)
Antarctic 1981 B
Antarcric 1981 B
Antarcuca 1980-82 B,Br,K.L.M,O
Antarcuca — B
Antarctica 1965-67 Fat
(McMurdo Sound)
Antarcrica (Ross Island) 1964 Br, fat, KL .M, 0
Anrtarcuc (Weddel! Sea) — B
Ross Sea Antarcuca 1965-67 Fat

Ross Sea (Antartica)

1964 B.L

DDE. TDE, DDT, ZDDT

MNumber of
Individuals
Sampled Compounds Reported References
13 DDE, TDE, DDT, PCBs, dieldrin Holden 1970
8 DDE, TDE, DDT, dieldrin, HCH, Simmonds et al. 1993
HCB, PCBs
7 DDE, TDE, DDT, PCBs, dieldnn Holden 1970
ri HCB, HCHzs, dieldrin, DOE, DDT, Morris et al, 1989
TDE, PCBs, PCB congeners
1 DODE, dielddn Robinson et al. 1967
189 DDE, TDE, DDT, 2DDT, PCBs, diel- Donkin etal. 198}
drin, total organohalogens
3 DDE, TDE, DDT, PCBs, PCB con- Law eral. 1989
geners, dieldrin, HCHs, HCB
7 2DDT, PCBs Blomkvist et al. 1992
4 2DDT, PCBs Alzieu and Duguy
1979
25 PCBs Schweigert and Stobo
1994
17 DDE. DDT, LDDT, PCBs, PCB Jenssen et al. 1994
congeners
i8 PCBs Addison et al. 1988
3l DDE, TDE, DDT, PCBs, dieldrin Helden 1970
- DDE, TDE, DDT, IDDT, dieldrin Holden and Marsden
1967
— DDE, TDE, DDT, dieldrin Holden and Marsden
1967
16 DDE, TDE, DDT, ZDDT, PCBs Addison eral. 1984
30 DDE, DDT, LDDT, PCBs, PCR Addison and Brodie
congeners 1987
1 ODE, DDT, PCBs, oxychlordane, Kemper et al. 1994
heprachlor epoxsde, HCB
1 PCBs Solly and Shanks 1976
1 YDDT, PCBs, HCHs Tanabe ecal. 1983
3 Y DDT, PCBs, cis-chlordane, cis- Kawano er al. 1984
nonachlor, ¢-nonachlor, oxychlor-
dane
5 2.DDT, PCBs, PCB congeners, Kawano et al. 1986,
ais-chlordane, t-chlordane, cis- 1988; Hidaka er al.
nonachlor, t-nenachior, oxychlor- 1983
dane
1 roxaphene Vetter ecal. 1992
20 DDE,DDT Brewerton 1969
16 DDE, DDT George and Frear 1966
4 HCBs, HCHs, DDE, DDT, TDE, Luckas et al. 1990
IDDT, PCBs, PCB congeners,
roxaphene, chlordane
20 DDT, DDE Brewerton 1969

Sladen et al. 1966
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continued

Number of
Sample Tissues Individuals
Species Region Peniod Sampled Sampled Compounds Reported References
Mirounga California — B, blood — PCB congeners, HCB, mirex, Newman eral. 1994
angusnrosins t-nonachlor, oxychlordane, hepra-
chlor epoxide
M. angusuirostris  California 1974-81 i DDE, TDE. DDT, £DDT, PCBs Britt and Howard 1983
M. angustirostris  California 1983-8¢  BK,L,M LDDT. PCBs Schafer et al. 1984
M. angustirostris  California 1986-87 Mi PCB congeners, DDE, o,p"-DDE, Bacon eral. 1992
DDT, 0.p-DDT, TDE, 0,p-TDE,
chlordanes, heptachlor epoxide,
dieldrin
Monachus Mediterranean 1990 B,Br,K.L,M, O 1 PCBs, DDT, HCHs Cebrian Menchero
monachus (Creece) eral 1994
M. schawinslandi  Hawaii — B,K.L,Lu, O 1 DOE, PCBs, PCP Takei and Leong 1981
Neophoca ainerea Australia 1987 Mi 5 PCB congeners, DDE, o,p"-DDE, Bacon etal. 1992
DDT, o,p"-DDT, TDE, 0,p"- TDE,
chlordanes, heptachlor epoxide,
dieldrin
Odobenus Arcoic (Greenland) 1975, B 28 2ZDDT, DDE. DDT, PCBs Born ecal. 1981
rosmarus 1977
O. rosmarus Arctic — 8 4 PCBs, PCB congener rados Norstrom et al. 1992
(Baffin Bay, Canada)
0. rosmarus Arcac (Canada) 1985-92 B 53 DDE, ZDDT, PCBs, PCB congeners,  Muir et al, 1995
dieldrin, mirex, oxychlordane, chlor-
danes, toxaphene, HCHs, CBz,
PCDD:s, PCDFs
O. rosmarus Bering Sea 1981-84 B 53 Dieldrin, oxychlordane, 12 others ana-  Taylor et al. 1989
lyzed burnot found
Ommatophoca Antarcrica 1981-82 B 20 DDT, DDE, TDE, PCBs, dieldrin McClurg 1984
Tosst
Phoca Arctic {Greenland Sea) 1991 B, Br 11 DDE, TDE, DDT, £DDT, HCHs, Ochme et al. 1995b
groenlandica HCB, PCBs, PCB congeners,
PCDDs, PCDFs
P. groenlandica  Gulfof St. Lawrence 1968 Mi 1 DDE, DDT Cook and Baker 1969
(Canada)
P. groenlandica  Gulf of S1. Lawrence 1971 B 18 DDE. TDE, ODT, ZDDT. PCBs, Addison etal 1973
(Canada) dieldrin
P groenlandica  Gulf of St. Lawrence 1971-73 BB, KL. MO 3l DDE, TDE. DDT. ZDDT, PCBs, Rosewell et al. 1979
(Canada) dieldrin, HCBs
P groenlandica  Gulf of St. Lawrence 1972-73 B.Br,K.L 0 DDE, TDE, DDT, LDDT, dieldrin, Jonesetal, 1976
(Canada) PCBs
P.groenlandica  Gulfof St. Lawrence 1982 B 22 DDE, TDE. DDT. ZDDT, PCBs Addison et al. 1984
(Canada)
P. groenlandica  Gulf of St. Lawrence 1988-89 B 50 2DDT. p,p-DDE, PCBs, PCB Beck etal. 1994
and Hudson Straut congeners
(Canada)
P. groenlandica Morth Atlantic 196971 B,Br,L. M 78 YDDT, PCBs, dieldrin Franketal. 1973
(Canada)
P groenlandica  Northwest Atlanric 1976-78 B,Br,K.L.M,0 248 2DDT, PCBs, dieldrin, chlordane, Ronald et al. 1984a
and Arcoc oceans heprachlor epoxide. HCB
{Canada, Greenland)
P groenlandica ~ Western North Adlantic 195462 commercial oils - ZDDT. DDE, TDE, DDT. dieldrin, Addison et al. 1972
PCBs
P hispida Arcuc 1 Canzda) - 8 8 PCBs, PCB congeners Ford ecal, 1993
P. huspida Arctic (Canada) 1960s B 3 DDE, TDE. DDT. PCBs, dieldrin Holden 1970

Connnued on next page
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Appendix 10-1  continued
Number of
Sample Tissues Individuals
Species Region Period Sampled Sampled Compounds Reported References
P. hispida Arctic {Canada) 1970-72 Fat, L, M 11 DDE. TDE, DDT, 0,p-DDT, PCBs Bowes and Jonke!
1975; Bowes and
Lewis 1974
P hispida * Arcnc (Canada) 1972 B 28 DDE, DDT. ZDDT, PCBs Addison and Smith
1974
P. hispida Arctic (Canada) 1989-91 B 11 DDE, ZDDT, PCBs, PCB congeners,  Muir et al. 1995
dieldrin, mirex, oxychlordane, chlor-
danes, toxaphene, HCHs, HCBz,
PCDDs, PCDFs
P. hispida Arctic (Canada) 1992 B i PCBs, 2DDT, HCHs, chlordane, toxa-  Zhu eral. 1995; Zhu
phene, PCB congeners and Norstrom 1993
P. hisprda Arcnc (Norway) — B I HCBs. HCHs, DDE, DDT. TDE, Luckas et al. 1990
2DDT, PCBs, PCB congeners -J
P hispida Arcuc (Norway) 1960s B 2 DDE, TDE, DDT. PCBs, dieldrin Holden 1970 i
P. hispida Arctic — B 4 PCBs, PCB congener ratios, PCDDs,  Norstrom et al. 1992 '
(Batfin Bay, Canada) PCDFs
P. hispida Arctic (Canada) 1983-84,  B,L 67 DDE. ZDDT, PCBs, PCB congeners, ~ Muir ecal. 1988b
1975-76, HCHs, chlordanes, toxaphene, diel-
1972 drin, CBZ
P hispida Arctic (Canada) 1983-84, B 78 PCDDs, PCDFs, PCBs, HCB MNorstrom et al. 1990
1985-86
P. hispida Baltic Sea 1969-73 B 33 2DDT, PCBs Olsson et al. 1975
P hispida Baltic Sea 196974 B 73 I DDT, PCBs Helle et al. 1976a;
Olsson eral. 1975
P. hispuda Baltic Sea 1975 B 109 ZDDT, PCBs Helle et al. 1976b i
P. hispida Baldic Sea (Finland) 1981-87 B 7 PCB congeners, PCDFs, PCDDs, Koistinen 1990
PCNis, hexachlorinared anthracenes
P. hispida Baltic Sea (Finland) 1985-89 B 1 2DDT, HCH, lindane, HCB, chlor- Paasivirta and Raatio
dane, toxaphene, PCN, PCBs, PCB 1991
congeners, dibenzofurans
P. hupida Baltc Sea (Gulf of 1968 B 2 DDT, £DDT. PCBs Jensen et al. 1969
Bothnia, Sweden)
P. hispida Baltic Sea (Sweden) 1960s B 1 DDE, TDE, DDT, PCBs, dieldrin Holden 1970
P. hispida Balric Sea (Sweden) 197987 B — PCDDs, PCDFs deWitetal 1992 i
P. hisprda Baltic Sea (Sweden) 1980-88 B 17 YDDT. PCBs. PCB congeners, methyl Blomkvisc et al, 1992;
sulfones of PCBs and DDE Haraguchi et al. !
1992
P. hispida Chukchi Sea, Norton 1988 B.K L 4 DDT, 0,p"-DDT, TDE, DDE, 0,p"- Schantz et al. 1993
Sound {Alaska) DDE, LDDT, PCBs, PCB congen-
ers, HCB, HCHs. heprachlor epox-
ide. chlordane. t-nonachlar, dieldrin
P hisprda Greenjand 1972 B s DDE, PCBs, heprachlor, heprachlor Clausen et al. 1974;
epoxde, aldrin, lindane Clausen and Berg
1975
P. hispida Lake Saimaa (Finjand) 1977-81 BK.L MO 14 DDE, TDE, DDT, ZDDT, PCBs, Helle eral. 1983
chlordane, chlorophenols
P, hispda North Sea (Germany} —_ B 1 DDE, DDT, TDE, LDDT, PCBs, Harms eral. 1977/78
lindane, dieldnn
P. hupida North Sea (Germany) 1975 B l ZDDT, PCBs, dieldrin, lindane Drescher 1978
P. hisprda Northern Quebec, 1989-90 B 41 PCBs, chlordanes, nonachlors, oxy- Zhu eral. 1995
Canada chlordane, heprachior epoxide, pho-
toheprachlor
P. huspuda Norway 1986 B 7 PCDDs, PCDFs, HCB, HCHs, DDE,  Ochme eral. 1988,
TDE.DDT. £DDT, PCBs 1990
P hispida Norway 1950 B,L.K 13 PCBs, DDE, PCB congeners Daclemans et al. 1993
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continued

Species

P. hispida
P hispida

P largha
P largha

B sibenca

P. siberica

P, vitulina
P. vitulina
P witulina
P. virulina
P vitulina
P, witulina
B vituling
P witulina
P virulina
P vitulina

P. vitulina
P. vitulina

P, vituiina
P. virulina

P, vitulina
P. vitulina
£ wvitulina

£ vituhna

B vituling

B vituling

P virulina

B viuhina

Region

Western Arcric
{Canada)

Western North Adantic
{Canada)

Alaska

Japan
Lake Baikal

Lake Baikal

Alaska
Baltic Sea (Sweden)

Baltic Sea (Sweden)

Baldc Sea (Sweden)
Britain

California

Cook [nlet {Alaska)

Eastern North Adantic
(Norway)

Eastern North Pacific
(Southern Califoraia}

Eastern North Pacific
(US.A))

England

England

[celand
Netherlands

Netherlands (capuive)
North Atlannc (U.5.A.)
North Adantc (Iceland)
Norch Atlanuce
(Bay of Fundy,
Gulf of Maine)
North Sea (Denmark)
Morth Sea {Deumark)

Norch Sea (England)

North Sea (Germany)

Number of
Sample Tissues Individuals
Period Sampled Sampled Compounds Reporred References
1981 B 3l DDE, DDT, ZDDT. PCBs Addison et al. 19862
1967 B — DDE, TDE, DDT. dieldnn Holden and Marsden
1967
1975 [¢] — DDE,DDT,0,p-DOT Serateral. 1977
1991 B 4 DDE, DDT, TDE, LDDT, PCBs, PCB  Tanabe et al. 1994b
congeners, HCHs
- B 1 ZDDT, PCBs, chlordane, HCHs, Kucklick et al. 1993
toxaphene )
— B 1 DDE, TDE. DDT, 0,p"-DDT, ZODT.  Kucklick et al. 1994
PCBs, PCB congeners, HCB, HCHs,
heptachlor, chlordanes, t-nonachlor,
toxaphene
1989-90 B.L 9 LDDT, PCBs Varanass et al. 1992,
1993b
— B 9 HCB. HCHs, DDE, TDE. DDT, Luckas eral. 1990
LDDT. PCBs, PCB congeners
1979-89 B 55 2.DDT, PCBs, PCB congeners, methyl  Blomkvist et al. 1992;
sulfones of PCBs and DDE Haraguchi et al.
1992
1979-87 B — PCDDs, PCDFs de Witeral. 1992
— B.Br. K L,M, O 5 YDDT, PCBs, dieldrin Heppleston 1973
1970 B,Br,L.M, O 2 DDE, TDE,DDT Shaw 1971
1976-78 B 23 DDE, DDT, oxychlordane, PCBs, Miles ec al. 1992
others analyzed but not detected
1977-80  B,K.L.M,O 10 ZDDT, PCBs, HCB. HCHs Ofstad and Martinsen
1983
1976-80 L 4 DDE, TDE. DDT, LDDT, PCBs Brirt and Howard 1983
1971 B 13 LDDT + PCBs Anas 1974b
1960s B 15 DDE, TDE, DDT, PCBs, dieldrin Holden 1970
1988 B,KL 15 DDE, TDE, DDT, dieldrin, HCH, Simmonds ecal. 1993
HCB, PCBs
198889 B 10 PCBs Heidmann et al, 1992
— B 1 PCBs, mirex ten Noever de Brauw
etal 1973
1981-83 Blood, feces — PCB congeners Storr-Hansen et al.
1995
1980, B.L L5 DDE, murex, HCB, = chlordane, trans- Lake etal 1995
1990-92 nonachlor, PCBs, PCB congeners
- B 7 HCB, HCHs, DDE, TDE, DDT, Luckas et al. 1990
2.DDT. PCBs, PCB congeners
1971 B,Br,.L . M 12 DDE, TDE, DDT. 0, DDT, £DDT,  Gaskin eral. 1973
dieldrin, PCBs
1988-91 B.Br.Li M.K.O 5 DDE, HCB, PCBs, PCB congeners Storr-Hansen and
Sphid 1993b
1988 B 21 DDE, HCB, PCBs. PCB congeners Storr-Hansen and
Spliid 1993a
1988 B 10 DDE, TOE, DDT. PCBs, PCB con- Law et al. 1989
geners, dieldrin, HCHs, HCB
— B,Br.K L 70 DDE, DDT, TOE, LDDT, PCBs, hn-  Drescheretal. 1977;

dane, dieidrin

Harms eral.
1977/78
Continued on next page
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Number of
Sample Tissues Individuals
Species Region Penod Sampled Sampled Compounds Reported References
P witulina North Sea (Germany) — 8 11 HCB. HCHs, DDE, TDE. DDT, Luckas et al. 1990
ZDDT. PCBs, PCB congeners
P wiruling North Sea (Germany) 1988 B 1 toxaphene Vetter eral. 1992
B wituling North Sea (Germany) 1938 B 1 toxaphene Kallenborm et al. 1994
P witulira North Sea (Germany) 1988 B 5 DDE. TDE, DDT, HCHs, HCB, PCB Becketal. 1990
congeners, PCDDs, PCDFs
P. vitulina North Sea (Germany)  1988-90 B 27 PCBs Heidmann et al. 1992
£ wituling North Sea (Germany, 1975-76 B, K L 16 DDE, TDE, DDT. LDDT. PCBs, diel-  Reijnders 1980
Denmark) drin, HCHs, heprachlor epoxide,
. others analyzed but not detected
B vitulina MNorth Sea — B,Br,K.L,O 8 DDE, TDE, DDT, o.p"-TDE, HCHs, Cruinker ec al. 1979
(Netherlands) PCBs, dieldrin, mirex
P. vitulina MNorth Sea 19603 Fat, L 3 DDE, TDE, DDT, dieldrin Koeman and van Gen-
(Netherlands) deren 1966
P wituling North Sea 1970-71 B 8 DDE, TDE, DDT, PCBs, dieldrin, Koeman eral. 1972
(Metherlands) HCB
B vitulina North Sea 1972-81 B 175 PCBs Van der Zande and
(Netherlands) De Ruiter 1983
B witulina North Sea 1975-76 B, K, L 14 DDE, TDE, DDT, LDDT. PCBs, diel-  Reijnders 1980
{Netherlands) drin, HCHs, heprachlor epoxide,
others analyzed but not detected
P. vitulina North Sea 1978 B,Br,L 3 2DDT. PCBs, dieldrin, heprachlor Kerkhofferal. 1981;
(Netherlands) epoxide, oxychlordane, rrans- Kerkhoffand de
nonachlor Boer 1982
B wituling North Sea (Norway) 1988 B,Br, K, L 10 PCB congeners Bernhoft and Skaare
1994
P witulina North Sea (UK.) 1998-89 B 89 PCB congeners, DDE, TDE, DDT, Hallecal. 1992
YDDT, dieldrin
P, virulina Northem Ireland 1988 B,L.K 55 DDE, TDE, 6,p-DDT, DDT, ZDDT.  Mitchell and Kennedy
PCBs, HCB, HCHs, heprachlor, 1992
heprachlor epoxide, chlordanes,
dieldrin
P wituling Puget Sound, US.A 1972-82 B 17 DDE, DDT, PCBs, heptachlor epox-  Walker eral. 1989
ide, HCHs, nonachlors, oxychlor-
dane, chlordane
P vitulina Scotland 1960’ B 28 DDE. TDE, DDT, PCBs, dieldrin Holden 1970
P witulina Scotland 1965-66 B — DDE, TDE, DDT, dieldrin Holden and Marsden
) 1967
P wvitulina Scotland 1988 B 9 DDE, PCBs Simmonds et al 1993
P. vitulina Scotland 1988 B L PCB congeners Wells and Echarri 1992
F. vitulina Sweden 1969-73 B 8 ZDDT. PCBs Olsson ecal. 1975
Zalophus California —_ Fat. L 1 DDE Theobald 1973
califorrianus
Z. califormanus  Cahfornia 1969 B,Br, L. M 1 DDE, TDE, DDT, dieldrin Anas 1971
Z. caltfornianus  California 1938 Mi 1 PCB congeners, DDE, 0,p"-DDE, Bacon eral. 1992
DDT,,p"-DDT. TDE, 0.p"-TDE,
chlordanes, heptachlor epoxide,
dieldrin
Z. calformanus  Califorma - L - DDE Hall ec al. 1971
Z. califormanus  Califormia 1970 B,Br,L 20 YDDT, PCBs DeLong eral. 1973
Z. californianus  California 1970-81 L 69 DDE, TDE, DDT, LDDT, PCBs Britr and Howard 1983
Z. californianus  Califorrua 1970 B,Br,L.M 25 DDE, TDE,DDT. 30DT LeBouefand Bonnell

1971
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Number of
Sample Tissues [ndividuals
Species Region Period Sarmpled Sampled Compounds Reported References
Z. californianus  California 1988-92 B 7 DDE, DDT Lieberg-Clark eral.
1995
Z.californianus  Oregon 1970-73 Br, L. M, fat 19 DDE. TDE, DDT, ZDDT, PCBs Buhler eval. 1975

B8 = blubber; Br = brain; K = kidney: L = liver; Lu = lung M = muscle; Mi = milk; O = other. Dashes appear where values were not available in original source.

CBZ = chlorobenzenes; DDE = 2,2.-bis (p-chlorophenyl)-1, {-dichloroethylene; DDT = 2.2,-bis-(p-chlorophenyl)- 1, }-tnchloroethane; ZDDT = arithmetic summation of con-
cenerations of isomers and metabolites of DDT: HCB = hexachlorobenzene: HCH = hexachlorocyclohexane; PCBs = polychlorinated biphenyls; PCDDs = polychlorinated
dibenzo-p-dioxins; PCDFs = polychlorinated dibenzofurans; PCNs = polychlorinated napthatenes; PCP = pentachlorophenol; PCTs = polychlorinated terphenyls; TDE = 2.2,-

bis-(p-chlorophenyl)-1, 1-dichloreoethane.

Appendix 10-2.

Summary of Selected Organochlorine Residue Surveys in Odontocete Cetaceans

Number of
Sample Tissues Individuals
Species Region Period Sampled Sampled Compounds Reported References
Berardius bairdii  Western North Pacific (Japan) 1985 B 3 PCBs, PCB congeners, PCDFs, Kannan ec al. 1989
PCDDs
B. bawrdii Western North Pacific (Japan) 1985 B 37 DDE, PCBs Subramanian e al.
1988a
B. bairdii Western North Pacific (Japan) 198589 B 3 HCHs Tanabe et al, 1996
Cephalorhynchus  Southern Indian Ocean 1983 Melon 11 DDE, DDT, ZDDT, PCBs, HCH,  Abarmouet al. 1986
commersonii (Kerguelen Island) rados, PCB congeners
C. heawsidii Southwestern indian Ocean 1977-87 B 9 IDDT, PCBs, HCB de Kock etal. 1994
(South Africa)
C. hectori New Zealand — B 1 ZDDT, PCBs, lindane Baker 1978
C. hectori New Zealand 1985-87 B 6 PCDDs, PCDFs Buckland ecal. 1990
Delphinapterws  Arctic (Canada) — B 6 ZPCBs, PCB congeners Ford et al. 1993
leucas
D. leucas Arctic Ocean (Canada) 1972 B.LLM 14 IDDT, DDE, TDE, DDT, 0,p" Addison and Brodie
DDT, PCBs analyzed but not 1973
detected
D. lewcas Arctic Ocean (Canada) 198384 8 29 PCDDs, PCDFs, PCBs, HCB Norstrom etal. 1990
D. leucas Baltic Sea (Germany) — B, L 1 DDE, TDE, DDT. ZDDT. PCBs,  Harms etal. 1977/78
lindane, dieldrin
D. lewcas Canada (six Jocadons) 1966-87 B,LLM 88 DDE, IDDT, PCBs, PCB con- Muir et al. 1990
geners, rados, HCH, toxaphene,
dieldrin, mirex, chlordane, trans-
nonachlor. HCEB
D. lewcas Chukchi Sea (Alaska) 1989-90 B 4 DDT,o,p“DDT. TDE, DCE. 0.p* Schantz eral. 1993
DDE, ZDDT, PCB congeners,
HCB, HCHs, heptachlor epox-
ide, chlordane, t-nonachlor,
dieldrin
D. leucas Hudson Bay (Canada) 1966 Oils — DDE, TDE, DDT, £DDT, Addison et al. 1972
dieldrin, PCBs
D. lewcas St. Lawrence River (Canada) 1982-85 B, K L Mi,O 26 LDDT, DDT, TDE, DDE, PCBs, Marctineau et al. 1987;
PCB congeners Massé et al. 1986
D. lewcas St. Lawrence River (Canada) — B 10 PCBs, PCB congener rados, Norstrom et al. 1992
PCDDs. PCDFs
D. lewcas St. Lawrence River (Canada) 1988 B, L L ZDDT. PCBs, methyl sulfones of Bergman ecal. 1994
PCB congeners and DDE

Continued on next page
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Sample Tissues
Species Region Periad Sampled
D. leucas St. Lawrence River (Canada) 1993-94 B
D. leucas St. Lawrence River (Canada), 1987-90 B, L
and Eastern Newfoundland
Delphinus Atlantic coast (US.A.) 1986-88 B
delphis
D. delphis California 1974-76 B,Br,M
D. delphis Eagtern North Atlandc (Spain} 1979 B
D. delphis Western North Pacific 1987 B
D. delphis Eastern North Pacific 1978-84 B,BrK.LLM
(California)
D. delphis France — B.KL MO
D. delphis indian Ocean (Souch Africa) 1980-86 B, L
D. delphis Japan 1968-75 B, M
D. delphis Mediterranean Sea (France) 1977 B
D. detphus New Zealand (caprive)} —_ L
D. delphis North Sea (England) 1965 B.L
D. delphis North Sea (Netherdands) 1979 B.Br. K L,
M, O
D. delphis North Atantic (U.S.A) 1971-75 B
D. delphis Southeastern Atlantic 198087 B
(South Africa)
D. delphis Southwestern [ndian Ocean 1984-87 B
(South Africa)
D. delphus Victoria, Australia — B
D. delphus Western North Atlantic — B
Feresa attenuata  Florida (Gulf and Adanuc) 197578 B, Br.K L,
M. O
Globwephala Cabforrua 1974-76 B.M

macrorhynchus

Number of
Individuals
Sampled

Compounds Reported

References

le

38

13

25

97

DDE. TDE, DDT, ZDDT, 0p*
DDE. 0,p“TDE, 0,p“DDT. diel-
drin, marex, toxapi"ncnc. CBz,
HCHs, chiordanes, nonachlors,
oxychlordane, heptachlor epox-

ide, TCP-mechane, OCS, PCBs,

PCB congeners

LDDT, DDE, TDE, DDT, dieldrin,

toxaphene, t-nonachlor, oxy-

chlordane, mirex, TCP-methane,

PCDD congeners, PCDF con-
geners, PCB congeners, CBz,
HCHs

DDE, dieldrin, HCB, mirex, chlor-
danes, lindane, heptachlor epox-

ide, PCB congeners, PCDD,
PCDFs, PBBs

DDE, TDE, DDT, 0,p“DDE, o,p"
TDE., o,p’-DDT. PCBs, dieldrin,

HCB, heptachlor epoxide, rans-

nonachlor, oxychlordane, cis-
chlordane

DDE, TDE, DDT. 0,p“DDT,
LDDT

HCHs

IDDT, PCBs

LDDT, DDE, DDT, TDE, PCBs

PCBs, ZDDT

DDE, TDE, DDT, o,p“DDE, 0,p"
TDE, 0,p “DDT, PCBs, dieldrin,
HCB, toxaphene, heptachlor

epoxide, trans-nonachlor, endrin,

mirex
DDE, TDE, DDT, HCH, PCBs

PCBs, DDE, TDE, DDT, ZDDT

DDE, dieldrin

DDE. TDE. DDT. dieldrin. HCB,
HCHs, PCBs, PCB congeners

PCBs, chlordane, dieldrin, DDE,
TDE, DDT, ZDDT

LDDT, PCBs

LDDT, PCBs, HCB

DDT. PCBs
PCB congeners

ZDODT, DDE, TDE. DDT, dieldnn,

PCBs
DDE, TDE, DDT, 0,p“DDE, o0,p*
TDE, 0.p“DDT. PCBs

Muir ec al. 1996b

Muir ec al. 1996a

Kuehl et al. 1991

Q’Shea etal. 1980

Aguilar 1984

Tanabe et al. 1996
Schafer et al. 1984

Alzieu and Duguy
1979

Cockeroft eral. 1990

O’Shea et al. 1980

Vicente and Chabert
1978

Solly and Shanks 1976;
Lock and Solly 1976

Robinson et al. 1967

Drhunker ec al. 1989

Taruski et al. 1975
de Kock eral. 1994
de Kock er al. 1994
Kemper eral. 1994
Kuehl et al. 1994

Forrester et al. 1980

O'Shea etal. 1980
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Sample Tissues

Species Region Period Sampled

G. macrortymchws  Caribbean Sea (St. Lucia) 1972 B.K.L.M

G. macrothynchus  Japan 1968-75 B

G. macrorhynchus  Eastern North Pacific 1971 L
(California)

G. macrorhynchus  Western North Adlantic — B L
(US.A)

G. macreriymchus - Western Nocth Pacific (Japan) 1985 B

G. melaena France — B.K.L.M

G. melaena North Atantic 1962-67 Oils

G. melaena North Adantic (U.S.A.) 1971-75 B

G. melaena Northwestern Atlanoc 1980 B
{Newfoundland)

G. melaena Western North Atantic — B.L

G. melanea Western North Atlantic 1986-90 8.L
{US.A)

G. melaena Auscralia — 8

G. melaena MNorth Atlantic (Faroe Islands)  1986-88 B

G. melaena Morth Adantic (Faroe [slands) 1987 B.M

G. melaena North Atdantic (Faroe Islands) 1986 8,0

Grampus grisews  British Columbia 1988 8

G. griseus France — B.KLMO

G. griseus Eastern North Adantic (Spain} 1978 B

G. griseus Eastern South Atlanoc 1970 B, L
(South Africa)

G. griseus Southwestern [ndian Ocean 1984 B
(South Africa)

Hypereodon North Adantic 1962 Oils

PP

H. ampuilatus North Sea (Germany) — B

Kagia breviceps Austrahia — B

K. breviceps Southwestern Indian Ocean 1978-87 B
(South Afnca)

Number of
Incdividuals
Sampled

11
23

130

211

50

Compounds Reported

DDE. TDE, DDT. ZDDT, PCBs,
dieldnin

DDE, TDE, DDT, 0,p“DDE, o,p"
TDE, o,p “DDT, PCBs, dieldrin,
HCB, toxaphene

DDE

ZDDT, PCBs

DDE, PCBs
IDDT, DDE, DDT, TDE, PCBs

DDE, TDE, DDT, ZDDT, dieldrin,
PCBs

PC8s, chlordane, dieldrin, DDE,
TDE,DDT, ZDDT

DDE, ZDDT, PCBs, PCB con-
geners, dieldrin, toxaphene,
HCB, HCHs, t-nonachlor, chlor-
dane, mirex

DDE, PCBs, trans-nonachlor

ZDDT, PCBs, chicrdanes

DDE, DDT, TDE, LDDT, PCBs,
dieldrin, HCB, HCH

DDE, TDE, DDT, 0,p“DDT,
ZDDT. PCBs

DDE. TDE, 0,p“DDT, DDT,
ILDDT, PCBs

DDE, PCBs, dieldrin, HCH, hepta-
chlor epoxide

DDE, TDE, DDT, ZDDT, CBz,
HCB, HCHs, chlordanes, nona-
chlors, oxychlordane, heprachlor
epoxide, photoheptachior, mirex,
toxaphene, OCS, non-ortho
PCB congeners, PCBs, PCDD
congeners, PCDF congeners

IDDT, DDT, DDE, TDE, PCBs

DDE, TDE, DDT, 0,p“DDT.
IDDT
LDDT, dieldrin

ZDDT, PCBs, HCB

DDE, TDE, DDT, ZDDT. dieldrin,
PCBs

DDE, TDE, DDT, ZDDT, PCBs,
lindane, dieldrin

DDT, dieldrin

IDDT, PCBs, HCB

References

Gasksn et al. 1974

O’Sheaeral. 1980

Hall ex al. 1971

Varanasi et al. 1992

Tanabe ecal. 1987b

Alzieuand Duguy
1979

Addison eral. 1972

Taruski etal. 1975

Musreral. 1988a

Geraci 1989
Varanasietal. 1993b

Kemper et al. 1994

Borrell et al. 1995

Borrell 1993; Borrell
and Aguilar 1993

Sirnmonds et al. 1994

Jarman et al. 1996

Alzieu and Duguy
1979

Agular 1984

Aucamp etal. 1971
de Kock et al. 1994
Addison ec al. 1972
Harmseral, 1977/78

Kemperetal. 1994
de Kock et al. 1994

Continued on next page
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Species

K. breviceps
K simus
Lagenodelphis

haser
L. hosei

Lagenorhynchus
acutus
L. acutus

L. acutus

L. acutus
L. albirosiris

L. albirostris
L. albirostris
L. albirostris

L. albirostris

L. obliguidens
L. obliquidens
L. obscurus

L. obscurus

Lissodelphis
borealis

Mesoplodon
bidens

M. densirosiris

M. densirostns
M. densirosiris
M. layardi

M. layardi
M. mirus

M. stejnegeri
M. sp.

Monodon
monoceros
M. monoceros

Region
Western Atlantic (Florida)

Southwestern Indian Ocean
(South Africa)
Eastern Tropical Pacific

Japan
Faroe Islands

Atannc Coast {U.S.A)

MNorth Adantic (Mova Scotia}

Western North Atlantic
North Sea

North Sea (Denmark)
North Sea (Netherlands)
North Sea (Scotland)

Northwestern Atlantic
(Newfoundland)

North Pacific

North Pacific (Japan)

Southwestern Indian Ocean
{South Africa)

Western South Pacific

North Pacific

Prance
Mediterranean {Spain)
North Atlantic (US.A.)

Southwestern Indian Ocean
(South Africa)

Southwestern Indian Ocean
(South Afnca)

Australia

Southwestern Indian Ocean
{South Africa)

Japan

Auscralia

Arctic (Baffin Bay, Canada)

Arcric (Canada)

Number of
Sample Tissues Individuals
Period Sampled Sampled Compounds Reported References
1974 Mi 1 DDE, TDE, DDT, 0, “DDE, 0,p”  Jenness and Odell 1978
DDT, ZDDT, PCBs, dieldrin
1976-84 B 4 LDDT, PCBs, HCB de Kock etal. 1994
- B. M 1 DDE, TDE, DDT, o,p “DDE, 0,p°  O’Shea eral. 1980
TDE. 0,p “DDT, PCBs
1991 B 4 HCHs Tanabe et al. 1996
1987 B 13 DDE, TDE, 0,p “DDT, DDT, Borrell 1993
ZDDT, PCBs
1989 B 3 DDE, dieldrin, HCB, mirex, chlor-  Kuehl et al. 1991
danes, lindane, heptachior epox-
ide, PCB congeners, PCDD,
PCDFs, PBBs
1971-75 B 1 PCBs, chlordane, dieldrin, DDE, Taruski et al. 1975
TDE, DDT, ZDDT
— B 2 PCB congeners Kuehl et al. 1994
— B 1 Toxaphene de Boer and Wester
1993
1972 B,Br,L,M, O 1 DDE, TDE, DDT, EDDT, PCBs, Andersen and Rebs-
dieldrin dorff 1976
1977 B,Br. M 3 DDE, TDE, DDT, dieldrin, HCB, Duinker et al. 1989
HCHs, PCBs, PCB congeners
1977 B s ZDDT, PCBs, dieldrin, heprachlor  Kerkhoff eral. 1981
epoxide
1982 B 27 DDE, ZDDT, PCBs, PCB con- Muir ec al. 19882
geners, dieldrin, coxaphene,
HCB, HCHs, t-nonachlor, chlor-
dane, mirex
1991 B 3 HCHs Tanabe et al, 1996
1981 B 5 ZLDDT, PCBs, HCHs Tanabe ecal. 1983
197787 B 12 ZDDT, PCBs, HCB de Kock eral. 1994
1980 B 1 ZDDT, PCBs, HCHs Tanabe et al. 1983
1991 B 2 HCHs Tanabe et al. 1996
— Lo 1 ZDDT, PCBs Alzieu and Duguy
1979
1980 B,Br, M 1 DDE, o,p“DDT, TDE, DDT, Aguilar ecal. 1982
IDDT, PCBs
1971-75 B 2 PCBs, chlordane, dieldrin, DDE, Taruski etal. 1975
TDE, DDT, ZDDT
1984-86 B 6 LDDT, PCBs, HCB de Kock eral. 1994
1978-85 B 2 IDDT, PCBs, HCB de Kock et al. 1994
1989 B 1 ZDDT, DDE, DDT, TDE, PCBs Anderson 1991
1986 B 2 IDDT, PCBs, HCB de Kock et al. 1994
1984 B.K.L.M 1 DDE, PCBs Miyazaki etal. 1987
- B 2 DDE, DDT, PCBs, dieldnn, oxy- Kemperetal. 1994
chlordane, HCB
— B 17 PCBs, PCB congener ratios Norstrom er al. 1992
— B 17 ZPCBs, PCB congeners Ford ec al, 1993

—— —
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Appendix 10-2  continued

Number of
Sample Tissues individuals
Species Region Period Sampled Sampled Compounds Reported References
M. monoceros Arctc (Canada) 198283 B,.L 21 Chlorobenzenes, HCH, chlor- Muir et al. 1992b
danes, DDE, ZDDT, mirex, diel-
drin, toxaphene. PCBs, PCB
congeners
Neophocoena Sero-Inland Sea (Japan) 1985 B 1 PCBs, PCB congeners, PCDFs, Kannan et al. 1989
phocoenoides PCDDs
N. phocoenoides  Western North Pacific (Japan)  1968-75 B.Br, M 3 DDE, TDE, DDT, o,p“DDE, 0,p~  O’Sheaeral. 1980

TDE, o,p “DDT, PCBs, dieldrin,
HCB, toxaphene, heptachlor
epoxide, trans-nonachlor, axy-
chlordane, mirex

Cranus orca British Columbia, Washingron 1986-89 B 6 DDE, TDE, DDT, ZDDT, CBz, Jarman et al. 1996
HCB, HCHs, chlordanes, nona-
chlors, oxychlordane, heprachlor
epoxide, photoheprachlor, mirex,
toxaphene, OCS, PCBs, non-
ortho PCB congeners, PCDD
congeners, PCDF congeners

0. orca Western North Pacific (Japan) 1986 B 3 PCBs, PCDDs, PCDFs, PCB Ono etal. 1987; Kan-
congeners nan et al. 1989
0. orca Victoria, Australia —_ B 1 EDDT. dieldrin, heprachlor, en- Kemper etal. 1994
drin, HCB
Peponocephala Japan 1982 B 5 IDDT, PCBs, HCHs Tanabe et al. 1983
electra )
P. electra Japan 1982 B 3 HCHs Tanabe eral. 1996
Phocoena Baltic Sea (Germany) = B.L 2 DDE, TDE, DDT, EDDT, PCBs, Harms eral. 1977/78
phocoena lindane, dieldrin
P. phocoena Baldic Sea (Poland) 1989-90 B, LM 3 PCB congeners Falandysz et al. 1994
P. phocoena Baltic Sea (Poland) 1989-50 B.L.M 3 PCBs, ZDDT, HCHs, HCB, aldrin, Kannan etal. 1993b

dieldrin, heptachlor, heptachlor
epoxide, chlordanes
P. phocoena British Columbia 1987-89 B 7 DDE, TDE, DDT, EDDT, CBz, Jarman et al. 1996
HCB, HCHs, chlordanes, nona-
chlors, axychlordane, heptachlor
epoxide, phatoheprachlor, mirex,
toxaphene, octachloroscyrene,
PCBs, non-ortho PCB con-
geners, PCDD congeners, PCOF
congeners
P. phocoena California 1974-76 B. Br. M i DDE, TDE, DDT, 0,p“DDE.o,p~  O’Sheacral. 1980
TDE, 0,p “DDT. PCBs. dicidnn,
HCB, heptachlor epoxide, trans-
nonachlor
P. phocoena California 1987-88 B 3 DDE, TDE, DDT, ZDDT, CBz, Jarman eral. 1996
HCB, HCHs, chlordanes, nona-
chlors, oxychlordane, heprachlor
epoxide. phoroheptachlor, mirex,
toxaphene, octachloroscyrene,
PCBs, PCDD congeners, PCDF

congeners
P. phocoena Denmark (North Sea, Baluc),  1986-88 B 27 HCHs, HCB, DDE, TDE, DDT, Granby and Kinze
West Greenland IDDT, PCBs, PCB congeners 1991
P. phocoena Eastern Norch Pacific 1992 7. L 3 IDDT, PCBs, chlordanes Varanasier al. 1993b

(Wasi, )

Continued on next page
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continued

Compounds Reported

References

Number of
Sample Tissues [ndividuals

Species Region Period Sampled Sampled
P. phocoena Faroe [slands 1987-88 B 6
P phocoena France — B,L.O 3
P. phocoena Great Britain 1990-91 B 28
P. phocoena Great Britain 1989-92 B 94
P. phacoena Greenland 1972 B 2
P. phocoena Greenland 1989 B.L 4
P. phocoena North Adantic (Bay of Fundy)  1969-70 B,L 36
P. phocoena North Adantc (Wales) 1988 B,M,L O 4
P. phocoena North Atantic (U.S.A.) 1971-75 B 1
P. phocoena Northeast North Adantic 1987-1991 B 34

{Adantic, North Sea,

Kattegac)
P. phocoena North Sea — B 1
P. phocoena North Sea 1970-71 B 7
P. phocoena North Sea (Denmark) 1972-73 B,Br.K,L, 7

M, 0
P. phocoena North Sea (Germany) — B,L 1
P. phocoena North Sea (Germany) 1988 B 1
P. phocoena North Sea (Scotland) 1988-91 B 48
P. phocoena North Sea (Netherlands) 1977-79 B.Br,K,L,O 1
M,

P. phocoena North Sea (Netherlands) 1978 8. KL MO 4
P. phocoena North Sea (Necheriands) 1979 B L 1
P phocoecta North Sea (Netherlands) 1990-93 8 KL 22
P. phocoena Northwestern Atlanuc 1971-77 B.Br. K, L. M, 107

{Bay of Fundy, Rhode Mi, O

Island, Maine, Newfound-

land, Prince Edward Island)
P. phocoena Northwestern Atlantc 1969-73 B 115

(Bay of Fundy, Rhode

Island, Maine, Nova Scona,
Newfoundland, Prince

Edward Island)

DDE, TDE. o,p'-DDT. DOT,
ZDDT, PCBs
PCBs, DDE, ZDDT

DDE, TDE, DDT, PCBs, HCB,
HCHs, dieldrin

DDE, TDE, DDT, dieldrin, HCB,
HCH, PCBs, PCB congeners

DDE, PCBs, heprachlor epoxide,
aldrin, lindane

PCB congeners, PCDD congeners,
PCDF congeners

DDE, TDE, DDT. 0,p “DDT,
LDDT, dieldrin

HCB, HCHs, dieldrin, DDE, DDT,
TDE, PCBs, PCB congeners

PCBs, chlordane, dieldrin, DDE,
TDE,DDT, ZDDT

DDE, TDE, DDT, o,p“DDE, 0,p"
DDT, dieldrin, endrin, HCHs,
oxychlordane, trans-nonachlor,
heptachlor epoxide, HCB, PCB
congeners

Toxaphene

DDE, TDE, DDT, PCBs, dieldrin,
HCB

DDE, TDE, DDT. ZDDT, PCBs,
dieldrin

DDE, TDE, DDT, LDDT, PCBs,
lindane, dieldrin

DDE, TDE, DDT. HCHSs, HCB,
PCB congeners, PCDDs, PCDFs

HCB, ZDDT, PCBs, PCB con-
geners, endrin, dieldrin, hepta-
chlor epoxide, chlordanes,
t-nonachlor, oxychlordane

DDE, TDE, DDT, dieldrin, HCB,
HCHs, PCBs, PCB congeners

PCBs, PCB congeners

DDE, TDE, DDT, 0.p"-TDE.

PCBs, dieldnn, HCB, HCHs

PCBs, PCB congeners, PCDD con-
geners, PCDF congeners

PCBs, HCB, chlordanes

LDDT

Borrell 1993

Alzieu and Duguy
1979
Kuiken et al. 1993

Kuiken et al. 1994

Clausen et al. 1974;
Clavsen and Berg
1975

van Scheppingen et al.
1996

Gaskin et al. 1971

Morris er al. 1989

Taruski et al. 1975

Kleivane et al, 1995

de Boer and Wester
1993
Koeman et al. 1972

Andersen and Rebs-
dorff 1976
Harms et al. 1977/78

Beck et al. 1990

Wells et al. 1994

Duinker et al. 1989

Dunker ec al. 1988

Duinker and Hille-
brand 1979

van Scheppingen eral.
1996

Gaskin et al. 1983

Gaskin eral. 1982
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Mumber of
Sample Tissues Individuals
Species Region Period Sampled Sampled Compounds Reporred References
P, phocoena Scotland 1967 B,Br.K,L, 4 DDE, TDE, DDT, EDDT, dieldtin ~ Holden and Marsden
M, O 1967
P. phocoena Scottand 1990 B 1 PCB congeners Wells and Echarri 1992
P phocoena Western North Allantic 1991 B L k] IDDT, PCBs, chlordanes Waranasi et al. 1993b
(US.A)
P. phocoena Western North Arlantic (U.S.AL) — B, L 9 DDE, PCBs, trans-nonachlor Geraci 1989
Phocoenoides Japan 1983 B 4 DDE, DDT, TDE, ZDDT, PCBs, Tanabe etal. 1994b
dalli PCB congeners, HCHs
P daili Narthern North Pacific 1980-82 B 3 DDE, TDE, DDT, HCHs, chlor- Kawano er al. 1988
danes
P daili Northern North Pacific 1980, 1985 B 5 PCBs, PCB congeners Kannan et al. 1989
P dalli Bering Sea and MNorthwestern - B 42 PCBs, DDE, PCB congeners Subramanian et al.
Pacific 1988b
P dalh Briush Columbia 1987-88 B 3 DDE, TDE, DDT, EDDT, CBz, Jarman exal. 1996
HCB, HCHs, chlordanes, nona-
chlors, oxychlordane, heprachlor
epoxide, photoheptachlor, mirex,
toxaphene, OCS, non-ortho PCB
congeners, PCBs, PCDD con-
geners, PCDF congeners
P dalli North Pactfic (Bering Sea, 198082 B § EZDDT, PCBs, HCHs Tanabe et al. 1983
North Pacific, Japan}
P. daili North Pacific (Bering Sea, 1985-89 B 9 HCHs Tanabe eral 1996
North Pacific, Japan)
P dail Northwestern Pacific 1984 B 12 PCBs, DDE Subramanian et al.
1987
B dalli Califorma 1974-76 B, M 1 DDE, TDE. DDT, 0,p"DDE, 0,p~ O’Shea et al. 1980
TDE, o,p “DDT, PCBs, dieldrin,
HCB. trans-nonachlor
P dalh Western Nocth Paalfic (Japan}  1968-75 B,Br. M 1 DDE, TDE, DDT. 0,p “DDE, op” O'Shea et al. 1980
TDE, 0,p“DDT, PCBs, dieldrin,
HCB, trans-nonachlor
Physeter catodon  Antarctic 196266 Quls — DDE, TDE, DDT, ZDDT, dieldrin,  Addison etal. 1972
PCBs
P. catodon Eastern Norrh Pacific 1983 B.M 1 ZDDT, PCBs Schaferetal 1984
{California)
B catodon Eastern North Pacific 1968 B, Br, L 6 DDE, TDE. DDT, dieldrin, others  Wolman and Wilson
(Califorma) analyzed but not detected 1970
B cacodon Lesser Anulles 1971-75 B 2 PCBs, chlordane, dieidan, DDE,”  Tacuskieral 1975
TDE, DDT, ZDDT
P catodon North Atlantic 1967 Qils — DDE, TDE, DDT, ZDDT, dieldrin,  Addison et al. 1972
PCBs
P macrocephalus  Australia 1989 B 2 DDE, TDE, DDT, PCBs Anderson 1991
P macrocephalus  France 1976 B,L,M, O 2 IDDT, PCBs Alzieu and Duguy
1979
P macrocephains  Iceland 1962 B 10 DDE, TDE, o,p “DDT, DDT, Borrell 1993
ZDDT, PCBs
P macrocephalus  Nocth Atlantc (Spain) 1979-80 B,Br K, L, 14 DDE, TDE, DDT, 0.p*DDT, Aguilar 1983
M, O LDDT, PCBs -
P. macrocephalus  North Sea 1004-95 B 7 DDE. TDE, DDT, o,p“DDE, o,p” Law ecal. 1996

DDT, o.p “TDE, dieldrnin, HCB,
HCHs, trans-chlordane. cis-
chlordane, trans-nonachlor,
PCBs, PCB congenecs

Continued on next page



Appendix 10-2  continued
Number of
Sample Tissues individuals
Species Region Period Sampled Sampled Compounds Reported
P. macrocephalus  North Sea (Netherlands) 1979 B,Br, M, O 1 DDE, TDE. DDT, dieldrin, HCB.
HCHs, PCBs, PCB congeners
P. macrocephaius  Scotland 1990 B 1 PCB congeners
P. macrocephalus  South Africa 1994 B 12 DDE, TDE, DDT, EDDT, PCBs,
dieldrin
P macrocephaius  Southwestern Indian Ocean 1986 B 1 ZDDT, PCBs, HCB
(South Africa)
P. macrocephalus  Victona, Australia — B 1 ZDDT. PCBs, dieldrin, endrin,
HCB, BHC
Piatamsia [ndia (Ganges River) 1988-92 B,K,.L.M 4 PCBs, ZDDT, HCHs, HCB, aldrin,
gangetica dieldrin, heptachlor, heptachlor
epoxide, chlordanes
Pantopona South Adannc (Uruguay) 1974 B,Br. M 8 DDE, TDE, DDT, 0,p“DDE, 0,p~
blanw iz TDE, o,p-DDT, PCBs, dieldrin,
HCB, toxaphene, heptachlor ex-
paxide, trans-nonachlor, oxy-
chlordane, cis-chlordane
Pseudarca British Columnbia 1987-89 B 2 DDE, TDE, DDT, LDDT, CBz,
crassudens HCB, HCHs, chiordanes, nona-
chiors, oxychlordane, heptachlor
epoxide, photoheptachlor, mirex,
toxaphene, OCS, non-ortho
PCB congeners, PCBs, PCDD
congeners, PCDF congeners
P crassudens Eastern North Pacific 1988 B 1 IDDT, PCBs, methyl sulfones of
(Canada) PCB congeners and DDE
P crassudens North Pacific {Canada) 1987 B,Br,L ] PCBs, DDE, TDE
Sotalia flunanis  Colombia 1977 B,BrLK. L, 2 DDE, TDE, DDT. dieldrin, HCB,
{captive} M, O HCHs, PCBs, PCB congeners
S, fluviatilis — 1970-71 B 1 DDE, TDE, DDT, PCBs, dieldrin
Sousachimensis  India (Bay of Bengal) 1990--91 B 3 HCHs, HCB, DDE, DDT, TDE,
o,p-DDT, ZDDT, PCBs
. chinensis India (Bay of Bengal) 1992 B 2 HCHs
Stenella Australia —_ B 1 DDE, TDE, DDT, ZDDT, PCBs,
artenkata heptachlor, oxychlordanes, HCB
5. coeruleoalba  Bastern North Atlantic (Spain) - B l DDE, TDE, DDT. o,p “DDT, PCBs
S. coeruleoalba  Eastern Tropical Pacific 1973-76 B, Br, M 14 DDE, TDE, DDT, o,p“DDE, 0,p*
TDE, o,p~DDT, PCBs, dieldrin,
toxaphene, heptachlor expoxide,
trans-nonachlor, endrin, ais-
chlordane
S. coerulecalba  France — B.K,L,M,O 27 IDDT, DDE, DDT, TDE, PCBs
S.coeruleoaiba  Japan 1968-75 B,Br. M 5 DDE, TDE, DDT, 0,p “DDE. 0,p"
TDE, 0,p “DDT, PCBs, dieldrin,
HCB, toxaphene, trans-nonachlor
5. coeruleoalba Japan 1978-79, B 16 PCBs, EDDT, HCHs, HCB
1986
S. corruleoalba  fapan 1992 B 4 HCHs
5. coeruleoalba Mediterranean 1991 B 7 PCBs, ZDDT
S. corruleoalba  Mediterranean 1990 B 10 ZDDT. PCBs, PCB congeners
S. coeruleoalba Mediterranean 1987-91 B 181 PCBs

References
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Mumber of
Sample Tissues Indwiduals
Species Region Penod Sampled Sampled Compounds Reported References
S. coeruleoalba Mediterranean 1990-93 B 89 LDDT, PCBs, PCB congeners Marsiir and Focardi
1996
S. coeruleoalba Mediterranean 1990 Br, K, L, Ly, 10 IDDT, PCBs Guitart er al 1996
M, O
5. coeruleoalba Morth Atlantic (U.S.A.) 1971=75 B 2 PCBs, chlordane, dieldnn, DDE, Tarusk: eral. 1975
TDE, DDT, ZDDT
5. coeruleonlba MNorth Atlantic (Wales) 1088 B,M,O i HCB, HCHs, dieldnn, DDE, DDT, Morris et al. 1989
TDE, PCBs, PCB congeners
S. coeruleonlta  North Pacific (Japan) 1978 B, Br,K,L, [ HCB, PCBs, LDDT, HCHs, DDE,  Tanabe etal 1981
M, 0 DDT, TDE
S. coerulecalba MNorth Pacific (Japan) 1978-79 B.LLMKO 2 PCBs, LDDT, HCHs Kawrai eral 1988
S. coeruleonlva  North Pacific (japan) 1978 B 4 IDDT, PCBs, HCHs Tanabe etal 1983
S. coeruleoalba  North Pacific (japan) 1978-79 B,Br, K, L, 2 EDDT, PCBs, HCHs Kawai ec al. 1988
M, O
S. coeruleoalla  Southwestern indian Ocean 1984-86 B 2 IDDT, PCBs, HCB de Kock eral. 1994
{Sonth Africa)
S. coerulecalba Wesrern Norch Paafic 1978 o} 4 ZDDT, PCBs. HCHs, PCB con- Tanabe eral. 1984b
geners, DDE, TDE, DDT
S. coerulecalba  Western MNorth Pacific (Japan) 1978 B,Br,K L, 6 DDE, TDE, DDT, ZDDT, PCBs, Tanabe et al. 1981
M, O HCHs, HCB
S. longirostru Cartbbean Sea (51, Lucia) 1972 B, IL,L M 2 DDE, TDE, DDT, ZDD'T, PCBs, Gaskin et al. 1974
dieldnn
S. longirostris Eastern Tropical Pacific 1980-82 B 2 HCHs Tanabe et al, 1996
S. longirosins India {Bay of Bengal) 1990-91 B 5 HCHs, HCB, DDE, DDT, TDE, Tanabe etal. 1993,
0,p “DDT, ZDDT, PCBs 1996
Steno bredanenns  Hawaii 1976 B, Br, M 7 DDE, TDE, DDT, 0.p“TDE, ¢,p* O'Shea er al. 1980
DDT, PCBs, dieldnin, rrans-
nionachlor
Tursiops — 1970-71 B 2 DDE, TDE, DDT, PCBs, dieldnn,  Keemanetal 1972
truncatis HCB
T. truticatus Atlantic Coast (US.A.) 198789 B, Br,K L 14 DDE, dieldrin, HCE, murex, chlor-  Kuehleral. 1991
danes, hndane, heprachior epox-
wde, PCB congeners, PCDD,
PCDFs, PBBs
T. truncatus Atlantic Coast (US.AL) 1987-89 B 9 PCB congeners Kuehl et al. 1994
T. truncatus Anscralia — B 6 DDE, DDT, ZDDT, PCBs, dheldrin, Kemper eral 1994
heptachlor, lindane
T. truncats Califorma 1974-76 B, M 2 DDE, TDE, DDT, 0,p “DDE, o,p"  O‘Shea et al. 1980
TDE, o,p “DDT, PCBs, dieldnin,
HCB, heptachlor epoxtde, rrans-
nonachlor, oxych]ondanc, cis-
nonachlor, eis-chlordane
T. truncatys Fastern North Pacific 1980-84 B,Br. LK.M 7 IDDT, PCBs Schafer eral 1984
{California)
T. truncarus France — K.LLM, O 5 IDDT, DDT. DDE, TDE Alzieu and Duguy
1979
T, truncalus Gulfof Mexico (Florda) 196570 B 4 DDE, TDE, DDT, PCBs, dieldrin Dudok van Heel 1972
(capuve) °
T, truncatis GulfofMexico - B 33 DDE, TDE, DDT, 0.p*DDE, 0,p~  Salata eral. 1995

{Texas, Florida)

TDE, 0,p “DDT, ZDDT, dieidrin,

endnn, aldnn, mirex, HCB,
HCHs, heptachlor, heptachlor
epoxide, oxychlordane, nona-
chiors, chiordanes, PCBs, PCB

congeners

Continued on next page
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MNumber of
Sample Tissues Individuals
Species Region Penod Sampled Sampled Compounds Reported Relerences
T Lruncatus Gulfol Mexico (USA} e 1990 B 26 DDE, DDT, dieldnn, mirex, HCB,  Kuehl and Haebler
ais-chlordane, oxychlordane, 1995
heprachlor epoxide, PCDs, PBBs,
PBDPEs, OCS
T. lruncaius India (Bay of Bengal) B 4 HCHs, HCB, DDE, DDT, TDE, Tanabe el al. 1993
o,p“DDT, LDDT, PCBs
T, truncarus Indian Gceean (Souch Africa) 1980-87 B 105 PCBs EDOT, dieldrm Cockecroft et al 1989
T. truncatus North Atlanuc (Wales) 1988 B.M, 0O 1 HCB, HCHs, dieldrin, DDE, DDT, Morris ctal 1989
TDE, PCBs, PCB congeners
T. truncaius Morth Adantic (Wales) 1989-9) B 3 DDE, TDE, DDT, dieldnn, HCB, Law eral. 1995
HCHs, PCBs, PCB congeners
T. truncatics North Sea (Scotland) 1958--91 B & LDDT, HCB, PCBs, PCB con- Wells eval 1994
geners, dieldnin, endnn, hepa-
chor epoxide, chiordanes,
t-nonachlor, oxychlordane
T, truncatus Northern Gull of Mexico 1990 B,L 20 LDDT, PCBs, PCD congeners Varanas: et ai, 1992
(Texas)
T truncatus Morthern Gulf of Mexico 1990-92 B, L 65 LDDT, PCBs. chlordanes Varanas: et al. 1993b
(US.A)
T. truncatus Scotland — B 1 PCB congeners Wells and Echarri 1992
T. truncatus Southeastern Atlantic 1976-87 B —_ LDDT, PCBs de Kock et al. 1994
(South Afnca}
T. truncatus Southwestern Indian Ocean 1976-87 B & ZDDT, PCBs, HCE de Kock eral 1994
{South Africa)
T. truncarus Western North Atlantic 1965 B, Br, M ] DDE, TDE, DDT, dieldrin, HCB, Duinker et al 1989
(Flonda) (caprive) HCHs, PCBs, PCB congeners
T. truncatus Western North Atlantic 1987-88 B.L 56 DDE, PCBs, PCB congeners, trans-  Geraci 1989
(US.A) nonachlor
T. truncatus captives 196253 Mi 5 DDE, TDE, DDT, dieldrin, HGB, Fadgway and Reddy
heprachlor epoxide 1995
Ziphius France — M, 0O 2 LDDT, PCBs Alzieu and Duguy
CAVIrostms 1978
Z. canrosing North Atlantic 1981 B, KL MO 4 PCBs, PCB congeners Dunnker et al, 1988

{Bermuda Island)

B = blubber; Br = brain; K = kidney, L = lver; Lu = Jung; M = muscle; Mi = milk; O = other. Dashes appear where values were not available in onginal source

CBZ = chlorobenzenes. DDE = 2.2 -bus {p-chlorophenyl)-L, 1-dichloroethylene; DDT = 2,2,-bis{p-chlorophenyl-1, 1-inchloroethage; LDDT = arithmenc summanon of con
cenirauons of isomers and mewbolites of DDT: HCD = hexachlorocyclohexane, OCS = ocrachlorostyrene; PBDPEs = palybronunated diphenyl ethers, PCBs, polychloninated
biphenyls; PCDDs = polychlonnated dibenzo-p-dioxins; PCDFs = polychlorinated dibenzofurans, TCP = mu4-chlorophenylymethane/methanol, TDE = 2.2,k (p-
chiorophenyl)-i, 1-dichloroethane.

Appendix 10-3.

Summary of Selected Organochlorine Residue Surveys in Baleen Whales

MNumnber of
Sample Tissues  Individuals
Speaies Region Period  Sampled  Sampled Compounds Reported References
Balaena Alaska 1992 B 2 ZDDT, PCBs, chiordanes Varanas) etal 1993b
myshceis
B muysticetus Arctic 1986-88 B, O 6 TDE, dieldrin, heprachlor epoxude, BHC, endrin,  PBratton eral 1993
endosulfan sulface, kepone
Balaenoptera Antarcnc 1980-8] L 30 ZDDT, PCBs Tanabe et 2l. 1984a
dcutorostraia
B. acutorostrala  Antarcric 1984-85 B 37 DDE, FCBs Tanabe et al. 1986
B. acutorostrata  Arcuc 1985 L 1 PCBs Gokseyreral 1988
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Number of
Sample  Tissues  Individuals
Species Region Penod Sampled  Sampled Compounds Reporeed References
B. acutorostrata  Eastern North Pacific 1977 B.Br,L, H IDDT, PCBs Schafer et al 1984
(California) M
B. acutorostraia  Mediterranean (France) 1977 KL O 1 PCBs Alzieu and Duguy
1979
B. acutorostrata  South Afnca 1974 B 29 DDE, TDE, DDT, ZDDT, PCBs, dieldiin Henry and Best 1983
B. acurorostrata . Southwestern indian 1984 1 LDDT, PCBs, HCB de Kock et al. 1994
Ocean (South Africa)
B. acutorostrata Eastern North Pacific 198990 B 2 IDDT, PCBs, chlordanes Varanasi er al. 1993b
{Washingron)
B. acutorosirata  Canada 1988-90 B 5 ZIDDT, PCBs, mirex Béland et al. 1991
(St. Lawrence RPaver)
B. borealis Antarctica 1950 Ous — DDE, TDE. DDT, £DDT, dieldnn, PCBs Addison eral 1972
B, boreahs leeland 1982-85 B 40 DDE, TDE, o,p“DDT, DDT, ZDDT, PCBs Borrell 1993
B. borealis North Atlanuc (lceland) 1982 B 23 DDE, ZDDT Borrel] and Aguilar
1987
B. borealis Sonth Africa 1974 B 1 DDE, TDE, DDT, ZDDT, PCBs, dieldrin Henry and Best 1983
B. edeni Eastern South Pacific 1983 B, L 2 DDE, TDE, DDT Pantoja et al. 1984,
(Chile) 1985
B. miseulus Antarcrica 1950 Oils — DDE, TDE, DDT, ZDDT, dieldrin, PCBs Addison et al. 1972
B. musculus Eastern Tropical Pacific 1980 L 1 DDE, TDE, DDT. ZDDT, PCBs Britr and Howard 1983
B. musculus Canada 1988-90 B 2 LDDT, PCBs, mirex Béland et al. 1991
{St. Lawrence River)
B. physalus Eastern North Adantic 1980 M. O 68 DDE, TDE, DDT, ¢,p “DDT, ZDDT, PCBs Agular and Jover 1982
{Spain)
B. physalus Eastern North Adanue 1980 B 1 DDE, TDE, DDT, o,p“DDT, ZDDT Aguilar 1984
(Spain}
B. physalus Eastern North Atlantic  1982-84 B 166 DDE, TDE, 0,p“DDT, DDT, ZDDT, PCBs, PCE  Aguilar and Borreil
congeners 1988
B. physalus Eastern North Atlantic  1982-84 B 137 DDE, ZIDDT Borrell and Aguilar
(Spain) 1987
B. physalus Eastern Souch Pacific 1983 B,L 1 DDE, TDE, DDT, dieldrin, aldrin, lindane Pantoja er al. 1984,
{Chile) 1985
B. physalus France (Adantic, 1973, B KL O 2 ZDDT, PCBs Alzien and Duguy
Mediterranean) 1976 1979
B. physaius [celand 1982-86 B 51 DDE, TDE, o,p “DDT, DDT, ZDDT, PCBs Borrell 1993
B. physalus Mediterranean {France) - B, Br, L 1 LDDT, PCBs Viale 1981
B. physalus Mediterranean - B, Br,L, K ! PCBs, LDDT Viale 1981
B. physalus Mediterranean 1991 B 9 IDDT, PCBs Fossi et al, 1992
B. physalus Mediterranean 1990-93 B 68 LDDT. PCBs, PCB congeners Marsili and Focardi
1996
B. physaius North Atanue 1967-70  Qils - DDE, TDE, DDT, ZDDT, PCBs, dieldnn Addison et al. 1972
8. physalus South Africa 1974 B 6 DDE, TDE, DDT, ZDDT, PCBs, dieidnn Henry and Best 1983
B. physalus Greenland . B 6 LDDT, PCBs, dieldnn Holden 1975
B. physalus Canada 1988-90 B 2 LDDT. PCBs, tnirex Béland er al. 1991
(St. Lawvence Fuver)
B. physalus Western Morth Atlantic  1970-71 B 12 DDE, TDE. DDT, 0,p“DDT, PCBs Saschenbrecker 1972
(Canada)
Caperea Anstralia 1987 B 3 DDE, TDE. DDT. EDOT, dlc'l.drm. HCB Kemper ecal 1994
margmata
C. marginata Southwestern Indian 1987 B 1 LDDT, PCBs, HCB de Kock eral. 1994
Ocean (South Afnica)
Eschnchtius Eastern North Pacific 1968-69 B, Br,L 23 DDE, TDE, DDT, dieldrin, others analyzed but ~ Wolman and Wilson
robustus (California; not detecred 1970
E. robustus Eastern North Pacific 1976 B.Br,L,M ] ZLDDT, PCBs Schafer eral. 1984

(Califorma’

Continued on next page




Appendix 10-3

continued

MNumber of
Sample Tissues  [ndividuals
Species Region Period Sampled  Sampled Compounds Reported
E. robustus Eastern North Pacific 1987-88 B 2 PCDD congeners, PCDF congeners
(Brinsh Columbia}
E. robustus Eastern North Pacific 1988-91 B, Br, L 22 DDE, TDE, DDT, o,p “DDE, 0,p “TDE. 0, -DDT,
(US.A) PCBs, PCB congeners, heprachlor, heprachlor
epoxide, d-chlordane, t-nonachlor, HCB, BHC,
dieldrin, mirex, aldrin
Eubalaena Southwestern Indian 1984 B 2 IDDT, PCBs, HCB
australis Ocean (South Alfnica)
E. glacalis Western North Atlantic  1988-89 B 35 DDE, TDE, DDT. ZDDT, PCBs, dieldrin, hepra-
chlor epoxide, chiordane, HCB
Megapiera North Atlannc 1971-75 B L PCBs, chlordane, dieldrin, DDE, TDE. DDT,
novacangliae (Nova Scoria) IZDDT
M. novaeanglige North Atlantc (US.A)  1971-75 B 1 PCBs, chlordane, dieldnn, DDE, TDE, DDT,
ILDDT
M. novaeangliae Western Atlantic 1971-75 B 2 PCBs, chlordane, dieldrin, DDE, TDE, DDT,
(Lesser Ancilles) ZDDT
M. novaeangline Wesrern North Atlantic — B 8 DDE, PCBs, trans-nonachlor

(US.A)

References

Jarman etal. 1996
Varanasi et al. 1993a,
Varanasi et al. 1994
de Kock et al. 1994
Woodley et al. 1991
Taruski et al. 1975
Taruski et al. 1975
Taruski et al. 1975

Gerac 1989

B = blubber; Br = bran; K = kadney, L = bver; M = muscle; O = other. Dashes appear where values were not available in onginal source.

BHC = benzene hexachlonde; DDE = 1,2 -bis{p-chlorophenyl}-1, t-dichloroethylene, DDT = 2,2,-bis-(p-chloropheayl)-1,1-trichloroethane; ZDDT = anthmeoc summation of
concentradons of isomers and metabolites of DDT; HCB = hexachlorobenzene; PCBs = polychlorinated biphenyls; PCDDs = polychlonnated dibenzo-p-dioxins, PCDFs = poly-
chlorinated dibenzofurans; TDE = 2,2,-bis-(p-chlorophenyl)-1,1 dichloroethane.

Appendix 10-4.  Summary of Selected Organochlorine Residue Surveys in Sea Otters, Sirenians, and Polar Bears
Number of
Sample Tissues Individuals
Species Region Period Sampled Sampled Compounds Reported References
Enkrydra lueris California 1969-70 A, BrK,L O 10 DDE, TDE, DDT Shaw 1971
Trichechus manatus  Flonda 1974 B,Br,L,M, O 1 DDE, PCBs, dieldrin Forrester et al. 1975
T. manatus Florida 1977-81 B 26 ZDDT, dieldrin, PCBs O’Shea et al. 1984
T. manatus Flonda 1982 B,Br 4 DDE O’Shea eral. 1991
T. manarus Flonda 1990-93 B.K L 19 0,p“TDE, 0,p"DDT, HCB, lindane  Ames and Van Vleer
1996
Dugang dugen Sulawesi (Indonesia) 1975 M 2 PCB, DDT, BHC Miyazaki eral. 1979
Ursus mantimus Arcric (Canada) 1992-94 L 16 PCB congeners, PCDD congeners,  Letcher et al. 1996
PCDF congeners, ZDDT, methyl-
sulfone PCBs, chlordane
U. mantimus Arcnc(12 regions) 1989-91 A 94 (pooled) DDE, PCBs, PCB congeners, Letcher et al. 1995
methy) sulfonies of PCBs and
DDE
U. manrimus Arcuc/subarctic (Canada)  1969-84 AL 141 DDE, TDE, DDT, ZDDT, HCBs, Morstrom et al. 1988
HCHs, dieldrin, chlordane-
relared compounds, PCBs, PCB
congeners
U. maniimus Arcric Ocean {Canada) 1982-84 AL 13 PCDDs, PCDFs, PCBs, HCB Norstrom ex al. 1950
U. mantimus Arctc Ocean (Canada) 1982, 1984 A 20 LDDT, PCB congeners, heptachlor  Muir e al. 1988b
epoxide, chlordane isomers,
HCHs. dieldrin. PCBs
U, manomus Arcuic Ocean (Norway) 1978-89 AL 24 DDT. ¢,p“DDT, DDE, PCBs, PCB Norheim et al 1992

congeners, HCB, HCH, oxychlor-

dane, heptachlor, heptachlor
cpoxide. dieldrin

\—




Appendix 10-4  continued
Number of
Sample Tissues [ndividuals
Species Region Penod  Sampled Sampled Compounds Reported References
U, manitimus Arctic (Norway) 1990-91 Mi 6 PCE congeners, PCDDs, PCDFs Oehme et al. 1995a
U. maritimus Baffin Bay (Canada) — A & PCBs, PCDDs, PCDFs, PCB Norstrom et al. 1992
congeners
U. maritimus Canada 1968-72 A.Br,L,M, Mi 40 DDE. DDT. PCBs Bowes and jonkel
1975 Bowes and
Lewns 1974
U. maritinus Canada (Manitoba) 1992-93 A, Mi 7 IDDT, PCBs, chlordanes, HCHs, Polischuk et al. 1995
HCBs
U, maritimus Greenland 1972 A 1 DDE, PCBs, hepachlor epoxide, Clausen et al. 1974;
aldrin Clausen and Berg
1975
U, maritimus Hudson Bay (Canada) 1985 AL 2 ZDDT, PCBs, methyl sulfones Bergman et al. 1994
of PCB congeners and DDE
U. maritimus Northern Quebec 1989-90 A 52 PCBs, chlordanes, nonachlors, oxy-  Zhu et al. 1995
(Canada) chlordane, heptachlor epoxide,
photoheprachlor
. maritimus Repulse Bay (Canada) 1989 A 1 IZDDT, PCBs, HCHs, chlordane. Zhu ecal. 1995; Zhu

toxaphene, PCB congeners

and Norstrom 1993

A = adipose tissue; B = blubber: Br = brain: K = kidney: L. = hver; M = muscle: Mi = muik; O = other.

BHC = benzene hexachloride; DDE = 2,2.-bis(p-chlorophenyl)-1, 1-dichloroethylene; DDT = 2.2,-bis(p-chlorophenyl)-1.1-trichloroethane; ZDDT = anthmenc summanon of
concentrations of isomers and metabolites of DDT: HCB = hexachlorobenzene; HCH = hexachlorocyclohexane; PCBs = polychlorinated biphenyls; PCDDs = polychlorinated
dibenzo-p-diaxins: PCDFs = polychlorinated dibenzofurans; TDE = 2,2,-bis-(p-chtoropheayl)-1, 1 -dichloroethane.

Appendix 10-5.

Summary of Selected Surveys of Metals and Trace Element Concentrations in Tissues of Pinnipeds

Species
Arcrocephalus australis

A gazella

A. gazella

A. pustllus

A. spp.

Callorhinus ursinus

C. ursinug
C. ursinus

C. ursinus

C. ursinus
C. ursinus

C. ursinus
Cystophora cnstata

C. cristata

C. enarata

Max. No. of
Sample  Tissues individuals
Region Period  Sampled Sampled
Western South Atlantic — B,KL M 8
(Argentina)
Antarctic (South Georgia) 1987 E. 11
Antarctc 1987-89 B, K.M,L 4
Australia (Bass Strait) — Br, KL .M, O 16
Australia — KLMO 16
Alaska 1972 B, Mi, hair 7
Bering Sea 1984 KLMO —
Bering Sea 1987 KLM 2z
Japan, Pribilof Islands 199092 K L M 67
Pribilof [slands 1970 Br,L .M 39
Pribilof Islands 1975 K, L, M, bone 39
Eastern Narth Pacific 1970-71 Br, K, L. M 9
{Washington)
Greenland 1984 L 3
Greenland 1984-37 KL M q
Gulf of St. Lawrence 1971 B, L, M, hair 3

Merals and Trace
Elements Reported

References

Cd, Cu, Hg, Zn

Ba, Cd, Ce, Co, Cu, Cr,
Hg, 1, La, Mg, Mo,
Pb, Rb, 8n, 8r, Zn

Cd,Cu,Hg, Zn

Hg

Cd, Hg, Pb

Hg

Cd, Cr, Cu, Ni, Pb,
Se, Zn

40 trace elerents,
MeHg

Cd, Cu, Fe, Hg Mn,
Zn

As, Cd, Hg, Pb

Cd, Hg, Ni, Pb. Zn

As, Cd, Hg, Pb
Cd, Hg, Se, Zn

Hg, organic Hg
Hg

\»_

Marcovecchio et al. 1994

Malcolm et al. 1994

de Moreno eral. 1997
Bacher 1985
Kemperetal. 1994
Kimeral. 1974

Richard and Skoch 1986

Zeisler e al. 1993
Noda eral. 1995

Anas 1973, 1974a

Goldblatt and Anthony
1983

Anas 1973, 1974a

Nielsen and Dietz 1990

Dietz et al. 1990

Sergeant and Armstrong
1973

Continuzd on next page



Appendix 10-5

continued

Max. No. of
Sample  Tissues Individuals  Metals and Trace
Species Region Period  Sampled Sampled  Elemencs Reported References
Erignathus barbatus Alaska — L 3 Ag,Cd, Hg, Se, V Mackey eral. 1996
E. barbatus Arcuc (Canada) 1973 LM 6 Hg MeHg Smich and Armstrong
1975
E. barbatus Arctic Ocean {Canada) 1973-76 L M 64 Hg. MeHg, Se Sruuth and Armstrong
1978
E. barbarus Greenland 1984-87 K, LM 3 Hg, organic Hg Dietz etal. 1990
E. barbatus Northwest Atantic (Canada) — Claws 9 Hg, MeHg Freeman and Home
1973
Eumetopias jubatus Japan 1976-77 Br,K,L.M,0 22 Cd, Zn Hamanaka et al. 1982
E. jubarus Japan 1994-95 B, K,L,M.O 7 Buryltn compounds Kimetal. 1996
Halichoerus grypus Baltic Sea (Sweden) 1979-50 B, K L 19 Al As, Ca,Cd, Co,Cr, Frankecal 1992
Cu, Fe, Hg, Mg, Mn,
Ni, Pb, Se, V. W,
Zn
H. grypus England 1988-89 B, K/ L 8 Hg Simmonds et al. 1993
H. grypus Greart Bnitain 1968-72 Br, K L, teeth 73 Cd,Cr, Cu,Hg, Pb, Zn  Heppleston and French
1973
H. grvpus Great Britam 1977 L, bile 15 Hg, MeHg, Se van de Ven ecal. 1979
H. grypus Gulf of Finland 1976-82 B, K,L.M 5 Cd, Cu, Hg, Pb, Se, Zn  Peruilli et al. 1986
H. grypus North Sea (Germany) — L 1 Cd. Cu, Hg, Pb, Zn Harms ecal. 1977/78
H. grypus Naorth Sea (Scotland) — B.K,L,O 1 Hg Joneseral. 1972
H. grypus North Sea (UK) — B,Br,K L, 13 Cd, Cu, Hg, Pb, Zn Holden 1975
M,0O
H. grypus Nova Scota 1971 B.KLL M 11 Hg Sergeant and Armstrong
1973
H. grypus Nova Scoda 1972 B,Br,X, L, 6 Hg, MeHg Freeman and Homne
M, O 1973
H. grypus St. Lawrence River 198390 L 5 Cd. Hg Béland et al. 1991
H. grypus UK 1988-89 L 14 Cd, Cr, Cu, Hg, Ni, Pb, Laweral. 1991,1992
Zn
H. grypus Wales 1988 B,K, LM 2 Cd, Cr, Cu, Hg, Ni, Pb, Morris etal. 1989
Zn
Histriophoca fascata Okhotsk Sea 1975 L M, O 28 Cd,Zn Hamanaka er al. 1977
Hydrurga leptonyx Antarctic 1989 K L,M,O 3 Ca, Hg, K. Mg, Na Szefer eral. 1993
H. leptonyx Antarctic 1989 K.L,M, O 3 Ag.Cd, Co, Cr, Cu,Fe, Szeferetal. 1994
Mn, Ni, Pb, Zn
H. leptomyx Australia -_ B.KL M 2 Cd, Hg, Pb Kemperc et al. 1994
Leptonychotes weddellii  Antarctic - KO i Cd, Cu, Pe, Mg, Pb,Zn  Mishima etal. 1977
L. weddelli Antarctic — B,BLK, L. M, 3 Cd, Cu, Fe, Hg, Mn, Yamamoto
Bone, O Ni, Pb, Zn eral. 1987
L. weddellii Antarctic 1983 KL M 8 Cd, Cu Sreinhagen-Schneider
1986
L. weddellii Antarcric 1989 KLM 2 Ca, Hg, K. Mg, Na Szefer ecal. 1993
L. weddell Antarctic 1989 KLM 2 Ag, Cd,Co,Cr,Cu,Fe, Szefereral 1994
Mn, Ni, Pb, Zn
Lobodon carcinophogus  Antarctic 1983 K LM 9 Cd, Cu Steinhagen-Schneider
1986
L. carcinophogus Antarctic 1989 KLM 27 Ca, Hg, K. Mg, Na Szefereral. 1993
L. carcinophagus Angarcoc 1989 KLM 27 Ag.Cd,Co, Cr, Cu.Fe, Szefereral. 1994
Mn, Ni, Pb, Zn
Mirounga leonina Antarctic 1987-89 M.B.O 2 Cd, Cu,Hg, Zn de Moreno et al. 1997
Monachus monachus Greece 1986-91  Hair — Cd, Cu, Hg, Pb, Zn Yediler ecal. 1993
Neaphoca cinerea Australia — KL 5 Cd Kemperetal. 1994




Appendix 10-5

continued

Max. No of
Sample  Tissues Indwviduals  Merals and Trace
Species Region Period  Sampled Sampled  Elements Reported References
Odpbenus rosmarus Alaska 1986-89 K, L 56 Ag, Al, As, B, Ba, Be, ‘Warburton and Seagars
Cd, Cr, Cu, Fe, Hg, 1993
Mg, Mn, Mo, Ni, Pb,
Sb, Se, Sn, 8r, TL V,
Zn
O. rosmarus Bering Sea 1981-84 K, L 65 As, Cd, Hg, Pb, 52, Zn  Tayloretal 1989
O. rosmarus Greenland 1975-77 K, L. M 69 Hg, MeHg Born eral. 1981
O, rosmarus Arctic Ocean {Canada) 1988 Teeth 12 Cu, Pb, S5r,Zn Evans er al. 1995
Ommatophocd ross: Anrarctic 1981-82 L 20 Cd, Co,Cr, Cn, Fe, Hg, McClurg 1984
Mn, Ni, Pb, Zn
Otana flavescens Western South Atlantic (Argentina) — B K. LM 7 Cd, Hg Marcovecchio et al. 1994
Phoca groeniandica Greenland 1984-87 K, L, M 3 Hg, organic Hg Dierz et al. 1990
P. groenlandica Arctic (Greenland. Canada) 1976-78 Bl Br. K. L. M 43 Cd, Cu, Hg, Pb, Se Ronald er al. 1984b
P. groenlandica Newfoundland 1980 LM 30 Hg Bota et al. 1983
P. groeniandica Canada (Gulf of St. Lawrence) 1973 B, Bl Br, K, L 20 Hg, MeHg Joneseral. 1976
P. groenlandica Gulf of St. Lawrence — B, Br, K, L, 10 Hg, MeHg Freeman and Horne
M, O 1973
P. groenlandica Guif of 5t. Lawrence 1984 K, L. M, Mi 40 Cd, Cu, Hg, MeHg, Se, Wagemann et al, 1988
Zn
P. groenlandica Northwest Atlantc {Canada) 1976-78 Bl Br, K, L, M 205 Cd, Cu, Hg, Pb, Se Ronald et al. 1984b
P. groenlandica St. Lawrence River 1971 B, LM 20 Hg Sergeant and Armstrong
1973
P. groenlandica St. Lawrence River 1983-90 L 1 Cd, Hg Béland eral 1991
P. hisprda Alaska — L 13 Ag, Cd, Hg, Se, V Mackey eral. 1996
P hisprda Alaska (Chukchi Sea, Nome) 1988-89 K,L 4 40 trace elements, Zeisler eral. 1993
MeHg
P. hispida Arcuc (Canada) 1972 L, M 80 Hg, MeHg Smith and Armstrong
1975
B hispida Arcuc(Canada) 1983 K. LM 28 Ag, Cd, Cu, Hg, Pb, Se, Wagemannp 1989
Zn
P hispida Arcuc Ocean (Canada) 1972-77 L. M 390 Hg, MeHg, Se Smmith and Armstrong
1978
P hispida Balcic Sea (Sweden) 1975-90 B, K L 17 Al, As, Ca, Cd,Co, Cr, Franketal. 1992
Cu, Fe, Hg, Mg, Mn,
Ni, Pb, Se, V. W, Zn
P. hispida Finland - Har 32 Cd, Cr, Hg, N1, Pb Hyvinnen and Sipil
1984
P huspda Finland 1967-68 L, M, 0O 25 Hg " Hennksson eral 1969
P. hispida Finland {Lake Sairnaa) 1967 K, L, M 7 Hg Helminen ecal. 1968
P. hispida Finland (Saimaa, Bothnian Bay) 1974-75 B, K,L.M is Hg, MeHg, Se [{ari and Kauranen 1978
P hisprda Greeniand 1984-87 K. L.M 12 Hg, organic Hg Dherz et al. 1990
P hispida Gulf of Finland 1976-82 B, K.L.M 11 Cd, Cu, Hg, Pb, Se,Zn  Pertilli eval. 1986
B hispida Netherlands (capuve) — B, Br,K, L ] Hg, MeHg, Se vande Veneral. 1979
P uspida North Sea (Germany) — L ) Cd, Cu, Hg, Pb, Zn Harms etal. 1977/78
P huspida Norch Sea (Germany) 1975 L 1 Cd, Cu, Hg, Pb, Zn Drescher 1978
P lnspuda Northwest Adantic (Canada) - Claws 14 Hg, MeHg Freemnan and Horne
15973
P hupida Okhotsk Sea 1975 o ! Cd, Za Hamanaka et al. 1977
P largha Japan 1992 B 1 Buryltbn compounds iwata et al. 1994
P. vitulina Alaska 1976-78 K, L 23 As, Cd, Hg, Ph, Se Miles et al. 1992
P.vitdina Baitic Sea (Sweden) 1979-90 B, K, L 14 Al, As,Ca,Cd,Co,Cr, Franketal, 1992
Cu, Fe, Hg, Mg, Mn,
Ny, Pb, Se, V. W, Zn
P witulina Eastern North Pacific (US.A) 1970-71 L 13 Hg Anas 1974a
P owtuling England 1988-89 B, K. L 14 Hg Simmonds et al 1993

Continued on next page



Appendix 10-5  continued
Max. No. of
Sample  Tissues Individuals  Metals and Trace
Species Region Penod  Sampled Sampled  Elemments Reported References
P. vituling Germany 1988 Hair, skin 47 Cd, Hg, Pb Wenzeleral 1993
P. vitiling Great Britain 1968-72  Br. K, L, teeth 3t Cd, Cr. Cu, Hg, Pb, Zn  Heppleston and French
L9873
P. vitulina Japan 1984 KL 15 Cd, Cu, Hg. Zn Tohyama et al. 1986
P. vituling Netherlands 1974-75  B,Br,K.L,M.O 7 Hg. MeHg, Se van de Ven et al. 1979
P vitulina North Sea (England) 1969-70 Br,K.L.M, O 9 Cd, Hg, Pb Roberts et al. 1976
P. virulina North Sea (Germany) — KL M 7 Cd, Cu. Hg, Pb, Zn Harms ecal. 1977/78
P, vuulina North Sea (Germany) 1974-76 Br,K L 63 Cd, Cu, Hg, Pb, Zn Drescher et al. 1977
P. witulina North Sea (Netherlands) — B.Br.,K.L,O 9 Cd, Cr, Cu, Fe, Mn, Pb, Duinker et al. 1979
Zn
P. vilulina North Sea (Netherlands) 1970-71 Br, L 11 As, Cd, Hg, Se, Zn Koeman etal. 1972
P, vitulina North Sea {(Netherlands) 1975-76 Br, K, L 14 Br. Hg, MeHg, Se Reijnders 1980
P vitulina North Sea (Schleswig-Holstein 1975-76 Br. K. L 16 Br. Hg, MeHg, Se Reijnders 1980
and Denmark)
P watulina North Sea (Sweden) 1979-90 B, K. L 38 Al, As, Ca, Cd, Co, Cr, Frankeral. 1952
Cu, Fe, Hg, Mg, Mn,
Ni, Pb, Se, V. W, Zn
P, vituling North Sea (UK.) — BB, K.L.M, O 15 Cd, Cu, Hg, Pb, Zn Holden 1975
P vitulina Nova Scotia 1971 B, L, M, hair 8 Hg Sergeant and Armstrong
1973
P viruling Nova Scotia 1972 B,Br,K.L,M, O 1 Hg Freeman and Horne
1973
P. vityhna Okhotsk Sea - K. L 15 Hg. MeHg, Se Himeno et al. 1989
P virulina Okhotsk Sea 1975 LM O 4 Cd. Zn Hamanaka et al. 1977
P wiuting Scotland 1969-70  Br, K. L, M, O 1 Cd, Hg. Pb Roberts eral. 1976
P. wvituling Scotland 1988 B ke Hg Simmonds et al. 1993
P wituling St. Lawrence River 1983-90 L Lo Cd, Hg Béland et al. 1991
P. vituling UK, 1988-89 L 28 Cd, Cr, Cu, Hg, Ni, Law et al. 1991, 1992
Pb, Zn
P. vituling Western North Adantic 1971 B, Br,L,M 12 Hg MeHg Gaskin eral. 1973
(Bay of Fundy)
P. vitulina Western North Atlantic (US.A) 1980, 1991 L 7 Hg Lake eral, 1995
Zalophus californianus  California 1972 K.L 40 Ag Br,Ca,Cd,Cu,Fe, Martneral. 1976
Hg, K, Mg, Mn, Na,
Se.Zn
Z. califormianus California 1971-72  Br, bone, K. 6 Pb Braham 1973
LMO
Z. califormanus Captive — L 1 Hg Theobald 1973
Z. californianus Oregon 19708 K.L 7 Cd, Hg Leeecal. 1977
Z, californianus Oregon 1970-73  Mulrple 20 Cd, Hg. MeHg Buhler ecal. 1975
organs

Dashes appear where values were not available in onginal source.

B = bubber: Bl = blood: Br = brain: K = kidney: L = liver; M = muscle: MeHg = methyl mercury; Mi = milk: © = other

Appendix 10-6.

Species
Delphinapterus leucas

D. leucas
D. leucas

Summary of Selected Surveys of Metals and Trace Elemencs in Tissues of Odontocete Cetaceans

Max. No. of
Sample Tissues Individuals Metals and Trace
Region Penod Sampled Sampled Elements Reported References
Alaska (Chukchi Sea) 1989-90 L 6 40 trace elements, Zeisler et al. 1993
MeHg
Alaska 198902 L 15 Ag. Hg. Se Beckerer al, 1995
Alaska — L 15 g, Cd, Hg, Se. V Mackey et al. 1996



Appendix 10-6  continued
Max. No. of
Sample Tissues Individuals Merals and Trace
Speaies Region Period Sampled Sampled Elements Reported References
D leucas Bajuc Sea (Germany) - KL M i Cd. Cu, Hg, Pb, Zn Harmseral 1977:78
D lencas Greenland 1984-86 KL M 43 Cd. Hg. S¢, Zn Hansen eral 1990
D. leucas Greenland 198487 KL M 6 Hg, Organic Hg Dietz eral 1290
D. leucas Canadian Arcuic and 1981-87 K, L M 144 Cd, Cu, Hg, Pb, Se,Zn  Wagemann et al. 1990
St Lawrence
D. leucas St. Lawrence River 1988-90 L 35 Cd, Hg Béland et al. 1991
Delphinus delphus Australia —_ B KL MO 32 Cd, Hg, Pb Kemper eral. 1992
D. deiphis Gulfof Gumnea 1975 Lung 1 Cd. Cr, Fe, Hg, Pb, T Viale 198]
D delphis insh Sea 1990-91 L 8 Cd, Cr, Cu, Hg, Ni, Law eral 1992
Pb, Zn
D. delphis Tropical Atlannc 1975 B.K LM i Hg, Se Martoja and Viale 1977
D, delphis Mediterranean Sea 1973 B.L M 1 Hg, Se Martoja and Viale 1977
D. delphs Mediterranean Sea (France) 1973 Lung 1 Cd, Cr, Fe, Hg, Pb, Ty Viale 1981
D. delphs Mediterranean Sea (France) 1977 B 1 Cd, Cn, Pb Vicente and Chabert
1978
D. delphs New Zealand 1970~71 L 2 As, Cd, Hg, Se, Zn Koeman eral. 1972, 1975
D. delphs North Pacific 1987 B i Butyltin compounds  [wata eral 1994
D. delphs North Sea (Belgium) 1986 LM 1 Hg, MeHg Joinseral. 1991
D delphns Wales 199¢ L 1 Cd, Cr, Cu, Hg, Vi, Law etal., 1991, 1992
Pb, Zn
D. delphus Western North Atlantic 198789 L 3 Cd, Cr, Hg, Mn, Pb, Se  Kuehl ecal 1994
(US.A)
D. delphus Austraha 1989 K,L M Cd, Cu, Hg, Pb,Se, Zn  Anderson 1991
Globicephala California 1971 L Hg Hall etal. 1571
macrorhynchiis
G. macrorhynciuis Canbbean Sea 1972 KL, M 5 Hg, MeHg Gaskon eral. 1974
G. macroriynchus Japan 1975 M 12 Hg, Se Anma and Nagakura
1979
G. macrorhynchus Western North Atlanue - B, L, M i Hg, MeHg Windom and Kendall
(Georgia) 1979
G. macrorhynchus Western North Atlantic 1977 B.L K 4 Cd, Hg, Se Stoneburner 1978
{southeastern U.S.A.)
G. melaena Newfoundland 1280-82 B, K L, M 41 As, Cd, Cu, Hg, Pb, Muireral. 1988a
Se, Zn
G, melaena North Atlantic (Faroe Islands) 1977-78 B,K,L M 30 As, Cd, Cu, Hg, Julsbamn eral 1987
MeHg, Se, Zn
G. melaena North Atlanuc (Faroe Islands) 1986 B.O 53 Hg Simmonds et al. 1994
G. melaena Northwestern Atlanuc 1986-90 B, L.K.O 17 As, Cd, Cu, Hg, Meador et al. 1993
{Massachnserts; MeHg, Pb, Se
G melaena St. Lawrence Ruver 1983-90 L 2 Cd, Hg Béland er al. 1991
G. melaena Tasmania 198183 M 2 Hg Munday 1985
G. melaena Northwestern Atlanoc 1990-91 L 8 Ap, Hg. Se Beckereral. 1995
{Massachusers)
G melama Northwestern Atlantic 1990-91 L 8 20 elements Mackey etal 1995
{Massachusets)
G. metaena North Atianuc (Faroe Islands) 1986-88 K, L. M, 131 As, Cd,Cu, Hg, Se, Zn  Caurant et al. 1993
Mz, O
G. melaena MNorth Adantic (Farce Islands) 1986-88 Blood, unine 40 Cd N Caurant and Amiard-
Triquet 1995
G. melaena North Atlantic (Faroe Islands) 1987 L 14 Hg. ergamc Hg Schinto eral. 1992
Globicephala sp. Australia 1989 KL 4 Cd, Cu, Hg, Pb, Se, Zn  Anderson 1991
Globrcephala sp. Australia — K.L,M O 12 Cd, Hg, Pb Kemper etal. 1994
Hyperoadan North Sea (Germany) — L. M 1 Cd. Cn, Hg, Pb, Zn Harmsetal 1977/78
ampullartus

Continued on next page




Appendix 10-6

Species

H. ampullatus
H. planifrons
Koga breviceps
K. breviceps

Lagenorhynchus
obscurus

L. acutus

L. acurus
L. acutus

L. albirostrs

L. albirosins
L. albirostris

Mesoplodon
ginkgodens

Mesoplodon. sp.

Monodon monoceros

M. monoceros

M. monoceres

Neophocoena
rhocoencides

N. phocoenondes

N, phocoenoides

Orcinus orca

O. orca

Phocoena phocoena

P. phocoena

P. phocoena
P. phocoeno
P. phocoena

P. phocoena
P. phocoena

P. phocoena
P. phocoena

P. phocoena
P. phocoena

P. phocoena
P. phocoena

F. phocoena

Phoceonowdes dalli

continued

Max. No. of
Sample Tissues Individuals Metals and Trace
Region Penod Sampled Sampled Elements Reported References
St. Lawrence River 1983-90 L 1 Cd, Hg Béland et al. 1991
Australia - Bone 3 Pb Kemper et al. 1994
Australia - B,L.O 5 Cd, Hg, Pb Kemper eral. 1994
Western South Atlantic - B.K.L MO 1 Cd, Cu,Hg, Zn Marcovecchio et al. 1990,
(Argentina) 1994
New Zealand 1970-71 L 1 As, Cd, Hg, Se, Zn Koeman etal. 1972, 1975
Ireland 1989 L 1 Cd, Cr, Cu, Hg, Ni, Law etal. 1991
Pb, Zn
Western North Atlantic (U.S.A.) 198789 L 2 Cd, Cr, Hg, Mn, Pb,Se  Kuehl et al. 1994
Western North Atlande 1993 L 20 elements Mackey etal. 1995
{Massachusserts)
Irish Sea 1989 L | Cd, Cr, Cu, Hg. Ny, Law ecal. 1991, 1992
Pb,Zn
Newfoundland 1980-82 K L M 27 Cd, Cu, Hg, Pb, Se. Zn  Muir et al. 1988a
North Sea {Denmark) 1972 B.L,M, O 1 Cu,Hg, Pb,Zn Andersen and Rebsdorff
1976
Japan 1993 B 1 Burylun compounds  [watz er al. 1994
Australia — B.K.L,M. O 18 Cd, Hg, Pb Kemper et al. 1994
Arctic Ocean (Canada) 1978-79 BKLM 60 As, Cd, Cu, Hg, Pb, Wagemann e al. 1983
Se,Zn
Greenland 198486 KLM 98 Cd, Hg, Se, Zn Hansen etal. 1990
Greenland 198487 KL M 6 Hg, organic Hg Dietz et al. 1990
Japan 1973 M 1 Hg, MeHg, Se Arima and Nagakura
1979
Japan 1981-92 B 3 Buryltin compounds  [wata et al. 1994
South China Sea 1990 B 1 Buryltin compounds ~ Iwara et al. 1994
Australia — KL 1 Cd, Hg, Pb Kemper eral. 1994
Japan 1986 B i Buryltin compounds  [wacaeral. 1994 H
Baluic, North Sea (Germany) - KL M 3 Cd, Cu, Hg, Pb, Zn Harms ecal. 1977/78
Irish Sea 19B8-90 L 36 Cd, Cr, Cu, Hg, Ni, Law eral. 1992
Pb, Zn
Westem North Adantic 1969-77 Br,K.L,M, O 146 Hg MeHg Gaskin er al, 1972, 1979
{Bay of Fundy)
Westem North Adantic 1991 Br,K.L.O 3 As, Cd, Cu, Hg. Pb, Se  Stein ecal. 1992
{northeastern U.S.A.)
Western North Atlandc 1990-592 L 6 20 elements Mackey eral. 1995
(northeastern U.S.A))
North Sea (Belgium, Denmark) 1987-%0 K LM 17 Hg, MeHg Joiris eral. 1991
North Sea (Denmark) 1972-73 B.L.M.O Cu, Hg, Pb, Zn Andersen and Rebsdorff
1976
North Sea (Netherlands) 1970-71 Br, L 6 As, Cd,Hg, Se, Zn Koeman et al. 1972, 1975
North Sea (Scotland) 1974 Br,K.L.O 26 Cd, Co, Cr, Cu, Hg, Falconer et al. 1983
MeHg, Ni, Pb, Zn
Norway 1989-90 KL 92 Hg, Se Teigen et al. 1993
Balric Sea (Poland) 1989-93 K.L.M 4 Ag, Cd, Cr, Cu, Mn, Szeferetal. 1994
Ni, Pb, Zn
St. Lawrence River 1983-90 L 9 Cd, Hg Béland etal. 1991
Wales 1988 B,L,MO Cd. Cr, Cu, Hg, Ni, Morris et al, 1989
Pb. Zn
U.K. 1988-90 L 0 Cd, Cr, Cu, Hg, iy, Law eral, 1991, 1992
Pb, Zn
North Pacific 1987 B 2 Butyltin compounds  Jwaca eral. 1994

\—




Appendix 10-6

continued

Max MNo. of
Sample Tissues Individuals Metals and Trace
Species Region Peried Sampled Sampled Elements Reported References
P dalli Morthwestern Pacific NI Mulnple 2 Cd, Cu, Fe, Hg, Mn, Fujise et al. 1988
organs N1, Pb, Zn
£ dath Western Naorth Pacific — B, Br. K. L, 3 Cd. Cu, Fe, Hg, Fujise et al. 1988
M, O Mn, Ni, Pb, Zn
£ daili Western Morth Pacific 1978 L.MO 2 Cd, Zn Hamanaka and Mishima
1981
Physeter calodon — — M 1 Hg Suzuki and Miyosh: 1973
P catodon Anearctic 1972 M 6 Hg, MeHg Nagakura et al. 1974
P catodon MNorth Pacific 1972 M 7 Hg, MeHg Nagakura et al. 1974
P macrocephalus Australia - B K.LM 3 Cd, Hg, Pb Kemper et al. 1994
P, macrocephalus Mediterranean Sea 1974 Lung 1 Cd, Cr. Fe, Hg, Pb, Viale 1981
Ti
P. macrocephalus North Sea (Necherlands) 1995 L 1 As, Cd, Cr, Cu, Hg, Lawetal. 1998
Ni, Pb, Se, Zn
P. macrocephalus North Sea (Belgium) 1989 L.M 1 Hg, MeHg Joiris eral. 1991
P macrocephalus Southern Australia 1976 M 414 Hg Cannella and Kitchener
1992
P. macrocephalus Austrahia 1989 M 1 Hg Anderson 1991
Platanista gangenca India 1988-92 K, L, M 4 Cd, Cu, Fe, Mn, Ni, Kannan etal. 1993a
Pb, Zn
Pontopona blainvillei Western South Atannic — B.K,L,MO 73 Cd, Cu, Hg, Zn Marcovecchio er al. 1990,
{Argentina) 1994
Pseuderca crasndens  Australia — B K LM 38 Cd, Hg, Pb Kemper et al. 1994
P crassidens Eastern North Pacific 1987 Br,K,L 1 As, Ca, Cd, Cu, Fe, Baird et al. 1989
{British Columbia) Hg, Mg, Mn, Pb,
Se, Zn
Sotalia quianenses Surinam 1970-71 L 2 As, Cd, Hg, Se, Zn Koeman et al. 1972, 1975
Stenella atienuata Australia — B,.L.M 2 Hg. Pb Kemper et al. 1994
S. attenuata Japan 1972 M 2 Hg, MeHg, Se Arima and Nagakura
1979
S, attenuata Eastern Tropical Pacific 197783 Mulciple 27 Cd André e al. 1990
argan.s
S. attenuata Eastern Tropical Pacific 1977-83 Muitiple 44 Hg André ecal. 1991b
organs
S. coerulecalba Eastern Morth Aclantic (France) 1972-80 K. LM, O 8 Hg André etal. 1991a
5. coerulecalba Irish Sea 1990-91 L 3 Cd, Cr, Cu, Hg. Ni, Law etal. 1992
Pb, Zn
S coerulecalba Japan 1973-74 M 1 Hg, MeHg, Se "Anma and Nagakura
1979
§. coersleoatba Japan 1978-80 Bone 40 Ca, Cd, Cu, Fe, Hg, Honda et al. 1986a
MeHg, Mn, Ni,
Pb, Se, Zn
§. coeruleoatba Japan 1977-79 Muluple 55 Hg, MeHg, Se ltano et al. 1984a,b,c
organs
S. coerulecalba Japan 1977-80 M, LK 59 Cd, Cu, Fe, Hg, Mn, Ni, Honda eral. 1983
Pb,Zn
3. coerulecalba Japan 1977-80 Mulnple 76 Cd, Zn Honda and Tatsukawa
organs - 1983
S. coerulecaiba Japan 1979 Bone 1 Ca, Cd, Cu, Fe, Hg, Honda ecal. 1984
Mn, Ni, Pb, Se, Zn
S. coerulecalba Japan 1980 M 5 Hg, MeHg, Se Irano et al. 1985a,b
5. coeruleoalba Mediterranean (ltaly) 1987-89 Br, K,L.M 23 Cd, Hg, Pb, Se, Zn Leonzio et al. 1992
S. coeruleoalba Mediterranean (France) 1972-80 KL MO 27 Hg André et al. 1991a
. coenileoalba Medirerranean (France) 1973 Lung 1 Cr, Hg Viale 1981

Conttnued on next page




Appendix 10-6  continued
Max. No. of S
Sample Tissues Individuals Metals and Trace
Species Region Period Sampled Sampled Elements Reported References
S. carruleoalba Mediterranean (France) 1968-90 B.Br.K, L, 13 Hg Augier eral, 1993
M, O
§. coeruleoalba Mediterranean Sea 1973-92 Multple 6 Cd, Hg, Pb, Se Viale 1994
organs
S. coeruleoalba Wales 1988 B.M, O 1 Cd, Cr, Cu, Hg, Ni, Morris eral. 1989
Pb.Zn
S. coeruleoalba Wiles 1990 L 2 Cd, Cr, Cu, Hg, Ni, Laweral. 1991, 1992
Pb, Zn
S. longirostris Bay of Bengal 1990 B 1 Burylon compounds  Iwata ecal. 1994
Stenelia sp. Australia — B, K.L,M 3 Cd Kempereral. 1994
Stenelia sp. Caribbean Sea 1972 K.LM 2 Hg, MeHg Gaskin eral. 1974
Tursiops gephyrews Western South Adannc - KL MO 2 Cd, Cu, Hg. Zn Marchovecchio et al.
(Argentina) 1990, 1994
T gilli Japan 1973 M 1 Hg, MeHg, Se Anma and Nagakura
1979
T. truncatus Australia — B, K,L,M,0 24 Cd, Hg, Pb Kemper et al. 1994
T. truncarus Belgium (caprive) 1989 KL M 2 Hg. MeHg Joins eral. 1991
T. truncatus Florida (Gulf and Adlantic coasts)  1990-94 KLM 39 Cd, Cu,Zn Wood and Van Vleet
1996
T. truncatus Gulf of Mexico (Flonda) 1969-71 Blood, L 11 As, Cd, Hg, Sb, Se, Dudok van Heel 1972
(capdive) Zn
T. truncatus Gulf of Mexico (Florida) 1987-91 L 12 Hg Rawson eral. 1993
T truncatus Gulf of Mexico 1990 L 26 Cd, Cr, Hg, Mn, Pb, Kuehl and Haebler 1995
Se
T. truncatus Irish Sea 1989 L 2 Cd, Cr, Cu, Hg, Ni, Laweral 1991, 1992
Pb, Zn
T truncatus Mediterranean Sea 1975-86 Muldple 3 Ca, Cd, Cr, Cu, Fe, Viale 1994
organs Hg Pb, T, V. Zn
T. truncatus Mediterranean Sea 1973-75 B.KLM z Hg, MeHg, Se Martoja and Viale 1977
T truncatus Mediterranean Sea 197375 Lung 3 Cd, Cr, Fe, Hg, Pb, Viale 1981
Ti
T. truncatus Mediterranean Sea (Corsica) 1975-86 B,KLL MO 3 Ca, Cd, Cr, Cu, Fe, Viale 1994
Hg, Pb. Ti, V
T. truncarus Mediterranean Sea (Italy) 1987-89 Br, KL M 6 Cd, Hg, Pb, Se, Zn Leonzio et al. 1992
T. truncatus Mediterranean Sea (Iraly) 1992 B L 3 Buryldn compounds Kannan et al. 1996
T. truncatus Netherlands (captive) 1970-71 L 3 As, Cd, Hg, Se, Zn Koeman et al. 1972, 1975
T. runcanws Wales 1988 B,M. O i Cd, Cr, Cu, Hg. Ni, Morns eral. 1989
Pb, Zn
T truncatus Western North Adantic 1971 Br. K,L M, O 1 Hg Stickney et al. 1972
(Georgia. USA)
T. rruncarus Western North Atlandc (US.A) 1987-89 L 9 Cd, Cr, Hg, Mn, Pb, Kuehl eral. 1994
Se
Ziphius cavirostris Australia — Bone { Pb Kemper etal. 1994
Z. cavrrostns Bermuda 1981 B.K,L MO 4 Cd, Cu, Fe, Mn, Ni, Knap and Jickells 1983
Pb, V. Zn
Z. cavitostns Mediterranean Sea 1974 B KL M 1 Hg MeHg, Se Martoja and Viale 1977
Z. cavirostris Mediterranean Sea (France) 1974 Lung 1 Cd, Cr. Fe, Hg. Pb, Viale 1981
Ti
Z. cawirosrris Western South Atlantic — B.K.LM L Cd, Hg Marcovecchio et al. 1994
{Argenuna)
Dashes appear where values were not available i ongingt sousce.
B = blubber, Br = bran. K = kidney, L = hver; M = musaie, MeHg = 1ctk ¢ mercery: My = milk. NR = not reported, O = other
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Appendix 10-7.

Summary of Selected Surveys of Metals and Trace Elements in Tissues of Baleen Whales

Max. No. of
Sample Tissues  Individuals Merals and Trace

Species Region Pericd  Sampled Sampled Elements Reported References
Balaena mystwcerus Alaska — L 3 Ag Cd Hg Se.V Mackey eral. 1996
B. mysticetus Arctic Ocean (Alaska) 197988 B, K, LM 12 Ag, As, Ba, Be, Cd, Cr, Cu, Hg, Fe,  Braoon et al. 1993;

i, Pb, Sb, 3e, Ti, Zn Byrne et al. 1985
Balaenoptera Anrarcric 1980-85 L 135 Cd, Co, Cu, Fe, Hg, Mn, Ni. Pb, Zn  Honda et al. 1986b, 1987

acurorostrata

B. acutorostrate Antarctic 1985 B 1 Buryltin compounds lwaraeral. 1994
B. acutorostraia Greenland 1980 KL M 24 Cd. Hg, Se, Zn Hansen etal. 1990
B. acurorostrata Greenland 1980 KL M 22 Cd, Cu, Hg, Pb, Se, Zn Kapel 1983
B. acutorostraia Greenland 1984-87 K L M 3 Hg, orgamc Hg Dierz et al. 1990
B. acutorostrata St. Lawrence River 1983-90 L 9 Cd, Hg Béland eral. 1991
B. acutorostrata Wales 1991 L 1 Cd, Cr, Cu, Hg, Ni, Pb, Zn Law et al. 1992
Balaenoptera sp. Australia - Bone 5 Pb Kemper et al. 1994
B. borealis Tasman Sea 1972 M 9 Hg, MeHg Nagakura et al. 1974
B. physaius Southern Ocean 1947-48 M 8 Hg, MeHg MNagakura et al. 1974
B. physaius Eastern Narth Atlande 198386 K L, M 36 Hg. organic Hg Sanpera et al, 1993
B. physalus Morth Atlanuc (Ieeland, Spain}  1983-86 K, L, M 118 Cd, Cu.Zn Sanpera et al. 1996
B. physaius Mediterranean 1975 Lung 1 Cd, Cr, Fe, Hg, Pb, Ti Viale 1981
B. physaius St. Lawrence River 1983-90 L 1 Cd, Hg Béland eral. 1991
Caperea marginata  Australia — B.LLM.O 8 Cd, Hg, Pb Kemperetal. 1994
C. marginata Tasmarma 1980s M 1 Hg Munday 1985
Eschrichrius robustus  Eastern North Pacific (US.A.) 198891 Br,K,L, O 11 Ag, Al, As, Ba, Cd. Cr, Cu, Fe, Hg,  Varanasi et al. 1994

Mn, Ni, Pb, Se, Sn, Sr, Z2n

B = blubber; Br = bramy; K = kidney; L = liver; M = muscle; MeHg = methyl mercury. Mi = milk; O = other

Appendix 10-3.

Summary of Selected Surveys of Metals and Trace Element

Concentrations in Tissues of Sea Oteers, Sirenians, and Polar Bears

Max. No. of
Sample Tissues Individnals  Merals and Trace
Species Region Period Sampled Sampled  Elemnents Reported References
Enhydra lutns California 1987-89, ancient  Teeth 13 Pb Smich et al. 1990
E. lutns Morth Pacific {Amchitka Island} 1986-87. ancient  Teeth 10 Pb Srmuch ecal. 1990
Dugong dugon Austraha — K. LM 2 Hg Denton and Breck
1981
D. dugon Australia 1974-78 Br.K.L M 43 Ag, Cd, Co, Cr, Cu, Fe, Mn, Denton et al. 1980
Ny, Pb, Zn 4
D dugon Sulawes: (Indonesia) 1975 M 2 Hg, MeHg, Se Miyazaki et al. 1979
Trchechus Elorida 1977-81 KL M 54 Cd, Cu, Fe, Hg, Pb, Se O’Sheaeral. 1984
manatus
T. manatus Florida 1982 Br.K, L 8 Cd, Cu, Hg, Pb Q'Sheaeral. 1991
Ursus marinumus  Arctic (Greenland, Svalbard) 1978-89 Hair, K. L, M 97 Hg Born et al. 1991
U. manbmus Canada 1910-80 Hair 46 Hg Eaton and Farant 1982
U, marimus Alaska 1972 L.M ~62 Hg Lentfer and Galster
1987
U. manibhmus Arctic 1976-88 Hair 141 Hg Renzom and Morstrom
1990
U, mannmus Canada (Northwest Territodes)  1982-84 L 124 Ag, As, ﬁa. Be, Ca, Cd, Cu, Brauneetal. 1991;
Fe, Hg. K. Mg, Mn, Mo,  Norstrom et al. 1986
Na, P, Se, Sr, Ti, V, Zn, Zr
U. maritimus Greenland 1984-87 K L M 4 Hg, orgame Hg Dierz et al. 1990
UL mantisnus Svalbard 1978-89 KL 22 As, Cd. Cu, Hg, Pb, Se, Zn  Morheim er al. 1992

B = blubber: Br = bram, X = kidney, L = liver; M = muscle; MeHg = merhy! mercury, Mi = milk,
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