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A serious laboratory fire at the The Norwegian School of Veterinary Science, Oslo

resulted in an effective delay of approximately 7 months for the finalizing of the OC analyses. This has resulted in a major delay in reporting results.
SUMMARY

This project represents a truly unique research venture between scientists in many diverse disciplines from both Norway and Canada. Results from this study will provide definitive answers on the likelihood, and possible mechanisms, by which persistent organic pollutants, POPs, can affect the immune function in polar bears. 

Field research for this study in both Svalbard (high pollution) and Hudson Bay, Canada (lower pollution) were completed in autumn 1998 and 1999, respectively. All proposed field components of the study were successfully completed. The research includes studying the relationship between immune globulin levels and PCB exposure in polar bears, the effect of high PCB exposure on the ability of the bears to produce antibodies to various vaccines, the relationship between PCB exposure and the lymphocyte proliferation in polar bears and the effect of in vitro exposure of lymphocytes to PCB congeners. 

The experimental and laboratory work is completed. The study suffered a major setback when a laboratory fire at The Norwegian School of Veterinary Science, Oslo resulted in a seven-month delay in finalizing OC results. Data analysis of the very complex result matrix (including data on OC levels, immune parameters, sex hormones, other hormones, ecology  and polar bear biology) is on-going. Due to the complexity of the data matrix the quality assurance of the final results is considered of outmost importance. Thus, results will be referred in this report only to the extent that we consider appropriate with regard to quality assurance.  

An inter-laboratory calibration of analytical methods for analysis of organochlorines, OCs,   in plasma has been carried out between the National Wildlife Research Centre, Hull, Canada and the Norwegian Veterinary Institute laboratory. Excellent agreement was found. 

The project has resulted in the development of a good methodology for assessment of white blood cell activities under field condition. This is important for studies of cell biology, physiology and immunology in polar bears. It further represents the basic methodology for measuring cell-mediated immunity to microbes, for testing of how environmental pollutants, infections, nutritional factors, starvation and stress may influence the lymphocyte function. 

Significant lower lymphocyte responses to lipopolysaccharide from E. coli and Mycobacteria were found in polar bears with high PCB-156 concentration in the blood.   

In vitro exposure to selected PCB congeners of mitogen induced lymphocyte cultures was found to suppress the lymphocyte response, with the strongest reduction in cultures from polar bears having the highest plasma concentration of  PCBs.
The present study confirmed our previous finding of a significant inverse correlation between IgG and PCBs, both sum PCB and specific congeners (PCB 99, 118 and 194).

The vaccination study revealed significantly higher plasma concentrations of PCBs 118, 156, 180 and 194 in polar bears from Svalbard as compared to Canada together with significantly higher antibody titres to influenza virus, reo virus and herpes virus in Canada as compared to Svalbard. These results together with the fact that there was inverse correlation between IgG and PCB 99, 118 and 194 in the same material, demonstrate that the effect of PCBs on the IgG concentration is associated with decreased ability to produce antibodies following immunization.

Impaired antibody production following immunization and decreased specific lymphocyte response in polar bears with high PCB exposure indicated decreased resistance to infections. This is supported by the findings that polar bears with high plasma PCB have been more exposed to the Pasteurella bacteria, one of the most common microbes in the environment, that attack the respiratory system. 

Thus, the study has demonstrated that high PCB exposures of the polar bears impair lymphocyte function, IgG concentration and the ability to produce antibodies following immunization of the bears with certain microbes. By analysing the present combined effects of PCBs on the immune system it is reasonable to assume that PCB is associated with decreased resistance to infections of the polar bears.   

Furthermore, preliminary results have revealed a negative correlation between individual PCBs and testosterone concentrations and between sum PCB and testosterone, indicating that PCB exposure in polar bears is associated with a decrease in male testosterone concentrations.

In the arena of Arctic ecotoxicology, this study represents a major new initiative in experimental design to rigorously test the effects of POPs on wildlife. With the information from this study, new methods of monitoring and impact assessment will be possible.

Given the delay in the analysis of PCB data, this report should be considered a general summary of the results to date. Statistic treatment of the combined result matrix is on-going. Scientific papers are under preparation and or will be prepared within the next year. 

INTRODUCTION
Polar bears (Ursus maritimus) are the top predator in the Arctic marine ecosystem and rely largely on seal blubber as their main energy source. Due to their position in the food web and their diet, polar bears are exposed to high levels of environmental pollution. The organochlorines (OCs) are lipophilic and are slowly metabolised in organisms, and they therefore tend to accumulate in organisms and biomagnify in food chains (Safe 1994, Walker 1990). A large number of persistent organic pollutants (POPs) accumulate in organisms of the artic marine food chain (Borgå et al. 1998, MacDonald & Bewers 1996, Muir et al. 1992). 

The monitoring of POPs since the 1970’s has detected a global pattern of long-range transport especially by air from industrialised areas in Europe, Asia and North America. Long-range transport has resulted in accumulation of these compounds in the Arctic environment. PCBs (polychlorinated biphenyls) are considered one of the most serious environmental pollutants and have been found in high concentrations in polar bears (Norstrom et al. 1988, Norheim et al. 1992, Bernhoft et al. 1997, Norstrom et al. 1998). Polar bears in the east Greenland, Barents and Kara seas areas have much higher PCB levels than bears from other areas (Norstrom et al. 1998). In the Svalbard area, high levels of PCBs have also been found in arctic fox (Wang-Andersen et al. 1993), glaucous gull (Gabrielsen et al. 1995, Mehlum and Daelemans, 1995) and seals (Muir et al. 1992, Daelemans et al. 1993). The main food of polar bears is seals and they often only eat the subcutaneous fat of the seals that are rich in OCs. Therefore, PCBs bioaccumulate in polar bears. Extreme concentrations of highly chlorinated PCBs accumulate with age, especially in male polar bears (Bernhoft et al. 1997). Females, however, transfer PCBs to their offspring through milk. The highest chlorinated PCBs are not  effectively transported with the milk since they are accumulated more effectively in the subcutaneous fat depots in the females. Levels of most other OCs are higher in the fat depots of offspring than in their mother (Bernhoft et al. 1997). Different ability and capacity of metabolizing low and high chlorinated PCBs are the explanation for different distribution of PCBs in different species (Daelemans et al. 1993). The polar bear seems to have a better ability to metabolise several OCs than other marine mammals (Norstrom et al. 1994).  

Studies in laboratory animals and in human beings have reported immunotoxic effects of halogenated hydrocarbons on the immune system, which includes both non-specific and specific immune parameters (Tryphonas 1994, Luster and Rosenthal 1993, Harper et al. 1993, Mayura et al. 1993, Holsapple et al. 1991, Tryphonas et al. 1991). Suppressed immune function associated with OC exposure has been observed in studies on mice (Luebke et al. 1994), seals (de Swart et al. 1994, Ross et al. 1996), Caspian terns, herring gulls (Grasman et al. 1996), and polar bear (Bernhoft et al. 2000). Harbour seals fed herring from the contaminated Baltic Sea had reduced natural killer cell activity and lower T-lymphocyte response, compared to seals fed fish from the less contaminated Atlantic Ocean (Ross et al. 1996). The seals fed Baltic herring also had higher levels of phagocytes in the blood, which may indicate that they are more exposed to bacterial infections (de Swart et al. 1994). In young Caspian terns and herring gulls from the contaminated North American Great Lakes, a suppression of cell-mediated immunity was associated with high exposure to persistent OC contaminants (Grasman et al. 1996). 

The results from these studies show that PCBs have effects on the concentrations of immune globulin in blood, reduce the ability to produce antibodies after vaccination, reduce the ability to kill microbes, affect the cell mediated immunity and increase susceptibility to infections. Reduced immune function may increase the risk for an epidemic that may result in large changes in population size within a short period of time depending on the disease and degree of impairment of the immune system.

Both in laboratory and in wild animals persistent organic pollutants influence the thyroid hormones and retinoid homeostatis (Boily et al., 1994; Brouwer & van den Berg, 1986; Jenssen et al., 1995; Henriksen et al., 1998). The thyroid hormones and retinols are important for regulation of cell differentiation, development and growth, reproduction and immune system function. Similar to top predator species (see Jenssen et al., 1995; Haugen, 1996) it has been found in polar bears that thyroid hormones and plasma retinol concentrations are negatively correlated with PCBs (Skaare et al., 1994, Skaare et al., 2000).  

Persistent organic pollutants can have large consequences for other physiological functions in organisms that ultimately result in changes at the population level. It is therefore important to understand how persistent pollutants influence thyroid hormone function because they play an important role in the physiological adaptations of polar bears to the extreme Arctic conditions. 

Further, if toxic chemicals interrupt the normal hormonal balance, the result may be altered growth rates, behaviour and reduced reproductive rates. Polar bears have low rates of reproduction that they compensate for by having high adult survival rates. If either the reproduction or the survival rates of polar bears are reduced by the impacts of pollution, the population can enter into a negative growth rate. Once a polar bear population is in a declining state, recovery will take decades and only once the factor causing the decline is removed.

During our previous project «Klorerte organiske miljøgifter i isbjørn på Svalbard. Forekomst, nivåer og effekter» financed by the Norwegian Research Council, we rinsed immune globulin G (IgG) from polar bears, produced antibodies for these, and established methods for quantifying immune globulin in polar bears. In addition, we measured IgG in blood samples collected in the period 1990-1996 and compared the levels with the levels of PCBs in the same individuals. IgG was found to be negatively correlated with PCBs (sum of 22 congeners) (Bernhoft et al. 2000). IgG is the sum of all antibodies of this type of immune globulins in polar bear blood. These results indicated that the PCB burden in polar bears had a much higher negative effect on the immune system than expected. It was therefore important to characterise the effects of OCs on the immune system of polar bears to provide documentation for immune suppressive effects and gain knowledge of the effect on the resistance to infection and animal health of polar bears in the Svalbard area.

The working hypothesis for this project: Effects of PCBs on the immune system of polar bears can be elucidated by comparing the immune functions in polar bears having high and low PCB exposure, respectively. 

The project represents a strong element of competence building with respect to polar bear immune system and wildlife immune toxicology in general. This includes development of both reagents and methods to measure polar bear immune function. Studies of PCB effects on the polar bear immune system, immune response ability and infection resistance are important bases for development of sound monitoring methods.  

The main objective of the project: to characterise the effects of high PCB exposure on the immune competence and to evaluate immune response ability of polar bears. By using specific immune function tests and induction of protective antibodies, we will obtain information on how PCB may influence resistance to infections. 

The project consists of eight subgoals where the original subgoal 2  (“Develop methods for cryo-preservation of lymphocytes for in vitro testing of phagocyte function and lymphocyte responses”) was changed during the study as explained below.

Subgoal 1: To define the relationship between PCB exposure and lymphocyte proliferation ability in polar bears.

Subgoal 2: Study effect of in vitro exposure of lymphocytes with PCB congeners.
Subgoal 3: Study the relation between immune globulin levels and PCB exposure in polar bears.

Subgoal 4: Detect if high PCB exposure decreases the ability to produce antibodies in polar bears.

Subgoal 5: Determine if PCB exposure affects the infection resistance of polar bears.
Subgoal 6: Understand the impact of PCBs on reproductive hormones, thyroid hormones, and retinol.

Subgoal 7: Assess the threat that PCBs pose to the immune system and hormone homeostasis in polar bears.
Subgoal 8: Develop methods and non-destructive biomarkers for monitoring the effects of toxic chemicals on polar bears.

MATERIAL AND METHODS

Material

In a previous study (NFR project «Klorerte organiske miljøgifter i isbjørn på Svalbard. Forekomst nivåer og effekter») we measured IgG in blood samples collected from 58 polar bears in the period 1990-1996, and found that IgG was negatively correlated with PCBs. The present investigation is based on blood samples collected from 380 polar bears from Svalbard and the Barents Sea in the period 1995 – 1998. For quantifying immune globulin in polar bears we used the method described in our previous polar bear study (Bernhoft et al. 2000). About 220 blood samples were used for OC analysis, and some also for hormone measuring. In addition to this material two main experiments were performed. 

The first main experiment included bears from Svalbard, the Barents Sea and western Russia, where blood samples were taken only once. This experiment should describe the effect of PCBs on different functions of white blood cells in polar bears. The experiment also represented the completion of work on establishment of lymphocyte proliferation tests. We also investigated the use of cryo-preservation of lymphocytes for proliferation assay and phagocytosis testing. For this purpose we established an operational cell culture laboratory in the field for measuring general immune response of lymphocytes, and for examination of how the individual immune competence of lymphocytes might be affected after in vitro exposure to PCB congeners. This experiment also included hematology, hormones (cortisol, oestradiol, testosterone) in addition to measuring immune globulin concentrations. 

The second main experiment was an international project that was designed to measure specific immune response in bears from areas with different PCB exposure. The project included polar bears from Canada with low PCB levels and Svalbard bears with high exposure levels. This work represented a vaccination model with recapture 5-6 weeks after immunisation. 30 Canadian male bears and 11 male and 16 female bears from Svalbard were immunised with different microbial antigens to induce antibody production and cell mediated immune response. In vitro lymphocyte stimulation was also performed with mitogens and specific antigens. The study also included in vitro exposure of lymphocytes to PCB congeners, to register the effect of PCBs directly on the proliferation response to the lymphocytes from polar bears with varying PCB exposure. This experiment also included haematology, hormone analyses and the measurement of immune globulin and antibodies against environmental microbes.

Two immunology technicians from The Norwegian School of Veterinary Science were in both Svalbard and Hudson Bay to conduct an extensive series of immune system tests on live polar bear blood cultures in both populations. In autumn 1998, 36 polar bears in Svalbard (high pollution area) were successfully vaccinated, radio marked with ear-tag VHF transmitters and of these, 27 were recaptured 5-6 weeks later to determine their immune response (i.e., antibody levels) to the vaccines. The same protocol was used in Hudson Bay, Canada (low pollution area) where 35 polar bears were vaccinated with the vaccines in autumn 1999. Of these bears, 30 were recaptured to assess immune response. Differences in the sex and age composition between the Norwegian and Canadian samples may create some difficulties in analyses but it is anticipated that with statistical handling or exclusion of outliers, the data will be suitable for the study objectives.

Methods

OC analyses

Analyses of PCBs and other organochlorine compounds were performed at the Environmental Toxicology Laboratory at the Norwegian School of Veterinary Science, Oslo, and at the Environment Canada Laboratory, Hull, Canada. To validate the comparison of the PCB and other OC levels measured in the two laboratories, samples taken from the same bears were analysed in both laboratories. The results from the two laboratories were very similar and indicated that the split in the analyses would pose no difficulties in pooling data. In Norway, PCB in blood plasma samples were quantified using the methods described by Bernhoft et al. (1997) with some modifications described by Andersen et al. (2000). Briefly, 390 samples of plasma were extracted with cyclohexane and acetone. Extractable fat was determined gravimetrically and the fat was removed with ultra-pure sulphuric acid. The Ocs were determined on a gas chromatograph, equipped with a split/splitless injector and an electron capture Ni63 detector (ECD). Two columns of different polarity and selectivity (SPB-5 and SPB-1701, 60 m) were used to obtain the desired chromatographic separation. 

The following OCs were quantified in all samples: hexachlorobenzene (HCB), oxychlordane, trans-nonachlor, p,p'-DDE, α- and β-hexachlorocyclohexane (HCH) and 16 PCB congeners (IUPAC nos.): 47, 99, 118, 128, 137, 138, 153, 156, 157, 170, 180, 183, 187, 189, 194 and 206.

The analytical quality of the laboratory has been approved in several intercalibration tests containing components and matrices relevant to our work, including the four steps of the ICES/IOC/OSPARCOM intercomparison exercise on the analysis of PCB in marine media.   The laboratory is accredited for these analyses according to the requirements of NS-EN45001 (1989) and ISO/IEC Guide 25 (1990). Standard procedures were used to insure adequate quality assurance and control, and the results were within the laboratory’s accredited requirements.  
Immunological parameters

The development of methods for immunological studies in polar bears is basic for the effect studies. A lymphocyte proliferation method to measure the responsive capability of lymphocytes of polar bears was developed for use under field condition. This was important for further immunological work and proved to be crucial for proper assessment of lymphocyte response and for testing the effect of in vitro PCB exposure on the lymphocyte proliferation.  The lymphocyte response was measured after in vitro stimulation with different mitogens; Phytohemagglutinin (PHA), Concanavalin A (Con A), Poke Weed mitogen (PWM), Mycobacteria antigen (PPD) and Lipopolysakkarid (LPS). The optimal mitogen concentration for in vitro stimulation was tested for each mitogen. Different cultivation conditions and purification procedures for lymphocytes were tested. The method developed is based on carefully purified lymphocytes from the blood of the polar bear and demands additional steps of treatment compared with the use of blood lymphocytes from livestock animals. A whole blood method that is used in other animals was also tested, but proved not useable in polar bears probably due to the stress condition during the blood sampling. We also developed a method for in vitro exposure with PCBs of mitogen induced lymphocyte proliferation assay. 

The measurement of IgG in polar bears was carried out with the method described by Bernhoft et al. (2000), and the assessment of specific antibodies were done with the use of  virus haemagglutination inhibition test , virus neutralisation test, passive haemagglutination test and enzyme linked immunosorbent assay.
Hormone parameters

Earlier results from the NFR project showed that the immune function was affected by the hormone status of the animal. Steroid hormones like testosterone, progesterone and cortisol were significantly related to several immune parameters. The analysis of hormones gives knowledge on the physiological status of animals. These represent important additional information for the evaluation of their immune function. Earlier investigations also showed that the level of thyroid hormones was related to the environmental exposure to PCB in polar bears. The following hormones were investigated in the present project: testosterone oestradiol, progesterone, cortisol and thyroxin (TT4, FT4, TT3, FT3, rT3) as well as thyroid stimulating hormone (TSH). The hormone analyses were done at the Norwegian School of veterinary Science (sex hormones) and the thyroid hormones were analysed at NTNU.

RESULTS AND DISCUSSION

Subgoal 1. Study relation between PCB exposure and the lymphocyte proliferation in polar bears.

To measure the responsive capability of lymphocytes of polar bears we used the lymphocyte proliferation method that we developed for use under field condition. The method has previously not been published for use in polar bears. The lymphocyte response was measured after in vitro stimulation with different mitogens; Phytohemagglutinin (PHA), Concanavalin A (Con A), Poke Weed mitogen (PWM), Mycobacteria antigen (PPD) and Lipopolysakkarid (LPS). The method is based on carefully purified lymphocytes that are cultivated in vitro and stimulated to undergo proliferation (DNA synthesis) that are measured by incorporation of 3H-thymidine. The test measures the ability of different lymphocyte population to proliferate after stimulation with mitogens. PHA and Con A are believed to stimulate larger population of partly different T-lymphocytes while PWM and PPD induce proliferation in smaller populations of both T- and B-lymphocytes. LPS, however, is believed to stimulate B-cells exclusively.  Several factors may influence the proliferation either by enhancing or suppressing proliferation. Although the experiments were carried out under field condition, the proliferation responses and variation within and between animals was of the same size as in experiments done in human, mice and production animals. PHA, Con A and PWM induced strong lymphocyte response whereas PPD and LPS induced lymphocyte proliferation comprised only smaller population of cells. 

To study the relationship between PCB exposure and the lymphocyte proliferation in polar bears the test results from four field experiments (Lance-cruise 97/98, Svalbard 98, Canada 99) were included in this investigation comprising a total number of 121 polar bears. The lymphocyte response to PHA, Con A and PWM were not influenced by the PCB exposure. Those mitogens stimulate larger population of peripheral blood lymphocytes and only severe effects of pollutants may at a given time show significant effect on the lymphocyte proliferation. The analyses of the data showed however significant lower lymphocyte responses to LPS and PPD in polar bears with high PCB-156 exposure (Figures 1 and 2). LPS stimulates B-lymphocytes that are responsible for antibody production and the lymphocyte response to PPD is associated with lymphocytes responding to intracellular pathogens.  

Subgoal 2. Study effect of in vitro exposure of lymphocytes with PCB congeners. 
This subgoal was first called “Develop methods for cryo-preservation of lymphocytes for in vitro testing of phagocyte function and lymphocyte responses” which included both testing of phagocytosis and in vitro exposure of lymphocytes with PCB congeners. During the methodology work on lymphocyte testing, the cryo-preservation of cells was carried out several times using conventional methods for animal and human cells. All trials showed however that the cells responded poorly and that cryo-preservation is not useable for functional tests for polar bear white blood cells. We therefore focused on lymphocyte proliferation following in vitro exposure of lymphocytes with PCB congeners using fresh lymphocytes under field condition.  

To test the effect of in vitro exposure to PCBs on the general response level of lymphocytes, different levels of selected PCBs were added to lymphocyte cultures. PCB congeners with strong effects on immune globulin were used (NFR- 110750/720). The aim of this study was to see if the effect on the proliferation response would vary with the in vivo PCB exposure. Test results from three field experiments (Lance-cruise 1998, Svalbard 1998, Canada 1999) were included in this investigation with a total number of 94 polar bears. Four PCB-congeners (PCB 99, PCB 126, PCB 153, PCB 156) were tested and an overall suppression of Con A induced lymphocyte proliferation could be demonstrated. PCB 99 induced reduction of the lymphocyte response in all concentrations tested, but the decreased response was most severe in very lean (condition 1) polar bears. This indicated that fat metabolism cause redistribution of PCBs that influences the lymphocyte activity. To correct for this effect of the polar bear condition only results from bears characterised with condition 2 and 3 were included in the analyses. In most animals tested the in vitro exposure with PCB 99 suppressed the lymphocyte proliferation induced by Con A stimulation although there were no significant effect on the lymphocyte activity of PCB content in plasma. Following in vitro exposure with PCB 156 the suppression was more severe (Figure 3). Although the suppression varied the strongest reduction on the lymphocyte proliferation following in vitro PCB 156 exposure could be demonstrated in animals with high content of PCB in the blood.
These findings demonstrate that the lymphocyte function are impaired in polar bears highly exposed to PCB, and the experiments therefore contribute to a better understanding of the immune system in polar bears with high pollution levels, compared to polar bears with lower pollution levels, and thereby provide insight into the effects of pollution. 

Subgoal 3. Study relation between immunoglobulin levels and PCB exposure in polar bears.

Immunoglobulins in the blood constitute the combined amount of antibodies against environmental bacteria, viruses, and parasites to which the polar bear has been exposed to during life. The polar bears are born with low levels of antibodies in blood, but during suckling the cubs receive maternal antibodies with the colostrums. The maternal IgG of the milk are in most animals transferred through the intestinal wall to the blood within the first two days of life, where it offers protection against infection with environmental microorganisms. After the first days of life the maternal antibodies in the milk gives protection only against intestinal infection. In dogs and cats about 10 % of the maternal antibodies are transferred before birth through placenta. The transfer of maternal antibodies in polar bears are not known in detail, but an important part of the present investigation gives us some information. The IgG concentration in blood samples collected from 215 polar bears in the period 1995 – 1997 shows that cubs only have approximately one fourth to one fifth of the adult level of IgG in the blood. This is less than what is seen in other animals, and indicates that the polar bears are dependent on colostrum for the transfer of maternal antibodies. The duration of maternal antibodies are usually a few months and within this time the cubs produce their own antibodies following exposure to the environmental microbes.

The ability to produce antibodies is influenced by several factors such as nutritional condition, maternal immunity, hormonal dysfunction, exposure to microbes and parasites, immunosuppression induced by infections, exposure to environmental pollutants and stress conditions. In young animals the immunoglobulin concentration is low but increases rapidly to adult levels within a few years. It was important to study the changes in immunoglobulin concentration in relation to age before the effect study of OCs and total IgG could take place. The IgG concentration in blood of polar bears increased steadily with age. We included blood samples collected in 1998 before studying the effect of gender on the immunoglobulin concentration, and could demonstrate a lower increase in female polar bears compared with male bears. The higher IgG values in male polar bears are probably due to different behaviour and aggression level that leads to more lesions over time. In this study the IgG level of the cubs was higher (1998) compared with that of the previous years (1995-1997), indicating that the cubs of 1998 have been more exposed to environmental microbes. The change in the IgG concentration is greater the first year of life and is probably influenced by several factors. In the effect study of OC and IgG we therefore excluded cubs below one year of age.   

The aim of this study was to examine the relationship between OCs and total IgG in blood of polar bears. In a previous study, we found a significant decrease of total IgG in blood plasma of 56 polar bears at Svalbard with increasing PCB levels. The PCB congener with highest inverse correlation to IgG was PCB-99 (Bernhoft et al. 2000). In the present study, using serum samples collected over 4 years from 185 polar bears from the same region, from 94 polar bears from Lance-cruise 97/98 and Svalbard 98 and from 63 polar bears from Canada 98/99, a similar high significant inverse correlation between IgG and PCB-99 was found and IgG and total PCB. This indicates that the PCB burden in polar bears has a much higher negative effect on the immune system than we had expected. It is therefore very important to characterise the effects of OCs on the immune system of polar bears in detail to get documentation of immune suppressive effects and the implications this has on the resistance to infection and animal health of polar bears in the Svalbard area.

Subgoal 4. Detect if high PCB exposure decreases the ability to produce antibodies in polar bears.

Reduced ability to produce antibodies could be one explanation for the inverse correlation between IgG and PCB. Thus, this would imply a severe effect on the immune system and probably also disease resistance. To study this possibility further characterisation of the effects of PCBs was necessary. An experiment was designed to measure specific immune response in bears from areas with different PCB exposure based on a vaccination model with recapture 6 weeks after immunisation. The experiment included polar bears from Canada (1999) with low PCB levels in order to compare them with the Svalbard bears (1998). 

The bears were immunized with different herpes-, reo-, and influenza viruses and tetanus toxoid to stimulate the production of protective antibodies like virus neutralizing antibodies, virus hemagglutination inhibition antibodies and toxin neutralizing antibodies. The immunization also included keyhole limpet hemocyanin (KLH) that together with tetanus toxoid would stimulate cell-mediated immune response. Six weeks later blood was sampled for detection of antibodies and an in vitro lymphocyte stimulation test was performed to measure cell-mediated immune response to both KLH and tetanus toxoid. 

We have analysed the PCB content of the blood samples taken at the time of the immunization to see if the PCB exposure would influence the antibody production after immunization, and thereby indicate possible immune suppressive effects in the period up to recapture. At the time of immunization blood samples from polar bears in both locations revealed significant higher plasma concentration of PCB 118, 156, 180 and 194 in Svalbard compared to Canada. That implies a higher exposure of the immune system of polar bears in Svalbard to PCBs at the time when the lymphocytes were responding against the different antigens. Six weeks later the polar bears produced high titre of neutralizing antibodies to influenza- and reo-virus and specific antibodies to tetanus toxoid and low titre of neutralizing antibodies to herpes virus. The antibody titres to both influenza virus, reo virus and herpes virus were significantly higher in polar bears in Canada compared with bears in Svalbard. The serum IgG concentration at the recapture was also significant higher in bears from Canada. These results together with the fact that there were an inverse correlation between IgG and PCB-99, 118 and 194 in this material demonstrate that the effect of PCB on the IgG concentration is associated with decreased ability to produce antibodies following immunization. 

At the recapture an in vitro lymphocyte stimulation was also performed with specific antigens to see if high PCB exposure would influence cell-mediated immune response. In fact we could demonstrate an inverse correlation between the lymphocyte response to tetanus toxoid and PCB-99, 118 and 156 indicating that also some T-lymphocyte activities are depressed by high PCB exposure. Although the analytical work is mostly completed as far as immune response is concerned, statistical analyses of interrelationships between OC exposure, hormone concentrations and different other factors still remain to be carried out.
Subgoal 5: Determine if PCB exposure affects the infection resistance of polar bears.
The measurement of antibody production after immunization will detect possible immune suppressive effects on the immune system in the period up to recapture. This also represents a means of measuring a combined in vivo effect of PCBs on all parts of the immune system that are involved in the production of antibodies (phagocytose, antigenpresentation, T-lymphocyte function, cytokinproduction, B-lymphocyte stimulation and differentiation in addition to the antibody production of the plasma cells). As we could demonstrate impaired antibody production following immunization with high PCB exposure it is reasonable to assume that the PCB exposure level is associated with decreased resistance to infections. 

In the experimental model we focused on the measurement of protective antibodies. By demonstration of decreased antibodies that are capable of neutralizing virus infections in cell cultures and inhibition of virus hemaglutination, we in fact measure a factor of resistance directly. Rapid production of high titre of protective antibodies against viruses such as influenza- and parainfluenza virus is crucial to survive epidemics. The suggested effect of PCBs on the infection resistance is also supported by the findings of significantly increased antibody titre to Pasteurella bacteria, one of the most common microbes in the environment, that attack the respiratory system. Significant higher antibody titre to Pasteurella sp. in a population with impaired immune response reflects increased sensitising of the immune system and that these animals have been more exposed to the microbes than animals with better resistance to infections.

Subgoal 6: Understand the impact of PCBs on reproductive hormones, thyroid hormones, and retinol.
Plasma samples from female polar bears were analysed for the contents of  progesterone (P4) and oestradiol (E2). Male samples were analysed for testosterone (T). In addition, all plasma samples were analysed for cortisol. The analytical work is completed as far as reproductive hormones are concerned, however some statistical analyses of interrelationships between organochlorine pollution and steroid hormone concentrations still remains to be carried out.

Progesterone (P4)

In females that were unavailable for mating because they were either too young or with cubs P4 concentrations remained low through the capture period and there was no correlation between P4 and capture date. In females that were available for mating P4 increased significantly with capture date (Figure 4).

[image: image11.emf]
Figure 4. Progesterone (P4) concentrations (nmol/l) by capture date for female polar bears in the Svalbard area in March through May.

In the subgroup of females designated as unavailable for mating there was a significant positive correlation between P4 and the total amount of measured PCB ((PCB;n=54; r=0.476, p<0.001; Figure 5). Adjusting for the other factors like age, size and season did not influence this finding. 
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Figure 5. The relationship between P4 and (PCB in female polar bears with cubs in the Svalbard area in spring.

In a multiple regression model the independent variables breeding class (available/unavailable), capture date and (PCB explained 44% of the variation in P4. 

Estradiol (E2)

There was no correlation between E2 and capture date for either breeding class (unavailable females: n=52, r=0.06, p=0.69, available females: n=29, r=0.04, p=0.84). Regression analyses of E2 in relation to all the independent variables gave significant results only for unavailable females for E2 in relation to PCB118 when controlled for body mass (F1,49=4.233, p=0.045, r2adj=0.061).

Testosterone (T)

The concentrations of 6 pesticides, 16 PCB congeners, and the sum of these congeners ((PCB)  were related to testosterone (T).  One hundred and twenty-one samples were used. An overview of the range and mean of the different concentrations were established and at the same time, correlation analysis of testosterone, with different biological parameters and  organochlorines as mentioned above, were carried out. 

Samples were obtained during the months; March, April, May and August. Concentrations of testosterone varied between 0 and 36 ng/ml. Not surprisingly, T was strongly elevated in high sexual activity. A strong correlation was found between testosterone and the different biological parameters and body characteristics like age, body-length, body-weight, axial girth and body-condition. Age was the stongest predictor of testosterone concentrations (Figure 6). In this study the several OCs showed a negative correlation with T (Table 1). The same relationship was found between (PCB and testosterone. 
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Figure 6.  Relationship between Testosterone quantiles and Age in male polar bears (n=121).
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Table 1. Mean plasma concentrations ((SD); conc. units not indicated) of organochlorines (OC) in 123 male polar bears in four testosterone (T) quantiles. OC’s are divided in pesticides and PCB’s. A negative trend indicates decreasing T with increasing OC.

Cortisol (C)

Plasma cortisol was analysed in 251 samples (overall mean=147,9 ng/ml). Females had higher cortisol levels than males (means=167,6 vs. 124,8 ng/ml, P<0.001). Samples belonging to the lowest cortisol quantile (C.Q.1; n=63) originated from animals significantly younger and lighter than those in the three other quantiles. A negative relationship between levels of some organoclorine pollutants, including the total amount of PCB ((PCB), was indicated by the findings presented in Table 2.

Table 2. Mean plasma concentrations ((SD)); fat weight (fw) measurements; conc. units not indicated) of organochlorines (OC’s) in 251 male (n=121) and female (n=130)  polar bears in four cortisol (C) quantiles. Mean cortisol concentrations are indicated for each quantile. OC’s are divided in pesticides and PCB’s. A negative trend indicates decreasing C with increasing OC.
	Parameters
	C.Q.1 (n=30)
	C.Q.2 (n=30)
	C.Q.3 (n=31)
	C.Q.4 (n=31)
	Trend

	Cortisol, ng/ml
	41,1
	101,6
	175,2
	301,6
	

	Pesticides
	
	
	
	
	

	HCB fw
	261 (126)
	186 (170)
	183 (144)
	152 (147)
	Negative

	b-HCH fw
	2,1 (2,3)
	1,1 (0,8)
	0,90 (0,6)
	0,76 (0,6)
	Negative

	Oxyklor fw
	3037 (1974)
	1246 (1315)
	739 (635)
	457 (400)
	Negative

	PCBs
	
	
	
	
	

	PCB-99 fw
	1595 (1609)
	806 (610)
	607 (369)
	570 (526)
	Negative

	PCB-153 fw
	6452 (5076)
	3738 (2729)
	2985 (1587)
	2670 (2372)
	Negative

	PCB-170 fw
	1585 (842)
	1323 (770)
	1164 (588)
	1094 (864)
	Negative

	PCB-180 fw
	3207 (1789)
	2563 (1704)
	2214 (1072)
	2034 (1596)
	Negative

	(PCB
	15494 (10720)
	10251 (6427)
	8831 (4106)
	8078 (6097)
	Negative


Preliminary conclusion on the hormone results: High levels of several organochlorine pollutants, including both PCBs and pesticides were found in relationship with low levels of testosterone and cortisol. In females, PCB concentration was associated with a small increase in basal progesterone concentrations. More complicated statistical analyses must be conducted in order to exclude confounding factors. 

The clinical relevance of these findings is uncertain. It cannot be excluded that suttle changes in the hormonal homeostasis as observed in the present investigation, might affect reproductive functions.

Subgoal 7. Assess the threat that PCBs pose to the immune system and hormone homeostasis in polar bears.

The results of this subgoal will be finalized following the completion of the statistic treatment 

of the complete data matrix. However, “in conclusion” will cover part of it.

Subgoal 8. Develop methods and non-destructive biomarkers for monitoring the effects of toxic chemicals on polar bears.

With regard to this subgoal, we will suggest that a workshop should be planned to discuss the results from both the polar bear and glaucous gull immune studies together.

 CONCLUSIONS / FUTURE WORK

The project has resulted in the development of a good methodology for assessment of white blood cell activities under field condition. This is important for studies of cell biology, physiology and immunology in polar bears. It further represents the basic methodology for measuring cell-mediated immunity to microbes, for testing of how environmental pollutants, infections, nutritional factors, starvation and stress may influence the lymphocyte function. 

The findings that polar bears with high PCB-156 concentration in the blood had significant lower lymphocyte responses to lipopolysaccharide from E. coli and Mycobacteria is an indication that PCB exposure may suppress important part of the immune system. This immunosuppressive effect should be further characterized to understand the implication for resistance to infections in polar bears. 

The demonstration that in vitro exposure of PCB induced reduction of the lymphocyte response in culture may not only give information of which PCB that have the most important immunosuppressive effect but also provide insight into the kinetics and probable mode of action of the pollutant. Further investigation of the effect of different PCBs on the in vitro lymphocyte response induced by different mitogens and antigens is important to identify a good biomarker/indicator for this type of pollution.  
The inverse correlation between IgG and PCB together with the demonstration of decreased ability to produce antibodies show that the PCB burden in polar bears has a much higher negative effect on the immune system that have been expected. As the production of antibodies involves different parts of the immune system it is necessary to characterize other immune mechanisms (phagocytosis, NK-cell activity, T lymphocyte responses) to identify which type of immune activity that are mostly influenced by the PCB exposure.

The demonstration of impaired antibody production following immunization and decreased specific lymphocyte response in polar bears with high PCB exposure indicates decreased resistance to infections. This is supported by the findings that polar bears with high plasma PCBs have been more exposed to the Pasteurella bacteria, one of the most common microbes in the environment, that attack the respiratory system. Further characterization of the effect of PCBs on specific immune response will give important information about the risk for the polar bear to survive epidemics.

Furthermore, high levels of several organochlorine contaminants, including both PCBs and pesticides were found in relationship with low levels of testosterone and cortisol. In females, PCB concentration was associated with a small increase in basal progesterone concentrations. More complicated statistical analyses must be conducted in order to exclude confounding factors. The clinical relevance of these findings is uncertain. It cannot be excluded that subtle changes in the hormonal homeostasis as observed in the present investigation, might affect reproductive function
This study represents a major new initiative in experimental design to rigorously test the effects of POPs on wildlife. With the information from this study, new methods of monitoring and impact assessment will be possible.

REFERENCES

 Andersen, M., Lie, E., Derocher, A.E., Belikov, S.E., Bernhoft, A., Bultinov, A. N., Garner, G.W., Skaare, J. U. & Wiig, Ø. (2000) Geographic variation of PCB congeners in polar bears (Ursus maritimus) from Svalbard east to Chukchi Sea. Accepted for publication in Polar biology.

Ballschmiter, K. (1992) Transport and fate of organic-compounds in the global environment. Angewandte Chemie,  31, 487-515. 

Bernhoft, A., Skaare, J.U., Wiig, Ø., Derocher, A., & Larsen, H. (2000) Possible immunotoxic effects of organochlorines in polar bear at Svalbard. Journal of Toxicology and Environmental Health, 59, 101-114. 

Bernhoft, A., Wiig, Ø., & Skaare, J.U. (1997) Organochlorines in polar bears (Ursus maritimus) at Svalbard. Environmental pollution, 96, 1-16. 

Borgå, K., Gabrielsen, G.W., Hop, H., & Skaare, J.U. (1998) Organochlorines and trophic positions in a marine pelagic food chain leading to seabirds in the Norwegian Arctic. Organohalogen compounds, 39, 431-434. 

Boily, M.H., Champoux, L., Bourbonnaias, D. H., DesGranges, J. L., Rodrigue, J. & Spear,P. A. (1994) Beta-carotene and retinoids in eggs of  great blue herons (Ardea herodias) in relation to St Lawrence River contamination. Ecotoxicology, 3, 271-286.

Brouwer, A. & van den Berg, K. J. (1986) Binding of a metabolite of 3,4,3`,4`-tetrachlorobiphenyl to transthyretin reduces serum vitamin A transport by inhibiting the formation of the protein complex, carrying both retinol and thyroxine. Toxicol. Appl. Pharmacol. 85, 301-312.

Daelemans, F. F., Mehlum, F., Lydersen, C. & Schepens, P.J. C. (1993) Mono-ortho and non-ortho substituted PCBs in arctic ringed seal (Phoca hispida) from the Svalbard area: Analyses and determination of their toxic threat. Chemosphere 27, 429-437.

de Swart, R.L., Ross, P.S., Vedder, L.J., Timmerman, H.H., Heisterkamp, S., Loveren, H.V., Vos, J.G., Reijnders, P.J.H., & Osterhaus, A.D.M.E. (1994) Impairment of immune function in harbour seals (Phoca vitulina) feeding on fish from polluted waters. Ambio, 23, 155-159. 

Gabrielsen, G.W., Skaare, J.U., Polder, A., & Bakken, V. (1995) Chlorinated hydrocarbon in glaucous gulls (Larus hyperboreus ) in the southern part of Svalbard. Science of the Total Environment, 160/161, 337-346. 

Grasman, K.A., Fox, G.A., Scanlon, P.F., & Ludwig, J.P. (1996) Organochlorine-associated immunosuppression in prefledgling Caspian  terns and herring gulls from the Great lakes: An Ecoepidemiological study. Environmental Health Perspective Supplement, 104, 829-842. 

Harper, N., Connor, K., & Safe, S. (1993) Immunotoxic potencies of polychlorinated biphenyl (PCB), Dibenzofuran (PCDF) and Dibenzo-p-dioxin (PCDD) congeners in C57BL/6 and DBA/2 Mice. Toxicology, 80, 217-227. 

Henriksen, E.O., Gabrielsen, G.W., Skaare, J.U., Skjegstad, N., & Jenssen, B.M. (1998b) Relationships between PCB levels, hepatic EROD activity and plasma retinol in glaucous gulls, Larus hyperboreus. Marine Environmental Research, 46, 45-49. 

Haugen, O. (1996) The effects of polychlorinated biphenyls (PCBs) on plasma vitamin A concentrations in free ranging grey seal (Halichoerus grypus) pups at Froan. Cand. scient., NTNU, Trondheim.

Holsapple, M. P. (1991) A review of 2,3,7,8- tetrachlordibenzo-p-dioxin-induced changes in immunocompetence: 1991 update. Toxicology, 69, 219-255.

Jenssen, B. M., Skaare, J. U., Wolstad, S., Nastad, A. T., Haugen, O., Kløven, B., & Sørmo, E. G. (1995) Biomarkers in blood to assess effects of PCBs in free-living grey seal pups. In: Whales, seals, fish and man. Eds. A.S. Blix, L. Wallø & Ø. Ulltang. Elsvier Science Publishers B.V., Amsterdam, 607-615. 

Luebke, R.W., Copeland, C., Diliberto, J.J., Akubue, P.I., Andrews, D.L., Riddle, M.M., Williams, W.C., & Birnbaum, L.S. (1994) Assessment of host resistance to trichinella spiralis in mice following preinfection exposure to 2,3,7,8-TCDD. Toxicology and Applied Pharmacology, 125, 7-16. 

Larsen, H. J. (1979) A whole blood method for measuring mitogen-induced transformation of sheep lymphocytes. Research Vet. Sci., 27, 334-338.

Luster, M. I. & Rosenthal, G. J. (1993) Chemical agents and the immune response. Environ. Health Perspect., 100, 219-236.

Macdonald, R.W. &Bewers, J.M. (1996) Contaminants in the arctic marine environment: priorities for protection. ICES Journal of Marine Science, 53, 537-563. 

Mayura, K., Spainhour, C., Howie, L., Safe, S., & Phillips, T. (1993) Teratogenicity and immunotoxicity of 3,3',4,4',5-pentachlorobiphenyl in c57bl/6 mice. Toxicology, 77, 123-131. 

Mehlum, F. &Daelemans, F.F. (1995) PCBs in Arctic seabirds from the Svalbard region. Science of the Total Environment, 160/ 161, 441-446. 

Muir, D.C.G., Wagemann, R., Hargrave, B.T., Thomas, D.J., Peakall, D.B., & Norstrom, R.J. (1992) Arctic marine ecosystem contamination.  Science of the Total Environment, 122, 75-134. 

Norheim, G., Skaare, J. U. & Wiig, Ø. (1992) Some heavy metals, essential elements and chlorinated hydrocarbons in polar bears (Ursus maritimus) at Svalbard. Environ. Pollut., 77, 51-57.

Norstrom, R. J., Malone, B., Born, E. W., Garner, G. W., Olpinsky, S., Ramsay, M. A., Scliebe, S., Stirling, I., Taylor, M.K., & Wiig, Ø. (1998) Chlorinated hydrocarbons contaminants in polar bears from Eastern Russia, North America, Greenland and Svalbard: Biomonitoring of hemispheric pollution. Arch. Environ. Contam. Toxicol., 35, 354-367.

Norstrom, R. J. & Muir, D.C.G. (1994) Chlorinated hydrocarbon contaminants in arctic marine mammals. Sci. Tot. Environ., 154, 107-128.

Norstrom, R.J., Simon, M., Muir, D.C.G., & Schweinsburg, R.E. (1988) Organochlorine Contaminants in Arctic Marine Food Chains: Identification, Geographical Distribution, and Temporal Trends in Polar Bears. Environmental Science and Technology, 22, 1063-1071. 

Ross, P.S., de Swart, R.L., Timmerman, H.H., Reijnders, P.J.H., Vos, J.G., Van Loveren, H., & Osterhaus, A.D.M.E. (1996) Suppression of natural killer cell activity in harbour seals (Phoca vitulina) fed Baltic Sea herring. Aquatic Toxicology, 34, 71-84. 

Safe, S.H. (1994) Polychlorinated biphenyls (PCBs): Environmental impact, biochemical and toxic responses, and implications for risk assessment. Critical Reviews in Toxicology, 24, 87-149. 

Skaare, J.U., Bernhoft, A., Wiig, Ø., Norum, K.R., Haug, E., Eide, D.M., Derocher, A.E. (2000) Relationships between plasma levels of organochlorines, retinol and thyroid hormones from polar bears at Svalbard. Accepted for publication in J. Toxicol. Environ. Health

Tryphonas, H. (1994) Immunotoxicity of polychlorinated biphenyls: Present status and future considerations. Experimental and Clinical Immunogenetics, 11, 149-162. 

Tryphonas, H., Luster, M., White, K., Naylor, P., Erdos, M., Burleson, G., Germolec, D., Hodgen, M., Hayward, S., & Arnold, D. (1991) Effects of PCB (Aroclor-1254) on nonspecific immune parameters in rhesus (Macaca-mulatta) monkeys. International Journal of Immunopharmacology, 13, 639-648. 

Walker, C. (1990) Persistent pollutants in fish-eating sea birds - bioaccumulation, metabolism and effects. Aquatic Toxicology, 17, 293-324. 

Wang-Andersen, G., Skaare, J. U., Prestrud, P. & Steiness, E. (1993) Levels and congener pattern of PCBs in arctic fox, Alopex lagopus, in Svalbard. Environ. Pollut. 82, 269-275.

[image: image4.wmf]Variable

T.Q.1

T.Q.2

T.Q.3

T.Q.4

Trend

 b

Testosterone, ng/ml

0,08

0,27

3,7

22

Pesticides

HCB.ww

2,79  (1,66)

2,42  (1,71)

2,22  (1,96)

1,07  (0,63)

Neg.

b-HCH ww

2,15  (2,19)

1,09  (0,76)

1,00  (0,71)

0,64  (0,36)

Neg.

Oxyklor ww

35,3  (26,1)

19,4  (17,4)

6,4  (7,2)

3,5  (2,4)

Neg.

Transno ww

1,27  (1,05)

1,49  (0,89)

1,14  (0,94)

0,79  (0,44)

Neg.

PCBs

T.Q.1

T.Q.2

T.Q.3

T.Q.4

Trend

 b

PCB-99 ww

21,9  

(19,9)

10,0 

 (6,8)

6,3  

(4,0)

3,3  

(1,5)

Neg.

PCB-128 ww

0,31  

(0,22)

0,26  

(0,25)

0,14  

(0,12)

0,10  

(0,05)

Neg.

PCB-137 ww

1,43 

 (0,9)

0,78  

(0,52)

0,42  

(0,27)

0,22  

(0,13)

Neg.

PCB-|138 ww

16,5 

 (14,6)

8,9  

(5,7)

6,0  

(3,7)

3,6  

(1,7)

Neg.

PCB-153 ww

87,8  

(65,1)

44,6 

 (37,1)

31,5  

(19,2)

17,8  

(8,6)

Neg.

PCB-157 ww

3,12 

 (0,19)

1,50 

 (0,20)

1,43  (0,72)

0,98 

 (0,42)

Neg.

PCB-180 ww

51,0 

 (28,3)

23,6  

(11,0)

22,8  

(13,2)

15,1  

(7,4)

Neg.

PCB-189 ww

0,54  

(0,32)

0,35  

(0,32)

0,37  

(0,33)

0,33  

(0,23)

Neg.

TOT-PCB ww

221,4  

(145,7)

111,4  

(63,1)

90,2  

(51,3)

58,9 

 (26,4)

Neg.

b: Neg. = tendency for a negative correlation

[image: image5.wmf]0

5

10

15

20

1

2

3

4

Testosterone quantile

Age, years

mean age

[image: image6.wmf]Variable

T.Q.1

T.Q.2

T.Q.3

T.Q.4

Trend

 b

Testosterone, ng/ml

0,08

0,27

3,7

22

Pesticides

HCB.ww

2,79  (1,66)

2,42  (1,71)

2,22  (1,96)

1,07  (0,63)

Neg.

b-HCH ww

2,15  (2,19)

1,09  (0,76)

1,00  (0,71)

0,64  (0,36)

Neg.

Oxyklor ww

35,3  (26,1)

19,4  (17,4)

6,4  (7,2)

3,5  (2,4)

Neg.

Transno ww

1,27  (1,05)

1,49  (0,89)

1,14  (0,94)

0,79  (0,44)

Neg.

PCBs

T.Q.1

T.Q.2

T.Q.3

T.Q.4

Trend

 b

PCB-99 ww

21,9  

(19,9)

10,0 

 (6,8)

6,3  

(4,0)

3,3  

(1,5)

Neg.

PCB-128 ww

0,31  

(0,22)

0,26  

(0,25)

0,14  

(0,12)

0,10  

(0,05)

Neg.

PCB-137 ww

1,43 

 (0,9)

0,78  

(0,52)

0,42  

(0,27)

0,22  

(0,13)

Neg.

PCB-|138 ww

16,5 

 (14,6)

8,9  

(5,7)

6,0  

(3,7)

3,6  

(1,7)

Neg.

PCB-153 ww

87,8  

(65,1)

44,6 

 (37,1)

31,5  

(19,2)

17,8  

(8,6)

Neg.

PCB-157 ww

3,12 

 (0,19)

1,50 

 (0,20)

1,43  (0,72)

0,98 

 (0,42)

Neg.

PCB-180 ww

51,0 

 (28,3)

23,6  

(11,0)

22,8  

(13,2)

15,1  

(7,4)

Neg.

PCB-189 ww

0,54  

(0,32)

0,35  

(0,32)

0,37  

(0,33)

0,33  

(0,23)

Neg.

TOT-PCB ww

221,4  

(145,7)

111,4  

(63,1)

90,2  

(51,3)

58,9 

 (26,4)

Neg.

b: Neg. = tendency for a negative correlation



[image: image7.emf][image: image8.emf][image: image9.emf]

[image: image10.emf]
� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Sheet.8  ���





 





3





5





7





9





11





13





15





17





-0





1





PCB-156 (ng/g ww) in plasma (log)





Response of LPS (mean cpm)





Figure 1.  Relationship between lymphocyte response to lipopolysaccharide (LPS) from E. coli bacteria and PCB 156 in plasma of polar bears (n=81). p<0.01.





Figure 2.  Relationship between lymphocyte response to mycobacteria (PPD) and PCB 156 in plasma of polar bears (n=64). P<0.001.
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Figure 3. Effect of in vitro exposure with PCB-156 on lymphocyte response expressed as a difference between Concanavalin A (Con A) stimulated cultures and Con A cultures added PCB –156. The results are ranked according to increasing PCB concentrations in the polar bear plasma. Only bears of normal condition were included (n= 94, bears with condition indices 2 and 3). Two concentrations of PCB-156 were used: 10 and 50.  
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Ark1

																Variable

		n		31		30		30		30								T.Q.1		T.Q.2		T.Q.3		T.Q.4		Trend b

																Testosterone, ng/ml		0.08		0.27		3.7		22

																Pesticides

		Mean(SD) (ab)		0,08(0,04)		0,27(0,14)		3,7(2,8)		22,0(6,6)						HCB.ww		2,79  (1,66)		2,42  (1,71)		2,22  (1,96)		1,07  (0,63)		Neg.

																b-HCH ww		2,15  (2,19)		1,09  (0,76)		1,00  (0,71)		0,64  (0,36)		Neg.

		test.conc.ng/ml		T.Q.1		T.Q.2.		T.Q.3.		T.Q.3.						Oxyklor ww		35,3  (26,1)		19,4  (17,4)		6,4  (7,2)		3,5  (2,4)		Neg.

		range		0,0-0,1		0,1-0,5		0,9-9,5		13,5-36,0						Transno ww		1,27  (1,05)		1,49  (0,89)		1,14  (0,94)		0,79  (0,44)		Neg.

																PCBs

																		T.Q.1		T.Q.2		T.Q.3		T.Q.4		Trend b

		range		0,2-36,0		0,0-34,4		0,1-1,8								PCB-99 ww		21,9  (19,9)		10,0  (6,8)		6,3  (4,0)		3,3  (1,5)		Neg.

		Age group		Number												PCB-128 ww		0,31  (0,22)		0,26  (0,25)		0,14  (0,12)		0,10  (0,05)		Neg.

		3. adults           ( > 3 years)		77												PCB-137 ww		1,43  (0,9)		0,78  (0,52)		0,42  (0,27)		0,22  (0,13)		Neg.

																PCB-|138 ww		16,5  (14,6)		8,9  (5,7)		6,0  (3,7)		3,6  (1,7)		Neg.

																PCB-153 ww		87,8  (65,1)		44,6  (37,1)		31,5  (19,2)		17,8  (8,6)		Neg.

																PCB-157 ww		3,12  (0,19)		1,50  (0,20)		1,43  (0,72)		0,98  (0,42)		Neg.

																PCB-180 ww		51,0  (28,3)		23,6  (11,0)		22,8  (13,2)		15,1  (7,4)		Neg.

																PCB-189 ww		0,54  (0,32)		0,35  (0,32)		0,37  (0,33)		0,33  (0,23)		Neg.

																TOT-PCB ww		221,4  (145,7)		111,4  (63,1)		90,2  (51,3)		58,9  (26,4)		Neg.

																b: Neg. = tendency for a negative correlation
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F.pb.male.body

		TESTOSTQUANTILE		Mean(age)		Mean(Z LENGTH)		Mean(WEIGHT)		Mean(GIRTH)				Std Dev(age)		Range(age)

		1		0.709677		111.7742		29.35		78.6				1.270001		5

		2		5.433333		170.4		55.57		124.0476				6.095127		19

		3		10.3		233.5667		274.2857		136.1667				4.82915		22

		4		14.96667		246.6		416.8333		155.7333				4.909409		18

		mean age		0.709677		5.433333		10.3		14.96667

		mean length		111.7742		170.4		233.5667		246.6

		mean weight		29.35		55.57		274.2857		416.8333

		mean girth		78.6		124.0476		136.1667		155.7333

		mean length		111.7742		170.4		233.5667		246.6

		mean weight		29.35		55.57		274.2857		416.8333

		mean girth		78.6		124.0476		136.1667		155.7333
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		available				sumPCB						logPCB		log P4

		0				5823.06						3.76515		-0.04576

		0				6098.12						3.78520		0.17609

		0				5496.77						3.74011		-0.14267

		0				12637.37						4.10166		0.07918

		0				8991.42						3.95383		0.23045

		0				7747.99						3.88919		0.17609

		0				7580.76						3.87971		-0.01773

		0				8851.56						3.94702		0.0607

		0				7304.83						3.86361		0.07918

		0				8808.95						3.94492		0

		0				7791.22						3.89161		0.33244

		0				2082.1						3.31850		-0.07572

		0				6796.94						3.83231		0.30103

		0				8187.19						3.91313		0.04139

		0				8415.47						3.92508		0.21748

		0				10221.49						4.00951		0.02119

		0				7423.58						3.87061		-0.07572
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		0				3018.5						3.47979		-0.1549
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