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ABSTRACT Otters at the top of the food chain and feeding largely on fish are likely to be especially
vulnerable to the effects of bioaccumulating pollutants. This research reports the first data on
mercury levels found in hairs of river otters (Lutra lutra) from Iran. Between June and December
2007, we collected museum and recent collections of river otter hair. These samples were collected
from several provinces of three major regions of Iran. The mean of mercury concentration for all
samples (recent and museum) was 5.819+1.557 mg/kg with 95% confidence interval for the mean.
The concentrations of Total Hg (THg) in hair ranged from 0.293 to 12.382 mg/kg. No significant
variation among the sample regions existed. A comparison of THg concentrations between two
decades (1986-1996 and 1996-2006) showed that these differences were significant (p<0.01). Also
significant difference was found between museum and recent specimens. This study has shown that
the river otter has been exposed to THg with increasing trend in two past decades.
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1 INTRODUCTION

Eurasian otters are distributed through most of
Iran’s freshwater ecosystems. It had already
recorded in many rivers, lakes and pools in
various regions at least 13 provinces such as
Gilan, Mazandaran, Azarbayejan, Tehran,
Kordestan, Kermanshah, Markazi, Isfahan,
Khorasan, Chaharmahal-Bakhtiari, Fars,
Khozestan, and Lorestan provinces. Since, there
are no comprehensive reports on their
occurrence (Karami et al., 2006, Rasooli et al.,
2007, Mirzaei et al., 2009). It can be found on
most rivers and being absent only from the
central desert region (Gutleb et al., 1996;

Ishunin 1977; Melisch et al., 1996). The species
can be found in the Zagros, Elbruz and Koppet-
Dagh mountain range and in Iranian
Azarbaiejan. It is present in the Hamoon
Wetland bordering with Afghanistan and found
on the south shores of the Caspian Sea (Ziaie
and Gutleb, 1997).

Eurasian otters have been hunted cruelly in
Iran because of their economic value, and
because they are carnivores. It has been hunted
to protect fish farms, and for their pelts for sale,
for taxidermy and for decoration in houses and
shops. On fish farms, they are hunted with
traps, electric fencing and weapons, and this is
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an important factor in reducing numbers. In the
north, otters are drowned in fishery nets, where
as in the central provinces, habitat destruction
and riverbank degradation are the problem. In
Iran there was no any information about otter
deaths due to pollution (Karami et al., 2006).
According to these threats, it classified in NT
taxon (near threatened) by the World
Conservation Union Mammal Red Data Book
(Baillie et al., 2004).

Recently dramatically decline of otter
population has been announced by DoE of Iran
(Governmental Department of the Environment).

Mercury (Hg) occurs naturally in the
environment and as a result of anthropogenic
sources. Wildlife species occupying high
trophic levels, such as the river otter, are more
vulnerable to the toxic effects of Hg (Fortin et
al., 2001; Osowski er al, 1995) Wildlife
exposure to Hg is primarily due to the
consumption of contaminated fish (Eisler,
1987). River otter (Lutra lutra) are piscivorous
mammals, obtaining up to 90% of their diet as
fish (Evans et al., 1998).

Acute and/or chronic exposure to Hg can
lead to important health problems and may
influence survival and reproduction in top
predators that are exposed to the greatest levels
of contamination as a consequence of
bioamplification along the food chain (Sample
and Suter, 1999). Heavy metals like mercury
may be partially responsible for the observed
decline of the European (Lutra lutra) and North
American (Lutra canadensis) otters in many
countries (Dias Fonseca et al., 2005).

Most of the previous studies of mercury in
mammals have measured concentrations in
tissues like liver and kidneys. Hair has also
been used as an indicator of mercury levels in
otters in previous studies (Dias Fonseca et al.,
2005). Hair possesses advantages as a biopsy
material since it can be collected without
harming animals and requires no special storage
facilities in the field (Cumbie, 1975).

Depending on the stability of Hg in hair over
time, it also may be possible to use hair samples
from museum collections or other historical
deposits to evaluate longer term changes in
environmental exposure. From a toxicological
viewpoint methyl form of Hg are most
significant. However, analytically it is much
easier to measure total Hg. Then, it would be
best if total Hg concentrations in hair could be
used as a surrogate for MeHg in internal tissues
such as liver. Total hair concentrations of Hg
are strongly correlated with methyl Hg
concentrations in liver, indicating that hair is a
suitable monitoring tissue (Evans, ef al., 1998).

Although aquatic mercury contamination is
widespread and high concentrations of mercury
have been detected in a variety of piscivorous birds
and mammals from several areas of the world.
Mercury contamination of Iranian mammals has
not been reported yet. Thus this research reports the
first data on mercury levels found in hair of river
otters (Lutra lutra) from Iran.

The aim of this study was two-fold: baseline
reporting for concentrations of THg in hairs
from river otter in Iran and evaluating the
historical and spatial trends of THg by analysis
of otters’ hair from museum collections.

2 MATERIAL AND METHOD

2.1 Specimen Sources

Twelve museums were contacted for river otter
hair specimens. River otter hair were found in ten
museums: Zanjan Museum of Natural History, (3
specimens); Kermanshah Museum of Natural
History, University of Razi (2 specimens), Arak
Museum of Natural History (1specimen), Bushehr
Museum of Natural History (1 specimen), Gilan
Museum of Natural History (1 specimen),
Lorestan Museum of Natural Science (1
specimen), Tehran Museum of Sorkheh-hesar
National Park (3 specimen), Babolsar Natural
Science Museum (4 specimens). Another
Museum of Natural History has several
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specimens but no hair sampling was allowed
(Figure 1).

Five recent specimens of river otter were
found in refrigerator temperature: -18) of DOE
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Figure 1 Geographical situation of areas in which the samples were collected.

2.2 Collection Procedures

Otter hair was collected by cutting at the skin
surface using a stainless steel scissors by simply
pulling out tufts of hair. Samples were placed in
envelopes. Each sample was labeled. Museum
number, year or decade, location of collection,
and other pertinent available information were
applied for each tag. Similarly recent samples
were collected .Then sent to the analytical
laboratory and stored at room temperature.

2.3 Sample preparation

The samples of hair were transferred to the
environmental laboratory of Faculty of Natural
Resources and Marine Sciences for analysis. At
first, the samples were washed with tap water.
Then, they were washed with detergent
followed by distilled water (3 times) and finally
with acetone (Cumbie, 1975). Washing the
samples removes all superficial contamination

on the hairs. The hair samples were dried at
temperature room in a dust-free atmosphere
(Mason et al., 1986). Finally they were changed
into the powder.

2.4 Mercury Analysis

Mercury was measured by the LECO AMA 254
Advanced Mercury Analyzer (USA) according to
ASTM, standard No. D-6722. The LECO
AMA254 is a wunique Atomic Absorption
Spectrometer (AAS) that is specifically designed
to determine total mercury content in various
solids and certain liquids without sample pre-
treatment or sample pre- concentration. Designed
with a front-end combustion tube that is ideal for
the decomposition of matrices, the instrument’s
operation may be separated into three phases
during any given analysis: Decomposition,
Collection, and Detection. In order to assess the
analytical capability of the proposed methodology,
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accuracy of total Hg analysis was checked by
running three samples of Standard Reference
Materials (SRM), National Institute of Standards
and Technology (NIST), SRM 1633b, SRM 27009,
and SRM 2711 in seven replicates (Zolfaghari et
al., 2007). Recovery varied between 94.8% and
105% (Table 1.). As it can be seen, there is a good
agreement between obtained mean and certified
value. The detection limit of the method used was
0.001 mg/kg in dry weight and repeatability was
0.002 mg/kg or p5% RSD (N =6).

2.5 Statistical analysis

The statistical analysis was done by the SPSS
software (Version 11.5). The data were tested for
normality using a Kolmogorov—Smirnov test. The
data were normally distributed. We used
parametric procedures, independent-sample T test
to evaluate effects of temporal and spatial trends

on hair Hg concentrations. Also, we used one-way
ANOVA, Duncan to compare mercury
concentration in four provinces.

3 RESULT

3.1 Mercury Concentrations

Twenty-two museum and recent specimens
were analyzed for THg .Total mercury was
detected in all specimens from the 1986 to the
2007 and from different regions (provinces) in
the Iran. The range of mercury concentration in
the otters studied was between 0.293 mg/kg (for
1986 from Tehran province) and 12.382 mg/kg
(for 2007, recent specimen from Golestan). The
mean of mercury concentration for all
specimens from the 1986 to the 2007 (recent
and museum) was 5.819% 1.557 mg/kg with
95% confidence interval for the mean (Table 2).

Table 1 Results of quality assurance procedure for mercury (mg/kg).

SRM? No. Certified Mean SD° R (%)
value

NIST-1633b 6 0.141 0.134 0.042 94.8

NIST-2709 6 1.400 1.470 0.131 105

NIST-2711 6 6.250 6.438 0.197 103

# Standard reference material, °Standard deviation, “Recovery.

Table 2 Concentration of Total mercury (mg/kg, dry weight) in hair of rive otter form several provinces of Iran.

Province Geographical location ~ THg in hair n
Golestan north 8.706 5
Mazandaran north 4.822 4
Gilan north 3.204 1
Zanjan west 4.275 3
Lorestan west 7.854 1
Hamedan west 5.67 1
Kermanshah west 6.21 2
Markazi Central 7.576 1
Tehran Central 2.797 3
Bushehr South 7.264 1
Total 22

Min Max Mean SD SE n

0.293 12.382 5.819+ 1.557 3.515 0.794 22

%95 confidence interval for the mean.
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In order to examine spatial variation, the
mercury concentrations between four provinces
including Golestan, Mazandaran, Zanjan and
Tehran were compared. We did not find a
significant difference in hair Hg concentrations
between four provinces. Also in this order
every province were compared with another
province (for four mentioned provinces). Result
showed that only Golestan and Tehran
provinces had a significance difference at a
confidence level of %95 (p<0.05).

The mean THg concentration for north
specimens (north province including Mazandaran,
Golestan, Gilan) from the period of 1986 to 2007
was 6.602+ 2.261 mg/kg; range 0.879 to 12.382
(n = 10). The mean THg concentration in west
specimens (west provinces including Zanjan,
Kermanshah, Hamedan and Lorestan) from 1986
to 2005 was 5.539 *+ 3.381 mg/kg; range 0.975
to 9931 (n=7). There was no statistically

significant difference in the THg of west versus
north (Table 3).

To assess temporal trends, according to
decade of collection (1986-1996 and 1996-2006)
museum samples were grouped (Table 4). The
mean THg concentration for hair samples from
the period of 1986 to 1996 was 3.14%2.491
mg/kg; range .293 to 9.43(n = 9). The mean THg
concentration in otter hair samples from 1996 to
2006 was 7.029 £ 1.685 mg/kg; range 3.204 to
9.931 (n = 8). These differences were significant
(P <0.01). (Table 5).

A comparison of THg concentrations of
museum specimens from the period of 1986-
2006[mean= 4.97+ 1.708 mg/kg (n = 17)]
versus recent samples from 2006-2007 [mean =
8.706 £ 3.349 mg/kg (n= 5)] showed that recent
samples had a significantly higher (P < 0.05)
concentration of THg than museum specimens
(Table 6).

Table 3 Mercury concentration (mg/kg, dry weight) in north versus west.

Geographical n Mean Max SD SE
location

North 10 6.602 + 2.621 0.879 12.382 3.664 1.185

West 7 5.539+ 3.381 0.975 9.931 3.664 1.381

Table 4 Grouping of the museum specimens according to decade of collection.

Decade n Mean Max SD SE
19865 (1986-1996) 9 3.14+ 2.49 943 3.24 1.08
19965 (1996-2006) 8 7.029+ 1.685 9.931 2.014 0.712

Table 5 Results of independent samples t-test for comparing mercury concentrations (mg/kg) between two
decades (1986s and 1996s).

Decade1986s Decade 1996s t df p-value
Mean SD? Mean
3.14 3.24 7.029 2.014 -2.9 15 <0.01

4Standard deviation
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Table 6 Results of independent samples t-test for comparing mercury concentrations (mg/kg) between recent
and museum samples.

1986-2006 2006-2007 t df p-value
Ne Mean SD N Mean SD°
17 4.97 3.32 5 8.7 2.697 2.29 20 <0.05

gNumber, ® Standard deviation

4 DISCUSSION

Mean mercury detected in river otter hair was
5.819 mg/kg (range from 0.293 to 12.382
mg/kg). Maximum concentration of mercury
had been observed for recent samples (samples
from Golestan, 2006-2007) (Figure 2).

The levels of Mercury in the hair of river
otters from the Iran were higher than Giant
otters from the Rio Negro(range, 2.94-3.68;
Dias Fonseca et al., 2005 and were
approximately similar L. canadensis from
Wisconsin (mean, 6.47 mg/kg; max, 63.2
mg/kg) reported by Sheffy and St. Amant
(1982) and can be considered low compared to
the results reported for L.canadensis from
Ontario, Canada (mean, 9.6; range, 4.0 —20.0
mg/kg; Evans et al., 1998), for L. lutra from
Finland (mean, 18.5; range, 0.7-61.3 mg/kg;
Hyvarinen et al., 2003) and from Britain (mean,
18.7; range, 1.3-85.1 mg/kg; Mason et al,
1986), and for L. canadensis from Maine
(mean, 20.3; range, 1.1-33.7 mg/kg; Evers et
al., 2002) and from Georgia (mean, 21.2; range,
0.5-54.4 mg/kg; Halbrook et al., 1994). Sheffy
and St. Amant (1982) suggest normal
background levels of Hg in hair range from 1-5
mg/kg. Similarly, Evers (2005) suggests that
adverse sublethal effects in mink and otter are
possible when Hg concentrations in hair exceed
20 mg/kg. The mean Hg concentrations in hair
of otter from each of the study regions are

below this 20 mg/kg benchmark for sublethal
effects. Also, individual otters from each region
had hair Hg concentrations lower than this
benchmark.

4.1 Spatial trends

Although THg was found in museum otters
representing different regions of the Iran, no
significant ~ geographical  variation = was
observed. This lack of difference may be the
result of the small sample size of river otter or
show that provinces studied have same
pollution.

4.2 Temporal Trends

Based on museum records, the levels of THg in
the river otter have increased significantly from
the 1986s to 1996s. The ratio of THg in recent
samples compared to samples from the 1986 to
2006 was 1.69 and ratio of Thg in decade 1996
compared to decade 1986 was 2.1. One
objective of this study was to evaluate the
temporal trends of mercury in the river otter.
THg was found in all river otter specimens
from the 1986s to 2007 and from various
regions of the Iran. This study has shown that
the river otter has been exposed to THg, at least
for the past 20 years, with especially high levels
in the 2007. These patterns reflect a long-term
and widespread exposure of mercury to this
species (Figure 3).
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5 CONCLUSION

Mercury was detected in every hair sample
submitted for analysis, which suggests that Hg
exposure is widespread throughout Iran particularly
in freshwater ecosystem Concentration of mercury
in river otters and freshwaters in Iran is
increasing. A comparison between museum
sample and non- museum sample showed that
there was stability of Hg in hair over time for
museum samples that had not been threatened
by special chemical that use in tanning process
and skin preservation. Furthermore, otter hair
could have been utilized as an indicator of
mercury levels for back calculation. Evans et al.

(1998) demonstrated a strong relationship
between total Hg in hair and MeHg in liver of
otter. If such a relationship exists, it facilitates
retrospective  study of mercury. Moreover
provided a large number of specimens exist, we
can use museum collections of hair to obtain
historical changes in population levels of Hg
contamination. Hg accumulation in otters can be a
useful tool for prospective studies of Hg patterns
and trends. However, as only a few samples were
analyzed and at a limited amount of provinces, it
is clear that further research is required in order to
assess the temporal and spatial trends of mercury
more thoroughly.



E. Solgi et al.

ECOPERSIA (2013) Vol. 1(1)

6 ACKNOWLEDGMENTS

This work was funded by Tarbiat Modares
University. Cooperation is greatly appreciated
of the following museums’ curators: Zanjan
Museum of Natural History, Kermanshah
Museum of Natural History (University of
Razi), Arak Museum of Natural History,
(Bushehr Museum of Natural History, Gilan
Museum of Natural History, Lorestan Museum
of Natural Science, Tehran Museum of
Sorkheh-hesar National Park, Babolsar Natural
Science Museum.

7 REFERENCE

Cumbie, P.M. Mercury in hair of bobcats and
raccoons. J. Wildl. Manag., 1975; 39:
419-425.

Dias Fonseca, F.R., Malm, O. and Waldemarin,
H. F. Mercury levels in tissues of Giant
otters (Pteronura brasiliensis) from the

Rio Negro, Pantanal, Brazil, Environ.
Res., 2005; 98: 368-371.

Evers, D.C. Mercury connections: The extent
and effects of mercury pollution in
northeastern North America. Biodiversity
Research Institute, Gorham, Maine,
2005; 28P.

Evers, D.C., Yates, D. and Savoy, L.
Developing a Mercury Exposure Profile
for Mink and River Otter in Maine.
Report BRI 2002-10 submitted to the
Maine Department of Environmental
Protection and Maine Inland Fisheries
and Wildlife. Biodiversity Research
Institute, Falmouth, ME, USA; 2005.

Eisler, R. Mercury hazards to fish, wildlife, and
invertebrates: A synoptic review. U.S.
Fish and Wildlife Service Biological
Report. 1987; 85 (1.10): 90P.

Evans, R.D., Addison, E.M., Villeneuve, J.Y.,
MacDonaldb, K.S. and Joachim, D.G. An

examination of spatial variation in
mercury concentrations in otter (Lutra
canadensis). in south-central Ontario, Sci.
Total Environ., 1998; 213: 239-245.

Fortin, C., Beauchamp, G., Dansereau, M.,
Lariviere, D. and Belanger, D. Spatial
variation in mercury concentrations in
wild mink and river otter carcasses from
the James Bay Territory, Quebec,
Canada. Arch. Environ. Contam.
Toxicol., 2001; 40: 121-127.

Gutleb, B., Rautschka, R. and Gutleb, A.C.
Some comments on the otter (Lutra lutra)
in Iran. IUCN Otter Specialist Group
(OSG). 1996; 13: 43-44.

Halbrook, R.S., Jenkins, J.H., Bush, P.B. and
Seabolt, N.D. Sublethal concentrations of
mercury in river otters: monitoring
environmental  contamination.  Arch.
Environ. Contam. Toxicol., 1994; 27:
306-310.

Hyvarinen, H., Tyni, P. and Nieminen, P.
Effects of moult, age, and sex on the
accumulation of heavy metals in the otter
(Lutra lutra) in Finland. Bull. Environ.
Contam. Toxicol., 2003; 70: 278-284.

Ishunin, G.I. Distribution and numbers of the
Persian otter. Rare and endangered
mammal of the Kazakhstan, Alma
Ata.1997 [In Russian].

Baillie, J., Hilton-Taylor. C. and Stuart, S. N.
2004 TUCN red list of threatened species: a
global species assessment. 2004; XIX P.

Karami, M., Mirzaei, R. and Hamzehpour, M.
Status of Eurasian Otter (Lutra lutra) in
Iran TUCN Otter Spec. Group Bull. 2006;
23:28-34.

Mason, C.F., Last, N.I. and Macdonald, S.M.
Mercury, Cadmium, and Lead in British



Mercury Levels in the River Otters

ECOPERSIA (2013) Vol. 1(1)

Otters, Bull. Environ. Contam. Toxicol.,
1986; 37: 844-849.

Melisch, R. and Rietschel, G. The Eurasian
otter (Lutra lutra) in Afghanistan. Bonn
Zool Beitr., 1996; 375 P.

Mirzaei, R., Karami, M., Danehkar, A. and
Abdoli, A. Habitat selection of the
Eurasian Otter, Lutra lutra, in Jajroodriver,
Iran, Zool Middle East., 2009; 47: 13-19.

Osowski, S.L., Brewer, L.W., Baker, O.E. and
Cobb, G.P. The decline of mink in
Georgia, North Carolina, and South
Carolina: The role of contaminants. Arch.
Environ. Contam. Toxicol., 1995; 29:
418-423.

Rasooli, P., Kiabi, B. and Abdoli, A. On the
status and biology of the European Otter,

Lutra lutra (Carnivora: Mustelidae), in
Iran. Zool. Middle East., 2007; 41: 25-29.

Sample, B.E. and Suter G.W. Ecological risk
assessment in a large river-reservoir: 4.
Piscivorous wildlife. Environ. Toxicol.
Chem., 1999; 18: 610-620.

Sheffy, T.B. and St. Amant, J.R. Mercury
burdens in furbearers in Wisconsisn. J.
Wild. Manage., 1982; 46: 1117-1120.

ZIAIE, H. and GUTLEB, B. New Comments
on Otters in Iran. IUCN Otter Spec.
Group Bull., 1997; 14/2.

Zolfaghari, G., Esmaili, Sari A., Ghasempouri, S.
M. and Hassanzade Kiabi, B. Examination
of mercury concentration in the feathers of
18 species of birds in southwest Iran.
Environ. Res., 2007; 104: 258-265.



E. Solgi et al. ECOPERSIA (2013) Vol. 1(1)

30 Gl pole Sbauioy 2w ool oyl wl yo (Lutra lutra) glailsoq ) S )3 0gu - glaw

Slojge (slaaiges

Q‘).;J 5 ey o S oKisls ‘Lg‘-'-'-b e»Ll.o suSiisls “_.;).'25.3 69"’-‘:“"9 -\
u‘).:‘ s)33 ey W).) olKisls 6‘5!.».~.b é)L».o FRLEHEY ‘(S -y
Q‘JJ‘ ‘)9.3 Ry w.)).) olKislo “juu.b é;l.uo PRU ] KPR GO .

Loy 0% 4 aS 3l lale glgil 5l slos S adas g ataly 18 L3¢ 0z YU o (o Hgem) Kid oS>
(Lutra glal>og, Sl 590 9 35 ;0 0gu> polas sloooly o155 gl Gudos ol aijls )8 ooy YT (S ) RS
5 Ol iz 5l ladiges (pl ea0903 (5550aex 1) (Slojge g 036 (sladiges VYAF oloss b ole s 51 el o) 1 5l lutra)
mg/kg Lyl (lojse 5 03) 0 ladisei aon (sly o5z gozd :Sils 03 (g slaer ol dihis au
VYIYAY B /YAY 5l ladigas ol 50 (THE) JS oga polie &l s asels 59 720 yliabsl laws jo O/AVAEY/BOY
YD) am0 90 o S ogun dunlie i sass (g el S Dglss aslllae 5,90 (>lei Gy 09 p 5 kS )5 oo
UﬁL@J c)'l.'s' ‘_gL{bdjyoJ 9 ‘5‘0)'9;) ‘5Lm439,°3 O Oeed .(p<'/‘ V) ols UL.“.‘ |) )bgsl"“’ uaLm AOYAD -\YVF 9 \YYO
asls )3 S ogu (il Wiy (o yme j0 GlailBog, Sl 5 ans g0 (o aS ools lis dslllas ol ol <l o Jixe

90 ‘614.:L>$5) Sl 09> ‘6)|o);w ‘U‘JJ‘ 6»\.\.15 Olols

10



