










































































































































































































































































































































































































































































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 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).
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