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Bone Mineral Density in Male Baltic Grey Seal
(Halichoerus grypus)
Bone mineral density (mg cm–3) was studied in male Baltic
grey seals (4–23 years of age) by noninvasive computed
tomography (pQCT). The material was grouped according
to year of collection. Group A: 1850–1955, a period before
the main introduction of organochlorines (OCs); Group B:
1965–1985, a period with very high OC contamination; and
Group C: 1986–1997, a period with decreasing concentrations of OCs. The reproducibility of the measurements was
good with a Coefficient of Variation (CV) ranging from 0.1%
to 2.1%. Trabecular bone mineral density of the radius was
significantly higher in specimens collected 1986–1997 than
in those collected 1965–1985 (p < 0.05). Cortical bone
mineral density of the mandible was significantly lower in
specimens collected 1986–1997 compared with those
collected 1850–1955 (p < 0.05). These results indicate
different responses over time in trabecular and cortical
bone. During the period of very high OC contamination
(1965–1985), trabecular bone density was lowest, whereas
cortical bone density was lowest in specimens collected
1985–1997, representing a period of fairly low OC contamination. The mechanisms behind these effects are not
known. However, it can be assumed that OCs are involved.
Information about residue levels of OCs in the studied
individuals is lacking and, therefore, it was not possible to
evaluate the impact of OCs in this respect.

INTRODUCTION
In the past, the Baltic became seriously contaminated by
organochlorines (1). The most dramatic increase occurred in
the levels of the 2 major organochlorines, namely dichlorodiphenyltrichloroethane (DDT) and polychlorinated biphenyls
(PCB) occurred after 1955 (2). A rapid decrease in concentrations of DDT compounds started during the beginning of the
1970s, whereas concentrations of PCB compounds did not decrease until the late 1970s (3). The annual decrease since the beginning of the 1970s has been 9–12% for DDT-compounds. For
PCB, the annual decrease since 1975 has been 4–7% (4). In addition, concentrations of dioxins have decreased in the Baltic
over the last three decades, although slightly less than the concentrations of PCBs (5).
During the 20th century the 3 Baltic seal species, the ringed
seal (Phoca hispida botnica), the harbor seal (Phoca vitulina)
and the grey seal (Halichoerus grypus) have decreased in number
(6). At the beginning of the 20th century the Baltic grey seal
population was estimated to include 88 000–100 000 individuals, while, by 1980, the estimated number was not more than
750 (7). After the mid-1950s the decrease is mainly believed to
be related to organochlorine pollution of the Baltic and poor reproduction (Härkönen, pers. comm.).
High frequencies of uterine stenoses and occlusions among
Baltic ringed and grey seals, correlated with high concentrations
of DDT and PCB, were reported in the 1970s (8). Further studies in Baltic grey and ringed seals (9, 10) revealed a high frequency of uterine leiomyoma in grey seals and a disease complex in both species, comprising severe chronic lesions of claws,
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Rarefaction and loss of teeth in left maxillodental bone of an adult
Baltic grey seal. Photo: G. Frisk, Swedish Museum of Natural History.

arterial walls, large intestine, adrenals, (9–11), and kidneys (9,
12).
Lesions of skull bones are part of the disease complex and
are most evident in Baltic grey seals. These lesions include loss
of alveolar bone, widening of teeth sockets, porosity, and frequent severe erosions and perforations of masticatory bones, resembling severe periodontitis (11). Skull bone lesions were found
in old as well as in fairly young adult animals of both sexes (11).
Also skull asymmetry was observed (13). Accordingly, results
from a study on harbor seal skulls from the Swedish west coast
and Danish and Swedish waters of the southern Baltic, collected
1835–1988, indicated an influence by environmental pollutants
(14). Lesions in harbor seals of the same character as in Baltic
grey seals have increased in prevalence during the late 20th century (14).
Skeletal lesions and malformations, which might be linked to
environmental pollutants, have also been reported in other wild
mammalian and nonmammalian species (15–17) as well as in
experimental animals (18–23) and in humans (24, 25). Mandibular and maxillar lesions in mink given 3,3',4,4',5-pentachlorobiphenyl (PCB126) or 2,3,7,8-tetrachlorobibenzo-p-dioxin
(TCDD) (22, 23) resemble those reported for marine mammals,
Baltic seals (11–14) and Beluga whale (16).
The aim of the present study was to compare mineral density
in mandibular and radius bones of male Baltic grey seals from
various time periods by using noninvasive peripheral quantitative computed tomography (pQCT).
MATERIAL AND METHODS
Material
Mandibular (lower jaw-bone) and radius bones from male grey
seals were used to determinate bone characteristics. Age was
determined by counting annual rings of cementum zones in
undecalcified tooth sections according to Johnston and Watt (26).
In total, bones from 43 individuals were analyzed (43 mandibular and 15 radius bones). The bone material, belonging to
the Section of Vertebrate Zoology at the Swedish Museum of
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Natural History, was divided into 3 groups, according to year
of collection.
Group A: 1850–1955, cases representing the period before the
main introduction of organochlorines in the environment (mandibles from 3 individuals from the Swedish west coast and 6
from the Baltic), 9–23-years old (mean age 15). No radius bones
were obtained from these individuals.
Group B: 1965–1985, cases representing the period of very
high OC contamination of the Baltic (mandibular and radius
bones from 5 and mandibular bones from 17 individuals from
the Baltic Sea, 4–15-years old (mean age 11).
Group C: 1986–1997, cases representing a period after which
OC-concentrations decreased in the environment (mandibular
and radius bones from 10 and mandibular bones from 22 individuals from the Baltic Sea, 4–15-years old (mean age 10). The
selection of the time intervals was based on results from longterm monitoring of concentrations of environmental contaminants in the Baltic (4). Most skull bones of the individuals used
in this study were previously examined macroscopically (11).
pQCT
The bones were examined by pQCT (Stratec XCT 960A, software version 5.20; Norland Stratec Medizintechnik, Pforzheim,
Germany). Precision, long-term stability, linearity and accuracy
of the pQCT bone scanner were evaluated once a day by using
a validation phantom. For geometrical and densitometrical analysis of trabecular bone, peel mode 2, contour mode 1, threshold
0.660 cm–1 and inner threshold 0.700 cm–1 were used in order to
establish a tomographic limit for the trabecular bone. For geometrical and densitometrical analysis of cortical bone, separation mode 1 and a threshold value of 0.930 cm–1 was set as a
limit to define the cortical bone region. The bones were placed
horizontally and scanned using voxel size C (0.295 mm).
Trabecular area (Trab A, mm2), trabecular content (Trab Cnt, mg

mm–1), trabecular bone mineral density (Trab BMD, mg cm–3),
total cross-sectional area (Tot A, including marrow cavity and
cortical bone, mm2), cortical area (Crt A, mm2), cortical content
(Crt Cnt, mg mm–1), cortical thickness (Crt thk, mm) and cortical bone mineral density (Crt BMD, mg cm–3) were used for the
analyses.
Radius
The radius from the right or left forelimb was scanned at a point
distanced 35% of the length from the proximal part of the bone
(Fig. 1). This area was chosen because it is rich in trabecular
bone.
Mandibular Bone
The width of the hindmost molar of the left mandibular bone
was measured with an accuracy of 0.01 mm, using an electronic
sliding caliper. The subsequent measurement of the bone mineral density was made at a point located twice this width value;
behind the molar (Fig. 2). This point was chosen because the
scanned area contains both trabecular bone and cortical bone.
Reproducibility
To evaluate the reproducibility of the pQCT measurements, the
coefficient of variation (standard deviation/mean) was calculated
from 10 repeated measurements with a single sample repositioning before each measurement.
Statistical Methods
The data recorded were evaluated by one-way ANOVA followed
by post-hoc Fisher’s PLSD. Differences were considered significant when p < 0.05. The possible influence by age was investigated by ANCOVA.
RESULTS
The reproducibility of the pQCT measurements of the radius and
the mandible was good with a CV ranging from 0.1% to 2.1%.
The results from the measurements of the radius and the mandibular bones are presented in Tables 1 and 2, respectively. The
significant results found by the post-hoc analysis are extracted
as diagrams and presented in Figures 3 and 4. The trabecular
bone mineral density (mg cm–3) of the radius was significantly
lower in bones collected between 1965 and 1985 (129.6 ± 16.9,
mean ± SEM, n = 5; Fig. 3) compared with those collected between 1986 and 1997 (196.9 ± 14.5, n = 10, p < 0.05). This difference in trabecular bone mineral density was still significant
(p < 0.05) when the effect of age hade been taken into account.

Table 1. Results obtained from pQCT (peripheral quantitative
computed tomography) measurements of radius bone* from
male Baltic grey seal (Halichoerus grypus), 4–15-years of age.
The bone material was divided into groups according to year of
collection (1965–1985 and 1986–1997). Values are mean ± SEM.
Year of collection

Figure 1. Drawing of
seal radius bone
showing the
measuring point of the
peripheral quantitative
tomography (pQCT).

1965–1985
(n = 5)

Figure 2. Drawing of
seal mandibular
bone showing the
measuring point of
the peripheral
quantitative
tomography (pQCT).
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Trabecular area (mm2)
Trabecular content (mg mm–1)
Total cross-sectional area (mm2)
Cortical area (mm2)
Cortical content (mg mm–1)
Cortical BMD** (mg cm–3)
Cortical thickness (mm)

39.6 ± 7.2
4.7 ± 0.6
173.1 ± 4.7
126.0 ± 9.1
158.9 ± 11.7
1262.0 ± 16.1
3.6 ± 0.4

1986–1997
(n = 10)
45.0 ± 10.5
7.4 ± 1.2
181.6 ± 5.4
125.0 ± 10.9
154.5 ± 14.0
1231.8 ± 19.6
3.5 ± 0.4

*) The measuring point was located at a point distanced 35% of the
length from the proximal part of the bone (Fig. 1).
** Cortical BMD, cortical bone mineral density.
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The cortical bone mineral density (mg cm–3) of the mandible
showed a continuous decline over time: 1174.8 ± 8.2, 1162.1 ±
5.5, and 1135.5 ± 8.2, respectively, for the 3 collecting periods
(p < 0.05). The lowest density was observed in the material
collected 1986–1997. It was significantly lower both compared

with that of the specimens collected between 1880 and 1955
(p < 0.01) and that of the ones collected 1965–1985 (p < 0.05)
(Fig. 4). This decline over time for cortical density was still significant (p < 0.05) when the effect of age had been taken into
account.

DISCUSSION
The results presented in Figures 3 and 4 show that the bones colp < 0.05
lected between 1965 and 1986 exhibit changes in trabecular bone
250
1965–1985 (n = 5)
mineral density similar to those present in bones of osteoporotic
humans (normal chemical composition but thinning or loss of
200
1986–1997 (n = 10)
individual trabeculae) (27).
The trabecular and cortical bone mineral density in Baltic grey
150
seals exhibited a somewhat different pattern over time. The
100
trabecular bone mineral density was lower in the radius bones
collected during 1965–1986, a period of very high PCB and DDT
50
contamination in the Baltic, than in the radius bones collected
1987–1997. Unfortunately, this result is based on a small sam0
ple size due to a very limited number of available radius speciFigure 3. Trabecular bone mineral density (Trab BMD) of radius bone
mens at the bone collections of Swedish Museum of Natural Hisfrom male Baltic grey seal (Halichoerus grypus), 4–15-years of age,
tory. The result is, however, strengthened by the results from the
obtained by peripheral quantitative tomography (pQCT). The bone
material belongs to the Swedish Museum of Natural History and was
measurements of trabecular bone mineral density of the mandivided into 2 groups according to year of collection (1965–1985 and
dibular bones: 119.6 ± 11.3 mg cm–3 for the bones collected
1986–1997). Values are mean ± SEM.
1965–1985, and 132.1 ± 14.9 mg cm–3 for
the bones collected 1986–1997.
The cortical bone mineral density in
mandibles showed a continuous decline
during the 3 collection periods: 1850–
p < 0.05
1955, 1965–1985 and 1986–1997. The
1200
cause of this difference is not known. We
p < 0.05
hypothesize that the difference observed
1850–1955 (n = 9)
1175
might be due to the considerable change
of composition and levels of contami1965–1985 (n = 22)
1150
nants in the Baltic, which have occurred
during the last 3–4 decades. The concen1986–1997 (n = 12)
trations of DDT and PCB in biota of the
1125
Baltic started to decrease during the first
half of the 1970s and reached fairly low
1100
1000
levels during the 1990s (3, 4). Contami0
nants introduced later, e.g. brominated
flame retardants began to increase in BalFigure 4. Cortical bone mineral density (Cort BMD) of mandibular bone from male Baltic grey
tic biota during the late 1970s and did not
seal (Halichoerus grypus), 4–23-years of age, obtained by peripheral quantitative tomography
start to decrease until the beginning of the
(pQCT). The bone material belongs to the Swedish Museum of Natural History and was divided
into 3 groups according to year of collection (1850–1955, 1965–1985, and 1986–1997). Values
1990s (28).
are mean ± SEM; the numbers of animals are given in parentheses.
The results presented in this study regarding trabecular bone are in accordance
with the findings in an earlier macroscopic investigation of skull bones of the
Baltic grey seal (11). The latter study
showed a significantly higher prevalence
of skull bone lesions in grey seals colTable 2. Results obtained using peripheral quantitative computed tomography
(pQCT) measurements of mandibular bone* from male Baltic grey seal (Halichoerus
lected between 1960 and 1985 (60%)
grypus), 4–15-years of age. The bone material was divided into groups according to
compared with samples collected before
year of collection (1850–1955, 1965–1985 and 1986–1997). Values are mean ± SEM.
1950 (5%). Some of the lesions observed
Year of collection
were consistent with those present in severe periodontitis: loss of alveolar bone,
1850–1955
1965–1985
1986–1997
(n = 9)
(n = 22)
(n = 12)
widening of the teeth sockets and loss of
teeth (11). The prevalence of these le2
Trabecular area (mm )
17.9 ± 1.5
14.4 ± 1.2
14.9 ± 1.5
sions has decreased during the last 20
Trabecular content (mg* mm–1)
6.8 ± 0.8
4.5 ± 0.8
4.6 ± 0.7
Trabecular BMD** (mg cm–3)
151.9 ± 10.2
119.6 ± 11.3
132.1 ± 14.9
years (Bergman, A. and Olsson, M. pers.
2
Total cross-sectional area (mm )
245.9 ± 12.0
214.5 ± 9.3
224.8 ± 17.1
Cortical area (mm2)
181.7 ± 10.8
164.2 ± 6.1
172.4 ± 15.0
comm.).
–1
Cortical content (mg mm )
214.0 ± 13.4
191.1 ± 7.2
196.4 ± 17.4
The bone lesions in Baltic grey seals
Cortical thickness (mm)
4.3 ± 0.2
4.3 ± 0.1
4.4 ± 0.3
are similar to those found in Beluga
* The width of the hindmost molar was measured to the nearest 0.01 mm, using an electronic
whales (Delphinapterus leucas) from the
sliding caliper and the subsequent measurement was taken at a point located at a distance
equivalent to twice this width value; behind the hindmost molar of the left part of the mandibular
Gulf
of St. Lawrence in eastern Canada.
bone (Fig. 2).
Forty-five Beluga whales, collected between 1983 and 1990, exhibited tooth

Cortical BMD (mg cm–3)

Trabecular BMD (mg cm–3)

300
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loss, and periodontitis was a common finding. Less than 60%
of the animals had the normal complement of 28–36 teeth (16).
Like Baltic grey seals St. Lawrence Beluga whales are exposed
to a variety of xenobiotics and the organochlorine body burden
of the examined Beluga whales was significant (16).
The reproducibility of these measurements was good, indicating that pQCT is a suitable noninvasive method for this type of
study.
In conclusion, the results of this study show different responses over time in trabecular and cortical bone mineral density of Baltic grey seal. During the period of very high OC contamination, the trabecular bone density was lowest, whereas the
cortical bone density shows a continuous decline over time. The

mechanisms behind these effects are not known, but organochlorines are likely to be involved. Unfortunately, no systematic organochlorine residue analysis has been performed in the
grey seals used in this study. Therefore, it has not been possible
to investigate the relationship between bone mineral density and
organochlorine body burden.

References and Notes
1. Jensen, S., Johnels, A.G., Olsson, M. and Otterlind, G. 1969. DDT and PCB in marine
animals from Swedish waters. Nature 224, 247–250.
2. Olsson, M., Johnels, A.G. and Vaz, R. 1975. DDT and PCB levels in seals from Swedish
waters. The occurence of aborted seals from Swedish waters. The occurence of aborted
seal pups. In: Proc. Symposium on the Seal in the Baltic. June 4–6, 1974. Lidingö,
Sweden: National Swedish Environmental Protection Board.
3. Olsson, M. and Reutergårdh L. 1986. DDT and PCB pollution trends in the Swedish
aquatic environment. Ambio 15, 103–109.
4. Bignert, A., Olsson, M., Persson, W., Jensen, S., Zakrisson, S., Litzén, K., Eriksson,
U., Häggberg, L. and Alsberg, T. 1998. Temporal trends of organochlorines in northern Europe, 1967–1995. Relation to global fractionation, leakage from sediments and
international measures. Environ. Pollut. 99, 177–198.
5. Odsjö, T., Bignert, A., Olsson, M., Asplund, L., Eriksson, U., Häggberg, L., Litzén,
K., de Wit, C., Rappe, C. and Åslund, K. 1997. The Swedish environmental specimen
bank—application in trend monitoring of mercury and some organohalogenated compounds. Chemosphere 34, 2059–2066.
6. Almkvist, L., Olsson, M. and Söderberg, S. 1980. Seals in Sweden. Svenska Naturskyddsföreningen, Stockholm, ISBN 91-558-5171-1. (In Swedish).
7. Hårding, K. and Härkönen, T. 1999. Development of the Baltic grey seal (Halichoerus
grypus) and ringed seal (Phoca hispida) populations during the 20th century. Ambio
28, 619–627.
8. Helle, E., Olsson, M. and Jensen, S. 1976. PCB levels correlated with pathological
changes in seal uteri. Ambio 5, 261–263.
9. Bergman, A. and Olsson, M. 1985. Pathology of Baltic grey seal and ringed seal females with special reference to adrenocortical hyperplasia: is environmental pollution
the cause of a widely distributed disease syndrom? Finnish Game Res. 44, 47–62.
10. Bergman, A. 1999. Health condition of the Baltic grey seal (Halichoerus grypus) during two decades. APMIS 107, 270–282.
11. Bergman, A., Olsson, M. and Reiland, S. 1992. Skull-bone lesions in the Baltic grey
seal (Halichoerus grypus). Ambio 21, 517–520.
12. Bergman, A., Bergstrand, A. and Bignert, A. 2001. Renal lesions in Baltic grey seals
(Halichoerus grypus) and ringed seals (Phoca hispida botnica). Ambio 30, 397–409.
13. Zakharov, V.M. and Yablokov, A.V. 1990. Skull asymmetry in the Baltic grey seal:
effects of environmental pollution. Ambio 19, 266–269.
14. Mortensen, P., Bergman, A., Bignert, A., Hansen, H.-J., Härkönen, T. and Olsson, M.
1992. Prevalence of skull lesions in harbor seals (Phoca vitulina) in Swedish and Danish
museum collections: 1835–1988. Ambio 21, 520–524.
15. Fox, G.A., Collins, B., Hayakawa, E., Weseloh, D.V., Ludwig, J.P., Kubiak, T.J. and
Erdman, T.C. 1991. Reproductive outcomes in colonial fish-eating birds: a biomarker
for developmental toxicants in Great Lakes food chains: spatial variation in occurrence
and prevalence of bill defects in young double-crested cormorants in the Great Lakes,
1979–1987. J. Great Lakes Res. 17, 158–167.
16. Béland, P., DeGuise, S., Girard, C., Lagacé, A., Martineau, D., Michaud, R., Muir,
D.C.G., Norstrom, R.J., Pelletier, É., Ray, S. and Shugart, L.R. 1993. Toxic compounds
and health and reproductive effects in St. Lawrence Beluga Whales. J. Great Lakes
Res. 19, 766–775.
17. Bengtsson, B.-E., Bengtsson, A. and Tjärnlund, U. 1988. Effects of pulp mill effluents
on vertebrae of fourhorn sculpin, Myxocephalus quadricornis, bleak, Alburnus alburnus,
and perch, Perca fluviatilis. Arch. Env. Contam. Toxicol. 17, 789–797.
18. Lind, P.M., Larsson, S., Oxlund, H., Håkansson, H., Nyberg, K., Eklund, T. and Örberg,
J. 2000. Change of bone tissue composition and impaired bone strength in rats exposed
to 3,3´, 4,4´, 5-pentachloro-biphenyl (PCB126). Toxicology 150, 43–53.
19. Allen, D.E. and Leamy, L.J. 2001. 2,3,7,8-tetrachlorodibenzo-p-dioxin affects size and
shape, but not asymmetry, of mandibles in mice. Ecotoxicology 10, 167–176.
20. Lind, P.M., Eriksen, E.F., Sahlin, L., Edlund, M. and Örberg, J. 1999. Effects of the
antiestrogenic environmental pollutant 3,3',4,4', 5- pentachlorobiphenyl (PCB #126) in
rat bone and uterus: diverging effects in ovariectomized and intact animals. Toxicol.
Appl. Pharmacol. 154, 236–244.
21. Andrews, J.E. 1989. Polychlorinated biphenyl (Arochlor 1254) induced changes in femur morphometry calcium metabolism and nephrotoxicity. Toxicology 57, 83–96.
22. Render, J.A., Aulerich, R.J., Bursian, S.J. and Nachreiner, R.F. 2000. Proliferation of
maxillary and mandibular periodontal squamous cells in mink fed 3,3',4,4',5pentachlorobiphenyl (PCB 126). J. Vet. Diagn. Invest. 12, 477–479.
23. Render, J.A., Bursian, S.J., Rosenstein, D.S. and Aulerich, R.J. 2001. Squamous epithelial proliferation in the jaws of mink fed diets containing 3,3',4,4',5-pentachlorobiphenyl (PCB 126) or 2,3,7,8- tetrachlorodibenzo-P-dioxin (TCDD). Vet. Hum.
Toxicol. 43, 22–26.
24. Cripps, D.J., Peters, H.A., Gocmen, A. and Dogramic, I. 1984. Porphyria turcica due
to hexachlorobenzene: a 20 to 30 year follow-up study on 204 patients. Britt. J.
Dermatol. 111, 413–422.
25. Miller, R.W. 1985.Congenital PCB poisoning: A reevalutation. Environ. Health Persp.
60, 211–214.
26. Johnston, D.H. and Watt, I.D. 1981. A rapid method for sectioning undecalcified carnivore teeth for aging. Worldwide Furbearer Conference, August 3–11, 1980, Frostburg,
Maryland, USA, Vol. 1, 407–422.
27. Riggs, L. and Melton, L.J. 1995. Osteoporosis. Philadelphia: Lippincott Raven. 524
pp.
28. Sellström, U. 1999. Determinations of Some Polybrominated Flame Retardants in Biota,
Sediment and Sewage Sludge, PhD Thesis Department of Environmental Chemistry,
Stockholm University Sweden.

388

29. The present study has received financial support from the Royal Swedish Academy of
Science, the 50th Anniversary foundation of King Carl XVI Gustaf, the National Monitoring Programme under the Swedish Environmental Protection Agency, the World
Wildlife Fund, the Oscar and Lily Lamm Foundation and the Olle and Signhild Engkvist
Foundations. Their support is gratefully acknowledged. The section of Vertebrate Zoology at the Swedish Museum of Natural History kindly provided the grey seal bone
specimens.
30. First submitted 29 Nov. 2002. Revised manuscript received 5 Feb. 2003. Accepted for
publication 14 Feb. 2003.

Monica Lind has, since 1995, performed pioneering
research on organohalogen induced bone toxicity. She
defended her thesis entitled Organochlorines and bone.
Effects of organochlorines on bone tissue morphology,
composition and strength at the Department of
Environmental Toxicology at Uppsala University in spring
2000. Her main research interest is to determine whether
endocrine disrupting chemicals such as PCBs and DDT
have contributed to the dramatic increase in the incidence
of osteoporosis-related fractures observed in the
industrialized countries since World War II. Her address:
Karolinska Institutet, Institute of Environmental Medicine,
Box 210, SE-171 77 Stockholm, Sweden.
monica.lind@imm.ki.se
Anders Bergman has studied pathology in Baltic seals
since 1977 within the National Monitoring Programme under
the Swedish Environmental Protection Agency. He works at
the Contaminant Research Group, Swedish Museum of
Natural History in Stockholm and at the Department of
Pathology, Faculty of Veterinary Medicine, Swedish
University of Agricultural Sciences in Uppsala. His address:
Contaminant Research Group, Swedish Museum of Natural
History, SE-104 05 Stockholm, Sweden.
anders.bergman@nrm.se
Mats Olsson is professor at the Contaminant Research
Group, Swedish Museum of Natural History. His address:
Contaminant Research Group, Swedish Museum of Natural
History, SE-104 05 Stockholm, Sweden.
mats.olsson@nrm.se
Jan Örberg is an associate professor at the Department of
Environmental Toxicology, Uppsala University. Since the
1970s he has studied effects of organochlorine compounds
in mammals and fish. Today, his main research activity is
directed towards endocrine disrupting chemicals and fish
reproduction and bone tissues as targets for environmental
pollutants. His address: Department of Environmental
Toxicology, Uppsala University, Norbyvägen 18 A,
SE-752 36 Uppsala, Sweden.
jan.orberg@ebc.uu.se

© Royal Swedish Academy of Sciences 2003
http://www.ambio.kva.se

Ambio Vol. 32 No. 6, Sept. 2003

