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Abstract. The mercury content in the organs and tissues of the Siberian weasel from the southern
districts of Khabarovsk Territory was studied for the first time. The specimens examined were individuals
that died accidentally in the winter of 2023-2024 after being caught in traps on private farmsteads
located adjacent to the forest. Mercury was determined by Zeeman atomic absorption spectrometry.
The highest mercury concentrations were found in the kidneys (1.4 mg/kg) and fur (2.6 mg/kg) of the
animals. The mercury concentrations in the tissues and organs of the Siberian weasel decreased in the
following order: fur > kidneys > liver > muscle > heart > spleen > lungs. It is suggested that seasonal
molting plays a significant role in clearing mercury from the body through its deposition in the fur.
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KpaTtkoe coobLjeHune

NMepBble CBeAEeHUSA O COAECPXaHUM PTYTH
B OpraHnM3Mme KOJIOHKa

(Mustela sibirica manchurica Brass, 1911)
Ha lore XabapoBCKOro Kpasi

0O.C. XomuyeHko

UHcmumym 600HbIX U 3konoaudeckux rnpobnem [BO PAH - o06ocobneHHoe nodpa3derneHue
Xabaposeckoeo ®elepanbHo2o uccrnedogamenbcko2o ueHmpa [BO PAH, 680000, Poccus,
2. Xabaposck, yn. [ukononsyesa, 0. 56
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AHHoOTauuA. Bnepeble U3y4eHoO codepkaHne pPTyTU B OpraHax M TKaHsIX KOMOHKA M3 toXKHbIX PanoHOB
XabapoBsckoro kpasi. ViccnenoBaHuio nogseprivck ocobu, cnyvaHo nornbive sumon 2023-2024 rr.
B pesynbrate nonagaHnsi B KankaHbl B YaCTHbIX XO3SMCTBaX, PaCMONOXEHHbIX Ha FPaHULE C NecoM.
OnpegeneHne BLINONMHEHO METOAOM aTOMHO-abCOpOLMOHHON CNEKTPOMETPUM Ha ocHoBe adhdbekTa
3eemaHa. MakcvMarnbHble KOHLEHTpauMm pTyTU BbisiBNEeHbl B noykax (1.4 mr/kr) n mexe (2.6 mr/kr)
XKMBOTHbIX. Psif yOblBaHMSA KOHLIEHTPALIMIA B TKAHSX M OpraHax KoroHKa UMEET BUA: MeX > MOYKM >NeYeHb >
MbILLLbI > cepaue > ceneseHka > nerkne. CaenaHo NpeanonioKeHne o 3HaYUTENbHOW POy CE30HHON
FNIVHBKX B OYMLLIEHUN OpraHM3ama OT pPTYTU NyTEM ee OEeNOHUPOBaHWS B MeXE.
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Introduction

Mercury is one of the most hazardous global pollutants, characterized by high reactivity and mobility
in the environment. Released from minerals, rocks, coal, and oil or through volcanic activity (Nriagu
and Becker, 2003), mercury undergoes a series of chemical transformations and enters numerous local
biogeochemical cycles, each of which, at a certain stage, becomes part of a planet-wide cycle (Pavithra
et al., 2023). Global atmospheric transport plays a major role in enriching various regions with mercury.
Increasing Hg levels are increasingly being recorded in regions remote from its sources, including the
Arctic (Dietz et al., 2022). In Khabarovsk Territory, the main anthropogenic sources of mercury are gold-
mining operations (Krupskaya et al., 2024) and a pulp-and-board mill that is currently inactive. This plant
used a chlorine-based cellulose bleaching technology, and the chlorine was produced using a mercury
electrolysis unit. To date, no proper remediation has been carried out at the mill site (Tselykh et al.,
2022). However, the most likely influence is transboundary transport from China, which is the world's
leading emitter of mercury into the atmosphere (Qi et al., 2019).

The levels of mercury accumulation in the fauna of the Amur region remain poorly studied and
concern only fish (Khomchenko, 2024; Kot, 1993; Nikitina, 2013; Senkevich et al., 2023) and farm
animals (Katola et al., 2008). Studying the mercury content in the bodies of wild animals is of interest
both for analyzing the effect of the existing natural background and its changes, and for examining
species-specific and individual adaptive responses of organisms. The Siberian weasel (Mustela
sibirica manchurica Brass, 1911) is a common subspecies that is widely distributed in the Amur region
(westward to the Zeya River) and Primorye, and in northeastern China. It inhabits a relatively small
home range year-round, prefers small birch or aspen forests and shrub thickets along the shores of
lakes and rivers, and is found on the outskirts of settlements and towns. The diet of the Siberian weasel
consists mainly of small voles and mice. It also includes birds, amphibians, and insects, while the
proportion of other food groups is insignificant (Heptner et al., 1967; Tkachenko, 1997). In this regard,
the Siberian weasel, along with the red fox Vulpes vulpes (L., 1758) (Kalisinska et al., 2012), may be
considered a potential indicator species of environmental quality. The present study was intended to
confirm or refute this assumption.

Materials and methods

Five Siberian weasel specimens were examined; they had died accidentally in December—January
2023-2024 after being caught in traps on private farmsteads on the outskirts of the settlement of
Dormidontovka (Vyazemsky District, Khabarovsk Territory), located 80 km south of the city of Khabarovsk
(Fig. 1). The surrounding area consists of waterlogged and tussocky plains and floodplain meadows (in
places with willow thickets), interspersed with small tracts of broadleaved forest. Water bodies in the
area are numerous and include two rivers (the lower reaches of the Podkhorenok River and its tributary,
the Pashino River), lakes of both natural and artificial origin, and numerous ditches formed during the
construction of dams. Industries traditionally regarded as sources of mercury are absent from the area.

Total mercury content was determined using an RA-915+ mercury analyzer with a PYRO-
915+ pyrolysis attachment (Lumex Ltd.), which allows native samples to be analyzed without prior
preparation. Calibration of the instrument and verification of measurement accuracy were performed
using a certified mercury-ion standard solution (GSO 7263-96; relative uncertainty of the certified value
11.0%). Measurements were carried out in accordance with GOST 34427-2018'. The measurement
range for the mass fraction of mercury is 0.0025-5.0000 mg/kg. Mercury content was measured in two
replicates; the arithmetic mean was taken as the measurement result, provided that the discrepancy
between the replicates did not exceed the repeatability limit of the method — 17% in the range of 0.025—
0.25 mg/kg and 11% in the concentration range of 0.25-5.0 mg/kg. The expanded uncertainty of the
method (U) at k = 2 for these concentrations is 28% and 20%, respectively. The actual discrepancies
between replicates across all concentration ranges were within 0.7-9.3%, with a mean of 4.3% and a
median of 3.2%.

When the animal carcasses were examined, the sex, body mass, body length, tail length, and
mercury content in the fur, muscle, kidneys, liver, heart, lungs, and spleen were determined. The age
of the animals was not determined. Fur for analysis was taken from the dorsal part of the carcass, and
muscle from the thigh. Samples were analyzed at wet weight, without prior drying.

1 GOST 34427-2018. Food products and animal feed. Determination of mercury by Zeeman atomic absorption spectrometry.
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Fig. 1. Schematic map of the Siberian weasel trapping site.

Results and discussion

Specimens Nos. 3-5 were males in somewhat reduced body condition, as indicated not only by the
ratio of body weight to body size but also by the absence of fat reserves. The large female (specimen
No. 2) was quite well-nourished and had fat reserves. Specimen No. 1 was a male showing signs of
emaciation: body mass was greatly reduced, visceral fat was almost absent, and the muscles of the
body and limbs were atrophied. However, the body condition of the animals did not affect the mercury
content in their internal organs or fur. The small sample size did not allow us to determine whether the
sex of the animals influences mercury accumulation in their bodies. Data on the mercury content in the
organs and tissues of the Siberian weasels are presented in Table 1.

The averaged decreasing order of mercury concentration in the organs and tissues is as follows:
fur > kidneys > liver > muscle > heart > spleen > lungs. Mercury concentrations in the organs varied
severalfold among individuals.

Since no information could be found in the literature on the Hg content in the organs and tissues of
Siberian weasels, the data obtained were compared with those previously reported for other members
of the family Mustelidae: the European polecat, American mink, European pine marten, weasel, and
badger (Table 2).

The mercury content in the liver, kidneys, and muscle of all the Siberian weasels examined did not
exceed that in other members of the family. In specimens Nos. 1-3 it was similar to the content in the
bodies of the polecat, marten, and badger; in specimens Nos. 4-5 the values approached those reported
for the mink, even though its diet includes a considerable amount of fish — the main source of mercury.

To characterize the toxic effects of heavy metals on the body, their concentrations in the liver are
often used as indicators. The Hg content in the liver of the Siberian weasels ranged from 0.030 to
0.903 mg/kg, which is similar to the content in the liver of arctic foxes, 0.010-1.110 mg/kg (Hallanger et
al., 2019), whose diet, like that of the Siberian weasel, consists mainly of small rodents. The mercury
content has been studied in murine rodents inhabiting various ecological niches in Slovenia (Petkoviek
et al., 2014). It was shown that in areas subject to elevated mercury loading and having higher soil metal
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Table 2. Mercury content (mg/kg wet weight) in the muscle, fur, and organs of selected members of the family Mustelidae (based

on published data).

Mean
Species Region concentration Source
(range)
Liver
European polecat . Lodenius et al.,
(Mustela putorius L.. 1758) Finland 0.39 2014
American mink Ljungvall et al.,
(Neovison vison Schreber, 1777) Sweden 0.72(0.03-5.95) 2017
European pine marten
(Martes martes L., 1758) 0.41(0.11-2.27)
Least weasel 53123?5 0.13 (0.01-0.64) Komov et al.,
(Martes nivalis L., 1766) Region 2012
American mink 3.49 (0.57-6.49)
European pine marten (0.019-0.056) . .
: BilandZi¢ et al.,
E bad Croatia 2012
uropean badger )
(Meles meles L., 1758) (0.019-0.072)
Kidneys
; Lodenius et al.,
European polecat Finland 0.66 2014
European pine marten 0.67 (0.21-3.2)
Russia,
Least weasel Vologda 0.27 (0.01-1.03) Kom2oa/1%t al.,
Region
American mink 3.42 (0.58-5.52)
European pine marten Croatia (0.073-0.162) Bilang(z”)i%’:zet al.,
Muscles
European polecat 0.49 .
; Lodenius et al.,
Finland 2014
European pine marten 0.22
European pine marten 0.36 (0.10-1.44)
Russia,
Least weasel Vologda 0.12(0.01-0.44)  Komov etal.
Region
American mink 2.37 (0.25-5.08)
European pine marten Croatia (0.005-0.048) BiIang%i?zet al.,
Fur
European polecat 5.0 .
; Lodenius et al.,
Finland 2014
European pine marten 2.1
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concentrations relative to background sites, the Hg content in the rodents' livers was also elevated,
on average by a factor of 2.3. The range of concentrations within the sample varied from background
levels to values exceeding them by more than sixfold. In our study, the mercury concentrations in the
corresponding organs and tissues were similar in specimens Nos. 1-3, whereas in specimen No. 4
they were 6-8 times higher. If an analogy with murine rodents is assumed, the concentrations found
in specimens Nos. 1-3 could be regarded as a background level. The highest Hg concentrations were
found in the organs of Siberian weasel No. 5. Compared with specimens Nos. 1-3, the excess was
25-30 times for the liver, 13—15 times for the kidneys, 16-26 times for the muscle and heart, and
16-31 times for the spleen and lungs.

The highest mercury concentrations were recorded in the animals' fur. The autumn molt of the
Siberian weasel is characterized by a complete change of the pelage, which is completed by early
November. At the time of the study, all individuals had a well-developed winter coat, dense and fluffy.
In four of the five individuals examined, the Hg content in the fur exceeded 1.5 mg/kg, whereas in
specimen No. 4 it was three times lower. Overall, such values can be considered low compared with the
fur of the European polecat, where the concentration of the element was 5.0 £ 2.1 mg/kg (Lodenius et
al., 2014). A critical Hg level in the fur of the river otter and mink has been proposed at 15 mg/kg, since,
according to modeling results, this corresponds to a mercury content in the brain of 2.23-2.33 mg/kg dry
weight, which can be taken as the maximum safe concentration (Eccles et al., 2017).

The question of whether there is any relationship between the mercury content in the fur and in the
internal organs of the Siberian weasel requires further study using a larger sample. It is clear only that,
for the Siberian weasel, fur cannot be used as an indicator of the risk of chronic mercury intoxication
of the whole body, as has been proposed for the otter and mink (Eccles et al., 2017). Based on the
data obtained, the following assumptions can be made. High mercury concentrations in the fur of the
Siberian weasel may be found in individuals with both low and fairly high levels of the element in the
internal organs. Molting may serve as a kind of cleansing process, during which Hg is transferred from
the organs and tissues into the actively growing hair and is removed from general metabolism. Although
hair growth in these animals continues year-round, its rate decreases after the molting period ends.
The detoxifying role of seasonal molting was previously noted in otters in Eastern Finland (Hyvarinen
et al., 2003). In an experiment in which methylmercury was added to the diet of mink, it was likewise
shown that a considerable proportion of it (from 22 to 100%) accumulates in the animals' fur, and that
the seasonal molt of fur-bearing animals serves as an effective mechanism of reducing the mercury
content in the body (Wang et al., 2014).

Conclusion

The highest mercury concentrations in the Siberian weasel were recorded in the fur and kidneys,
and somewhat lower ones in the liver and muscle tissue. The mercury content in the organs and tissues
may differ by dozens of times among individuals. High Hg concentrations in the fur are not an indicator of
accumulation of the element in the internal organs. The factors affecting the accumulation, redistribution,
and elimination of mercury from the body of the Siberian weasel require further investigation involving
additional studies and a larger sample size.
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