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Summary

Glaucous gulls at Svalbard are exposed to a complex mixture of pollutants, including polychlorinated biphenyls (PCBs). PCBs have shown carcinogenic effect when fed to birds, and a genotoxic effect when cells are exposed in vitro. With use of chromosome aberration analysis on peripherial blood lymphocytes and DNA-adduct analysis on liver tissue the current study may indicate that the complex mixture of pollutants at Svalbard has genotoxic effects in Glaucous gulls.

1
BACKGROUND

Persistant organic pollutants (POPs) are transported by air and water currents into the Arctic, where they are biomagnified in higher tropic levels; i.e. the polar fox (Alopex lagopus) (Wang-Andersen et al., 1993), the Glaucous gull (Larus hyperboreus) (Gabrielsen et al., 1995) and the polar bear (Ursus maritimus) (Bernhoft et al, 1997). Glaucous gull, which is one of the top-predators in the arctic marine ecosystem, has at Svalbard very high concentrations of polychlorinated biphenyls (PCBs) (Gabrielsen et al., 1995). PCBs cause hepatocellular carcinoma when fed to birds (Brunn et al., 1987).  Dubois et al. (1995) showed that DNA-adduct formation was higher in quail hepatocytes than in rat hepatocytes or Hep G2 cells, after exposure of PCBs in primary cultures. These studies suggest that PCBs have a genotoxic effect in wild birds.

Genotoxic compounds represent a specific challenge since the effects not only strike exposed individuals in the form of tumours and reduced reproductivity, but damage can also be transmitted to descendants. Basically the release of genotoxins into the environment should be avoided because massive exposure may effect the reproductive capacity of many species, and modest exposure may lead to an enhanced instability of ecosystems (Würgler & Kramer, 1992). Developments of methods which can provide early warning about effects on the genetic material before serious effects on the ecosystem occur are therefore very important. 

In genetic toxicology, genotoxic observations are principally divided into the following categories; structural and numerical chromosome aberrations and gene mutations.

Chromosome aberrations involve gross alteration of the genetic material possibly induced by clastogenic and spindle-impairing chemicals (index of early effect). 

The mechanisms for most genotoxic compounds involve covalent binding to the genetic material (DNA), producing DNA adducts. DNA adducts are markers for the biological effective dose of DNA-reactive compounds (index of exposure). 

2
MATERIALS AND METHODS

Knowledge of avian genetic toxicology, and avian genetics as a whole, lags far behind that of mammals. Only about 6% of the nearly 9000 described species of extant birds have been karyotyped, with few of these examined in detail (Shields, 1982, 1983). As a result, we have a very limited understanding of the range of variability in patterns of structural organisation of the avian genome. This lack of knowledge is due, in large part, to the somewhat intractable nature of bird chromosomes. Birds are characterised by large diploid (2n) numbers and large numbers of microchromosomes.

The first three pair of macrochromosomes are typically very large, a middle series of macrochromosomes are intermediate in size, and the microchromosomes may be 1 µm or less in size. These microchromosomes may be barely resolvable with light microscopy and may number as many as 60. Because of the difficulty in accurately identifying and characterizing all these small elements it is not uncommon to see the diploid number of a bird reported as a range rather than a single number. Many investigations of chromosomal patterns in birds have concentrated only on the few macrochromosomes while essentially ignoring the microchromosomal complement.

In the avian order Charadriiformes 18 species have been studied (Shields, 1982), and at least five of the species have been karyotyped. The diploid number is found to be 70 and the fundamental number to be 88 in Larus canus, L. ridibundus, L. fucus (Hammar, 1966), L. argentatus (Itoh et al., 1969) and L. marinus (Ryttman et al., 1979). 

Regardless of probable causes or functional significance, the unique nature of several avian genome characteristics suggests that extrapolation of genetic toxicity data from a microbial or mammalian model to a presumed avian effect may not always be appropriate. Good avian models of genetic toxicity are needed.

2.1
DEVELOPMENT OF METHODS ON MATERIAL FROM CHICKEN
2.1.1 
Analysis of chromosome aberrations

It was decided to measure the relative amount of genetic damage, i.e. damage to the genetic material, by the cytogenetic methods of scoring chromosomal aberrations by light microscopy. For this we needed to obtain tissue which was actively growing, or could be easily induced to grow in culture, in order to obtain a population of cells with a large enough proportion in metaphase so as to make such chromosomal aberration scoring practically and statistically valid. Both bone marrow and peripherial blood are such tissues, with bone marrow comprising various haemopoietic stem cell tissues actively dividing, and blood lymphocytes which can easily be mitogenically induced to grow in culture.

For the purposes of developing suitable methods, for obtaining material for cytogenetic analysis from Glaucous gull in field conditions, it was decided to do some pilot studies on blood samples and bone marrow from the femurs of chicken in our laboratory in preparation for the field work. 

Whole blood

Whole blood was taken directly from the freshly killed bird into a heparinized vacutainer (10 ml) and thoroughly mixed immediately. As soon as possible (within 3 hours) the whole blood was placed into a 10% whole blood culture maintained at 38°C, containing the mitogen Concanavalin A (ConA) (Sigma # C-5275) at 50 µg per ml of culture. The culture medium used 50/50 mixture of RPMI-1640 (Gibco #42402, low NaHCO3) plus CO2-independent medium (Gibco #18045) containing 20% fetal calf serum (FCS) (Gibco # 10108, virus screened and heat inactivated) 50 units/ml penicillin and 50 µg/ml streptomycin sulphate (Gibco # 15070), supplemental 2 mM glutamine (L-glutamine, Gibco # 15039) in 1 ml cultures. 5-bromo-2´-deoxyuridine (BrdUrd, Sigma # B-5002) was added with 1 ml fresh medium at 24 hours (strictly maintaining 38°C) (no ConA), making the total culture volume 2 ml and final BrdUrd concentration 10 µM. After 48 hours, Colcemid was added to 0.5 µg/ml and cells harvested after 4-6 hours. The cell pellet was washed in phosphate buffered saline (PBS) three times before hypotonic treatment. After 10 minutes of hypotonic treatment in 75 mM KCl, the cells were fixed in glacial acetic acid:methanol (1:3). Red blood cells that settle out of suspension were removed before pelleting. 

The cells (in fresh fixative) were dropped onto cold wet glass from a height from between 70-140 cm in preparation for light microscopy of chromosome spreads.

Peripherial blood lymphocyte (PBL) cultures

It was found that Lymphoprep (Nycomed) PBL separating medium worked best on chicken blood. 4-6 ml of appropriately diluted blood (in PBS) was layered onto 3 ml of the separating medium and the lymphocyte fraction separated by centrifugation at 800 g for 30 minutes. For chicken blood it was found that, either 4 ml of undiluted blood or blood diluted by 2 ml PBS to 4 ml blood worked equally well and better than other combinations. The culture medium used 50/50 mixture of RPMI-1640 plus CO2-independent medium containing 20% FCS, 50 units/ml penicillin and 50 µg/ml streptomycin sulphate, supplemental 2 mM glutamine and 10 to 50 µg/ml ConA in 1 ml cultures. BrdUrd was added with 1 ml fresh medium at 24 hours (strictly maintaining 38°C) (no ConA), making the total culture volume 2 ml and the final BrdU concentration 10 mM. After 48 hours, Colcemid was added to 0.5µg/ml and cells harvested after 4-6 hours. After 10 minutes of hypotonic treatment 75mM KCl, the cells were fixed in glacial acetic acid:methanol (1:3).

The cells (in fresh fixative) were dropped onto cold wet glass from a hight between 70 and 140 cm in preparation for light microscopy of chromosome spreads.

Bone marrow

Femurs were taken from freshly killed birds and thoroughly cleaned of muscle tissue etc., and sterilised briefly with 70% ethanol. Ends of femurs were cut off with ethanol sterilised, sharp knife. Bone marrow was flushed out with sterile PBS using Pasteur pipette directly into a sterile centrifuge tube. Up to 10 ml was made up after thoroughly suspending the cells by repeated pipetting. After pelleting, upper fat layer was removed with a Pasteur pipette (sterile). Marrow tissue cells were thoroughly resuspended with pipette (in new PBS) and washed twice in PBS and placed into RPMI/20% FCS (with antibiotics) at 38-39°C, overnight (no mitogen added), e.g. 3 x 2 ml cultures per femur. After about 16 hours in culture, Colcemid 0.5 µg/ml was added and cultures were harvested after a further 6 hours. After 3 good washes in PBS, hypotonic treatment  -  75 mM KCl, 3 ml was added slowly under vortex to the pellet. (The pellet was first thoroughly resuspended in it´s own volume by gentle agitation). The cells were left suspended in 75 mM KCl for exactly  30 minutes. After the 30 minutes hypotonic treatment, fresh fixative was added dropwise (methanol: acetic acid, 3:1), one Pasteur volume, whilst gently vortexing with just enough speed to swirl the entire 3 ml volume, pelleted and resuspended (carefully) in fresh fixative (5-10 ml) twice. 


Slides for light microscopy were prepared by dropping freshly prepared cell suspension (in fresh fixative) onto cleaned, chilled wet slides from a height of approximately 70-140 cm  (140 cm is better) and then gently flaming over a spirit lamp til just dry.

This culture method produced a good mitotic index and good clean spreads. The direct spreading (non-cultured) method failed because the cells had gone out of cycle during transport of femurs from the chicken slaughtery.

The above methods were shown to work for chickens, however the general method may need to be optimised at each step for another species.

2.1.2
DNA adduct analysis

The mechanism for most genotoxic compounds involve covalent binding to the genetic material (DNA), producing DNA adducts. DNA adducts are markers for the biological effective dose or for the actual amount of mutagens which have interacted with DNA, and act as “early warning systems” for identifying genotoxic damage. As dosimeters, DNA adducts are very sensitive (Randerath & Randerath, 1990).

Even if the genotoxic compounds and their metabolites are not otherwise detectable or have been eliminated from tissues, DNA adducts may provide long term stable evidence of genotoxic damage causation. It can be a long time before genetic damage that is initiated is phenotypically manifested.

Various methods are available to measure DNA adducts, including immunoassays, spectrometry and postlabeling. The most common and most sensitive method for detection of DNA adducts is the 32P-postlabeling technique (Gupta, 1993; Qu et al., 1997). This method can detect several types of adducts and is the only available method to detect unknown adducts. 32P-postlabeling is therefore the best method suitable for analysis of adducts from complex mixtures. The 32P-postlabeling technique involves 32P-labeling of the modified nucleotide (the adduct) after the adduct has been produced. Assuming that the 32P-postlabeling method is performed  optimally, it is able to detect aromatic adducts down to 1 adduct per 109-1010 nucleotides. This corresponds to about 1 adduct per cell. With exposure for a mixture of more or less unknown mutagens it is not sufficient that the method is only sensitive, but it must be able to detect most of the adducts, independent of their chemical structure (Gupta & Early, 1988).

The Glaucous gulls at Svalbard are exposed to a complex mixture of chemicals. It is well known that PCBs and organochlorines can induce the P-450 system, which is the most important enzyme system for activation of secondary genotoxic compounds. Most organic compounds need to be transformed to an electrophilic compound before they cand bind to DNA. Very high concentrations of PCB have been found in liver tissue of Glaucous gulls (Gabrielsen et al., 1985), which suggest that the liver may probably also have high concentration of DNA adducts. Since DNA adduct methods can principally be used on all cell types, assuming that it is possible to isolate DNA, it was decided to use hepatic tissue in the DNA adduct analysis. 

 The chemicals which are used in the DNA adduct analysis are very expensive and since the funds allocated for 1999 were very limited, we did not try out the whole method on material from chicken. Only the method for isolation of DNA from chicken liver tissue was fully developed.

The liver tissue was placed in a solution of proteinase K (BRL) and sodium dodecyl sulfate (Bio-Rad) and incubated until most of the cellular protein was degraded. The digest including DNA was deproteinized by sucessive phenol/chloroform/isoamyl alcohol (25/24/1) (Fluka) extractions, recovered by ethanol precipitation, and dried and resuspended in buffer.

2.2
FIELD EXPERIMENT

This project has been co-ordinated with Gabrielsen´s project; Effects of persistent organic pollutants (POPs) on the immune response and retenoid- and thyroid hormone status of Glaucous gulls (Larus hyperboreus). The two projects use material from the same individuals. Gabrielsen´s group collected the Glaucous gull eggs at Svalbard and placed them in a hatching machine at the Norwegian Polar Institute Research Station in Ny-Ålesund. The first five days the chicks were kept indoors under heat lamps at 37°C. Later they were placed outdoors but were protected against wind and rain in two cages with size of 3 m x 4 m x 2 m each.

The chicks were divided into two groups, one was the “clean” (control) and one was supposed to be polluted through the food. All the chicks had a basic diet consisting of polar cod, herring, water and vitamins. The “polluted” group was also fed with eggs from seabirds. Seabirds and seabird eggs are suggested to be one of the most polluted ingredients in the diet of Glaucous gull. To ensure a diet as equal as possible, the “clean” group had hen eggs when the other group had gull eggs. Gabrielsen´s group took care of the chicks, and we arrived when the sampling started. 

The sampling of the birds took place in the period from August 13th to August 27th. All the birds were sacrificed under anaesthetic (by decapitation or cervical dislocation) at the age of 56 days. Samples were taken of a total of 39 individuals in this experiment, 19 birds in the control and 20 in the persistent organic pollutant (POP) exposed group. The co-ordination of the projects has given us the opportunity to correlate the results from our analysis with the results from the chemical analysis, which are included in Gabrielsen´s project. 

2.2.1
Analysis of chromosome aberrations

For the analysis of chromosome aberrations, blood samples and bone marrow from the femurs and also fibula were used. 

Blood samples

Blood samples were taken from the brachial vein on the inside of each wing. The samples were taken under anaesthetic. 

We decided to use peripherial blood lymphocytes and not whole blood. The three methods developed with chicken were undertaken to ensure there were a number of options available for the preparation of chromosome spreads in order to cover for unforseen contingencies in the field, as this was the first field trial of the species. The PBL method was successful for Glaucous gull and so we continued with this as the whole blood method, whilst simpler, does not produce the clarity of the PBL slide preparations because the whole blood preparation remains unfractionated at spreading.

From the blood samples lymphocytes were isolated for cell culture. For the PBL cultures the method developed with chicken blood was followed, with one exception. 2 ml cultures (38°C) were set up, and only BrdUrd (no fresh medium) was added at 24 hours.

After the preparation of metaphase enriched cultures, slides for light microscopy were prepared after standard hypotonic and fixation treatment of cells. Our differential staining methods adapted from Wolf and Perry (1974), Chen and Lin (1995) and Edelman and Lin (1986) establish 2nd division controls.

It was found that the methods established for chicken peripherial blood lymphocytes were also valid for Glaucous gull. However, this was not the case for bone marrow.

Bone marrow

The culture methods for bone marrow cells established for chicken resulted in cell damage in Glaucous gull. Also, fat contamination of cultures ruined the spreading of any surviving metaphases and that the chromosomes of each metaphase cell appeared to be glued together in a ring. 

We decided to flush out the bone marrow with warm KCl  directly after the bird was killed on site, and then transport the KCl suspension in an insulated centrifuge tube back to the laboratory for immediate fixation, after a given time at 38°C. We began to reduce the KCl incubation time before pelleting from 30 minutes (which is usual for most species) to 25 minutes for bird 10 and 34, then to 20 minutes and then finally to 15 minutes for bird 43, 44, 49, 52 and 54. The timing for the four last successful samples was found to be critical, and efforts had to be made to insulate the cells in KCl from cooling down too far during transport to the laboratory. Also it was found that fat contamination had to be carefully avoided during the pelleting stage before fixation. It was found that it was best to take up cells directly from the pellet from under the fat layer by pasteur pipette and place this carefully in a clean tube before fixation, whilst avoiding fat transfer to the clean tube from the exterior of the pipette  - even a tiny amount will ruin spreads. 

With the method of direct hypotonic treatment and fixation, we eventually did establish a reliable method. As with the chicken, the bone marrow cells very quickly go out of cycle. Results were got from femurs and fibulas flushed with 75 mM KCl at 38°C directly into insulated centrifuge tubes directly after killing and transported to the laboratory incubator as quickly as possible. Our problem was the separation of the field station from the laboratory. Timing was found to be critical. Pelleting had to be started 15 minutes after suspension in 75 mM KCl, and then fixation had to be completed before 28 minutes. 
Scoring

The slides were scored randomised, scored blind on codes and coded by the same analyst. If possible, two hundred metaphases were scored per slide. Aberrations considered were chromatid and chromosome breaks, gaps and exchanges. Aberrations were classified according to Savage (1975). Since the cytogenetic significance of achromatic gaps is questionable (Preston et al., 1987, in Dmitriev, this type of aberrations was not included in the summary data on the frequencies of aberrant cells.

Acentric fragments could not be scored because of the prevalence of microchromosomes in the karyotype of Glaucous gull. Gaps and constrictions likewise were generally masked by the microchromosomes.

2.2.2
Analysis of DNA adducts

For the analysis of DNA-adducts, liver tissue was collected. The tissue samples were frozen down (-80°C) immediately after the birds were killed, transported by air in dry ice and are kept frozen for further analysis at the laboratory at NTNU. 

The method for isolation of DNA from chicken liver tissue was also valid for liver tissue from Glaucous gull.

For the analysis of the DNA adduct the protocol for 32P-postlabeling method recommended by Phillips and Castegnaro (1999), which is a modification of the original method described by Gupta et al. (1982), was followed.

DNA samples (10 (g) were digested by a mixture of micrococcal endonuclease (60 mU/(l) and spleen phosphodiesterase (1 mU/(l) at 37(C for 4 hours, and then further incubated with nuclease P1 (0,31(g/(l) for 30 minutes at 37(C. The DNA digests were then 32P-postlabeled by incubation with 45 (Ci of ((-32P(ATP and T4 polynucleotid kinase for 30 minutes at 37(C. The labeled DNA adducts were resolved by two-directional thin layer chromatography on 20 x 20 cm PEI-cellulose plates. Solvent systems used for TLC were the following: D-1: 1.6 M sodium phosphate, pH 6; D-3: 4 M lithium formate, 7.5 M urea, pH 8; D-4 0.8 M lithium chloride, 0.5 M Tris, 7.5 M  urea, pH 8; D-5: 1.6 M sodium phosphate, pH 6. Autoradiography was carried out at -70(C for 12 to 20 hours. The films were exposed in the presence of an intensifying screen. The radioactivity of the distinct DNA adduct spots was measured by liquid scintillation counting for 10 min (Cerenkov technique). The background CMP of spots were subtracted

3
RESULTS

3.1
CHROMOSOME ANALYSIS

Karyotype

The diploid (2n) chromosome number was found to be 70 for Glaucous gull. There were twenty scorable chromosomes and 50 microchromosomes. The description, i.e. the length of the short and long arm, of the macrochromosomes of Glaucous gull is given in Table 1. The largest chromosome is about 12 µm long. The Z chromosome is chromosome no 7, and the W chromosome is no 11. The microchromosomes are mostly much less than 1.0 µm long and features are generally not resolvable in light microscopy.

Table 1

The chromosomes of Glaucous gull

Length (µm)
                                       Chromosome number                                              













1
2
3
4
5
6
7°
8
9
10
11°
12

Short arm
   4.3
   3.4
   0.6*
   1.5
   2.1
   0.0*
   1.9
   0.9
   1.4
   0.8
   1.4
   0.0*

Long arm
   7.7
   5.2
   6.3
   4.3
   3.1
   4.8
   2.6
   3.2
   2.1
   2.5
   1.5
   1.2

Total chromosome
 12.0
   8.6
   6.9
   5.8
   5.2
   4.8
   4.5
   4.1
   3.5
   3.3
   2.9
   1.2

°  note that chromosome 7 is the Z and chromosome 11 is the W

* chromosome 3, 6 and 12 are telocentric

PBL cultures

Blood samples were taken of 39 individuals of Glaucous gulls. Of the 20 birds in the exposed group, we got scorable chromosome spreads from 14 individuals, 12 females and 2 males. Spreads from 14 control birds were scorable, 5 females and 9 males. Spreads from three individuals (10, 16 and 42) were scored for chromosome aberration, but the individuals were not included in the overall experiment.

The mitotic index, which indicates the fraction of dividing cells, was calculated from the first 3000 cells examined for each slide.  The mitotic index various among the individuals in all the four groups, and it is not a clear difference between the four groups (Tab. 2).

Table 2
Number of individuals, mitotix index, percent damaged 

metaphases, lipid percent and concentration of  9 PCB 


No. of
 Mitotic
% damaged
Lipid %
       Z 9 PCB


individuals
 Index*
metaphases

lipid weight (µg/kg)

Control female 
5
15±8
   1.8±0.7
0.58±0.07
       2.0±0.5

Control male
9
27±22
   4.7±4.2
0.56±0.13
       2.5±2.3

Exposed female
12
26±19
   5.7±5.5
0.56±0.14
     26.0±11.5

Exposed male
2
   8±4
   8.6±8.3
0.50±0.12
     21.0±7.4

*mitotic index – the fraction of dividing cells per 1000

The number of individuals in the four different exposure groups varies, and the group exposed male consists of only two gulls. For both the female and male gulls the percentage of damaged metaphases is higher in the exposed group than in the respective control group (Fig. 1). The same pattern was observed for the frequency of aberrations and double strand breaks (Fig. 2). The differences are not significant.

There is no correlation between the frequency of chromosomal aberrations and the concentration of any of the analysed compounds. 
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Figure 1
The percent of damaged metaphases per individual in lymphocytes
from Glaucous gull, presented as the mean of female (n=5) and male (n=9) gulls from the control group, and female (n=12) and male (n=2) gulls from the exposed group.
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Figure 2
Number of aberrations and double strand breaks per hundred  metaphases per individual in lymphocytes from Glaucous gull, presented as the mean of female (n=5) and male (n=9) gulls from the control group, and female (n=12) and male (n=2) gulls from the exposed group.

Bone marrow

The method that was used for the last four individuals, no 44, 49, 52 and 54, was successful producing very good metaphase spreads and which were all scored for chromosomal aberrations. The bone marrow preparations have a high mitotic index (Tab. 3).

Table 3
Individual number, mitotic index, normal and damaged metaphases and aberrations in successful bone marrow preparations from Glaucous gull.

       Individual
      Mitotic
                                Metaphases   



           no
        Index*
     Normal
    Damaged
   Aberrations

           44
37
200
6
13

           49
45
200
5
7

52
39
200
8
12

54
29
150
8
15

*mitotic index – the fraction of dividing cells per 1000

3.2 DNA ADDUCTS

The levels of measured DNA adducts per 108 nucleotides are presented in Figure 3. Only the total number of adducts is presented.  The pattern of the adducts seems to be the same for both the exposed gulls and the control gulls, but the level of adducts is higher in the exposed gulls than in the control group.
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Figure 3
DNA adduct levels  in liver tissue from female (n=4) and male(n=4) and total (n=8) control gulls and from female (n=4) and male(n=4) and total (n=8) exposed gulls 

4
DISCUSSION

The funds allocated to us for 1999 were sufficient for the single field experiment described above but not also for a separate pilot study on Glaucous gulls, so this current study must be considered such a pilot study. 

The results from the chromosome analysis on the PBL spreads indicate that the exposed gulls have a higher frequency of chromosome aberrations than the control gulls, but the differences are not significant. One of the problems in this study was that the number of individuals in the different groups was low, especially in the exposed male gulls.

The 32P-postlabeling method is a rather expensive method, and with the amount of money allocated for this project, only liver tissue from sixteen individuals was analysed for DNA adducts. The obtained results are very interesting, and we hope to go on and analyse the rest of the material too. In a monitoring study of crayfish Schilderman et al. (1999) observed a significant correlation between DNA adduct levels and the lower chlorinated PCBs (PCB 28, PCB 101).  No such correlation was found in this study on Glaucous gull.
Both blood and bone marrow sources of nucleated cells were used in this study in order to cover for unknown technical contingencies in the field, as this was the first cytogenetic study of this species in this particular field site. Blood samples can be obtained on several occasions non-destructively, so long as culturing facilities are available. If such facilities ever fail in the field during a course of studies, then the bone marrow method can be suitable, as this does not require such culturing facilities if the above precautions (2.2.1) are able to be met in the field. Since lymphocytes from peripheral blood can be sampled non-destructively it is well suited for monitoring studies.

For a future experimental study on Glaucous gull, we need to consider a larger sample size to improve the statistics of results of measurement and reduce chance differences in the relative number of the sexes in each group.

CONCLUSION

This project has produced some important results.

· We have established effective methods of peripherial blood lymphocyte culture and chromosome preparation for light microscopy for Glaucous gull.

· The results from the PBL cultures indicate a higher frequency of chromosome aberrations in the exposed group compared to the control.

· We have established alternative methods for preparing chromosome spreads from bone marrow of Glaucous gull.

· We have established 32P-postlabeling method for analysis of DNA adducts from liver tissue of Glaucous gull.

· The results of the DNA adduct analysis indicate a higher level of adducts in the exposed group compared to the control.
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