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Organochlorine dynamics in free-ranging polar bears and their cubs

Polar bears (Ursus maritimus) are top predators of the Arctic marine ecosystem, and as a
consequence, accumulate relatively high burdens of organochlorine (OC) contaminants in their fat
tissue. Extreme fluctuations in the mass of adipose tissue of polar bears occurs during seasonal and
pregnancy fasts. Since the dynamics of OC compounds under such a regimen was unknown, my
objective was to determine the change in concentrations and whole body burdens of OCs in polar
bears handled sequentially during seasonal fasting and feeding, pregnancy, and the first two months
of lactation. Total body burdens and adipose tissue, milk, and plasma concentrations were
determined for chlorobenzenes (S-CIBzs), hexachlorocyclohexanes (S-HCHs), chlordanes (S-
CHLORs), dichlorodiphenyl-trichloroethane compounds (S-DDTs) and polychlorinated biphenyls
(S-PCBs).

During seasonal fasts; 1) mean body burdens of S-DDTs declined while burdens of S-CIBzs,
S-CHLORs, and S-PCBs remained the same for most bears 2) OC concentrations in adipose tissue
increased for S-ClBzs, S-CHLORSs, and S-PCBs while plasma concentrations remained relatively
constant 3) OC concentrations in adipose tissue and inilk from females with cubs were correlated
positively 4) OC body burdens of females with COY's correlated positively to those of their cubs.
By cohtrast, OC:s in adipose tissue of feeding bears remained relatively constant with little variation
between captures.

During pregnancy fasts all OC body burdens declined, although the amount and percent
decrease varied with OC compound. Whole body concentrations for mothers and cubs were similar
for all OCs except for S-PCBs, where cubs had lower whole body concentrations than their mothers.
Cubs in spring had 1.3X higher concentrations of S-CIBzs, S-HCHs, S-CHLORs, and S-PCBs in

their adipose tissue than their mothers, while S-DDTs concentrations were similar. The



concentration of all OCs in the adipose tissue from nursing females in spring was correlated
positively with OC concentrations in their milk. Females who lost their cubs between spring and
fall had significantly higher mean OC concentrations in their milk in spring than did females who
kept their cubs until fall.

The annual dynamics of OCs in the tissues of polar bears were variable and dependent on the
bears’ nutritional and reproductive status. Extreme fluctuations in OC concentrations occurred in
adipose tissue depots but these changes did not necessarily reflect the total body burden dynamics
of OC compounds. Except for S-DDTs, OC burdens in polar bears did not decline significantly
during seasonal fasting whereas all burdens for OCs declined during pregnancy and early lactation.
Organochlorine body burden changes during gestation and early lactation showed that females could

transfer a significant burden to their young cubs.

BIOGRAPHICAL
January, 1967 Bom in Simcoe, Ontario
November, 1992 B.Sc.(Honours, first-class standing), Lakehead University
HONOURS

University Graduate Scholarship, Univ. of Saskatchewan, Sept. 1994 to Sept. 1996
Isabel Lopez Memorial Scholarship, Univ. of Saskatchewan, Sept. 1996

Canadian Geographic Scholarship, Royal Canadian Geographical Society, April 1993
NSERC Graduate Scholarship, Univ. of Saskatchewan, Sept. 1992 to Aug. 1994
NSERC Undergraduate Award, Lakehead University, May-Junel990 & 1991
Thunder Bay Field Naturalists Scholarship, Lakehead University, Sept.1991

Dr. L.D. Hawton Memorial Award, Lakehead University, Sept.1991

Canadian Federation of University Women Award, Lakehead University, Sept.1991
Bamfield Marine Station Scholarship, Univ. Victoria, June 1991



PERMISSION TO USE

In presenting this thesis in partial fulfilment of the requirements for a Postgraduate
degree from the University of Saskatchewan, I agree that the Libraries of this University may
make it freely available for inspection. I further agree that permission for copying of this
thesis in any manner, in whole or in part, for scholarly purposes may be granted by the
professor or professors who supervised my thesis work or, in their absence, by the Head of
the Department or the Dean of the College in which my thesis work was done. It is
understood that any copying or publication or use of this thesis or parts thereof for financial
gain shall not be allowed without my written permission. It is also understood that due
recognition shall be given to me and to the University of Saskatchewan in any scholarly use
which may be made of any material in my thesis.

Requests for permission to copy or to make other use of material in this thesis in
whole or part should be addressed to:

Head of the Department of Biology
University of Saskatchewan
Saskatoon, Saskatchewan S7N 5E2



ABSTRACT

Polar bears (Ursus maritimus) are top predators of the Arctic marine ecosystem, and
as a consequence, accumulate relatively high burdens of organochlorine (OC) contaminants
in their fat tissue. Depending on their nutritional and reproductive status, polar bears
undergo extreme annual fluctuations in their adipose tissue depots. I determined the
dynamics of OCs in adipose tissue, milk, and plasma of polar bears during seasonal fasting
and feeding, pregnancy, and the first two months of lactation. I collected tissue samples
from free-ranging polar bears both before and after a period of fasting and feeding, and
analyzed them for concentrations and total body burdens of chlorobenzenes (S-CiBzs),
hexachlor;)cyclohexanes (S-HCHs), chlordanes (S-CHLORs), dichlorodiphenyl-
trichloroethane compounds (S-DDTs) and polychlorinated biphenyls (S-PCBs). Logistical
constraints necessitated sampling to be conducted in two different regions within the
Canadian Arctic. Pregnant females, females with natal cubs in spring, and bears in summer
and autumn were handled in the vicinity of Churchill, Manitoba. All of these bears were
fasting at the time of handling. Bears during a period of feeding were handled on the sea ice
in the vicinity of Resolute Bay, Northwest Territories.

During seasonal fasts, mean body burdens of S-DDTs declined by 50% while burdens
of S-CIBzs, S-CHLORS, and S-PCBs remained the same for most bears. Generally, mean
OC concentrations in adipose tissue increased by 30% for S-CIBzs and by 40% for S-
CHLORs and S-PCBs while the plasma concentrations remained relatively constant.

Females with high OC concentrations in their adipose tissue also had high concentrations in



their milk. The OC body burdens of females with COY's correlated positively to those of
their cubs.

Adipose tissue concentrations of some specific OC compounds decreased during
fasting whereas other compounds became concentrated. By contrast, specific OC
compounds in adipose tissue of feeding bears remained relatively constant with little
variation between captures. The relationship of OC compounds between mother and cub
generally remained the same during fasting; some compounds were always higher in the cubs
than mother and others the opposite.

Pregnant polar bears can maintain themselves on stored fat for eight months during
which they undertake gestation and the first few months of lactation. The fate of stored
lipophilic'OCs during pregnancy and lactation in an animal that is fasting and the consequent
OC dynamics in their young cubs is unknown. I determined total body burden (total body
fat x OC concentration) and concentration change of OCs in female polar bears during
pregnancy and the first 2-3 months of lactation. In March soon after den emergence, I also
determined OC concentrations in adipose tissue and plasma from cubs. Organochlorine body
burdens in seven female polar bears declined during gestation and the initial lactation period
by 81% for S-DDTs, 64% for S-HCHs, 43% for S-CIBzs, 32% for S-CHLORSs, and 23%
for S-PCBs. Total declines in mean body burden of OCs were 70 mg for S-CHLORs, 56 mg
for S-PCBs, 20 mg for S-DDTs, 14 mg for S-HCHs, and 7 mg for S-CIBzs. Lactation was
estimated to account for 59%-66% of the decrease in S-PCBs and S-CHLORS burdens,
37%-49% for S-HCHs and S-ClBzs burdens, and 5% of the decrease for S-DDTs burdens.

Total body burdens of OCs for cubs in spring were calculated to be 1-4% of pregnant



females and 3-7% of nursing mothers. Whole body concentrations for mothers and cubs
were similar for all OCs except for S-PCBs, where cubs had lower whole body
concentrations than their mothers. Because cubs are smaller and have a lower percentage
of body fat than their mothers, they had higher concentrations of S-ClIBzs, S-HCHs, S-
CHLORSs, and S-PCBs in their adipose tissue (3.1x, 3.0x, 2.3x, 1.3x higher, respectively).
Cubs and mothers had similar concentrations of S-DDTs in their adipose tissue and plasma.

There was a positive relationship between the concentration of all OCs in adipose
tissue and milk from females with young cubs. Females who lost their cubs had significantly
higher mean OC concentrations in their milk in spring than did females who kept their cubs.
The difference was 70% for S-PCBs, 60% for S-CHLORs, 58% for S-HCHs and S-CIBzs,
and 49% for S-DDTs. This correlation between OC concentration in mother’s milk and the
subsequent survival of their cubs warrants further investigation. Cubs can receive a large
influx of contaminants from their mother during their first year of life. This first year for the

cub is a period of rapid growth and development that may be impaired with the presence of

high OC loads.

v
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1. GENERAL INTRODUCTION

1.1. Arctic contamination

The Arcticis a circumpolar land and sea mass that encompasses several countries and
cultures. In northern Europe and North America there are few cities and population centres
within this huge region and disturbances due to direct human activities are few.
Consequently, it is popularly thought that this region is pristine and relatively unaffected by
human disturbances. Unfortunately, this is not the case. In Arctic Russia, there are certainly
some large cities and very large disturbances due to human activities. For example, in this
area there has been dumping of reactor cores, nuclear testing on Novaya Zemlya, and
smelting in the Kola pennisula (Nilsson 1997).

Ecosystems in the Arctic are being continuously exposed to contaminaticn from
anthropogenically produced organochlorine (OC) compounds. The primary mode of OC
contamination to the Arctic is by atmospheric transport and to a lesser extent by oceanic
currents and rivers flowing into the Arctic MacDonald and Bewers 1996). A net transport
of OCs occurs from warmer to colder regions (Ottar 1981) due to the increased fractionation
and cold condensation of low volatility compounds in polar regions (Wania and Mackay
1993). Certain OCs (e.g. some PCB and chlordane compounds) are especially transferred
from air to ocean as both become colder with higher latitudes (Iwata ez al. 1993). Unlike

transport by ocean currents, which can take years or even decades, atmospheric transport
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of chiorinated compounds occurs in days (MacDonald and Bewers 1996).

Although considerable investigation of OC contamination has been carried outin the
Arctic, most studies have focussed on monitoring residue levels in organisms and the long
range transport of specific chemicals (Patton ef al. 1989, Barrie ef al. 1992, Muir et al.
1992a, MacDonald and Bewers 1996). The impact and fate of these contaminants is less
well understood. Although we are aware of the extent of OC contamination in the Arctic,
we do not know yet the dynamics of OCs within individual organisms or whether these
contaminants are causing deleterious effects on animals and humans occupying the area.

High trophic-level organisms in the Arctic marine ecosystem, such as polar bears,
may be particularly vulnerable to fat-soluble contaminants because of their low diversity of
prey iterﬁs; and the long length of the food chain that supports them (MacDonald and Bewers
1996). My research constitutes the first effort to determine the fate of OC compounds in the
tissues of a top-level mammalian predator, the polar bear (Ursus maritimus), which

undergoes extreme annual fluctuations in adipose tissue.

1.2. Characteristics of organochlorine contaminants

Organochlorines are chlorinated hydrocarbons. These compounds havea widerange
of physicochemical properties that determine their transport pathways, redistribution, and
partitioning in the environment. For organisms, the octanol-water partition coefficient
(Kow), Water solubility, and the structural characteristic of the compound can determine the
extent of the chemical’s bioaccumulation (Carey et al. 1998).

For species higher in the food chain, exposure to OC compounds occurs mainly



through food (Thomann 1981, Braune and Norstrom 1989, Muir et al. 1992, Suedel et al.
1994). As a result, uptake from the gastrointestinal tract is the primary process influencing
an organism’s actual exposure while blood is the mechanism whereby OCs are transported
to the various tissues (Opperhuizen ef al. 1985, Niimi and Oliver 1988). Bioaccumulation
of halogenated hydrocarbons in mammals occurs in adipose tissue, blubber, liver, bone
marrow, and brain tissue (Tanabe ef al. 1981, Mossner et al. 1992). Mammals can either
rid their bodies of OCs through metabolism or excretion. The liver is the primary site for
metabolism, which is highly stereospecific, of chlorinated aromatic hydrocarbons for most
vertebrates (Sijm ef al. 1993). Excretion of unchanged OC compounds and metabolites can
occur through feces, bile, urine, lactation, or through partitioning into gut contents (Rozman
et al. 1981).

Laboratory studies have been used typically to assess the effects of OC compounds
on organisms. Areas of research have addressed questions on mortality, reproduction,
development, growth, neurology, immunology, and endocrinology (Carey ef al. 1998). The
response of the organism to OCs has been dependent on the magnitude and duration of
exposure, the potency of the chemical, the tolerance of the organism, and the interactive
effects of other chemicals or stressors (Carey et al. 1998). For most wildlife species, the
effects and responses of OCs is unknown.

The characteristics of OCs, such as their persistence, affinity for fat, and toxicity,
makes them potentially hazardous to wildlife. In addition, wildlife may influence their risk
to OC contamination by the amount of lipid they ingest or accrue, their longevity, preferred

habitat, lactation period, food-web structure and position (Bremle ez al. 1997).



1.2.1. Polychlorinated biphenyls

Polychlorinated biphenyls (PCBs) are stable organic compounds that were used
widely in many industrial processes (Eisler 1986, Tanabe 1988, Peterle 1991). There are 209
possible congeners of PCBs (Eisler 1986, Peterle 1991). Because of their stability and lack
of reactivity, PCBs have been used in a wide array of industrial products including
plasticizers, paints, dielectric fluids, waxes, and paper manufacturing (Amdur et al. 1991).

Only after worldwide use of PCBs did the toxicity and persistence of these
compounds in the environment become evident. From 1930 to 1975, the total North
American production of PCBs was estimated at 570 x 10 kg, with an additional import of
1.4 x 106 kg from Europe (Buckley 1982). Polychlorinated biphenyls have now been found
globally m the tissues of mammals (Born et al. 1981, Martineau ef al. 1987, Focardi et al.
1995, Mason et al. 1992, Miles et al. 1992, Muir et al. 1992a, 19925, Norstrom et al. 1988,
1990, 1992, Kamrin and Ringer 1994). Not all of the congeners are equally worrisome.
Depending on the congener’s degree of chlorination and substitution pattern, the more
persistent the PCB compound and, consequently, the greater the concern for toxicological
effects (Eisler 1986, Sawhney 1986, Schiefer and Buzik 1990).

Even though PCBs have been banned in several developed countries, over 70% of
the total worldwide production is still in use today (Buckley 1982). Recently, Russia has
admitted that they still manufacture PCBs. In North America, approximately 95% of the
total mass of PCBs produced or imported between 1930 and 1975 is either still inuse today,
in landfill sites, or is circulating in the environment (Buckley 1982). Marquenie and

Reijnders(1989) calculated that only 1% of the world production of PCBs has reached the



oceans and so the marine environment is still at risk from fiuture OC contamination.

Although the bioaccumulation and magnification mechanisms are not completely
understood, PCB levels tend to increase proportionally with the trophic level and metabolic
rate of the target organism (Masse et al. 1986). Metabolic rate, growth, lipid deposition, and
reproduction control the food requirements of an organism and thus, the rate of contaminant
uptake (Carey et al. 1998). Adverse effects of PCB contamination on mammalian
reproduction tend to be manifested through consumption of contaminated food (Tanabe et
al. 1993). Food is the only important source of exposure for mammals.

PCBs have been associated with impaired reproduction in mink (Mustela vison;
Restum ef al. 1998), growth and behavioural abnormalities in rats and mice (Collins and
Capen 19‘80, Rosin and Martin 1981), and immunosuppression in bottlenose dolphins
(Tursiops truncatus, Lahvis et al. 1995). Although the mechanisms by which PCB
compounds can affect reproduction is unknown (Fuller and Hobson 1986), very low
concentrations of these compounds have the ability to bring about deleterious developmental
changes during critical embryonic, fetal, and early postnatal stages (Colborn and Smolen
1996). Young may suffer different health consequences than adults exposed to the same

chemicals (Myers and Colborn 1991).

1.2.2. Hexachlorobenzene and hexachlorocyclohexanes
Hexachlorobenzene (HCB) and hexachlorocyclohexanes (HCH) are highly stable
in the environment and tend to accumulate in food chains. Hexachlorobenzene was used as

a seed dressing to prevent fungal disease on grains, and was discontinued in most countries



in the 1970s. Hexachlorbenzene continues to be released into the environment as a
byproduct and contaminant of many other chlorinated solvents (Toppari et al. 1996). B-
hexachlorocyclohexane (B-HCH) is a byproduct in the manufacture oflindane, an insecticide,
and has been found in the air and oceans as the most persistent HCH isomer.
Bioaccumulation of B-HCH has taken place in invertebrates, fish, birds, humans and in
mammals where the compound is stored in adipose tissue (Toppari et al. 1996).

Certain isomers of HCHs have been shown to cause central nervous system (Sahoo
and Chainy 1998), reproductive and endocrine damage (Willett ez al. 1998). Exposure of
female mink to lindane during conception showed a decrease in reproductive efficiency when
they were subsequently mated, leading to a 60% reduction in the number of kits born (Beard
and Rawl;ngs 1998). In addition, small quantities of B-HCH released from adipose tissue
during fasting were sufficient to stimulate estrogen target tissues in mice (Bigsby et al.

1997).

1.2.3. DDT and DDE

Although the use of DDT as an insecticide in developed countries is now severely
restricted, it is still being used extensively in some developing countries (Voldner and Li
1995). Global usage of DDT is estimated to be greater this decade than in the 1970s when
it was banned in North America (Lindstrom ef al. 1995). The DDT metabolite, DDE, is
more persistent than the parent compound and readily accumulates in the food chain
(Toppari et al. 1996). DDE has been shown to have estrogenic qualities and to act as an

androgen—antagonist which may affect the development of young animals either pre- or post-



natally (Dewailly ef al. 1994, Kelce et al. 1995, Patlak 1996).

1.2.4. Chlordanes

Chlordane and heptachlor are insecticides that were once widely used in the United
States, but now the use of chlordane is suspended and that of heptachlor is restricted.
Technical chlordane contains a mixture of various chlordane isomers. Oxychlordane and
heptachlor epoxide are the most persistent metabolites of technical chlordane (Toppari efal.
1996). Chlordanes are chlorinated cyclodienes that are now recognized as environmentally
persistent and among the more toxic pesticides (Thomas and Colborn 1992).

These pesticides induce hepatic microsomal cytochrome P-450 (CYP) activity, and
induce tht; monooxygenases which hydroxylate testosterone (Haake et al. 1987). In polar
bears, chlordane (mainly the metabolite oxychlordane) has been shown to induce CYP2B
enzymatic activity (Letcher et al. 1996). Polar bear hepatic microsomes also metabolized
testosterone to a variety of oxidative products by induction of CYP3A and CYP2B
enzymatic activity (Bandiera et al. 1995). Chlordane has been shown to affect
spermatogenesis and cause degenerative changes in testicular tissue in mice (Balash et al.

1987).

1.3. Polar bears as biomonitors
Biomonitors are a species that are selected by humans to act as a representative
indicator of environmental health. For monitoring Arctic contamination, the biomonitor

would supply knowledge of the circumpolar distribution and temporal trends in



concentrations of OCs and would therefore, determine the sources and potential significance
of these contaminants to arctic marine and maritime wildlife and humans (Norstrom et al.
1998).

Polar bears have been used as biomonitors to determine the prevalence and variation
of persistent contaminants in the Arctic since the early 1970s (Bowes and Jonkel 1975,
Norstrom ef al. 1988, Norstrom and Muir 1994, Norstrom et al. 1998). Organochlorine
concentrations in polar bear adipose tissue are given in Table 1.1. Polar bears were used as
biomonitors primarily for four reasons (Norstrom et al. 1998). First, polar bears are found
throughout the circumpolar basin; therefore, contaminant levels could be monitored in one
species throughout the entire Arctic. Second, polar bears are philopatric and there is little
exchangé‘among populations. Third, the polar bear is the top predator of the Arctic marine
ecosystem which is advantageous for OC monitoring for two reasons: 1) polar bears have
relatively high longevity and low fecundity rates and 2) since organochlorines biomagnify at
each level of the food chain, contaminant levels can be easily detected by instrumentation at
higher concentrations. The third reason is because of the bears’ feeding ecology. Polar
bears feed primarily on ringed seals (Phoca hispida) and to a lesser extent on bearded seals
(Erignathus barbatus) (Stirling and McEwan 1975). Therefore, most bears throughout the
entire Arctic will have a similar food source that would facilitate comparison of contaminant

profiles among different populations of bears.

1.3.1 Influence of the polar bear’s feeding habits to OC contamination

Polar bears feed primarily on ringed seals and often prefer to consume the blubber,
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where lipophilic OCs concentrate (Stirling and McEwan 1975). Polar bears experience
dramatic seasonal variation in food availability (Ramsay and Stirling 1988, Ramsay and
Hobson 1991) with relatively brief periods of hyperphagia coupled with, at least in some
populations, lengthy periods when foods are unavailable. The body mass of individual polar
bears can more than triple during hyperphagic periods and adipose tissue may then constitute
more than 50% of'total body mass (Atkinson and Ramsay 1995). For most of the remaining
year, polar bears from Churchill, Manitoba feed little and undergo lengthy fasts (Ramsay and
Hobson 1991, Atkinson and Ramsay 1995). After extended fasting, adipose tissue depots
may be reduced to less than 10% of body mass (Pond et al. 1992). The polar bear’s high
trophic status (Hobson and Welch 1992) coupled with its unique feeding ecology makes it
particulariy susceptible to OC contamination. The dynamics of OCs under such fluctuations
of body fat reserves are virtually unknown, as most species investigated do not have a similar
nutritional regimen.

Organochlorine compounds accumulate in lipophilic tissues and total body burdens
are presumably affected by past and present nutritional status of the animal. Usually,
biological data from mammals, such as body condition, are unknown (Augilar 1985, Aguilar
and Borrell 1994). A novel approach in my research was to determine the change in body
composition of each animal (percent body fat and lean body mass) during different nutritional
stages and, subsequently, to determine the changes in total body burden of the contaminant.

Previous contaminant studies on free-ranging animals have generally used cross-sectional
sampling, animals captured on one occasion. Organochlorine concentrations and body

burdens in mammals handled sequentially under different feeding regimes are unknown.
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1.3.2. Influence of the polar bear’s reproductive biology to OC contamination

Prcgnant female polar bears from Churchill, MB can maintain themselves on stored
fat, which can be up to 50% of their body mass, for eight months or more, during which they
undergo post-implantation gestation and the first 2-3 months of lactation (Atkinson and
Ramsay 1995). These females do not have access to any food during this period, and rely
entirely on their adipose tissue reserves. The fate of stored lipophilic OCs during these fasts,
while also undertaking gestation and lactation, is unknown.

When cubs-of-the-year (COYs) emerge with their mothers from maternity dens
during March and April, they are about 3 months old and have been completely dependent
on mothef; s milk for nutrition since birth. F:slar bear cubs are born in a notably altricial state
and experience a lengthy period of lactation (Ramsay and Dunbrack 1986). Polar bear milk
has a high lipid content (approximately 30%) compared to other terrestrial species (Cook et
al. 1970, Jenness et al. 1972) and during the mother’s fasting period is formed entirely from
her lipid and protein reserves. Any OCs found in cubs at the time of den emergence,
therefore, must have been transferred from the mother in utero or via milk, since no other
food sources are available to cubs at the den site. Soon after emergence from the den,
families move onto the sea ice where they can hunt for seals. Cubs continue to nurse until
weaning (at approximately 2 years), but lipid content and volume of milk per day decreases
during the lactation period (Derocher ef al. 1993), and solid food makes up an increasing
proportion of the diet (Polischuk ef al. in review).

By determining the change in total body burden of OCs during gestation and
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lactation, estimates of reproductive transfer of contaminants by females can be calculated.
The total OC body burden of a pregnant female would have been attained by consumption
of seals prior to embryonic implantation and her subsequent pregnancy (Fig. 1.1). During
gestation, parturition, and early lactation, OC burden losses could be incurred via
metabolism, lactation, and transfer to fetus (Fig. 1.1). Since fasting female polar bears rely
almost exclusively on their fat stores while denning to avoid net catabolism of protein and
net production of urine (Lundberg e al. 1976, Nelson 1980), loss of OCs via feces and urine
during this period would likely not occur. Lactation provides a mechanism whereby a
significant burden of OCs can be transferred from one generation to the next (Tanabe and
Tatsukawa 1991). Cubs-of-the-year in spring receive a relatively higher OC burden from
their mot};er than older yearling cubs (Polischuk ef al. 1995) because COYs have a higher
absolute milk consumption than yearlings (Arnould and Ramsay 1994). A major transfer of
OC contaminants in milk from mother to young, therefore, may occur at a crucial point in

the growth and development of young polar bear cubs.

1.4. Study objectives and chapter organization

Since OC contaminants are lipophilic and accumulate in adipose tissue, I wanted to
determine how the bears’ nutritional and reproductive status influenced their contaminant
loads. The body condition of polar bears can vary widely during seasonal fasting periods
and how this influences body burdens and concentrations of OCs is unknown. My first
objective was to determine how fasting influenced total body burdens and concentrations of

OCs in adipose tissue, plasma and milk (Chapter 2).
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Figure 1.1. Routes of inputs and losses of organochlorine (OC) contaminants to the total

OC body burden of pregnant polar bears.
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Having established the dynamics of the various groups of OC compounds in fasting
bears, my second objective was to look at specific OCs in tissues of bears that had undergone
changes in mass due to fat mobilization or deposition. By monitoring bears during a period
of fasting and feeding, I established patterns of excretion or accretion of individual
compounds in adipose tissue, plasma, and milk (Chapter 3). In Chapter 3, I also present
longitudinal OC data on polar bears that had been captured sequentially on more than two
occasions over a 4-year period.

Since pregnant females have the largest change in adipose tissue depots, my third
objective was to investigate the dynamics of OC concentrations and body burdens in polar
bears during pregnancy and the initial period of lactation. In Chapter 4, I examine the body
burden lc;ss of OCs by the mother and the subsequent transfer of contaminants to her natal
cubs via lactation. By determining the amount of OCs transferred from mother to cubs, I

established the relative exposure of OCs to cubs.
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2. EFFECT OF SEASONAL FASTING ON ORGANOCHLORINE
CONCENTRATIONS AND BODY BURDENS

IN POLAR BEARS (Ursus maritimus)

2.1 Abstract

Polar bears have relatively high concentrations of lipophilic organochlorines (OCs)
in their adipose tissues and the fate of these compounds during a seasonal fast is unknown.
To investigate OC dynamics in the tissues of free-ranging polar bears, I collected samples
of adipose tissue, plasma, and milk in summer near the beginning of fasting and in fall after
3-4 months of fasting. These tissues were analysed for the sum of chlorobenzenes (S-
CIBzs), hexachlorocyclohexanes (S-HCHs), chlordanes (S-CHLORS), dichlorodiphenyl-
trichloroethane compounds (S-DDTs) and polychlorinated biphenyls (S-PCBs). The body
composition of all bears and their total body burdens of OCs were determined before and
after fasting. The mean proportion of body mass lost as fat during fasting varied with status:
females with yearlings (Fem/YRLGs) 62%, males 48%, females with cubs-of-the-year
(Fem/COYs) 43%, yearling cubs (YRLGs) 43%, and cubs-of-the-year (COYs) 18%.
Decreases in body mass during fasting ranged from 0.5 kg/day for yearlings to 0.9 kg/day
for adult males. Body burdens of S-DDTs declined for most bears during fasting (12 - 194

ug/day) whereas the burden changes of other OCs varied with the bear status and also
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among individuals. For example, males decreased their body burdens of S-CHLORs by 3100
+ 4284 ug/day during fasting while other classes did not change. Fat mass changes in COY's
were significantly correlated with changes in their body burdens for all OCs, while this
correlation was generally not evident for other classes. The OC body burdens of Fem/COYs
were related to their body fat percentages as were the OC burdens of their cubs. Whereas
the concentrations of S-DDTs in adipose tissue declined for most bears, the concentrations
of the more chlorinated compounds increased. Concentrations of OCs in milk were higher

than in mothers’ adipose tissues, but were closely correlated.

2.2 Introduction

Pc;lar bears are carnivores that occupy the top niche of the arctic marine food chain
(Hobson and Welch 1992), and consequently, are exposed to the bioaccumulation and
biomagnification of environmental contaminants (Norstrom et al. 1998). The fate of these
compounds is unknown, but could be affected by dietary patterns. Polar bears feed primarily
on ringed seals and often prefer to consume blubber (Stirling and McEwan 1975), where
lipophilic organochlorines (OCs) concentrate. Polar bears experience dramatic seasonal
variation in food availability (Ramsay and Stirling 1988, Ramsay and Hobson 1991) with
relatively brief periods of hyperphagia coupled with, at least in some populations, lengthy
periods when foods are unavailable. The body mass of individual polar bears can more than
triple during hyperphagic periods and adipose tissue may then constitute more than 50% of
total body mass (Atkinson and Ramsay 1995). For much of the remaining year, polar bears

feed little"and undergo lengthy fasts (Ramsay and Hobson 1991, Atkinson and Ramsay
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1995). After extended fasting, adipose tissue depots may be reduced to less than 10% of
body mass (Pond et al. 1992). Polar bears have evolved physiological and biochemical
means to be one of the most proficient terrestrial mammals at undertaking extended fasts
(Ramsay ef al. 1991).

Their high trophic status (Hobson and Welch 1992) coupled with the large annual
fluctuations in adipose tissue stores make them, among terrestrial mammals, particularly
prone to OC contamination. The dynamics of OC compounds under such dramatic
fluctuations of body fat reserves is virtually unknown, as most species investigated in
toxicological studies to date do not have a similar nutritional regimen.

Organochlorine compounds accumulate in lipophilic tissues and total body burdens
are presu;nably affected by the past and present nutritional and reproductive status of the
animal. Contaminant studies on free-ranging animals have generally reported on the
concentration of compounds from an animal tissue sampled only once. Additional biological
data from study organisms, such as nutritional status and body composition, are usually
unknown (Aguilar and Borrell 1994). Thus, whole body burden dynamics of OCs cannot
be determined.

I studied the population of polar bears located in western Hudson Bay, Canada that
live near the southern limits of the species’ range. These bears come ashore each year when
the ice melts in summer (July-August) and remain on land for 4-5 months until the Bay re-
freezes (Ramsay and Stirling 1988). During their stay on land the bears fast and deplete their
large adipose reserves that were accumulated prior to coming ashore.

For my first objective, I estimated the total body burden of OCs for all bears handled
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and assessed body burden changes during fasting for animals handled sequentially. Second,
I determined the effects of seasonal fasting on OC concentrations in adipose tissue, plasma,
and milk collected from the animals. Third, I compared the relationship between OC body
burdens and OC concentrations in adipose tissue to determine which reflected the best

measure of contamination.

2.3 Methods
2.3.1 Field study

Polar bear plasma, milk, and adipose tissue samples were collected in the vicinity of
Churchill, Manitoba {57°00' to 58°50'N, 92°25'to 94°15' W) during summer (July-August)
and fall (September-November) of 1992-1996. Polar bears were immobilized from a
helicopter using well-established methods (Stirling ef al. 1989). Each adult female captured
in summer was fitted with a radio-collar (Telonics Inc., Mesa, AZ) and adult males were
fitted with ear-radios (Holohill Ltd., Woodlawn, ON) to allow relocation in fall. All bears
handled were assigned a unique identifying number for subsequent identification when
recaptured, which was applied as a tattoo to the upper lips and on matching ear tags. A
vestigial premolar tooth was extracted from bears older than one year for age determination
(Calvert and Ramsay 1998). Standard body measurements and mass were taken on all bears
captured. Body composition (percent body fat and lean body mass) was determined by ’H
dilution for all bears handled (Farley and Robbins 1994, Atkinson and Ramsay 1995). Up to
80% of adipose tissue from adult polar bears is superficial and thus readily accessible (Pond

etal. 1992). Adipose tissue (0.6cm x 1.0 cm, 200 mg) was obtained under anaesthesia by
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superficial biopsy from the subcutaneous depot at the base of the tail, approximately 15 cm
lateral to the midline (Ramsay ef al. 1992). Blood samples were collected in heparinized
vacutainer tubes via jugular catheterization. Blood was kept cool until centrifugation, when
plasma was removed and frozen immediately at -20°C. Milk samples were collected by
administering 1.0 ml oxytocin via the jugular catheter and palpating the teats. All samples
were stored in individually pre-cleaned vials (rinsed three times each with acetone and n-

hexane), sealed, and frozen at -20°C.

2.3.2 Laboratory analysis and statistics

Organochlorines in adipose tissue, milk and plasma were extracted and separated
from méihylsulphone metabolites and lipids (see Letcher et al. 1995 for separating
methylsulphone metabolites from OC compounds). The subcutaneous adipose tissue portion
(approximately 100-200 mg) of the biopsy was clipped off the skin into a tared, chemically
cleaned scintillation vial and weighed. Approximately 1 g of sodium sulfate was added and
mixed with the fat using a spatula. The mixture was weighed accurately and allowed to
stand for 0.5 h before addition of 3 ml of 1:1 dichloromethane/n-hexane (DCM/hexane).
The vial was swirled and allowed to stand for 0.5 h. The supernatant was removed and the
mixture washed twice with 3 ml of 1:1 DCM/hexane. The vial was heated for 0.5 hat 100°C
to drive off solvents and re-weighed to determine extractable lipid weight. The percent
extractable lipid was determined by dividing the lipid weight of the sample by its wet weight.
The majority of lipid removal was accomplished by gel-permeation chromatography and

chromatography on 33% KOH/silica gel. Organochlorines were separated from
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methylsulphone metabolites by chromatography on 1.2% water-deactivated Florisil.

Milk (3 g) was prepared by adding 3 ml of potassium oxalate and 3 ml of methanol.
The potassium oxalate solution (0.1g/ml) was prepared by dissolving 10 g of ground
potassium oxalate into 100 ml of distilled, deionized, n-hexane-washed water. The milk
solution was mixed by using a vortex machine and then allowed to stand for 0.5 h. Lipids
were extracted from milk by adding 6 ml of diethyl ether and 6 ml of n-hexane, vortexed and
centrifuged. The supernatant was transferred to a flask and the extraction procedure was
repeated twice. Hexane (15 ml) was added to the flask and the volume was reduced to
approximately 1 ml by using a rotary evaporator. The residual was transferred to a 15 ml
graduated centrifuge tube and adjusted to 10 ml with 1:1 DCM/n-hexane. One ml was
removed for lipid determination and placed in a pre-weighed aluminum (Al) dish. The Al
dish was heated for 0.5 h at 100°C to drive off solvents and re-weighed. The percent
extractable lipid was determined by dividing the lipid weight of the sample by its wet weight.
Milk fat (approximately 150 mg) was carried through the same OC separation procedure
used for adipose tissue biopsies.

Plasma (6-7 ml) was weighed into a 50 ml screw top centrifuge tube and diluted with
similar volumes (6-7 ml) each of n-hexane (washed with doubly-distilled water) and
methanol. The mixture was vortexed and allowed to stand for 0.5 h. Lipids were extracted
from plasma by adding 10 m! of 1:1 methyl tertbutyl ether (MTBE)/n-hexane, vortexed and
centrifuged, and then allowed to stand for 0.5 h for phase separation to occur. The organic
phase was removed and placed in a flask. The extraction procedure was repeated twice.

The volume of the organic phase was reduced by using a rotary evaporator to approximately
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1 ml, and then transferred to a graduated centrifuge tube and adjusted to 5 ml with 7-hexane.
The percent extractable lipid was determined by removing 0.5 ml of the mixture by pipette
that was placed in a pre-weighed Al dish. The Al dish was heated for 0.5 hat 100°C to drive
off solvents and re-weighed. The percent extractable lipid was determined by dividing the
lipid weight of the sample by its wet weight. Plasma lipid was then carried through the same
OC separation procedure used for adipose tissue biopsies and milk.

Adipose tissue, milk, and plasma were analysed for chlorobenzenes (CIBzs),
hexachlorocyclohexanes (HCHs), chlordanes (CHLORs), DDTs, and polychlorinated
biphenyl (PCBs). Organochlorines were determined in a single fraction by gas
chromatography with a mass selective detector (GC/MSD) using a characterized polar bear
adipose tfssue extract as a secondary standard (Norstrom et al. 1998). Instrumentation
consisted of a HP 5987B GC/MSD in the EI mode (70eV) equipped with a DB-5 capillary
column (J & W Scientific Inc., 30-m x 0.25-mm i.d., 0.25-pm film thickness). All injections
were 3 pl in the splitless mode with helium as the carrier gas. The initial temperature of
100°C was held for 3 min, then programmed to rise at 20°C/min to 180°C, and 3°C/min to
300°C. Injections port, transfer line, and ion source temperatures were 270°C, 300°C, and
300°C, respectively (Norstrom ef al. 1998).

Adipose biopsy, milk, and plasma samples were spiked with 20 ul of a fully *C-
labelled standard mixture of tetra- (2.5 ng/ul), penta- (2.5 ng/ul), and hexachlorobenzene
(2.5 ng/ul), and CB-28 (2.0 ng/ul), CB-52 (2.0 ng/pl), CB-118 (2.1 ng/ul), CB-153 (2.1
ng/ul), CB-180 (2.0 ng/ul), and CB-194 (2.1 ng/pl) for percent recovery determination. All

data weré corrected to 100% recovery based on C-labelled percent recovery results.
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Correction factors were determined from a regression plot based on retention times and *C-
labelled percent recovery results. The higher chlorinated BC-labelled PCBs had longer
retention times and tended to have similar percent recoveries. Therefore, for these PCBs,
the mean of the 3C-labelled percent recovery results were determined and used as the
correction factor. Just prior to GC/MSD analysis, Sul of PCB-154 normalization standard
was added. PCB-154 does not occur naturally in polar bear adipose tissue (Norstrom ef al.
1988).

The sum of chlorobenzene compounds (S-CIBzs) is reported as the total of 1,2,4,5
tetrachlorobenzene (TeCIBz), pentachlorobenzene (PnCIBz), and hexachlorobenzene (I{CB).
The two isomers of hexachlorocyclohexane, «-HCH and B-HCH, are reported as the S-
HCHs. The sum of chlordane compounds (S-CHLORs) includes 11 chlordane-related
compounds that are found in polar bear tissue (Norstrom et al. 1998). Oxychlordane,
heptachlor epoxide, trans-tonachlor, and MC-6 account for over 80% of the total sum of
chlordanes. The sum of DDT related compounds (S-DDTs) include pp’DDE, pp’DDD,
pp’DDT, with pp’DDE accounting for greater than 88% of the total sum. The sum of
polychlorinated biphenyls is given as the sum of the 22 congeners that can be detected in
polar bear tissues. Seven congeners account for greater than 80% of the total PCB
congeners; PCB-99, PCB-153, PCB-138/163, PCB-180, and PCB-170. Adipose tissue and
milk OC concentrations were determined based on lipid weight whereas plasma
concentrations were based on wet weight.

Total body burdens of OC contaminants were calculated on all bears for which body

composition was determined. Total body burden of OC was estimated by:
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Total body fat (kg) x OC concentration (mg/kg, lipid weight)
Total body fat was determined as the difference between total body mass (weight of bear)
and lean body mass (calculated from 21.dilutions) (Farley and Robbins 1992). Body burden
changes during fasting were determined for all polar bears handled sequentially.
Organochlorine concentrations were assumed to be similar for all adipose tissue depots.
Norstrom (pers. comm.) found that organochlorine concentrations were similar for different
adipose depot sites from polar bears.

Data were analysed using STATISTICA software (© 1937 StatSoft, Inc.). Wilcoxon
Matched Paired Tests were used on all data where there were sequential samples oollec_ted.
Pearson Product-Moment Correlations were used to determine relationships between two
measured variables. A t-test was used to determine whether there was a significant
difference in the milk lipid between summer and fall. All tests were considered significant

at p<0.05.

2.4 Results

Mean percent of extractable lipids by weight in adipose tissue, plasma, and milk were
as follows: adipose tissue 81.3 +7.9% (n=216), plasma 0.09 + 0.09% (n=192), and milk
272 + 8.6% (n = 60), respectively. Mean percent recoveries of BC-labelled internal

standards for adipose tissue, plasma, and milk are given in Table 2.1.

2.4.1 Body composition changes

Adl bears that were handled sequentially lost total body mass during their seasonal

24



Table 2.1. Mean (+SD) percent recoveries of BC_labelled internal standards for adipose

tissue, plasma, and milk from polar bears, Churchill, MB, and Resolute Bay, NWT.

13C-standard Adipose tissue Plasma Milk
n=198 n=166 n=60

BC-TeCIBz 6111 48 +£9 57+13
BC-PnCIBz 69 £ 10 52+ 11 65+ 15
BC-HCB 86 +£22 68 + 13 76 £ 17
3C-PCB-28 79+11 55+13 76 £ 11
‘3C-PCB-;52 8011 52+ 14 77 £ 14
3C-PCB-118 8111 47+ 14 77+ 12
3C-PCB-153 81+10 46 £ 13 77£11
3C-PCB-180 80+ 11 46 £12 79 +13
BC-PCB-194 80+ 13 45+ 15 75+ 12
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fast from summer to fall (Table 2.2). Of this mass loss, all bears lost lean mass and all,
except for three cubs, lost body fat between sequential handlings. Two COYs and one
YRLG gained body fat from summer to fall; 2.7 kg, 3.0 kg, and 4.9 kg, respectively. Cubs-
of-the-year had the lowest proportion (18%) and Fem/YRLGs had the greatest proportion
(62%) of mass loss as fat during the on-land period (Table 2.2). Mean percent body fat
before and after fasting for each group is shown in Table 2.2. Note that COYs are
consuming milk from their mothers during this period whereas mothers of YRLGs usually

cease lactation as the fast progresses (October - November).

2.4.2 Changes in body burden of organochlorines

Té;tal body burdens of S-DDTs generally decreased for all bears whereas there was
no change in burdens of S-CIBzs and S-PCBs (Table 2.3). Whole body burden
concentrations of OCs were determined for all bears captured in summer and in fall. Females
with COYs, COYs, and YRLGs had higher body concentrations of S-CHLORs and S-PCBs
after a period of fasting compared to the start of their fast (Table 2.4). Whole body
concentrations of S-CHLORs in males decreased by half during fasting. Generally, COYs
and YRLGs had the highest burdens per mass for S-CIBzs, S-CHLORs and S-PCBs, while
COYs had the largest increase in their burden per mass of S-CHLORs and S-PCBs during
the fasting period (Table 2.4). The body burden of S-DDTs in bears that were handled
sequentially generally decreased during fasting (Table 2.4). Mean changes of OC body
burdens per day in polar bears handled sequentially are givenin Table 2.5. Notably, the body

burden of S-CHLORS in males decreased by 3100 pg/day.
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The body burdens of females with COYs correlated positively with those of their
cubs (COYs) in both summer and fali for all OCs (Pearson Correlation 7 = 33: S-CIBzsr=
0.73, p=0.000001; S-HCHs r = 0.87, p=0.0000001; S-CHLORsr= 0.78, p =0.0000001;
S-DDTs r=0.90, p = 0.0000001; S-PCBs r=0.79, p =0.0000001; see Fig. 2.1a-e). There
was no correlation between the body burdens of females with YRLGs and those of their cubs
(YRLGs) for S-CIBzs, S-DDTs, and S-PCBs while there was a significant correlation for S-
HCHs and S-CHLORs (Pearson Correlation, 7=18: S-CIBzsr=-0.03,p = 0.91, S-DDTs
r=0.27, p=0.27; S-PCBsr=0.34, p=0.17; S-HCHs r = 0.53, p = 0.02; S-CHLORsr=
0.65, p = 0.003).

Change in body fat was significantly correlated with change in OC body burdens for
COYs dut:ing the fasting period (Pearson Correlation p<0.05; Table 2.6). Generally, this
correlation was not evident for other categories of bears (Table 2.6). The percent body fat
of females with COYs in summer and fall was correlated with the female’s contaminant body
burdens for all OCs (Pearson Correlation, n=24: S-CIBzsr=0.78, p = 0.000006; S-HCHs
r=0.72, p=0.00008; S-CHLORs r = 0.58, p =0.0031; S-DDTsr=0.69, p = 0.0002; S-
PCBs r = 0.48, p = 0.0168; see Figs. 2.2a-€) whereas this relationship did not hold true for
females with YRLGs (Pearson Correlation, n=17: S-CIBzsr=0.14,p= 0.60; S-HCHsr
=0.17, p=0.51; S-CHLORs r = -0.09, p = 0.72; S-DDTs r = 0.47, p = 0.07; S-PCBsr =
-1.11, p=0.67). The percent body fat of subadult and adult males correlated with total body
burden of S-HCHs, S-CHLORs, and S-DDTs but not of S-CIBzs and S-PCBs (Pearson
Correlation p<0.05, n =22: S-CIBzs r = 0.42; S-HCHs r = 0.73; S-CHLORs r = 0.44; S-

DDTs r="0.50; S-PCBs r = 0.41).
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Figure 2.1a-e. Correlation (r) between organochlorine body burdens (mg) for female polar
bears with cubs-of-the-year (COYs) and their cubs in summer and fall from Churchill,
Manitoba, Canada.(;1992-1996). Dashed lines indicate 95% confidence interval. Correlation
coefficients for OCs are as follows: S-CIBzs r = 0.73, S-HCHs r = 0.87, S-CHLORs r =

0.78, S-DDTs r =0.90, S-PCBsr=0.79.
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Figure 2.2a-e. Organochlorine body burdens (mg) and percent body fat for female polar

bears with COYs in summer and fall from Churchill, Manitoba, Canada (1992-1996).
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2.4.3. Changes in tissue concentration of organochlorines

2.4.3.1. Adipose tissue

The concentrations of S-CIBzs, S-CHLORs, and S-PCBsin adi-pose tissue generally
increased in bears handled sequentially during fasting, whereas concentrations of S-HCHs
and S-DDTs remained the same or decreased, respectively (Wilcoxon Matched Pairs Test:
Fem/COYs n =9, S-CLBzs p = 0.008, S-HCHs p = 0.95, S-CHLORs p =0.008, S-DDTs
p =0.02, S-PCBs p =0.008; Fem/YRLGs n=7, S-CLBzs p =0.09, S-HCHs p = 0.74, S-
CHLORs p=0.24, S-DDTsp = 0.09, S-PCBs p=0.03; COYsn=12, S-CLBzsp = 0.58,
S-HCHs p =0.002, S-CHLORs p =0.003, S-DDTsp = 0.002, S-PCBs p =0.002; YRLGs
n=9, S-CLBzs p =0.008, S-HCHs p =0.77, S-CHLORs p = 0.008, S-DDTsp= 0.3'7, S-
PCBs p = 0.008; Males =10, S-CLBzs p =0.07, S-HCHs p = 0.33, S-CHLORs p = 0.09,
S-DDTs p =0.007, S-PCBs p =0.11; see Table 2.7). The mean changein OC concentration

in adipose tissue for each class during fasting is given in Table 2.8.

2.4.3.2 Plasma

Changes in plasma OC concentrations were less common than in adipose tissue
(Table 2.9). The concentration of S-DDTs in plasma from males and YRLGs decreased and
the concentration of S-CHLORs in plasma from Fem/COYs increased during fasting,
whereas for most other classes OC concentrations in plasma remained the same (Wilcoxon
Matched Pairs: Fem/COYs n =8, S-CLBzs p = 0.26, S-HCHs p = 0.58, S-CHLORs p =
0.04, S-DDTs p =0.78, S-PCBs p = 0.07; Fem/YRLGs n=S5, S-CLBzs p =0.89, S-HCHs

p=0.22,S-CHLORs p =0.69, S-DDTsp = 0.14, S-PCBs p=0.69; COYsn=12, S-CLBzs
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Table 2.8. Mean (& SD) change (x) in OC concentrations in adipose tissue for polar bears

handled sequentially during a period of fasting. Mean decreases in concentration are given

in bold-type.

Status n  S-CIBzs S-HCHs S-CHLORs S-DDTs S-PCBs
Fem/COYS 9 14+£01 1.0x03 1.6+£0.2 0.8+0.2 1.6£03
Fem/YRLGs 7 1.4£06 1.1£05 1.3£0.3 0.9+04 1.5+£0.6
COYs 12 1.1+£02 0.8+0.2 1.3+£02 0.6 £0.2 1.3x0.1
YRLGs 9 1.2£02 1.0+03 1.4+£0.2 0.9£0.5 1.3£0.2
Males 10 1.2£06 0.8+£05 0.9+0.8 0.6+0.3 1.3+0.6
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p = 0.07, S-HCHs p = 0.12, S-CHLORs p = 0.10, S-DDTs p = 0.18, S-PCBs p = 0.24;
YRLGs n= 7, S-CLBzs p = 0.40, S-HCHs p = 0.04, S-CHLORs p = 0.74, S-DDTs p =
0.03, S-PCBs p = 0.74; Males n = 10, S-CLBzs p = 0.88, S-HCHs p =:0.44, S-CHLORs p
=0.14, S-DDTs p = 0.03, S-PCBs p =0.07). Plasma concentrations correlated positively
with adipose tissue concentrations for S-CIBzs, S-CHLORs, and S-PCBs (Pearson
Correlation p<0.05, n=113; r= 0.35, r=0.53, and r = 0.35, respectively), but showed no
significant relationship for S-HCHs and S-DDTs (Pearson Correlationn = 113; r=-0.04

and r = 0.01, respectively).

2.4.3.3 Milk

For females with COY's handled sequentially, the levels of S-CHLORs and S-PCBs
in milk increased during fasting (Wilcoxon Matched Pairs n=7: S-CIBzs p =0.09; S-HCHs
p = 0.50; S-CHLORs p = 0.02; S-DDTs p = 0.87; S-PCBs p = 0.02) while females with
YRLGs did not have any significant changes in milk OC concentrations during fasting
(Wilcoxon Matched Pairs 7=3: S-CIBzs p = 1.00; S-HCHs p=0.11; S-CHLORs p = 0.59;
S-DDTs p =0.11; S-PCBs p = 0.59 (Table 2.10).

Organochlorine concentrations in milk were correlated positively with adipose tissue
concentrations for each bear (Pearson Correlation p<0.05, 7 = 33: S-CIBzs r = 0.34; S-
HCHs r = 0.52; S-CHLORs r=0.57; S-DDTs r = 0.43; S-PCBs r = 0.42). There was no
correlation between the mother’s OC concentrations in milk and body burdens (Pearson
Correlation, n=32: S-CIBzs r=0.30; S-HCHs r=0.33; S-CHLORs r=0.31; S-DDTsr=

0.34; S-PCBs r =0.14). However, the OC concentrations in milk from mothers with COY's
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correlated with her cub’s adipose tissue concentrations for the following OCs: S-HCHsr

= 0.66, S-CHLORs r = 0.80; YRLGs n = 9, S-CHLORs r = 0.88 (7 = 21, Pearson

Correlations all p<0.05).

2.4.4 Lactational transfer of OCs during fasting

Estimated daily milk yields of female polar bears with COY's during the summer ice-
free period in western Hudson Bay was 680g/day (Arnould and Ramsay 1994). The percent
lipid in milk significantly decreased during the fasting period, from 27.6 % +5.0% to 18.1%
+12.3% (t =2.26, df =19, p<0.05) while milkk OC concentrations increased (Table 2.10).
Therefore, I calculated the total amount of OCs transferred by mothers to their cubs d@g

fasting as follows

Bo= 3 kx I(m)x Coer)

)

vhere B,, is the burden loss that occurred via milk transfer (mg), 4 is the number of days
between captures, k is the daily milk yield, / is the percent lipid in milk, and Cp is the
concentration of the organochlorine in milk (mg/kg, lipid wt). The estimated OC burden
transferred through lactation during the fasting period was 2.6 £ 1.7 mg for S-CIBzs, 2.6 £
1.1 mg for S-HCHs, 30.5 = 12.9 mg for S-CHLORs, 1.2+ 0.7 mg for S-DDTs, and 22.8 +

9.7 mg for S-PCBs.
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2.5 Discussion

Tissue concentrations and body burdens of OCs varied among bears during fasting
between summer and fall. Even within the same group, the concentratioxis and body burdens
of some OCs in bears were extremely variable. Several factors could be influencing the
dynamics of OC compounds, such as nutritional condition of the animal (e.g., percent body
fat) at the beginning of fasting. The nutritional condition of polar bears during fasting
presumably dictates how they use body reserves to meet their daily energy requirements.
Bears that have a high percent body fat at the start of their fast will likely use their adipose
tissue depots as their primary source of energy, whereas bears that are leaner will access
relatively more of their protein mass for energy (Atkinson ef al. 1996, Polischuk et a.I. in
review). The dynamics of OC mobilization, therefore, will be influenced by whether the bear
is primarily using its adipose tissue or protein mass as an energy source.

Nutritional condition influences the concentrations and burdens for all OCs (except
for S-DDTs which significantly declined) during fasting. Other factors'that can affect body
concentrations and burdens after a fast are the initial OC concentration in tissues, the initial
OC body burden, the length and timing of a recent lactation bout (Rogan ez al. 1986), the
lipid content of milk (Pomeroy et al. 1996), and the length of a fast prior to sampling. One

datum I could not know was exactly how long the bears had been fasting prior to initial

capture.

2.5.1 Comparison of adipose and plasma concentrations with body burden

The “concentration” of some OC compounds was highly dependent on the nutritional
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status of the bear. Fatter bears had lower OC concentrations than did leaner bears. Whole
body concentrations (calculated as the body burden of an OC divided by its body mass)
yielded similar results. Total body burdens, however, were not depex;dent on nutritional
status and showed whether compounds were being metabolized or excreted without
metabolism.

Since the dynamics of OC concentrations and burdens during fasting were influenced
by the nutritional and reproductive status of the bear, handling individuals sequentially was
very useful to access the effects of fasting. Bears handled sequentially during fasting from
summer to fall generally showed increased concentrations of S-CIBzs, S-CHLORSs, and S-
PCB:s in adipose tissue, which resulted in there being no change in OC body burdens-for
these compounds (note, however, that S-CHLORs for adult males did not follow this trend).
Apparently, polar bears were not able to significantly rid their bodies of these OCs as lipid
reserves were depleted during a seasonal fast, indicating that the half-life of these compounds
is relatively long. By contrast, S-DDTs concentrations decreased in adipose tissue during
fasting which resulted in decreased body burdens. Polar bears during their seasonal fast
significantly decreased their body burden of S-DDTs within 3-4 months, suggesting that they
were able to metabolize S-DDTs as readily as their adipose lipid.

Since S-DDTs do not increase in concentration over time in tissues of polar bears,
they appear to have an ability to readily metabolize S-DDTs (Norstrom ef al. 1988) which
is unlike seals and bats (Clark and Prouty 1976). Muir et al. (1988) speculated that the low
biomagnification factor of DDE in polar bears was indicative of metabolism.

Biomagnification refers to a process by which the tissue concentrations of chemical residues
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increase as these materials pass up the food chain through two or more trophic levels (Macek

et al. 1979)

When body burdens did not change during a fast (e.g., for S-CIB:-zs, S-CHLORs, and
S-PCBs), plasma concentrations of these compounds were correlated positively withadipose
tissue levels, whereas, when burdens declined (e.g., for S-HCHs in COYs and S-DDTs),
there was no correlation.

In both Canadian and Svalbard populations, male polar bears have been shown to
have lower concentrations of S-CHLORs than females (Norstrom and Muir 1994, Bernhoft
et al. 1997). My data show that male polar bears, unlike females, decreased their body
burdens of S-CHI.ORs while fasting, presumably by metabolizing them. The inter-sexual
difference in excretion capabilities of chlordane compounds during a period of fasting
indicates that there are probably differences in structure-related metabolism of chlordane
compounds rather than differences in source of chlordane (e.g., hunting locations for seals,
feeding on different age-classes of seals or different parts of seal). The mechanism by which
males are able to effectively decrease their body burdens of chlordanes is unknown but may
be related to male-specific CYP450s or to a higher induction (or inducibility) of specific
enzymes, although sex differences in CYP450 capabilities has not been shown for other
species.

In polar bears, metabolism of Ah-receptor active xenobiotic chemicals is directly
proportional to the CYP1A content in their liver (Letcher ezal. 1996). Total ortho-PCB and
total chlordané compounds (mainly oxychlordane) have been shown to be the major

contributors to CYP2B induction (Letcher et al. 1996). CYP1A and CYP2B contents are
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therefore good indicators of CHC exposure in polar bear liver.
2.5.2 Comparison of adipose and milk concentrations with body ;)urden

As mothers depleted their adipose reserves during fasting, chlorinated OC
compounds (S-CHLORs and S-PCBs) became more concentrated. The concentration of
these OCs also increased significantly in the milk of females with COYs as the milk lipid
levels declined during the same period. A similar pattern of PCBs rise in milk is seen in
women losing mass during lactation (Ramos ef al. 1997).

All OC body burdens in females (except for the S-DDTs) did not change during
fasting. My interpretaticn of these results is that there was not a significant amount of OCs
transferred via lactation. This conclusion is supported by the lack of an increase in cub OC
burdens during the same period. The composition of polar bear milk, particularly fat
content, changes through lactation for fasting bears (Derocher ef al. 1993). The lipid
content of milk decreased during fasting which would also decrease the partitioning of OCs
from adipose tissue lipid to milk lipid. Skaare and Polder (1990) found a significant
downward trend in PCB residue levels with a decrease in milk fat.

Even though I took into account the variation in milk lipid content to estimate OC
transfer via lactation, my calculations for the amount of OCs transferred from mother to cub
were greater (e.g., S-CHLORs and S-PCBs) than the actual burden changes that occurred
in the cuids. The cubs, therefore, may have had a lower daily milk intake during fall than that
estimated by Arould and Ramsay (1994) for the summer period. Another explanation could

be that the cubs were metabolizing or excreting all compounds that were ingested during the
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on-land period. Since the cubs are feeding, clearance by biliary excretion or partitioning into

gut contents may be occurring and could account for the discrepancy in the mass balance

between cubs and lactational transfer.

When the mother’s fat mass and milk lipid content decreased during fasting, the
burden of OCs transferred was non-detectable. During feeding, however, the fat mass of the
mother and the milk lipid content of her milk is relatively constant (Derocher ez al. 1993).

Whether there is a significant transfer of OCs via lactation during feeding periods is
unknown.

Pregnant females consume more seals (Stirling and @ritsland 1995) in the years they
conceive to attain large adipose reserves to carry them through a successful pregnancy. The
contaminant loads ingested are stored in their adipose tissue. The subsequent correlation
between OC body burdens in mothers and their young cubs (see Fig. 2.1) suggests that
femnales passed their contaminant burdens directly to their cubs via lactation. After a year

of lactation, however, this correlation no longer held for most OCs.

2.5.3 Implications for young cubs

There appeared to be no significant net transfer of OC compounds from mothers to
cubs during the periods of lactation that I monitored. Although I found the adipose tissue
concentrations of the more chlorinated compounds increased during the on-land period, the
body burdens of all OCs did not increase. Actually, the body burden of S-HCHs and S-

DDTs decreased in COYs during fasting.

Although COYs during the seasonal fasting period do not appear to be at risk to OC
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contamination, these fasting polar bear cubs are growing and at the same time losing body
mass (Arnould and Ramsay 1994). Geyer et al. (1993) found that there was a direct positive
correlation with LC,, of OCs and percent body fat. The early neonatal ;eﬁod (2-4 months)
for polar bears cubs is a period where they have very little body fat (4-15%). Young animals
with low levels of total body lipids could possibly be sensitive to the toxic effects of OCs
since young do not have excess adipose reserves in which to sequester the compounds.
The long-term consequences of OC exposure during fasting in early life are little
known in mammals and our studies were not directed to answering such questions. In
mammalian species, postnatal functional alterations are the most sensitive adverse
developmental effects of OCs (Peterson et al. 1993). These include effects on the m.a.le
reproductive system of rats and object-learning behaviour in monkeys (Peterson ez al. 1993).
In humans, Inuit infants who consumed milk with high OC concentrations (111 pg/L) had
depressed immune function (Reece 1987) and higher infection rates (10- to 15- fold greater)
than infants who consumed milk with low OC concentrations (28 ué/L; Dewailly ef al.

1989). At present, such reproductive, behaviour, and immune effects are not evident in polar

bears.
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3. ORGANOCHLORINE CONCENTRATION AND COMPOSITIONAL
CHANGE IN SEQUENTIALLY HANDLED

POLAR BEARS (Ursus maritimus)

3.1. Abstract

I captured polar bears in Churchill, MB during a period of fasting and in Resolute
Bay, NWT during a period of feeding to determine the dynamics of OC compounds. From
these animals, I collected adipose tissue, plasma, and milk samples, before and after periods
of fasting and feeding, and analyzed them for chlorobenzenes (S-CIBzs),
hexachlorocyclohexanes (S-HCHs), chlordanes (S-CHLORs), dichlorodiphenyl-
trichlorethane compounds (S-DDTs), and polychlorinated biphenyls (S-PCB sj. During
fasting, changes in the composition of OC compounds in adipose tissue were generally
similar for all bears except for changes in composition of chlordane compounds for male
polar bears. Unlike females and cubs, the amount of oxychlordane in adipose tissue of males
significantly decreased during fasting. In milk, the proportion of lesser chlorinated biphenyls
(CBs) generally decreased during fasting, whereas the proportion of higher chlorinated CBs
increased. Compositional changes of OCs in milk during fasting were similar to the changes
that occurred in cub adipose tissue during the same period. Females who subsequently lost
their COY's had significantly higher mean OC concentrations in their milk in spring than did

females whc') kept their COY's (S-PCBs 70% higher, S-CHLORs 60% higher, S-HCHs 58%
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higher, S-CIBzs 58% higher, and S-DDTs 49% higher).

3.2 Introduction

As carnivores occupying the top niche of a five-level Arctic marine food web
(Hobson and Welch 1992), polar bears bioaccumulate organochlorine (OC) contaminants
(Norstrom et al. 1988, Norstrom and Muir 1994, Norstrom et al. 1998). They feed
primarily on ringed seals, often consuming preferentially the blubber (Stirling and McEwan
1975) where lipophilic OCs concentrate. Polar bears can experience dramatic seasonal
variation in food availability (Ramsay and Stirling 1988, Ramsay and Hobson 1991)
alternating between relatively brief periods of hyperphagia during seal pupping and relatively
lengthy periods when their foods are unavailable. The body mass of individual polar bears
can more than triple during the hyperphagic periods and adipose tissue may then constitute
more than 50% oftotal body mass (Atkinson and Ramsay 1995). For most of the remaining
year, polar bears feed little and undergo lengthy fasts (Ramsay and Hobson 1991, Atkinson
and Ramsay 1995). After extended fasting, adipose tissue depots may be reduced to less
than 10% of body mass (Pond ez al. 1992). The dynamics of OC compounds under such
fluctuations of body fat reserves is unknown for any mammalian species.

My first objective was to determine whether OC concentrations and composition in
adipose tissue, plasma, and milk changed in polar bears sampled sequentially during periods
of feeding and fasting. The relationship of OCs with these three tissues is as follows. During
feeding, bears consumed OCs that were transported by blood to adipose tissue. For lactating

females, these OCs in blood could also be directly mobilized into milk (Fig. 3.1). During
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Figure 3.1. Movement of organochlorine compounds between adipose tissue, plasma,

and milk.
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fasting, stored OCs in adipose tissue could be mobilized in blood and also transported into
milk (Fig. 3.1). My second objective was to determine whether fa;ting influenced the
lactational transfer of specific OC compounds. I particularly wanted to assess whether there
was a differential change in the OC transfer profile when mothers were nutritionally stressed.
My third objective was to show the variability of OC concentrations in tissues from the same
bears sampled over periods longer than a single season. A bear’s nutritional state, age,
reproductive status and prior history could influence its OC concentrations at a given
sampling period. The longitudinal sampling of females allowed me to determine whether OC

levels in mothers were correlated with cub survival.

3.3 Methods

3.3.1 Field study

Polar bears from two populations were sampled from 1992-1996 when their feeding
patterns differed. The polar bears living in western Hudson Bay, Canada, in the vicinity of
Churchill, Manitoba (57°00' to 58°50' N, 92°25' to 94°15' W) were sampled during their
lengthy fasting period. These bears come ashore when the ice melts in summer (July-
August) and remain on land for 4-5 months until the bay re-freezes (Ramsay and Stirling
1988). Dun'ng their stay on land polar bears fast and use their large adipose reserves, which
they accumulated prior to coming ashore, to meet their energy requirements. Polar bearsin
the vicinity of Resolute Bay, NWT (74°00' to 76°50' N, 88°00' to101°00' W) were sampled

on the sea-ice in spring (April-May) during the period of peak feeding. These bears gain
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mass, or at least maintain their mass, in comparison to Churchill bears that lose mass from

summer to fall.

Polar bears were immobilized from a helicopter using well-established methods
(Stirling ef al. 1989). Adult females were fitted with a VHF radio-collar (Telonics Inc.,
Mesa, AZ) and adult males were fitted with VHF ear radio transmitters (Holohill Ltd.,
Woodlawn, ON) so I could relocate and recapture them. In Churchill, bears were recaptured
after a 1-3 month fasting period between July and November. In Resolute, bears were
recaptured after 1 month (April and May) during which time they had access to seals. All
bears handled were marked with uniquely numbered ear tags and matching lip tattoos- for
subsequent identification. A vestigial premolar tooth was extracted from bears older than
one year for age determination (Calvert and Ramsay 1998). Standard body measurements
were taken and mass determined for all bears captured (Stirling ef al. 1977).

Bears from Churchill and Resolute Bay were categorized by status: i) females with
cubs, which includes females with cubs-of-the-year (COYS) and females with yearling
(YRLG) cubs, ii) cubs-of the year, iii) yearling cubs, iv) and males, which includes both

subadults and adults.

Two sequential adipose tissue samples were collected at Churchill from 9 females
with COYs, 7 females with YRLGs, 12 COYs, 10 YRLGs, and 10 males. In addition,
sequential milk samples were also collected from 9 females (7 with COYs, 2 with YRLGs)
and plasma samples were collected from 48 bears (8 females with COYs5, 6 females with

YRLGs, 12 COYs, 12 YRLGs, and 10 males). Polar bears that were captured sequentially
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at Churchill for body burden determination (Chapter 2) are also included as part of the
Churchill sample for this chapter (Chapter 3). From Resolute I coﬁected i) sequential
adipose tissue samples from 2 females with COYs, 1 female with YRLGs, 2 YRLGs, and 4
males ii) sequential milk samples from 2 females with COYs, 1 female with YRLGs and iii)
sequential plasma samples from 2 females with COYs, 1 female with YRLGs, 3 COYs, 2
YRLGs, and 4 males.

Up to 80% of adipose tissue from adult polar bears is superficial and thus readily
accessible (Pond et al. 1992). Adipose tissue was obtained under anaesthesia by superficial
biopsy (0.6cm x 1.0 cm, 200 mg) from the subcutaneous depot at the base of the t.ail,
approximately 15 cm lateral to the midline (Ramsay ef al. 1992). Blood samples were
collected in heparinized vacutainer tubes via jugular catheterization. Blood was kept cool
until centrifugation when plasma was removed and frozen immediately at -20°C. Milk
samples were collected by administering 1.0 ml oxytocin via the jugular catheter followed
by palpation of the teats. All samples were stored in individually pre-cleaned vials (rinsed

three times each with acetone and n-hexane), sealed, and frozen at -20°C.

3.3.2 Laboratory analysis and statistics

See 2.3.2 for methodology used for organochlorine analyses.

Data were analysed using STATISTICA software (© 1997 StatSoft, Inc.). The
Wilcoxon Matched Paired Test was used to determine if there was a significant difference

between samples collected sequentially. An ANOVA was used to test whether there were
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differences in OC concentration and composition among different groups of bears. Ifa
significant difference was found, then a Tukey Honest Significant i_)iﬂ‘erence Test for
unequal N (Spjotvoll/Stoline Test) was used to assess specifically which groups of bears
were different. A Wilcoxon Mann-Whitney Test for small samples was calculated manually
according to Siegel and Castellan (1988) and was used to determine whether there were

differences in the parameters measured for females who lost and kept their cubs. All tests

were considered significant at p<0.05.

3.4 Results
3.4.1 Fasting and feeding bears

3.4.1.1 Body mass changes

All bears from Churchill lost body mass over the sampling period. Bears from
Resolute Bay lost, maintained, or increased their body mass (Figs.-3.2a & b). From
Churchill, males and females with cubs had greater mass loss per day than COYs (Tukey, p
=0.01 and 0.0002, respectively; see Table 3.1). Unlike males who lost mass, females and
cubs from Resolute gained mass over the sampling period (Tukey, females p =0.005, COYs

p =0.0007, YRLGs p = 0.025; see Table 3.1).

3.4.1.2 Changes in organochlorine concentration

1 did not detect a difference in the sum of organochlorine (S-OC) concentrations in

adipose tissue, plasma, and milk for females with cubs, COYs, yearlings and males from
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Figure 3.2a & b. Percent body mass change in cubs, females with cubs, and male polar bears
from a) Churchill, MB, during a period of fasting (58 + 20 days) and from b) Resolute Bay,

NWT, during a period of feeding (28 + 3 days).
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Table 3.1. Mean (% SD) body mass changes per day for polar bears fasting in Churchill, MB

from summer (July-September) to fall (October-November) and for bears feeding in Resolute

Bay, NWT from April to May.

Change in body mass per day (kg/day)

Churchill Resolute
No. days between sampling 58 £20 28+3
n n

Females with cubs 15 -0.72 £0.26 3 0.07 £ 0.44
Cubs-of-the-year 12 -0.15 +£0.09 3 0.27+£0.06
Yearlings 9 -0.45 +£0.10 2 0.13+£0.08
Subadult & adult males 12 -0.94 £0.32 4 -1.12+£1.20
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Resolute Bay between the two capture periods (Appendix A). In comparison, S-OC
concentrations in adipose tissue, plasma, and milk did change betwee.r—l captures for most
status groups of polar bears from Churchill (Table 3.2, see also Appendix A). The
concentration of S-CHLOR:sS in adipose tissue from females with cubs, COYs, and YRLGs
increased by approximately 30% after a period of fasting whereas, there was no change for
males. Similarly, there was no change in the concentration of S-PCBs in adipose tissue from
males whereas there was an increase for females and cubs by 43% and 29%, rzspectively.
The concentration of S-DDTs in adipose tissue decreased during fasting for all bears, with
percent decreases ranging from 23-50%. Concentrations of S-CIBzs in both adipose tis;ue
and milk increased by about 30% whereas increases in S-CHLORSs and S-PCBs were greater
for milk than adipose tissue by 35% and 18%, respectively. Generally, the concentrations

of S-CIBzs, S-CHLORs, and S-PCBs in tissues tended to increased while that of S-DDTs

decreased between captures.

3.4.1.3 Composition of organochlorine classes

A few compounds generally comprised a large proportion of their OC class.
Appendix A shows the percentage that each compound made up of the total sum of each OC
class. The compositions of OCs in adipose tissue, in plasma and in milk were similar for
bears from Churchill and Resolute Bay, except for S-HCHs. Similar to the isomeric
proportions of S-HCHs in ringed seal blubber from Hudson Bay (Cameron ez al. 1997),

polar bears from NE Manitoba had a greater percentage of a-HCH in adipose tissue (49-
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Table 3.2. Organochlorine concentration (ng/g) and composition (%) changes in adipose
tissue (AD), plasma (PL), and milk (MI) from females with cubs, subadult and adult males,
COYs, and yearling cubs during a seasonal fast (58 + 20 days), Churcl;—ill, MB. Significant
changes between captures are designated with + for increases and - for decreases (Wilcoxon
Matched Pairs Test, + or - p<0.10, ++ or - p<0.05, +++ or — p<0.005). A blank space

indicates that there were no changes in concentration or composition after a period of

fasting.

Females Males COYs Yearlings
with cubs

AD PL MI AD PL AD PL AD PL

n 16 14 9 10 10 12 12 10 12

S-CIBzs (ng/g) ++ + - ++

++
(%)
1,2,4,5-TeCIBz +++ + +
PnCIBz —
HCB - i

S-HCHs (ng/g) —

(%)
o-HCH -
B-HCH

FLE
£

S-CHLORs (ng/g)
(%)
Compound C -
Photoheptachlor
Heptachlor epoxide
Oxychlordane +
U4
Cs
C3
c4 .

EREINES
:
53
Pl



Table 3.2 contd:

MC-6
Trans-nonachlor
U2

S-DDTs (ng/g)
(%)
p.p’DDE
p.p’DDD
pp’DDT

S-PCBs (ng/g)
(%)
PCB-47/48
PCB-74
PCB-56/60
PCB-99
PCB-85
PCB-149
PCB-118
PCB-146
PCB-153
PCB-105
PCB-137
PCB-138/163
PCB-187
PCB-183
PCB-156
PCB-157
PCB-180
PCB-170
PCB-195
PCB-194
PCB-206
PCB-209
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84%), plasma (54-65%), and milk (83-87%) compared to bears from Resolute who had a
greater amount of B-HCH in their tissues (adipose tissue, 52-81%; pla-.;.ma, 44-78%; milk,
54-65%). Tetrachlorobenzene comprised the largest percentage of S-CIBzs in adipose tissue
(49-73%), plasma (52-75%), and milk (57-68%) for bears from Churchill and Resolute.
Oxychlordane comprised the largest percentage of S-CHLORs with means ranging from 39-
68% for all tissues in both feeding and fasting bears. The isomer p,p’DDE was the most
prevalent of S-DDTs in adipose tissue and milk for all bears (75-93%,). For both feeding and
fasting bears, PCB-153 comprised the largest percentage of S-PCBs with means ranging
from 31-50% for all tissues while the sum of four other PCB congeners ( PCB-99, PCB-
138/163, PCB-180, PCB-170) comprised between 40-49% of S-PCBs. The 17 other

congeners assayed made up only a small fraction of the total PCB load.

3.4.1.4 Changes in organochlorine compesition

Compositional changes of OCs in tissues occurred for most bears from Churchill
whereas I could not detect similar changes in bears from Resolute Bay. From Resolute, I
had small sample sizes (n = 3) which may have biassed the results. Adipose tissue in males
from Resolute Bay did show composition changes in a-HCH, B-HCH, U4, PCB-47/48,
PCB-74, PCB-138/163, PCB-180, and PCB-170 (Table 3.2, see also Appendix A). Letcher
et al. (1998) has shown significant metabolism of PCBs taken up from seals in the Resolute

bear population.

There were significant changes between captures in the OC composition in tissues
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of bears from Churchill. Generally, when changes in composition occurred they were small
and similar among tissues and groups of bears (Figs. 3.3a-e and Table: 3.2). One notable
exception is with the chlordane compounds. Whereas the adipose tissue of males showed
significant changes in every chlordane compound, this was not the case for the other groups.
In particular, the amount of oxychlordane in male polar bears decreased in their tissues while
fasting (Figs. 3.3c).

The composition of compounds in milk was relatively constant for all OCs except for
S-PCBs. Congeners PCB-153 and PCB-180 showed the largest increase. In this group,
about 40% of; the congeners changed in proportion over the sampling period (Fig. 3.31.3).
3.4.2 Relationship of OC compounds between mothers and cubs during fasting

The composition of each compound class in adipose tissue from cubs relative to their
mothers did not change after a period of fasting (Table 3.3). Cubsalways had greater
amounts of 1,2,4,5-TeCIBz, most chlordane compounds, p,p’DDE, PCB-47/48, PCB-99,
PCB-153, and PCB-157 in their adipose tissue than their mothers. For the remaining
compounds, cubs always had lower amounts than their mothers.

3.4.3 Change in the ratio of OCs in mothers’ adipose tissue and milk during fasting

For most OCs, the ratio of each compound between mother’s milk and adipose tissue
did not change significantly during fasting (Wilcoxon Matched Pairs Test, p>0.05) except

increases in HCB, PCB-183, PCB-180, PCB-170, and decreases in 1,2,4,5-TeClBz, PCB-
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Figure 3.3a-e. Change in percent composition of specific OCs in adipose tissue from females
with cubs (Fig. 3.3a), subadult and adult males (Fig. 3.3b), cubs-of-the-year (Fig. 3.3c), and
yearling cubs (Fig.3.3d) during fasting, Churchill, MB. Compositional changes in milk from
females with cubs during fasting is also shown (Fig. 3.3e). Significant changes in specific

OCs composition are designated with an asterisk (Wilcoxon Matched Pairs Test, p<0.05).

-.
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Table 3.3. Relationship of OC compounds in cub-of-the-year adipose tissue relative to their
mother’s. Mother and cub family groups were sampled in summer (August) and in fall
(September to November) after a period of fasting, Churchill, MB. Si:gniﬁcant differences
were designated as follows; + cubs had higher amount of OC compound than their mother, -
cubs had lower amount of OC compound than their mother (Wilcoxon Matched Pairs Test

p<0.05). Blanks designate when mothers and cubs had similar CC composition. Sample

sizes for mother-cub pairs were n = 13 for summer and 7 = 21 for fall.

Summer Fall Summer Fall
S-CIBzs + + S-PCBs + +
1,2,4,5 TeCIBz + + PCB-47/48 + + -
PnCIBz - - PCB-56/60 -
HCB - - PCB-74 - -
PCB-99 + +
S-HCHs + PCB-85
a-HCH - - PCB-149 - -
B-HCH + + PCB-118 - -
PCB-146 - -
S-CHLORs + + PCB-153 i +
- Compound C + + PCB-105 ’ +
Photoheptachlor + + PCB-137 + +
Heptachlor epoxide PCB-138/163
Oxychlordane + + PCB-187 - -
U4 + + PCB-183 - -
(03] + + PCB-156 +
C3 + + PCB-157 + +
C4 + + PCB-180 - -
MC-6 - - PCB-170 - -
Trans-nonachlor - - PCB-154 - -
U2 - - PCB-195 - -
PCB-206 - -
S-DDTs PCB-209 - -
po’'DDE + +
o p’DDD : -
pp’DDT - -
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137, and PCB-209 (Wilcoxon Matched Pairs Test, p<0.05).

3.4.4 OC profile of individual bears between seasons

Sixteen bears were handled on more than two occasions over a 4-year period
(Appendix B). Organochlorine concentrations in adipose tissue, plasma, and milk from each
bear were generally different at each capture. Factors that changed between each capture
were body condition, feeding status, age, reproductive status and previous reproductive
history. For most bears, when the amount of adipose tissue (percent body fat) declined
during fasting, there was an increase in OC concentration similar to that seen in b.ea.rs
undergoing intra-seasonal fasts. For example, S-PCBs increased in the adipose tissue of
Bears 7, 8 and 11 during their seasonal fasts (August to November; Fig. 3.4a). Some
females (Bears 1, 5 & 10) at different reproductive stages (e.g., pregnant vs. with COYs in
spring or fali vs. with yearlings) showed a three to five-fold difference in their OC
concentrations in adipose tissue (Fig. 3.4b). A cﬁb showed a dramatic decrease in her
adipose tissue and plasma OC concentrations between her first and second year (Bear 13;
Fig. 3.4c). Similarly, another cub showed a marked decrease in adipose tissue and plasma
OC concentrations between his second and third year (Bear 14) whereas a subadult in his
third and fourth year had less variation in concentrations (Bear 15; Fig. 3.4c). Females who
become pregnant in subsequent years had greater OC concentrations in their adipose tissue
and milk in spring on their first capture than on their second capture the following year

(Bears 2, 3 & 4; Fig. 3.4d). Organochlorine concentrations were highly variable with
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Figure 3.4a-d. Concentrations of S-PCBs in adipose tissue (ng/g, lipid wt) from polar bears
captured on more than two occasions. Differences in S-PCBs concentrations in adipose
tissue vary a) during seasonal fasting b) with different reproductive status c) with age and
d) with previous reé:roductive history. Bears 7, 8, and 11 are females undergoing a seasonal
fast from August to November. Bears 1, 5, and 10 are pregnant in August and are with
young cubs in March. Bears 13, 14, and 15 are growing cubs at different ages. ?ears 2,3,

and 4 are females that have been pregnant in two consecutive years.
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differences in feeding status, age, and reproductive history.

I captured three adult females with COYss in spring and again the following summer
when they were all pregnant (Bear 2, Bear 3, and Bear 4). These females must have lost
their cubs sometime between March and August (Appendix B). I also handled two females
in spring that were still lactating but were without cubs. Since these females were still
producing milk, I presumed they had recently lost their cubs. Ialso captured three females
with COYss in spring who I later captured in fall with their cubs (Bear 1, Bear 4, and Bear
10).

Organochlorine concentrations in milk were significantly higher in females that lost
their cubs in the first year compared with those that did not lose cubs (Wilcoxon-Mann-
Whitney Test for small samples, p <0.0179: S-PCBs 70% higher, S-CHLORs 60% higher,
S-HCHs 58% higher, S-CiBzs 58% higher, and S-DDTs 49% higher; see Fig.3.5). The
mean mass of cubs that did not survive was also lower than that of cubs that did survive
(Wilcoxon-Mann-Whitney Test for small samples, p = 0.03; see Table 3.4). Nonetheless,
there was no difference in the proportion of lipid in milk of the two groups of females, nor
was there any difference in the body mass or fat mass in either summer or spriﬁg between the

mother’s who lost their cubs and those that did not (see Table 3.4).

3.5 Discussion
3.5.1 Influence of nutritional state on OC compound residues

The concentration of OCs in the tissues of polar bears varied with the bear’s
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Figure 3.5. Mean (+ SD) organochlorine concentrations in milk (ng/g, lipid wt) from female
polar bears in spring who subsequently lost their cubs (7 = 5) and from females who kept
their cubs from spring to fall (n =3). Asterisk designates significant differences (Wilcoxon

Mann-Whitney Test for small samples p<0.05).
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Table 3.4. Mean (¢ SD) mass of cubs-of-the-year (COYs) in spring, percent lipid in milk
in spring, body mass and fat mass when pregnant in summer and with cubs in spring of
females who subsequently kept their cubs until fall (7 = 3) or lost their cubs before fall (7 =

5), Churchill, MB. The two groups of females were analyzed to determine significant

differences (Wilcoxon-Mann-Whitney Test for small samples, p<0.05).

Females who kept Females who lost P-value
their cubs n their cubs n

Mass (kg) of COYs 124£09 5 10714 5 0.03
in spring .
Lipid in milk (%) 286+48 5 214+97 3 0.13
Body mass (kg) when 320x36 3 353£15 3 035
pregnant in summer
Body mass (kg) 1805 4 193 £36 3 0.06
with cubs in spring
Fat mass (kg) when 140£22 3 1489 3 0.50
pregnant in summer
Fat mass (kg) 57+7 3 57+11 3 0.50

with cubs in spring

IR
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nutritional status. Animals that were fasting displayed distinct shifts in the concentration and

compound specificity of their OC burden, whereas feeding animals showed little variation

in OC concentrations and composition.

Concentrations of S-ClBzs, S-CHLORs, and S-PCBs generally increased during
fasting while S<HCHs and S-DDTSs remained the same or decreased. Unlike the other OCs,
HCHs and DDTs have been shown to be readily metabolized in the mammalian liver that
might account for their observed decline during fasting (Carey et al. 1998).

The concentration of some PCB congeners (notably PCB-153, PCB-170, and PCB-
180) did not decline during fasting and, presumably, were not easily metabolized or excreted.
They all hz;a similar chlorination properties (chlorination at two ortho positions 2,2" two
paﬁ positions 4, 4'; and at one meta position 5). The less chlorinated compounds, in
contrast, declined as a proportion of the total OC concentration.

In all.fasting polar bears the concentration of z-nonachlor declined. At the same
time, the concentration of oxychlordane increased in all bears, except in adult and subadult
males where oxychlordane levels declined. These observations imply that the f~nonachlor
is being converted to oxychlordane in most of the bears (Tashiro and Matsumura 1978). The
fact that only males were able to significantly decrease their total body burden of S-CHLORs

(see Chapter 2) may be a direct result of males metabolizing or excreting oxychlordane.

3.5.2 Transfer of organochlorines to cubs in fasting bears

The composition of S-PCBs in milk altered slightly (e.g., changes 0f 0.1% - 3.3% as
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a proportion of the total) while mothers fasted. The proportion of tetra-, penta-, and hexa-
chlorobiphenyls (CBs) decreased while that of some other hexa- and hepta-CBs increased.
The adipose tissue of COYs showed parallel changes. In contrast, the adipose tissue of
yearling cubs did not show similar changes, probably because they were not as reliant on
their mother’s milk as COY's (Amould and Ramsay 1994). Although these slight compound-
spectfic changes of OCs in mother’s milk and cub adipose tissue occurred during fasting, the

relative relationship of these compounds in the adipose tissue of mother and cub remained

the same.

3.53 Val:i'aibility of organochlorine concentrations in bears tracked over multi-seasons

Considerable variation in the OC concentrations of body tissues (i.e., 1- to7-fold
differences between sequential handlings) were noted in bears handled over multiple seasons.
Over the sampling interval the age, nutritional status, nutritional history, reproductive status,
and reproductive history of the bears changed. Although age and the reproductive status of
polar bears have been factored into analyses of geographical patterns of OC concentrations
used for biomonitoring purposes (Norstrom et al. 1998), the bears’ recent nutritional and
reproductive histories may also be important confounding variables for OC concentrations
in most populations. Thus, data comparing lipophilic contaminant loads from geographically
distinct polar bears populations should be collected at similar times in the annual
reproductive gycle and at comparable times in the nutritional regimen of the bears in order

for the comparison of OC concentrations to be valid among years.
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3.5.4 Organochlorine levels in milk and cub survival

The concentration and compound-specific variations of OCs during different
nutritional and reproductive stages of the bears’ yearly or life cycle may predispose them to
potentially deleterious effects of OC contamination. Multiple handlings of mothers with cubs
allowed me to track the contaminant loading of individual females through time and the
subsequent survival of their cubs. This research is the first time that higher OC
concentrations in polar bear milk have bezn correlated with cub mortality. Females who lost
their cubs had significantly higher mean OC concentrations in their milk in the period soon
after den ;;ilergence than did females who kept their cubs. I don’t know what might account
fér the higher OC loads in some females. Animals in both groups (i.e., relatively high and
low OC concentrations in their milk) were similar in age and body condition. Since my
samples sizes were small and the results only correlational, I can only suggest that OC
contamination may play a role in cub survival in some polar bear populations. Given the
potentially vulnerable position of polar bears to environmental contamination by lipophilic

OCs, however, the observed mortality trend warrants further investigation.
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4. ORGANOCHLORINE BODY BURDENS IN FEMALE POLAR BEARS

(Ursus maritimus) DECLINE DURING PREGNANCY AND LACTATION

4.1 Abstract

I determined the total body burden and concentrations of OCs in individual female
polar bears in NE Manitoba handled during pregnancy in summer and again the foﬂoﬁng
spring after the first 2-3 months of nursing their newbomns. Organochlorine concentrations
in adipose tissue and plasma were also determined for cubs, soon after the time of den
emergence from both NE Manitoba and the Arctic archipelago, near Resolute NWT.
Organochlorine body burdens in seven female polar bears declined during gestation and the
initial lactation period, although the amount and percent decrease varied with OC compound
and individual bear. In descending order, the mean percent decreases in body burdens were
S-DDTs (81%) > S-HCHs (64%) > S-CIBzs (43%) > S-CHLORs (32%) > S-PCBs (23%)),
while the mean declines in amount of OCs were S-CHLORs (70 mg) > S-PCBs (56 mg) >
S-DDTs (20 rpg) > S-HCHs (14 mg) > S-CIBzs (7 mg). Lactation was estimated to account
for 59-66% of the decrease in S-PCBs and S-CHLORs burdens, 37-49% for S-HCHs and
S-CIBzs burdens, and 5% for S-DDTs burdens. Total body burdens of OCs for cubs in
spring were calculated to be 1-4% of the burden of pregnant females and 3-7% of the burden
of female; in spring. Whole body concentrations of OCs were similar for females and cubs
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except for S-PCBs, where cubs had lower whole body concentrations than mothers. Cubs
had higher mean concentrations of S-CiBzs, S-HCHs, S-CHLORs, and S-PCBs in adipose
tissue (53%, 36%, 47%, and 11% higher, respectively) than their mothers whereas
concentrations of S-DDTs were similar. Organochlorine composition of S-CHLORs, S-
DDTs, and S-PCBs varied with reproductive status whereas the composition of S-CIBzs and
S-HCHs were similar. Concentrations of all OCs in adipose tissue from adult females in
spring were correlated positively with those in their milk. Thus, cubs can receive a large
influx of contaminants via milk during the initial lactation period which might inﬂu_t.ence
various developmental processes at a critical stage of growth.

T

4.2 Introduction

Faunas in the Arctic have been chronically exposed to organochlorine (OC)
contamination for many decades (Bowes and Jonkel 1975, Muir ef al. 1988, Muir ef al.
19924, 19925, Macdonald and Bewers 1996). For some OC compounds, this phenomenon
is due to a net transport from warmer to colder regions (Ottar 1981) which encourages
increased fractionation and cold condensation of low volatility compounds in polar regions
(Wania and Mackay 1993) and increased net transfer of PCBs and chlordanes from air to
ocean as both become colder with increasing latitude (Iwata et al. 1993).

Because of their distribution and trophic status, polar bears have been used as
biomonitors to determine prevalence and variation of persistent contaminants in the Arctic

(Bowes and Jonkel 1975, Norstrom ef al. 1988, Norstrom and Muir 1994, Norstrom e? al.
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1998). The feeding ecology and maternal investment strategies of polar bears also make
them of interest from the perspective of contaminant impacts. Polar bears are at the top of
a lengthy marine food chain (Hobson and Welch 1992) and, as a consequence, can
bioaccumulate high concentrations of OC contaminants in their adipose tissue. Polar bears
feed primarily on ringed seals and often prefer to consume the blubber (Stirling and McEwan
1975), where lipophilic OCs concentrate. Because sea ice conditions in the Arctic vary
seasonally, polar bears’ access to seals is also seasonally limited. Duringa relatively short
period of hyperphagia, polar bears accrue massive fat depots that are then mobilized during
relatively long periods of fasting. Rare among terrestrial mammals, pregnant female polar
bears mamtam themselves on stored fat, which can be up to 50% of their body mass at the
start of their fast, for eight months or more during which they undergo post-implantation
gestation and the first 2-3 months of lactation (Atkinson and Ramsay 1995). The fate of
stored lipophilic OCs during these fasts is unknown but could be predicted using kinetic
models.

When cubs-of-the-year (COYs) emerge with their mothers from maternity dens
during March and April, they are about 3 months old and have been comple;:ely dependent
on mother’s milk for nutrition since birth. At parturition, polar bears are in a strikingly
undeveloped state and obtain a higher proportion of their early nutrients from milk than do
most eutherian mammals (Ramsay and Dunbrack 1986). Polar bear milk has a high lipid
content (i.e., approximately 30%) compared to other terrestrial species (Cook ez al. 1970,

Tenness 6t al. 1972) and during the mother’s fasting period is formed entirely from her lipid

88



and protein reserves. Any OCs found in cubs at the time of den emergence, therefore, must
have been transferred from the mother in utero or via milk since no other food sources are
available at the den site. Soon after emergence from the den, families move onto the sea ice
where they gain access to seals. Cubs stay with their mothers and continue to nurse until
weaning, which is around two years (Ramsay and Stirling 1988). Lipid content and volume
of milk decreases during the lactation period (Derocher e a/.1993) and solid food makes up
an increasing proportion of their diet (Polischuk ef al. in review). Cubs-of-the-year in spring
receive a relatively higher OC burden from their mother than older yearling cubs (Polischuk
etal. 1995) because COY's have a higher absolute milk consumption than yearlings (Amould
and Ram521y 1994).

Lactation provides a mechanism whereby large quantities of OCs can be transferred
from one generation to the next (Tanabe and Tatsukawa 1991). Therefore, major transfer
of OC contaminants from mother to young may occur at a crucial point in the growth and
development of polar bear cubs.

I had three objectives in my study. First, I determined the changes in the total body
burden of OCs during pregnancy and the initial lactation period in fasting fem;le polar bears
(see Fig. 1.1)." Changes in OC body burdens of aduit females during pregnancy and lactation
represent the maximum cub exposure level during foetal and early post-natal development.
Second, I estimated the burden of OCs transferred from the mother during early lactation
and the subsequent OC burdens in the cubs. Third, I determined the concentration and

cornposi%ion of OCs in adipose tissue, plasma, and milk from pregnant females in summer
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and from mothers and cubs in spring (see Fig. 3.1). Since the females are fasting throughout
the sampling period, differences in the OC composition of tissues from pregnant and nursing

females and their cubs should reflect the transfer, metabolism, and excretion history of these

compounds.

4.3 Methods

4.3.1 Field study

Tissue samples were collected from polar bears in the vicinity of Churchill, Manit_oba
(57°00' to 58°50' N, 92°25' to 94°15' W) and Resolute Bay, Northwest Territories (74°00' to
76°50' I*I‘:'88°OO' t0101°00' W) from 1992-1996. In Churchill, pregnant females were
captured from August 3 and October 7 and females with cubs in spring were captured
between March 2 and March 17. In Resolute Bay, females with cubs in spring were handled
between April 16 and May 24. From Churchill, I collected adipose tissue from 46 bears (12
pregnant females, 17 mothers, and 17 cubs), 18 milk samples, and 31 plasma samples (11
pregnant females, 14 mothers, and 6 cubs). From Resolute, I collected adipose tissue from
13 bears (6 mothers and 7 cubs), 8 milk samples, and 19 plasma samples (7 mothers and 12
cubs).

Polar bears were immobilized from a helicopter using well-established methods
(Stirling ez al. 1989). Seven pregnant females captured in summer were fitted with a radio-
collar (Telonics Inc., Mesa, AZ) and recaptured with cubs the following spring as they

emerged from their dens. All bears handled were marked with uniquely numbered ear tags
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and matching lip tattoos for subsequent identification when recaptured. A vestigial premolar
tooth was extracted from bears older than one year for age determination (Calvert and
Ramsay 1998). Standard body measurements (straight-line-length, head length, and
zygomatic width) and mass were taken from all bears captured.

Isotope ( H) dilution, based on a two compartment model in which body mass is
comprised of fat and fat-free or lean body mass (Farley and Robbins 1994, Atkinson and
Ramsay 1995), was used to determine body composition for pregnant females and females
in spring. Body composition was determined for 58 bears (12 pregnant females, 22 mothers,
24 cubs). Seven of the twelve pregnant females were also subsequently resampied in spring
at the tlme of den emergence when they had cubs. Body composition was not determined
on cubs in spring because I deemed the cubs too tiny for invasive manipulations and for
being anaesthetized for the necessarily long period. The body cémposition of cubs was
instead determined by bioelectrical impedance analysis (BIA) (Farley and Robbins 1994).

Up to 80% of adipose tissue from adult polar bears is superficial and thus readily
accessible (Pond ez al. 1992). Adipose tissue (0.6cm x 1.0 cm, 200 mg) was obtained under
anaesthesia by superficial biopsy from the subcutaneous depot at the base of the tail,
approximately 15 cm lateral to the midline (Ramsay ef al. 1992). Blood samples were
collected in heparinized vacutainer tubes via jugular catheterization. Blood was kept cool
until centrifugation when plasma was removed and frozen immediately at -20°C. Milk
samples were collected by administering 1.0 ml oxytocin via the jugular catheter and

palpationi’of the teats. All samples were stored in individually pre-cleaned vials (rinsed three
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times each with acetone and n-hexane), sealed, and frozen at -20°C.

4.3.2 Laboratory analysis and statistics

See section 2.3.2 for description of laboratory analyses and total body burden
calculation.

Data were analysed using STATISTICA software (© 1997 StatSoft, Inc.). The
Wilcoxon Matched Paired Test was used to determine if there was a significant difference
between samples collected sequentially. An ANOVA was used to test whether there were
differences in OC concentration and composition among different groups of bears. Ifa
sxgmﬁca.nt difference was found, then a Tukey Honest Significant Difference Test for
unequal N (Spjotvoll/Stoline Test) was used to assess specifically which groups of bears
were different. Pearson Product-Moment Correlations were used to determine relationships
between two measured variables. A t-test was used to determine whether there was a
significant difference between two samples that had the same variance. All tests were

considered significant at p<0.05.

4.4 Results
The mean percent of extractable lipids for adipose tissue (7= 59), milk (n = 26), and
plasma (n = 50) were 82.8 £ 10.5, 30.3 £ 6.8, and 0.1 £ 0.1, respectively.

All pregnant bears were captured in the vicinity of Churchill, MB while about 70%

of the fernales (15/22) and their cubs (17/24) in spring were also captured in the Churchill
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area. The remaining females and their cubs were captured in the vicinity of Resolute Bay,
NWT.

The composition of the various OC compound classes was similar in polar bear
tissues from Churchill and Resolute Bay except for «-HCH and B-HCH. Bears from
Churchill had a greater percent of a-HCH (75% + 13%) than B-HCH (25% % 13%)) in their
tissues compared to bears from Resolute who had a larger proportion of B-HCH (65% =+ 13

%) than o-HCH (35% # 13 %) (ANOVA: F,, ;=54.0, p<0.00005).

4.4.1 Mass and percent body fat
P?egnant females had a greater mass and percent body fat compared to females with

cubs in spring (Table 4.1). Mass and percent body fat are also given for cubs-of-the-year in

Table 4.1.

4.4.2 Organochlorine dynamics

4.4.2.1 Chlorobenzenes

Pregnant females had lower concentrations of S-C1Bzs in plasma (t =-3.52, df = 30,
p<0.005) and adipose tissue (t=2.86, df =33, p<0.05) than did females in spring, while cubs
in spring had higher S-CIBzs concentrations than did their mothers (Tukey p<0.0005; Table
4.2).

The mean body burdens of S-CIBzs for females in spring were 45% lower than that

of pregnz:mt females (Table 4.3). Cubs in spring had mean body burdens of S-ClBzs that



Table 4.1. Mean (: SD) mass (kg) and percent body fat (%) of pregnant female polar bears
in summer, females with cubs-of-the-year (COYs) in spring, and COYs in spring. Seven of
the bears were captured in Churchill, MB, as pregnant and then again in spring with cubs.
All pregnant bears were captured in the vicinity of Churchill, MB. Most of the fernales and
their cubs in spring also were captured in the Churchill area (15/22 and 17/24, respectively).

The remaining females and cubs were captured in the vicinity of Resolute Bay, NWT.

Status n Mass (kg) Body fat (%)
Pregnant 12 317£39 40£6.
Females with cubs-of-the-year 22 162 & 25 23+9
Cubs-of-ft'he year 24 14+3 11+8
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Table 4.3. Percentage (+ SD) of 1,2,4,5 tetrachlorobenzene (TeCIBz), pentachlorobenzene
(PnCIBz), and hexachlorobenzene (HCB) of S-CIBzs in adipose tissue, plasma, and milk
from pregnant female polar bears, females with cubs-of-the-year (Fem/COYs) and cubs-of-
the-year (COYs) in spring. There were no significant differences in congener proportions

between pregnant females and Fem/COY's in spring or between COY's and Fem/COYs in

spring (Tukey p>0.05).
Tissue Status n TeCIBz PnCIBz HCB
(%) (%) (%)
Adipose_‘ pregnant 12 513 %83 16.5+3.1 32.1+10.0
T FemicOYs 23 556+77 17.1£4.0 274489
COYs 24 56.5+9.8 16.5+£4.0 27.0+£123
Plasma pregnant 11 427 %177 20.2%£5.6 37.1+£17.2
Fem/COYs 21 499+ 145 18.3£3.6 31.8+144
COYs 18 57.8%6.0 185+2.1 23.7£5.8
Milk Fem/COYs 26 58.4£85 17244 24476
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were 4.1% of the burden of pregnant females and 7.3% of the burden of females in spring
(Table 4.3). Pregnant females, females in spring and cubs had similar whole body
concentrations (Table 4.3). The concentration of S-CIBzs in milk was positively related to
the concentrations in adipose tissue from females in spring (r* = 0.51, p<0.0005; Fig.4. 1).
Adipose tissue concentrations of S-CIBzs in cubs were not related to concentrations in their
mother’s milk (2 = 0.06, p = 0.23).

1,2,4,5-TeClBz comprised about 50% of S-CIBzs, while PnCIBz and HCB made up
the remainder (Table 4.4). Adipose and plasma S-CIBzs profiles were similar for pregnant
femnales, mothers and cubs in spring. Milk from females with cubs in spring, however, had

a higher ﬁ}oportion of 1,2,4,5-TeCIBz than that of plasma (Tukey p<0.05; Table 4.4).

4.4.2.2 Hexachlorocyclohexanes

Pregnant females and females with cubs had similar concentrations of S-HCHs in
their adipose tissue and also in their plasma (Table 4.2). Cubs in spring had higher
concentrations of S-HCHs than did mothers for both adipose tissue and plasma (Table 4.2).

The isomeric composition of S-HCHs in adipose tissue and in plasma were similar
for pregnant females and females with cubs (Table 4.5). Cubs from Resolute had lower
amounts of o-HCH and greater amounts of B-HCH in their plasma than that of mothers in
spring (Tukey p<0.05; Table 4.5), however, this was not evident for mothers and cubs in

spring from Churchill.

The proportion of «-HCH and $-HCH in adipose tissue from Churchill fernales was
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Figure 4.1. Organochlorine concentrations (ng/g, lipid wt) in adipose tissue and milk from

females with cubs in spring, Churchill, MB and Resolute Bay, NWT (S-CIBzs r=0.51, S-

HCHs 2 =0.71, S-CHLORs 2 =0.51, S-DDTs r* = 0.77, S-PCBs = 0.69, p<0.0005).
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significantly different from that of their plasma and milk (Tukey p<0.005 for all
comparisons). In contrast, Resolute females had similar proportions of e-HCH and 3-HCH
in their adipose tissue, plasma, and milk. The isomeric composition of S-HCHs in milk from
mothers and in adipose tissue from cubs in spring from Churchill were similar (Tukey p =
0.52), but were significantly different for Resolute bears (Tukey p<0.0005).

The mean body burden of S-HCHs for females in spring was 64% lower than that of
pregnant females (Table 4.3). Cubs in spring had total body burdens of S-HCHs that were
only 1.3% and 3.7% of burdens found in pregnant females and females in spring, respectively
(Table 4.3). Pregnant females, females and cubs in spring had similar whole body
concentr;iions. There was a positive relationship between the concentration of S-HCHs in
mother’s milk and her adipose tissue (= 0.71, p<0.0005; Fig. 4.1). The concentration of

S-HCHs in the adipose tissue of cubs was not related to that of their mother’s milk (r* =

0.04, p = 0.36).

4.4.2.3 Chlordanes

Cubs had mean S-CHLORs concentrations in adipose tissue that were more than
twice that of their mothers’when nursing or when pregnant (Tukey p<0.0005; Table 4.2).
S-CHLORs concentrations in the plasma of pregnant females were about half that of nursing
females (Tukey p<0.05; Table 4.2).

Oxychlordane comprised the largest percentage of S-CHLORs for all three groups.

Four chlordane compounds (heptachlor epoxide, oxychlordane, MC-6, and #rans-nonachlor)
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comprised about 80% of all chlordanes (Table 4.6). Seven other chlordane-related
compounds (Compound C, Photoheptachlor, U-4, C-5, C-3, C4, U-2) ranged individually
between 0.3 to 5.4% of S-CHLORs. The percentage of heptachlor epoxide in plasma and
adipose tissue was similar for both pregnant females and females in spring (Tukey p = 0.41
and 0.31, respectively). Cubs in spring had a higher percent of heptachlor epoxide in their
adipose tissue than their mothers at the same time (Tukey p<0.05), while the percentage of
heptachlor epoxide in plasma was similar for both groups (Tukey p=0.51; Table 4.6). The
percentage of MC-6 in plasma was similar for all three groups (F = 1.94, df =47, p=0.16;
Table 4.6), but cubs had a lower proportion in their adipose tissue than did females in spring
(Tukey ;;0.0005). Pregnant females had a higher percentage of -nonachlor in adipose
tissue and plasma than did nursing females (Tukey p<0.05) while cubs had a lower
proportion in their plasma than did nursing females (Tukey p<0.005).

The composition of chlordane compounds was different in tissues from each status
group of bears. Pregnant females had a higher proportion of f-nonachlor and a lower
proportion of heptachlor epoxide in their adipose tissue than in their plasma (Tukey p<0.05
and p<0.005, respectively), while the proportions of oxychlordane and MC-6 m adipose and
plasma were similar (Tukey p = 0.99 and p = 1.0, respectively). Nursing females had a
higher proportion of oxychlordane in their milk compared to their plasma (Tukey p<0.005),
while the proportion in adipose tissue and plasma was similar (Tukey p = 0.12). Adipose
tissue and milk from nursing females had a lower proportion of heptachlor epoxide than did

their plasma (Tukey p<0.0005). Cubs had similar proportions of oxychlordane, heptachlor
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epoxide, MC-6, and z-nonachlor in their adipose tissue and plasma (Tukey p = 0.67, 0.92,

1.0, and 0.97, respectively).

Nursing females had body burdens of S-CHLORs that were 32% lower than those
of pregnant females (Table 4.3). Cubs had body burdens of S-CHLORs that were only 3.2%
the body burdens of pregnant females and 4.8% that of nursing females (Table 4.3).
Pregnant females, mothers, and their cubs all had similar whole body concentrations of S-
CHLORs (Table 4.3). The concentration of S-CHLORSs in mother’s milk in spring was
related positively to the concentration in her adipose tissue (r* = 0.57, p< 0.0005; Fig4.1).
There was no relationship between the concentration of S-CHLORS in the adipose tissue of

cubs with the concentrations in the milk they were consuming (r> = 0.09, p = 0.14).

4.4.2.4 DDTs

The concentration of S-DDTs in plasma was similar for pregnant females, nursing
females and their cubs (F = 1.68, df = 47, p = 0.198; Table 4.2). Pregnant females had
higher concentrations of S-DDTs in adipose tissue than did females in spring (Tukey
p<0.005), while females with cubs had similar concentrations of S-DDTs in édipose tissue
to that of their cubs (Tukey p = 0.46; Table 4.2).

All three status groups of bears had a higher proportion of pp’DDE in adipose tissue
than in plasma, and higher proportions of pp"DDD in their plasma than in their adipose tissue
(Tukey p<0.05 for all comparisons). Cubs had a lower percentage of pp’DDT in their

adipose tissue than did their mothers (Tukey p<0.05; Table 4.7).
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Table 4.7. The proportion of pp’DDE, pp’DDD, and pp’DDT in adipose tissue, plasma,

and milk from pregnant female polar bears, females with cubs-of-the-year (Fem/COYs) and

cubs-of-the-year (COYs) in spring. Asterisk designates significant difference between

Fem/COYs and COYs (Tukey * p<0.05).

Tissue Status n pp’DDE pp’DDD pp’DDT
(%) (%) (%)
Adipose pregnant 12 87.9+93 5.5+8.0 6.6+2.1
Fem/COYs 23 893+£7.5 1.7£2.6 9.0%6.8
COYs 24  93.8+4.38 12£1.5 5.0%5.0%
Plasma pregnant 11 66.0+15.8 23.9+193 10.1£6.8
Fem/COYs 21 66.9+23.5 26.8+243 63838
COYs 18 61.3+£23.3 35.8+220 2939
Milk Fem/COYs 26 87.2%10.6 6.6 +9.7 6.2+3.8
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Nursing females had body burdens of S-DDTs that were 79% lower than that of
pregnant females (Table 4.3). Cubs had S-DDTs body burdens that were 0.7% of that of
pregnant females and 3.3% that of nursing mothers (Table 4.3). Pregnant females had
significantly greater whole body concentrations than did nursing females (Tavle 4.3). The
concentration of S-DDTs in mother’s milk was related positively to her adipose tissue

concentrations (2 = 0.77, p<0.0005; Fig. 4.1) and to those of her cubs (©* = 0.57,

p<0.0005).

4.4.2.5 Polychlorinated biphenyls

| C;bs in spring had greater S-PCBs concentrations in both plasma and adipose tissue

than mothers in spring (Tukey p<0.05; Table 4.2). Females in spring had significantly
greater concentrations of S-PCBs in adipose tissue and plasma compared to pregnant
females (Tukey p<0.05; Table 4.2).

Five congeners (PCB-99, PCB-138/163, PCB-153, PCB-180, PCB -170) comprised
over 78% of S-PCBs while the remaining 17 congeners comprised individually only 0.01 to
4.1% (Table 4.8). Cubs in spring had higher proportions of PCB-99 in their adipose tissue
and plasma than did their mothers (Tukey p<0.0005). Pregnant females had lower
proportions of PCB-153 in adipose tissue than did nursing females (Tukey p<0.005), while
proportions in plasma were similar for the two groups (Tukey p = 0.07). Cubs in spring had
significantly higher proportions of PCB-153 in their plasma compared to that of their

mothers (Tukey p<0.0005), while cubs and mothers had similar proportions in adipose
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tissue. Pregnant females had lower proportions of PCB-180 in adipose tissue and plasma
than did nursing females (Tukey p<0.005 and p<0.05, respectively). Cubs in spring had
lower proportions of PCB-180 in adipose tissue compared to their mothers (Tukey
p<0.0005). Pregnant females and cubs both had lower proportions of PCB-170 in adipose
tissue compared to that of females in spring (Tukey p<0.05 and p<0.0005, respectively).

The composition of congeners varied in tissues for some status groups of bears.
Both pregnant and nursing females had a higher proportion of PCB-153 in their adipose
tissue than in their plasma (Tukey p<0.0005 for both comparisons). Milk had a higher
proportion of PCB-99 than did the adipose and plasma from nursing mothers (Tukey
»p<0.000;)‘. Milk also had a higher proportion of PCB-138/163 (Tukey p<0.05), and a lower
proportion of PCB-180 (Tukey p<0.0005) and PCB-170 (Tukey p<0.0005) than did the
adipose tissue from nursing mothers. Cubs in spring had similar proportions of PCB-99,
PCB 138/163, PCB-153, and PCB-180 in their adipose tissue and plasma (Tukey p = 0.08,
0.96, 0.47, 0.13, respectively), and a lower proportion of PCB-170 in adipose tissue relative
to plasma (Tukey p<0.005).

Nursing females had 19% lower body burdens of S-PCBs did pregnant females
(Table 4.3). Cubs in spring had total body burdens of S-PCBs that were 2.4% and 3.0%
those of pregnant females and nursing females, respectively (Table 4.3). Pregnant females
and cubs had significantly lower whole body concentrations of S-PCBs than did females in
spring (Table 4.3). The concentration of S-PCBs in milk was related positively to the

concentrations in adipose tissue of mothers (r* = 0.69, p<0.0005; Fig. 4.1). Cub adipose
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tissue concentrations of S-PCBs were not related to concentrations in their mother’s milk

(2=0.05, p=0.27).

4.4.3 Ratio of organochlorines in cub and mother tissues

Cubs in spring had higher concentrations of OCs in their adipose tissue compared to
their mothers. In particular, the ratio of cub / mother adipose tissue concentrations were
greater for S-CIBzs (2.5 % 0.6), S-CHLORs (2.3 + 0.7), and S-HCHs (2.2 #0.7) compared
to S-PCBs (1.3 + 0.3) and S-DDTs (1.1 + 0.2; see Fig. 4.2). Likewise, the ratio of the
mother’s milk/adipose tissue concentrations were also greater for S-HCHs (2.3 £0.7), S-
ClBzs (l.gi 0.5), and S-CHLORS (1.2 0.7) compared to S-DDTs (0.8 +0.2) and S-PCBs

(0.7 £ 0.2); see Fig. 4.3).

4.4.4 Sequential sampling of adult female polar bears

The mean number of days between sampling seven female polar bears as pregnant
and then again with cubs in spring was 188 = 22 days. I assumed that cubs were born in
mid-December (Derocher et al. 1992), therefore, the mean number of days of lactation prior
to sampling was 81 + 6 days.

The total body mass of the seven females handled sequentially declined 43 £ 5% and
total fat mass declined 42 % 3% (Table 4.9). The proportion of mass loss as fat ranged
between 55-66% (Fig. 4.4). The total fat mass loss per day did not correlate with OC body

burden loss per day (S-CIBzs r=0.17, S-HCHs r = 0.00, S-CHLORs r=-0.16, S-DDTs
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Figure 4.2. Ratio of organochlorine concentrations in cub’s adipose tissue relative to their

-
-

mother’s adipose tissue concentrations in spring at the time of den emergence, Churchill,
MB and Resolute Bay, NWT. Cubs would have been nursing for approximately 3-4 months.

Mothers with two cubs are shown as one family group.
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Figure 4.3. Ratio of organochlorine concentrations in mother’s milk relative to her adipose
tissue concentrations in spring at the time of den emergence, Churchill, MB and Resolute

Bay, NWT.
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g

Figure 4.4. Proportion of body mass loss as fat for seven female polar bears handled

sequentially during pregnancy and the initial lactation period, Churchill, MB.
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=-0.02, and S-PCBs r =-0.14 (S-CIBzs r=-0.36, S-HCHs r=-0.21, S-CHLORs r=0.11,
S-DDTsr=0.18, and S-PCBs r=-0.02).

Changes of OC concentrations in adipose tissue and plasma between gestation and
early lactation periods showed inter-individual variation (Tables 4.10 & 4.11). Generally,
concentrations in adipose tissue increased for S-PCBs, S-CHLORs, and S-ClBzs by 2.0X,
1.9X, and 1.5X, respectively; remained the same for S-HCHs; and decreased by 0.6X for S-
DDTs. For plasma, concentrations increased by 2.0X for S-HCHs, 1.9X for S-CHLORSs and
for S-DDTs, 1.6X for S-CIBzs, and 1.5X for S-PCBs. The proportional change in.OC
concentrations in adipose tissue during gestation and early lactation did not correlate with

the prop;;ﬁonal change in percent body fat over the same period (S-CiBzsr=0.03, S-HCHs

r=0.05, S-CHLORsr=0.27, S-DDTsr= 0.01, and S-PCBs r=0.34) or total fat mass loss
(S-CIBzsr=-0.36, S-HCHs r=-0.21, S-CHLORsr=0.11, S-DDTsr=0.18, and S-PCBs
r=-0.02).

The OC body burdens in female polar bears declined during gestation and the early
lactation period, although the amount and proportional decrease varied with OC compound
and individual bear (Table 4.12). In descending order, the proportional dec;rease in body
burdens were S-DDT's (75 = 8%) > S-HCHs (61 + 8%) > S-CIBzs (45 + 12%) > S-CHLORSs
(29 + 20%) > S-PCBs (24 + 16%), while the actual burden losses were S-CHLORSs (71 =
57 mg) > S-PCBs (56 =34 mg) > S-DDTs (20 + 8 mg) > S-HCHs (14 = 7 mg) > S-CIBzs

(7 =2 mg).

The composition of OC compounds in adipose tissue and plasma changed during
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pregnancy and the first three months of lactation (Table 4.13). In particular, the percentage
of TeClIBz, B-HCH, oxychlordane, U2, PCB-153, and PCB-137 increased while PnCIBz,
HCB, a-HCH, trans-nonachlor, PCB-47/48, PCB-74, PCB-149, PCB-118,PCB-146, PCB-
105, PCB-187, PCB-183, and PCB-195 decreased in adipose tissue. These changes in
compound cor-nposition were almost identical to changes in OC composition that occurred
in females with cubs undergoing a seasonal fast (Chapter 3).

The concentration of OCs in adipose tissue were higher in cubs in spring relative to
their mothers for S-CIBzs (53 + 10%), S-HCHs (36 £ 9%), S-CHLORS (47 % 4%), anid S-
PCBs (1 1+ 8%). The concentration of S-DDTs in adipose tissue from these mothers and

cubs in spring was similar.

4.4.5 Estimation of OC burden transferred during lactation

For Churchill bears only, cubs had been suckling for approximately 84 £ 5 days
(assuming cubs were born in mid-December) when they were captured in spring. The mean
mass of these cubs at the time of den emergence was 12.2 £ 2.5 kg. Since the mean mass
of cubs at birth is approximately 700g (Uspenski, from Stirling 1989), polar bear cubs gained
approximately 137 g/day. In comparison, black bear and grizzly bear cubs gained
significantly less mass per day than polar bear cubs (Table4.14). Polar bear milk was higher
in gross energy per gram than that of black and grizzly bears (Table 4.14). Based on actual
mass and milk intake measurements for black bear and grizzly bear cubs from birth until the

time of dén emergence, milk intake per unit of metabolic body mass (kg*’*) averaged 298
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Table 4.14. Growth and milk intake parameters for black bear, grizzly bear, and polar

bear cubs from birth until the time of den emergence.

Black bear* Grizzly bear” Polar bear
n cubs 3 litters 3 litters 32
No. days from birth to ~ 60 ~60 845
time of den emergence
Mass (kg) at time of 2.6+0.5 51+0.38 122+25
den emergence
Growth rate (g/day) 49+9 98 + 22 137+32
kcal/g/milk 2.4 2.3 4.0*’-__
Milk intake/cub (g/day) 185 + 89 353 + 54 301 = 35°
Total milk intake/cub® 9.7 17.0 23.1£3.9

(kg)

* from Farley and Robbins (1995)
® from Derocher and ef al. (1993 ), n =31

© based on 298 kcal/day/kg®’* (Farley and Robbins 1995)

vl
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+ 67 kcal/day for both species (Farley and Robbins 1995). I assumed that this value would
be similar for polar bear cubs and therefore, calculated total milk intake for polar bear cubs

according to the following equation;

i=n

m(i)*™ x 298
1
k

™ ==

where 7MT is total milk intake (g), 7 is the number of days from the birth of the cub t(; the
time of capture, m is the mass of cub on day i (kg), and kis the gross energy content of the
mother’s milk (kcal/g).

Once total milk intake was determined for each cub, I then calculated the total OC

burden loss that occurred via lactation for each mother according to the following equation;

B,,=C§TMXIXCOC

c=1

where B,, is the burden loss that occurred via milk transfer (mg), n is the number of cubs,
TM(I is the total milk intake for each cub (kg), / is the percent lipid in milk, and Cp is the
concentration of the organochlorine in milk (mg/kg, lipid wt).

Th_e total body burden loss and lactational transfer of OCs during gestation and the

initial lactation period for the seven females handled sequentially are given in Table 4.15.
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Between 37%-66% of the female’s burden of S-ClBzs, S-HCHs, S-CHLORs and S-PCBs
was transferred during lactation, while only 5% of the female’s S-DDTs burden was
transferred via milk (Table 4.15). The body burdens of OCs for 4 cubs from 3 of the 7
females handled sequentially were lower than the estimated burden that was transferred via
lactation. The OC burdens for these 4 cubs were identical to mean burdens for all cubs
captured at the time of den emergence from Churchill, MB (Table 4. 15). Body composition
was determined using BIA for 9 cubs. Based on the BIA data for body composition of cubs,
I estimated that cubs had approximately 12% body fat that is similar to the value of 8% -that
Pond et al. (1992) reported. Cub had higher burdens of S-CHLORs and S-PCBs than that
of S-Cle;, S-HCHs, and S-DDTs (Table 4.15). Cubs with higher burdens of one OC
generally had higher burdens for all compounds. Cub burdens of S-ClBzs, S-HCHs, S-
CHLORs, and S-PCBs were highly correlated with each other (Pearson-Product n = 25,

p<0.05) whereas, burdens of S-DDTs did not correlate with the other OC burdens (Fig.4.5).

4.4.6 Correlation between OCs and cub measurements
There were significant negative correlations between DDE concentrations in adipose
tissue and cub weight, and PCB-118 concentrations in adipose tissue with head length and

zygomatic width (Pearson-Product n = 25, p<0.05; Figs. 4.62-c).
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Figure 4.5. Orgaﬂochlorine body burdens for cubs in spring at the time of den emergence,

Churchill, MB, and Resolute Bay, NWT.
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Figure 4.6a-c. Correlation (7) between DDE concentrations (ng/g, lipid wt) and body
weight (kg), PCB-118 concentrations (ng/g, lipid wt) and head length (¢m), and PCB-118
concentrations (ng/g, lipid wt) and zygomatic width (cm) of cubs in spring, Churchill, MB,
and Resolute Bay, NWT (Pearson-Product r=-0.50, r=-0.53, and r=-0.41, respectively,

p<0.05).
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4.5 Discussion
4.5.1 Organochlorine transfer during pregnancy and early lactation

Trans-placental transfer of OCs is minor compared to lactational transfer, at least in
all mammalian species that have been investigated (Allen and Barsotti 1977, Clark and
Lamont 1976, Addison and Brodie 1977 & 1987, Tanabe ef al. 1981). That fact, coupled
with the relatively small size of neonates in bears, suggests that most inter-generational OC
transfer in polar bears occur after birth. By about 3 months post-partum, when I sampled the
families, the ferales had unloaded a relatively large proportion of their OC burden to ,t.heir
cubs. The more soluble (low K_,.) compounds (S-CIBzs and S-HCHs) were more selectively
transferre& from adipose tissue to cub via milk. Approximately 170 mg of OCs
(approximately 0.9 mg/kg) were transferred from female polar bears to their cubs. This value
is significantly higher than the transfer rates to young that Aguilar and Borrell (1994)
calculated for female fin whales (Balaenoptera physalus); 200-1000 mg of PCBs
(approximately 0.01-0.03 mg/kg) and 300-1500 mg of DDTs (approximately 0.01-0.04
mg/kg). Polar bear mothers with relatively high OC concentrations in their adipose tissue
also had relatively high body burdens and milk concentrations. This is the same pattern that
Borrell ef al. (1995) reported for long-finned pilot whales (Globicephala melas).

The body burdens of all measured OCs in polar bear cubs in spring were
approximately 17 mg (1.5 mg/kg). This value was somewhat higher than Addison and Stobo
(1993) reported for grey seal (Halichoerus grypus) neonates (0.03 - 0.05 mg/kg) and post-

weaning (12 - 16 days old) pups (0.45 - 1.01 mg/kg) but somewhat lower than Tanabe et al.
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(1982) reported for striped dolphin calves (Stenella coeruleoalba): PCBs (4.9-11.3 mg/kg),
DDTs (5.9 - 10.8 mg/kg), and HCHs (0.5 mg/kg).

The OC body burdens of polar bear litters were approximatelyl - 4% that of their
mothers when pregnant and 3 - 8% of when their mothers were nursing. These mother /
young proportions are similar to the DDTs and PCBs burdens in fin whales (i.e., 9 - 27% and
3 - 14%, respectively) reported by Aguilar and Borrell (1994). The total transfer of OCs
from mother to cub in polar bears, calculated from milk transfer rates and milk contaminant
loads, is about an order of magnitude greater than what was determined to be in the tissues
of the cubs. The fate of these missing OCs is not known but according to my model. Unless
my assur;{pﬁons used in calculating the transfer rates are incorrect, the OCs in cubs were,
presumably, excreted or metabolized by them. The very low body fat of cubs would tend to
enhance the possibility of partitioning into fecal contents, and possible biliary excretion could

be occurring.

4.5.2 OC dynamics in pregnant females and mothers

During the 8 months of pregnancy and lactation when female polar bears are fasting
and mobilizing adipose tissue, stored OCs are, presumably, also mobilized and then re-
sequestered or excreted. The movement of some OCs is controlled by thermodynamic
equilibrium among the various lipid pools, with blood acting as a transport medium. There
is also strong evidence that some PCB metabolites and oxychlordane are selectively stored

in the livér (Letcher 1996). The rate at which steady state is achieved can occur quickly for
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OCs, on the order of days or hours (Carey ef al. 1998). When the lipid pool size is reduced,
such as when bears catabolize their adipose tissue, the local OC concentration in adipocytes
canincrease. If OCs levels in one lipid pool get out of equilibrium with the rest, the OCs can
be redistributed to allow a return to a steady state of relative equivalence among pools (Carey
et al. 1998).

Lactational elimination of OCs, especially S-CHLORs and S-PCBs, was a major
excretory route for female polar bears, similar to that seen in cetaceans and pinnipeds; e.g.,
Arctic beluga whales Delphinapterus leucus (Muir et al. 1990); Baikal seals Phoca sibirica
(Nakata et al. 1995); and ringed seals Phoca hispida (Addison et al. 1986, Muir ef al. 1988).

Ti{e adipose tissue concentrations for S-ClBzs, S-CHLORs, and S-PCBs increased
in females during their pregnancy / nursing fast although the total body burdens of each
declined. During the same period, the adipose tissue concentration of the S-DDTs decreased
and that of the S-HICHs remained the same while their burdens also declined.

In general, there were no significant changes in the compound-specific composition
of OCs found in nursing females compared with when they were pregnant, even though OC
concentrations changed by 2- to 4-fold over this period. Variation in the mobility of some
individual compounds was, however, evident. For example, the proportion of PCB-180 and
PCB-170 within the S-PCBs increased in mothers during gestation and lactation, whereas
they were found in a lower proportion in cubs, suggesting that both compounds were not
easily transferred in utero or via lactation. Heptachloro-PCBs, such as PCB-180 and PCB-

170, are more highly chlorinated and do not appear to redistribute as readily as the less
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chlorinated PCBs.

The relative proportions of oxychlordane and PCB-153 in cubs were higher than or
similar to those of their mothers, indicating that these compounds were readily transferred
to cubs. The congener, PCB-153, was also easily transferred during lactation in rats
(Gallenberg and Vodicinik 1987). This may occur becausethe plasma/fat partition coefficient
tends to be somewhat higher for the less chlorinated compounds, making them more readily
available for incorporation into milk fats (Carey et al. 1998).

Trans-nonachlor was found in lower proportions in mothers than in pregnant fery_xales
while oxychlordane rose as a proportion of S-CHLORs over the same period. These patterns
of change: }rﬁght be accounted for by the determination that z-nonachlor can be metabolized

to oxychlordane (Tashiro and Matsumura 1978).

4.5.3 OC dynamics in mothers and cubs

As cubs were captured soon after the time of den emergence, they did not have access
to alternative food sources. Therefore, OCs found in the cub must have been obtained from
their mothers or in utero, primarily via lactational transfer. Most of the burden that mothers
lost could be accounted for by milk transfer (S-CHLORs, 66%; S-PCBs, 59%; S-CIBzs,
49%; S-HCHs, 37%). This is similar to the pattern seen in many marine mammals. Up to
95% of the mother’s OC burden in grey seals and striped dolphins are transferred to the
neonate during lactation (Addison and Brodie 1987, Tanabe 1988).

Irrcontrast to most of the OCs I monitored, lactation was not a major excretory route

137



for S-DDTs even though mothers had significant body burden losses. Females must have
metabolized most of their S-DDTs burden prior to lactation. I have shown previously that
non-pregnant / non-lactating polar bears undergoing a seasonal fast can significantly decrease
their body burdens of S-DDTs within a 2-3 month period (see Chapter 2). Unlike most of
the OCs monitored, where cubs had higher concentrations of S-CiBzs, S-HCHs, S-CHLORS,
and S-PCBs in adipose tissue and plasma than did their mothers, the concentrations of S-
DDTs in mothers and cub adipose tissue were similar. Thus, like their mothers, cubs may
have been able to metabolize or excrete DDTs at a much higher rate than they could the gther
OCs.

Wﬁole—body concentrations of OCs for mothers and cubs were similar for S-CIBzs,
S-HCHs, S-CHLORs and S-DDTs, but cubs had significantly lower concentrations for S-
PCBs. Since rione of my other data would support cubs being able to metabolize significant
amounts of PCBs, their relative absence in cub adipose tissue suggests that PCBs were not
transferred as readily from mother to cub as were the other OCs.

While there was no selective transfer of S-C1Bzs and S-HCHs compounds, the relative
proportion of S-CHLORs and S-PCBs compounds varied between mothers aﬁd cubs. Like
mink (Crum et al. 1993), higher proportions of heptachlor epoxide and oxychlordane were
found in the adipose tissue of cubs than in that of their mothers. Similarly, cub adipose tissue
had lower proportions of MC-6, PCB-180 and PCB-170 than did the milk or adipose tissue
of their mothers. Thus, some of the OCs monitored showed compound-specific transfer

between mother and cub.
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4.5.4 OC dynamics and lipid composition of tissues

If chlorinated biphenyls (CBs) are free to migrate between different tissues within an
animal, it is assumed that there should be a similar distribution pattern between individual
congeners in all tissues (Boon et al. 1992). However, Jenssen ef al. (1996) found different
patterns of CB distribution within tissues of neonatal grey seal pups which they related to
variations in the capacity of the tissue and lipid composition among sites. Similarly,
differences in lipid composition and amounts of circulating triacylglycerols during pregnancy
and lactation in mice were proposed as factors for differential PCB mobilization rates
(Gallenberg and Vodicnik 1987).

Gﬁitart et al. (1996) found a direct relationship between fatty acid composition and
OC concentrations in the tissues of striped dolphins (S. coeruleocalba). The lipid composition
of polar bear tissues may, therefore, affect the distributional pattern of OC compounds. The
fatty acid compositions of polar bear adipose depots, however, are uniform (Pond ef al.1992)
and similar to the composition found in milk (Cook et al. 1970). Unlike adipose tissue and
milk, the fatty acid composition of plasma consists of a high proportion of phospholipids
(Kaduce et al. 1981). The inter-tissue differences in proportions of some DDT compounds
that I observed between plasma and both adipose tissue and milk might be explicable via

differences in fatty acid composition of the tissues.

4.5.5 Implications

Organochlorine concentrations in the adipose tissue of young cubs were higher,
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relative to their mothers, probably due to their substantially lower percentage of body fat.
Geyer et al. (1993) found a direct inverse relationship between percent body fat and LCs, for
lipophilic chemicals (i.e., the lower the percent body fat the lower the LC,,). A greater
proportion of body fat, thus, serves as a ‘protective reservoir’ against the toxic effects of
lipophilic persistent chlorinated con;pounds (Geyer et al. 1993). Unlike young seals and
whales, newborn polar bear cubs, with relatively small adipose tissue depots, do not have
such a ‘protective reservoir’ for sequestering the OC burdens they receive from their mothers.
Since the first few months of lactation coincides with a period of particularly rapid growth
and development for young bear cubs, a large influx of contaminants during this time may
influence ;?arious developmental pathways (Ross et al. 1995, Tilson et al. 1990, Jansen et al.
1993).

The immunosuppressive potential of OCs has been well established in laboratory
animals (Vos et al.1988), but the effects of OCs on immune function in free-ranging mammals
and their young is limited. Suppression of natural killer (NK) cell activity and specific T-cell
responses occurred in harbour seals (Phoca vitulina) who were fed contaminated herring
(DeSwart ef al. 1996). Perinatal exposure to chlordane has been shown to adversely affect
the fetus and induce long lasting and subtle effects on immune function, such as suppressed
cell-mediated immunity (Spyker-Cranmer ef al. 1982, Johnson et al. 1986). Chemically-
induced immunosuppression of young polar bear cubs, therefore, could cause an increased
susceptibility to infection and disease.

Since developing young are more sensitive to effects of chemicals than adults (Myers
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and Colborn 1991, Colborn ef al. 1993, Bearer 1995), polar bear cubs in spring would be
most susceptible to the effects of OC contamination. Maternal exposure in utero and during
lactation, as well as the possibility of increased body residues during multi-generational
exposure, may contribute to reduced growth and fertility McCoy ef al. 1995). Ifound a
correlation between two morphological parameters, head length and zygomatic breadth, with
PCB-118 levels; and body mass with DDE levels. These correlations do not imply a cause-
effect relationship but I suggest that their presence may warrant further investigation.
Smaller head circumferences and lower birth weights in newborn human infants were
correlated with increased OC exposure (Fein ef al. 1984, Rylander ef al. 1995).

M&abolites, such as methylsulfone-PCB and -DDE and hydroxy-PCBs, can be
dete;ted in tissues of polar bears (Sandau and Norstrom 1996, Letcher ez al. 1998). A
negative correlation between Vitamin A (retinol) and total PCBs in plasma of Svalbard polar
bears has been shown in a recent Norwegian report (Skaare ef al. 1994).

If chemical stresses were effecting polar bear populations, these stresses would not
occur uniformly, and would occur as low frequency, random, and stochastic events (Fox
1995). Therefore, I would probably not be able to detect mild effects of OC contamination
in young cubs. Alternatively, if OC body burdens were causing serious implications for body
functioning processes and were detrimental to cub health, then I would expect to see a
decline in the cub survival rate in polar bear populations. Since cub survival rate has declined
in the Churchill population (Derocher and Stirling 1992), future research should focus on

whether OC contamination is a factor.
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5. GENERAL DISCUSSION

The data set presented in this thesis contains some of the most important and
comprehensive information ever to be gathered on the dynamics of organochlorines in a wild
mammal (or any kind of biota) living in its natural environment. Organochlorine dynamics
in other wild species are not likely to be studies with this intensity and thoroughness. One
of the most valuable contributions comes from the availability of proximate compositioxi' data
from sequentially sampled bears during fasting. This allows usto view, for the first time, of
how fasting effects metabolism and clearance of several important classes of organochlorine
chemicals in a mammal, including the influence of gender and reproductive status. These

data illustrate clearly the high degree of “yariability” that can occur in contaminate burdens

of a species.

5.1. Seasonal and pregnancy fasts

Polar bears accumulate huge adipose tissue depots during times of food surplus to
carry them thI"OUgh periods of fasting. Obligate fasting in polar bears occurs primarily for
two reasons; 1) when food is unaccessible, such as when bears are forced on land due to the
melting of the ice and 2) during pregnancy and the initial stages of lactation when females
are in dens. I will refer to these two types of obligate fasts as seasonal fasts and pregnancy

fasts.
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Even though the duration of the seasonal fasts I monitored in lactating females was
shorter (3-4 months) than for pregnancy fasts (7-8 months), the relative changes in OC
concentration and compound-specific composition in adipose tissue was almost identical for
both. However, changes in the body burden of OCs were different for females undergoing
pregnancy fasts than those undergoing seasonal fasts. Body burdens for all OCs declined
during gestation and early lactation (i.e., during the pregnancy fast) whereas only the S-
DDTs burden decreased for lactating females during their summer/autumn fast (seasonal
fast). Since some compound-specific OC changes occurred in the adipose tissue of lactating
females, females may have been able to metabolize some OC compounds but, since there was
no significant decline in their total body burden, there was no substantial excretion of any
OCs. Inf‘contrast, pregnant females were able to metabolize and excrete a significant

proportion of their OC body burden during gestation and the early post-natal period.

5.2 Relevance of OC concentration variation to scientists and managers

I examined the dynamics of OCs during the annual cycle of feeding and fasting in
polar bears, which included the time of gestation and the initial stages of lactation. In doing
so, I have illustrated that OC compounds can be highly labile and that this labiality can vary
with reproductive status (e.g. females with cub, COYs, yearlings, males), nutritional state,
age, and previous reproductive history. Individual bears sampled repeatedly over a 4-year
period displayed a 1- to 7-fold variation in OC concentrations.

Such large ranges in OC concentrations from the same bears has implications for

scientists’ and managers who might wish to use polar bears as biomonitors for Arctic
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contamination. Sampling of tissues should be standardized to the same time of year and
stratified by reproductive classes if valid comparisons are to be made among years and
geographic regions. Since OC concentrations are highly dependent on the condition of the
bears, all other things being equal, animals will tend to have lower concentrations in years
of food abundance than in years when food is less plentiful. Similarly, if sampling in one
region occurs, for example, at a time of hyperphagia while in another region the sampling
occurs after a lengthy fast, calculated differences in OC tissue loads may not reflect the real
differences that exist between the populations.

There may be other limitation to the use of polar bears as biomonitors for geqeral
Arctic contarnination. First, the metabolic capability of polar bears is not representative of
other speéies in the Arctic. Polar bears can apparently metabolize S-DDTs and a number of
PCB congeners that accumulate in other species. Second, polar bears undergo huge
fluctuations in body fat reserves which is not indicative of the nutritional regimen of most
other species inhabiting the Arctic. This “boom and bust” feeding pattern, however, do
make polar bears a good model to study the dynamics of OCs in an animal that accrues huge

adipose tissue depots (with associated stored OCs) and then later mobilize those stores.

5.3 Transfer of OC contaminants to cubs

During the first few months of lactation there was a significant decline in the
mother’s body burden of OCs through excretion of OC compounds to their cubs. During
seasonal fasting in summer and autumn, however, the body burdens of lactating females did

not cha.fige appreciably. Although their milk contains OC contaminants, the lipid
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composition of the milk declines throughout those fasts as does the volume of milk
transferred. The early neonatal period, therefore, may be when polar bear cubs are most at
risk for OC exposure. That is also a period in their lives when rapid development and
growth occurs. For example, cubs grew an average of 22-fold or more between birth and
the time when they were first sampled in spring. This is also a time when their diet is
exclusively milk. Neonatal cubs also do not have large fat reserves into which they can

sequester OC contaminants.

5.3. Effects of OC contamination

Different species have variable responses when exposed to the same level of OC
conta.mix;tion (Peterson et al. 1993). In mammals, OCs have been shown to affect
reproduction (Aulerich and Ringer 1977, Lione 1988, Addison 1989, Beland et al.1993,
Amold et al. 1995, Heaton ef al. 1995), immune function (Lahvis ef al. 1995, Tryphonas
1995), endocrine systems (Pluim e? al.1993, Feeley 1995), behaviour (Golub and Jacobson
1995, Fiedler et al. 1996), and development (Rice et al. 1996). While several studies have
focussed on the effects of individual OC compounds, research on their combined
toxicological effects in wildlife is limited (Sullivan 1993, Kavlock ez al. 1996).

I have shown that newborn polar bear cubs whose mothers had high OC levels in
their milk were less likely to survive their next year of life than were cubs from mothers with
lower OC levels in their milk (Chapter 3). While my data are only correlational, this may be
some of the first evidence of deleterious effects of OCs on bears. Wiig et al. (1998) have

implicatéd OC estrogenic mimics in their recent report on pseudohermaphrodism in polar
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bears.

5.4 Future direction of contaminant research in polar bears

Polar bear cubs may be especially sensitive to organochlorine exposure because they
are born in a notably altricial state and rely heavily on milk intake during a critical early
period of growth and development (Ramsay and Dunbrack 1986). Polar bear cubs are
exposed in utero and, especially, postnatally to relatively high OC contaminant loads
(Polischuk et al. 1995, Chapter 4). The greatest impact of these contaminants may be
occurring during the early months of post-natal development when cubs may be dying before
they are even sampled. Special attention to early post-natal survival might be warranted.

z;l'though polar bears have long been known to have relatively high OC burdens
(Bowes and Jonkel 1975, Norstrom and Muir 1994, Norstrom ef al. 1988, Norstrom ef al.
1998), there has been no attempt to determine whether these contaminants have had any
negative effect on the bear’s irmune system, its endocrine system, its neural system, or its
reproduction. Scientists at the University of Montreal are currently completing a preliminary
immunotoxicological study and Norwegian researchers will be completing a more extensive
immunotoxicological project on polar bears this year (A. Derocher, pers. comm.).

Organochlorines have recently been shown to mimic endogenous estrogen and
androgen hormones (Amnold ef al. 1996, Guillette ef al. 1996) and may be responsible for
a recent decrease in human male fertility and reproductive health in humans (Bush et al.
1986, Skakkebaek and Meyer 1996). The effects seen in human males have included

decreased semen quality (Carlsen ef al. 1992, Auger et al. 1995), a doubling in frequency
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of undescended testis (Chilvers et al. 1984), and an increased incidence of testicular cancer
(Adami et al. 1994). Males may be especially susceptible to chemically induced mutations
since sperm production involves mitotic and meiotic division of cells throughout the male’s
reproductive life (Sullivan and Barlow 1976). Exposure of young to OCs in utero and
during lactation (Allen and Barsotti 1977, Masuda ef al. 1979, You et al. 1998) can
influence the neonate’s reproductive capacity as adults (Sager et al. 1987 & 1991, Lundkvist
1990). Their high trophic level and their lengthy period of post-natal development when they
are entirely dependent on lipid-rich milk may make male polar bears especially susceptible
to reproductive anomalies. This notwithstanding, there are essentially no investigations of
what constitutes a normal physiological status in the reproductive performance of polar

bears. Even large-scale effects could be passing unnoticed in wild polar bear populations.
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APPENDIX A:
Concentration and composition of organochlorine compounds in adipose tissue,
plasma, and milk from polar bears captured sequentially
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APPENDIX B:
.. Organochlorine concentrations in adipose tissue, plasma, and milk
from polar bears handled on more than two occasions from

Churchill, MB and Resolute Bay, NWT (1992-1996).

196



- - - - - b9 80 ¥I1 €T +T 7961 0€Z 8981 SLI 761 b 630y 91 3ueudaid
0861 09 T99T ¢€TE LST 6'ST 9t 9vZT 6% +0 0v0T L9 0691 611 €71 8T p6IeN 91 s/Aod/wdy
- - - - - ovl 90 01l 01 T0 Ovel 791 TTTI 9€1 L6 gy £63ny ¢1 ueugoid
7 18g
9L91 11T OI€l 6T1 SO0l 9vl $0 €61 ST LI 61¥S 9S1 TT6E 60T 6v1 1T +63°20 0l Kooy
GLOT 68 8€TT 8TT OVl 6'1€ L'l 6T 6T T¢ LL8Y 81 0€8T 6TI 6V1 €€ Pp6IBN 01 s/Aodpway
- - - - - TI1T 1T syl LT 91 000Z ST S6EL OEl OIl 9y ¢€63ny 6 Iueudaxd
I d82g

g0d 1Ldd THO HOH HID 90d 1dd THO HOH €10 €0d 1ad THO HOH 41D

(%) awp (515

AN vwse[q asodipy Ag eimde) a8y snyelg

‘(HOH) SHOH-S (d1D) szd1D-S apnjour spunodwiod occozoo_.amuo

(g0d) sg2d-S pue ‘(LAQ) sLAQ-S ‘(THD) seuepIoy)-§

"SO[BW pue ‘qnd pjo JBIk-0M] = 14~ ‘sqno Suipeak = SpIL Jvak-oy)

~J0-sqnd = 5400 ‘sqnd FuIIBIA YIMm SIJRWAY = F[IAAWY ‘Teak-a13-JO-5qND YIIM SI[WAJ == A0d/UIY 90uaBIawsa uap Jo awny oy3 38 Suuds ug Jeak

~91[}-JO-SqND YIIM SRR = S/A00/WAJ :SKeaq [fe J0J UdAIT a8 smyess pue ‘Surjdwes Jo seak pue yuow ‘98¢ ‘(Jg%) 18J Apoq Ju01dg ‘LMN

v,

LR}

‘Aeg 9ynjosayf woy pajdwies sem g[# Jeagl pur g ‘[IYOINY) twoyy pajdwes a1om - sIedg 'sIeak Z-| UIYIM SUOISBIV0 §-7 U0 pajpuey

sxeaq Jejod woxy (w pidif ‘3/3u) yiw pue ‘(im jom ‘F/3u) vwserd ‘(w pidyy ‘3/3u) anssy asodipe ur SUONEIUIIUOI SULIO[OOURSIQ *TH AGHL

197



99¢C
61v1

£90¢
8¢eS1
99Tt

LELY
6¥TT
¥009
9L81

1494

TLOE

1€9¢

LT
IL

68
¢Sl
SOl

81

99

vze
S

€L

66

6¢€l

6v0¢
1922

XY A4
L9¢T
S6¢S
£65T

8L91

8011
1§9C

9LSY

8SLE

$6S9

6S1
v61

092
$67
16¢€

874

1€¢

8¢l
08¢

8¢

8Lt

106

89¢
¥4 4

LTL
C6¢
98¢

£91

144

(44!
LET

60¢

0tT

V)44

8€C L0 0LT
L'l 70 €1

I'c €0 81

0C €0 ¢

€0 1T L9l
681 vT €0l
8'8C Lt TII
0Ty LYy 76T
SEl 91 #'11
0l 90 901
801 S0 911
6¢El ST Lel
L9E 0t T'ee
6% 1T €91

Lo
14\

1A
14

L't
I'e
L't
9°L1

1A%
Sl
61

97

4
8l
§T
I'6

97
(A
Sl

Ll
L'e
61

L1T1
959¢
60L1

(434
610C
698¢

$982
1491
L98T
11844

9602
LT1T
1€T1
ovi6

09td
00S1
890L
$60€

961
9
1841

84
81T
SLI

£ee
90¢
£8¢
£SE

691
89
86
6Tl

6¢l1
11
€91
(4%4

0LS1
0687
1091

XAXA
89L1
T66¥

89¢¢
bLEL
$TST
(43133

ob61
LO8I
¢001
LSSS

Olte
§0T1
6£v9
9€9¢

SEl
OI1
147!

991
eIt
6vc

£81

091
(A%4
LET

(4]
S01
86

b61

911
L6

18¢
(4%

6L
(/A
LTl

961
0zl
667

I
bL

4!
14

901
0tl
8

76T

o1
9L

(4!
147

143
El
Y4

147
14

6t
0¢

8¢
ve
(474

Y4
874
144
184

b6 any
€6 190
g6 3ny

£6 190
g6 dny
£6 e

96 JeN
g6 Iny
£6 3ny
76 10

6 8ny
b6 BN
€6 3ny
£6 BN

b6 JEN
£6 3ny
£6 e
26 0

71 ueugaid
11 Kooy
11 Kooyuaj

L a8ag

11 Kooway
11 Kooy
11 s/kooyudy

9 aBag

01 s/koo/way
6 ueuSaid
L jueudoad
9  Aoouag

S J8ag

g Aooawuay
g S/Aoosuiay
L ueudaid
L S/Aodwd)

p avg

6 S/A00/Wd)
g jueudoid
g s/hoouay
L jueuSoxd

B gawg

:piuoo 1g 9jqe],

198



1€1¢
b0l
98¢S

LT8Y
8SL1

144
60TS

e8¢l
£e0e

LOvT
4245
L1ST

901 LL6S
91T LTTol
SES L8PS

09 98¢th
1L T6ST

$8 1s¢l
(14 G 4°2 %9

0L1 €£0T
S V] X4 4

b6  ELEV
LT 99¢8
bST 169t

9vE 661
699 8¢S
v8L 08¢t
9T 15T
vee  S0T
0 651
796  L09
LET OL1
95T 65C
XA 43
£98 Tly
9y 061

SV L1 TV VT $¢
osy 01 6%r LT 9T
v99 St 605 1T TT
609 0¢ 19¢ L9 TT
8¢l €1 6L Sv 17T
S8y 8T 01¢ ve T1
66T 86 €¥l L1 01
61l 01 TIl 0T 07
Tyl TT LT TL 9T
9t ¥l 0Ll Te 81
61y 01 9LE €¢ 87T
9%9 8T 898 8T LT

86¢h
SLYS
8CI1¢

(441}>
£20¢€
vie6l

¢819
99Tt
1214
SL61
1444

1251
1401474

(4]
144
8Tty

651
A44
1214

89
6L1
14

981
IL
vel
1€l
v8

961
091

841
18p
68Y

SE9¢
996v
18§

10T¢
LSTE
LO1T

L16¢
9¢¢T
0L0T
06¥¢
LSP1

vOL1
801¥

96L1
££9¢
6£9¢

6yl LS1
6T 65T
89¢ 6T

06 ¢tL
£CC 8LI
L91 071

IvZ T8l
88 Tl
16 16

L1T 8¢l
vL €8

£El 98
121914

L1l
81¢
|$%

€Tl
(4T
891

91
X4
8¢

£C

8¢

8¢
£t

61

6C
9t
e

b6 e
76 90
76 dag

v6 10
76 AON
76 190

b6 100
b6 JeN
£6 3ny
76 AON
76 0

6 Sny
6 AON

£6 PO
6 190
z6 dos

97 s/Rooudy
vT kg
bT ko)
(AL

61  Koowdy
L1 3pkauay
L1 Spkudy
[A 1L

81 Kooy
81 s/kooudy
L1 ueuSoxd
91  Spkswudy
91  Spknuay
0] 18y

TT  Sukudy
17z Koonuay
TRLED

Tt Bphauy
17 Koowuajy
17+ Koopuay
g awag

pIuod ¢ Qe

199



€8T €1 LS Th L€

€6T LO 9v S¥ TS

681 L0 LL 6T 6%

905 80 0€ €T 1€
S1T ¥0 8€ 61 T
9TS S0 L¥E L0 11
STl 80 S91 8T 61
07T L1 TLT 1S 0¢
€€8 6T 80L 9T IS
LES 9T L9 0T 6¢
616 0T 809 09 9
08L LT 1SS S€ %9
€601 8¢ ¥LIL € TS

Lzel vy 65T

L68y 8L

6TET ¥l

vSLS
R 889
0899
LT6T

X042
605
106S

8tel

LST

18
001
oL
oz

8Ll
8SL
96¢

Loy Lyl
L9911 19L ¥$S081
$6L01 ¥18

[LSE
CISL
LiLe
1961

1452
Tes6
L909
£50S

STLTI

081
cos
8L1

94!
8S1
0st
002

(44
TLL
09y

EEl
veL
bEL

St
LLy
€Sl

94
8s1
0s1
6C1

L91
80¢
6¢£¢

S1T
09L
65$

Sl
91
X4
14

144
6C
14

4
9t
Y4

96 AeN
$6 Aey
6 Idy

¥6 AON
¥6 O

£6 YO

£6 In[

£6 0
76 PO
76 dog

£6 190
76 PO
76 dag

1Z ojews
0z ofew
0z oJew

91 Jedg

Jew
aJew
afew
apew

ST avag

NN "M

K-t
Bk
3k
b1 aueg

— —

Bk
(%)
0 Koo

€1 189g

O

[

:piuoa [g 9jqeL,

200





