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Abstract

In the course of ecological and chemical examination of mercury content in environmental objects,
comparative evaluations of the accumulating properties of various natural indicators were made for bog
and urban ecosystems as examples. Experimental data on mercury content in urban soil, peat, lichens,

mosses, wood and needles are reported.
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INTRODUCTION

Mercury and its compounds are widespread
in nature and migrate both on the regional scale
and on the global one [1—6]. One of the most
important features of mercury is its ability to
intense bioaccumulation. The toxicity of mer-
cury and its compounds of natural and anth-
ropogenic origin determines increasing atten-
tion of ecotoxicologists to the problem of en-
vironmental pollution with mercury [7—9]. How-
ever, without evaluation of the level of mer-
cury pollution of air, soil, vegetation, it is
impossible to get a general overview of the
technogenic load of this element on the envi-
ronment.

OBJECTS AND METHODS OF INVESTIGATION

The objects of investigation were soil ground
of Tomsk and peat deposits of the Tomsk Re-
gion and Khanty-Mansi Autonomous District.

To determine mercury content of soil ground
from the Tomsk Region, ground samples were
collected in the nods (points) of a network uni-
formly covering the entire territory of the city.
Soil sampling and sample preparation for analy-
sis were carried out according to the require-
ments of State Standard GOST 17.4.4.02—84 [10].

All the studied objects in the Bakchar dis-
trict of the Tomsk Region are the spurs of
the Bolshoye Vasyuganskoye Bog. Expedition
works were carried out at the basis of the re-
search ground Vasyuganye of the Institute of
Monitoring of Climatic and Ecological Systems
(IMKES), SB RAS, situated in Polynyanka vil-
lage (200 km to north-west from Tomsk). Samp-
les were taken at typical plots of raised and
lowland bogs. Characteristics of peat deposits
are presented in Table 1.

The peat deposit Bakcharskoye is a natural
region, while Vasyuganskoye, Sukhoye-Vavi-
lovskoye deposits had been subjected to anthro-
pogenic action to one extent or another during
reclamation works and peat production.

Peat deposit Tagan situated at a distance
of 13 km to south-west from the centre of
Tomsk may be considered as an ecosystem di-
rectly affected by the city, while the peat de-
posits Ozernoye and Salymo-Yuganskoye are
affected by the oil and gas mining complex.

The samples of peat and mineral ground
were taken with the help of a peat borer (TBG-1)
with testing step of 2—5 cm up to the depth
of 1 m and with the testing step of 10 cm
over the full depth of the pool. The samples
were packed in polyethylene bags, dried at
room temperature to the constant mass, and
comminuted with the help of a sieve with mesh
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TABLE 1

Characterization of the peat deposits under investigation

Key plot Thickness of peat Characteristics Location
pool, m

Bakchar oligotrophic bog
Swampy forest (BSF) 0.2 Natural plot Bakchar district, Tomsk Region
Raised ryam (BRR) 1.0 « « The same
Lowland ryam (BLR) 3.0 « « «
Open sedge-sphagnum 2.7 « « «
bog (BSS)

Vasyuganskoye, oligotrophic bog
Lowland ryam (VLR) 2.8 Region of forest reclamation «

Sukhoye-Vavilovskoye, eutrophic bog

Sukhoye-Vavilovskoye (SV) 2.6

Worked out plot «

Tagan, eutrophic bog

Pasture (TP) 14

Worked out plot

Tomsk district, Tomsk Region

Ozernoye, oligotrophic bog

Hummock-ridge bog (HRB) 3.4

Plot under anthropogenic
influence

Kargasok district, Tomsk Region

Salymo-Yuganskoye, oligotrophic bog

The same (SUHRB) 3.1

Natural plot

Khanty-Mansi Autonomous
District

diameter 0.25 mm. The choice of room tem-
perature for drying was due to the fact that
mercury starts to evaporate from the sample
at a temperature above 30—40 °C.

Mercury was determined in natural objects
growing in ecologically pure regions and in the
zone of anthropogenic influence:

— in sphagnous moss (Sphagnum sp.);

— in lichens (Cladonia stellaris (Opiz) Pau-
zor et Vezda, Cladonia arbuscula (Wallv.) Flot.
ssp. Mitis Cladonia deformis (L.) Hoffm, Cla-
donia cornuta (L.) Hoffm, Cladonia stygia (Fr.)
Ruoss, Evernia mesomorpha Nyl., Usnea sub-
floridana Stirt.);

— in wood of annual rings of pine (Pinus
sylvestris L.) that grew in the region affected
by Seversk, and black poplar (Populus nigra
L.) that grew in the zone directly affected by
the urban environments of Tomsk;

— in the needles of different ages from dif-
ferent tree species growing on typical regions
of raised bogs.

Mercury content was determined using the
mercury gas analyzer RGA-11 by means of
atomic absorption spectroscopy. Detection limit
is 0.1 ng/g, error of determination 30 % [11].

The procedure of determination of mercury
content in soil was developed at IMKES to-
gether with the Laboratory of Environmental
Control of the Chemical Department of the
Tomsk Polytechnical University [12].

RESULTS AND DISCUSSION

The distribution of mercury content in the
soil of Tomsk measured in August 2005 is
shown in Fig. 1. One can see that the distribu-
tion has a clearly focal character. Mercury con-
tent in focuses varies from 300 to 2250 ng/g
(MPC for mercury in soil is 2100 ng/g). The
most intense focus (see Fig. 1) corresponds to
the location of the ash dump of electric po-
wer station No. 2. It was difficult to identify
other less intense sources. However, it may be
stressed that increased mercury content in
ground is observed at the territories of regions
with intense traffic, residential areas with pre-
dominant furnace heating and regions with a
large number of unofficial dumps.

Additionally, we sampled ground (56 samp-
les) from the territories of 16 industrial en-
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Fig. 1. Distribution of mercury content in soil over
the territory of Tomsk, ng/g of dry matter (Au-
gust 2005).

terprises situated within the boundaries of
Tomsk. Analysis showed that mercury content
in soil samples collected from the territories of
sleeper-dipping plant (2570 ng/g) and yeast
plant (5210 ng/g) exceeded the MPC. Howe-
ver, in general, except for the case of electric
power station No. 2, no direct connection be-
tween the focuses of increased mercury con-
centration and the positions of industrial en-
terprises could be established.

It is known that the highest mercury con-
tent is characteristic of soil enriched with the
organic matter, first of all peat-bog soil [13—
15]. Judging from its properties, peat relates
to natural sorbents. In view of the high sorp-
tion capacity, a peat pool may accumulate in-
dustrial aerosol [14]. Layer-by-layer burial of
mercury in a peat pool allows us to estimate
the dynamics of mercury flux from the atmo-
sphere during the whole period of peat accu-
mulation.

Analysis of mercury distribution over the
depth of peat pool in the studied peat bogs
revealed the maxima of mercury content in
the upper part of the profile (Fig. 2, a), which
points to the anthropogenic character of its
arrival. The same result was obtained also by
other researchers [13, 19, 20]; the age of the
upper maxima, according to dating on the ba-

sis of 2'%Pb and '¥'Cs, is confined with the pe-
riod of 1989—1991. Mercury content in near-
bottom layers and in underlying rocks is ap-

proximately identical.
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Fig. 2. Mercury content in the peat of native bog
systems (a), bog systems under anthropogenic in-
fluence (b) and systems situated in oil and gas min-
ing regions (c): 14 — Bakcharskoye deposit (1 —
open sedge-sphagnum bog; 2, 3 — raised and low-
land ryam, respectively; 4 — swampy forest);
5 — lowland ryam of the Vasyuganskoye deposit;
6 — a plot at the Sukhoye-Vavilovskoye deposit;
7 — pasture of the Taganskoye deposit; 8, 9 — hum-
mock-ridge bog of the Ozernoye and Salymo-Yu-
ganskoye deposits, respectively.
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TABLE 2

Data on mercury concentration in peat of bog systems,

ng/g

Plot Concentration Plot Concentration
BSF 209 (277-129) SV 26 (176—11)
BRR 121 (192-67) TP 94 (153-17)
BLR 58 (104—-19) HRB 117 (255-23)
BSS 59 (120—-19) CUHRB 132 (185—-105)
VLR 47 (90—10)

Note. For designations, see Table 1.

The average mercury content in peat from
the studied native bog ecosystems (see Table 1)
varies substantially. Averaged data on mercu-
ry content over the vertical profile and the data
on its maximal and minimal concentration in
peat of the studied bogs are listed in Table 2.

In the native Bakchar massif, with is a con-
vex raised bog, the highest layer-by-layer
values of mercury content are observed in the
peat of its edge zone — swampy forest (BSF)
and raised ryam (BRR) (see Fig. 2, a). Thus,
the average mercury content for a 20-cm thick
peat layer from BSF and BRR exceeds the cor-
responding value for the lowland ryam (BLR)
by a factor of 1.8 and 2.3, respectively, while
mercury content in the samples from the open
sedge-sphagnum bog (BSS) exceeds that value
only by a factor of 1.1. This is due to the fact
that the edge zone serves as a geochemical bar-
rier due to the features of the surface relief
of the massif. From the apical BLR, mercury
deposited from the atmosphere is carried away
by the surface runoff towards BRR and BSF,
and partially towards BSS.

Average mercury content in peat samples
from bog systems under anthropogenic action
(bog reclamation) varies within the range
24—85 ng/g (see Fig. 2, b).

Eutrophic bog Tagan is situated in the di-
rect vicinity of Tomsk (13 km), so increased
mercury content (94 ng/g) in the peat of the
upper part of the profile is connected first of
all with the anthropogenic effect of the city.
The same explanation is for the elevated ave-
rage mercury concentrations in the peat of this
deposit in comparison with the peat deposits
Sukhoye-Vavilovskoye and Vasyuganskoye.

The average mercury content in peat pools
of Ozernoye and Salymo-Yuganskoye deposits
is about twice as high as that for the pools of

the southern part of the Tomsk Region (see
Fig. 2, c). In this situation, the excess in the
pre-anthropogenic layer is 4—10 times, while
in the anthropogenic layer additionally affect-
ed by the gas-and-oil producing industry the
excess is less substantial.

These bogs are situated above oil and gas
deposits characterized by substantial mercury
content. According to the data reported in [17],
the high background mercury content in peat
is connected exactly with the presence of oil
and gas deposits. The average mercury con-
tent in the peat pool of the Ozernoye deposit
corresponds to that in the Salymo-Yuganskoye
deposit (SYuGMK), however, scattering of the
values of layer-by-layer content is much higher
and equals 28—255 ng/g.

At the constant rate of peat accumulation
and mercury flux from the atmosphere, its
content per 1 g of dry peat will depend on the
volume mass of peat. To determine the amount
of mercury in unit volume, we additionally
sampled peat monolith from the BLR site; the
monolith was 40 cm thick, we separated it into
samples 2—5 cm thick. Peat samples were dried
and weighed.

Comparative analysis of the values of lay-
er-by-layer mercury content calculated per unit
mass and volume of peat provides evidence
of substantial differences in the character of
changes in its content over depth (Fig. 3). One
can see from the data shown in Fig. 3, a that
the curve of mercury content versus depth
calculated per unit mass is characterized by
more substantial variation of layer-by-layer
values and only one peak instead of five ones.
Therefore, to obtain more reliable data on
changes of mercury concentrations in peat
pools, it is necessary to take into account their
layer-by-layer volume mass.
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Fig. 3. Changes in mercury content over depth in
the upper layer of the pool in the lowland ryam of
the Bakcharskoye peat deposit, calculated per unit
mass (a) and volume (b).

It is known that mercury spreads mainly
due to atmospheric transport. In this connec-
tion, such natural components as lichens, moss-
es, wood, needles that are able to concentrate
heavy metals may be used as the indicators of
atmospheric emission of mercury.

Investigation of mercury content in sphagnum
mosses showed that they contain 28—70 ng/g as
an average (Fig. 4, a), which is comparable with
that for the mosses in the Altay Territory (50—
90 ng/g). Some differences in these data are
determined by mercury content in soil and by
growing sites. The effect of mercury accumu-
lation in mosses is achieved due to their high
sorption surface per unit mass [15].

Accumulation of mercury in lichens depends
on atmospheric and geochemical conditions. It
was established that the average mercury con-
tent in lichens does not depend on sampling

sites. At the same time, one can see in the data
presented in Fig. 4, b that the epiphytic lichen
species (Evernia mesomorpha Nyl., Usnea sub-
floridana Stirt.) exhibit high accumulation of
mercury with a 3.5-fold excess over other li-
chen species. This is due to the high sensitivity
of these species to the composition of atmo-
spheric precipitation [15].

Analysis of mercury content of wood did
not reveal differences in the accumulation of
the pollutant depending on wood species. It is
accepted that the tree bark accumulates pol-
lutants much more intensively than other or-
gans and tissues of plants [16, 18]. However,
we did not detect this dependence in our work.
In addition, we made an attempt to reveal the
interconnection between mercury content and
the width of annual rings (Fig. 5). The results
of calculation of the correlation coefficient for
the width of annual ring and mercury content
provide evidence that any direct correlation
between these parameters is almost absent. We
also did not detect correlations of mercury con-
tent in the wood of studied trees with climatic
characteristics (air temperature during the vege-
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Fig. 4. Mercury content in sphagnum mosses (a) and
lichens (b). For designations, see Table 1.
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Fig. 5. Distribution of mercury content in annual
rings of poplar (a) and pine (b).

tation period since May till September, pre-
cipitation).

According to the data of comparative analy-
sis of mercury content in the needles of diffe-
rent wood species (cedar, abies, spruce, pine)
the maximal mercury content (165 ng/g) is char-
acteristic of pine needles (BSF), while the min-
imal one (60 ng/g) occurs in pine needles (BSS)
(Fig. 6). The age-related differences in the abili-
ty of needles to accumulate mercury are ex-
hibited only weakly, except for cedar (BSF),
which agrees with the data reported in [15].

We failed to detect any correlations between
the climatic parameters (air temperature dur-
ing the vegetation period and precipitation) and

mercury content in the needles of different
ages from different tree species. We also did
not establish any dependence between mercu-
ry content and needle sampling site. In gene-
ral; the data obtained correspond to the avera-
ged data for coniferous tree species of the Al-
tay Territory (30—230 ng/g) [15].

CONCLUSIONS

The following conclusions may be drawn on
the basis of the results of investigation.

1. In Tomsk, the formation of mercury scat-
tering aureoles is connected with the power
engineering facilities, traffic, as well as with
the microrelief of the city and predominant
wind direction. Due to the inhomogeneity of
the distribution of industrial enterprises over
the city territory, the presence of unofficial
dumps, inhomogeneity of traffic fluxes, the
ecological load on the city environment has in-
homogeneous character, too. In the future, the
dimensions and scales of industry related
anomalies fixed in soil with increase in the re-
gions affected by almost all the examined en-
terprises.

2. Monitoring of mercury over the spurs of
the Bolshoye Vasyuganskoye Bog was carried
out (over the peat deposits in the Bakchar dis-
trict of the Tomsk Region). The data on mer-
cury distribution over depth obtained for the
first time at background sites are comparable
with the results obtained previously for other
background plots [12, 19, 20].

3. The obtained data on mercury content in
natural components (lichens,
and needles) correspond to the data reported
by other authors [15] but exceed the back-
ground values reported in [21].

mosses, wood,
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