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Abstract

This study aimed to determine the vertical distribution of heavy metals in a 72 cm-long core sample from Lake
Tortum in order to shed light on the implications of potential ecological risks. Analysis was based on the use of
environmental indices such as the Integrated Pollution Load Index (PLI) and Potential Ecological Risk Index
(PER). Results reveal that, except for Pb, Mn and Hg, the lowest concentrations of heavy metals occur at a core
depth of between 2 cm and 20 cm for Cu, Zn, Ni, Fe, As, Cd, Cr and Al. The highest concentration was found
at sampling intervals of 36 cm and 50 cm, with the exception of Pb, Mn, Hg and Ni. The PLI values from
bottom to top are less than 1 while the level with the nearest value to the background value lies at a depth
between 24 cm and 26 cm. The PER index results suggest a low ecological risk level for Cu, Pb, Zn, Ni, Mn,
Fe, As, Cr, and Al; however, Cd and Hg constitute an ecological threat to the lake ecosystem.

Keywords: Sediment, Heavy Metals, Integrated Contamination Load Index, Potential Ecological Risk Index,
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Introduction

Lake sediments comprise one of the key
components of aquatic environments as they
retain a record of ecological changes.
Throughout the deposition period, these
deposits both constitute a source of nutrients for
benthic organisms and also act as a reservoir for
both toxic and nontoxic chemical substances
(Bodog et al., 1997; Kédhkonen et al., 1997,
Algan et al.,, 1999; Kishe and Machiwa 2003;
Liu et al., 2010; Algan et al., 2011; Suresh et
al., 2012; Yi Wang et al., 2012; Vrhovnik et al.,
2013). Heavy metals are transported from
natural or anthropogenic sources to aquatic
environments through atmospheric deposition
and surface waters (Cooke et al., 1990; Mackay
2001; Zeng et al.,, 2009; F. Li et al., 2013).
Even though the input of anthropogenically-
induced heavy metals is caused by industrial
and agricultural activity, domestic waste and
the consumption of fossil fuels, the natural
influx of heavy metals into the lake
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environment is mainly due to rock weathering
and fallout after volcanic eruptions (Siegel and
Siegel 1987; Symonds et al., 1987; Ochieng et
al., 2007).

Heavy metal contamination in lake sediments
poses a great ecological threat to lake
ecosystems worldwide due to the growth of
urbanization and industrial development. In
addition to their micro-nutrient functions, trace
elements can cause permanent ecological
problems in their depositional environment
(Karadede and Unlii 2000). For instance, Cu
and Zn, which exist naturally in water and
sediments, may play an important role in
aquatic organisms but can be toxic at higher
concentrations (Bai et al., 2011). Since heavy
metals cannot easily be metabolized in living
organisms, they accumulate in soft tissues and
may have toxic effects (Suresh et al., 2012). In
this study, the vertical distribution of heavy
metals in core samples taken from Lake Tortum
in the East Anatolian region of Turkey is
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discussed with regard to paleoecological risk
evaluation using environmental and biologic
indices and multi-variable statistical analyses.

Study Area

Located in the province of Erzurum in the
eastern Anatolian part of Turkey (Figure 1),
Lake Tortum was formed as a result of the
damming of the Tortum Stream by a landslide
that took place in the middle of the 17th century
(Duman 2009) on the east-facing hills of
Kemerlidag Mountain (2770 m) to the north of
the lake. Sharply delimited by the mountainous
terrain, the lake has an average surface
elevation of 1012 m above sea level and an area
of 6.6 km2. It is 8 km-long running in a
northeast-southwest direction and averages 1.65
km in width. According to Atalay (1979), the
depth of the lake consists of two sections of
different heights (i.e. 78 m and 95 m), which
are separated from each other by a threshold of
39 m. The lake is fed by spring waters and the
influx of snowmelt during the spring.

The lake catchment consists of volcanics, such
as basalt, spilite and andesite, and sedimentary
rocks of the early-middle Jurassic age. The
climate is transitional between continental East
Anatolian and humid Black Sea weather.
According to data obtained from Uzundere

Meteorology Station (10.7 Km southwest,
altitude 1151 m), the annual average
temperature is 9.30C. With an average annual
precipitation of 307.7 mm, the lake receives
much of its precipitation in the spring and
summer. The flora is predominantly
anthropogenic steppe. Albeit rarely, forest land
exists at higher elevations. The north-facing
hills are covered by Pinus Sylvestris, while on
the southern hills Quercus sp. and Juniperus sp.
are observed. The presence of fig and
blackthorn in places is indicative of the effects
of Mediterranean climate in the area. Sandy-
pebbled soil, alluvial and colluvial soils, as well
as lithosols, comprise the main soil types
(Kopar and Cakir 2012).
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Fig. 1 Location map of study area and sampling sites.
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Materials and Method
Sampling and Analysis
A 72 cm-long sediment core was taken from
Lake Tortum using a Kajak gravity core
sampler  (coordinates  40°36'57.64"N -
41°38'8.43"E; Figure 1).

The sample obtained was cut into 2 cm-thick
slices for heavy metal and organic carbon
analysis. The samples were dried at 600C in a
drying oven and grounded to fine powder with
a mortar to determine the percentage of organic
carbon in the sediment based on the Wakley-
Black titration method (Gaudette et al., 1974).

Table 1. Values obtained from reference sample.

The heavy metal content in the powder
products of the sub-samples was determined
using ICP-MS at Bureau Veritas Mineral
Laboratory (Canada). The samples were first
kept in a heating block in a mixture of HCI,
HNO3 and DI H20O for an hour to achieve
disintegration, which was followed by
processing with diluted HCL. Quality control of
the results was conducted using repetitions,
blank samples, and internal standard reference
material (STD OREAS45EA). The results
obtained from the reference sample are shown
in Table 1.

Element Observed Value Expected Value Meas.u r?ment
Limits
Cu 696,39 709 0.01
Pb 14,3 14,3 0.01
Zn 30,7 31,4 0.1
Ni 3972 381 0.1
Mn 379 400 1
Fe 20.4% 23.51% 0.01%
As 99 10,3 0.1
Cd 0,03 0,03 0.01
Cr 751,8 849 0.5
Al 3.26% 3.13% 0.01%

To determine metal enrichment in the lake
sediments, enrichment and contamination
factors were calculated. The enrichment factor
(EF) determines the anthropogenic contribution
to the heavy metal concentration. It is obtained
by dividing the ratio between the current metal
concentration and Al by the ratio of Al in the
metal  concentration in  uncontaminated
sediments pertaining to the pre-contamination
period (Zhang et al., 2007). The metal
concentration that displayed the lowest
metal/Al value in the core sample obtained
from Lake Tortum was used as the background
value for metals. The enrichment factor was
evaluated in consideration of Sutherland’s scale
(Sutherland 2000), as follows:

EF<2, minimal enrichment or no enrichment
EF=2-5, moderate enrichment

EF=5-20, significant enrichment

EF=20-40, high enrichment

EF>40, extremely high enrichment
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Another method that was used to determine
contamination levels was the Contamination
Factor (CF), which is the ratio of metal
concentration to background metal
concentration. CF is calculated using the
following formula (Hakanson 1980):

.l
d
ci- "4/, cl

i
Cf : Contamination factor

Eq.1

i
Cad: Concentration value measured in lake
sediment

C.EJ : Background metal concentration rate

The contamination value is classified
into four groups (Hakanson 1980):
CF<l1, low contamination

1<CF<3, moderate contamination
3<CF<®6, high contamination
CF>6, very high contamination
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The Integrated Pollution Load Index (PLI) was
calculated in consideration of all metals present
in the sediment for the purpose of determining
the environmental quality of the sediments and
the level of toxicity in the materials examined.
The Pollution Load Index was determined by
the following formula (Eq.2) (Suresh et al.,
2011):

1
PLI = [(CFl; % CFy X = v v v o X CEL D

The potential ecological risk index (PERI)
developed by Hakanson (1980) was used to
determine the toxic effects of the metals. The
risk factor of each metal is applied as per the
formula below:

Erl= Tr xC
Eq.2

Tr's Toxic Reflection Factor of Each Metal
(Reaction Coefficient)

ctl' : Contamination Factor

The coefficients corresponding to the toxicity
of metals are as follows:

Hg=40, Cd=30, As=10, Cu=Pb=Ni=5, Cr=2,
Zn=1 (Guo et al., 2010).

The following formula was used in calculating
the ecological risks that could be caused by the
combined effect of the metals:

PER =ZEr'

The following classifications were used to
determine the risk factor:

Eq.3

Eri<402 low ecological risk

40< Er'<80, moderate ecological risk
80<Er'<160, significant ecological risk
160<Er'<320, high ecological risk

Er'>320, very high ecological risk

PER<150, low potential ecological risk
150<PER<300, moderate potential ecological risk
300<PER<600, significant potential ecological risk
PER>600, very high potential ecological risk

Results and Discussion

The vertical distribution of heavy metals is
given in Figure 2. The minimum, maximum
and average values pertaining to these metals
(+/- standard error) are shown in Table 2.
Analysis of the change in heavy metals along
the core sample revealed this to be between the
level of 2-20 cm, except for Pb, Mn and Hg. On
the other hand, the highest concentration is
observed in the 36-50 cm range for metals other
than Pb, Mn, Hg and Ni. Cu concentration
generally displays an increasing trend, although
it shows some small fluctiations as we move
deeper from the current lake bottom. The
change in Pb concentration is different in
comparison to the other elements, except for
Mn and Hg. In this context, Pb reaches its
maximum around the 42-44 cm level and
displays a decrease as the bottom of the core
sample is reached. The shallow-sediment core
sample of Lake Tortum reveals a significant
increase of Zn at 32 cm. It must also be pointed
out that the Ni concentration is high in the 32-
52 cm range.

The vertical distribution of Mn proceeds in
waves, but in general displays a decrease from
the surface of the core sample down to its deeper
sections. Fe is observed in similar values, both
on the surface and in deeper sections. However,
significant increases were determined in the
amount of Fe at the levels of 24-26, 34-42, and
48-50 cm. The value of As, which is an
important pollutant agent, is irregular along the
core sample, but displays high levels in the
18-42 cm range. The vertical distribution of Cd
has similar close values at all levels. Cd
concentration shows an increasing trend as we
move deeper than the current lake bottom. It was
determined that Cr reaches its maximum level in
the 36-40 cm range. Al concentration generally
displays an increasing trend as we move from
the surface to deeper sections of the core sample.
Al concentration was determined to be at its
lowest in the 12-14 cm range (23400 pg/g) and
highest in the 36-38 cm range (30400 pg/g).
Vertical distribution of the Hg concentration
displays a considerably irregular trend and is
comparatively the lowest at the surface.
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Fig. 2. Vertical distribution of heavy metals in core samples.

Table.2. Heavy metal concentrations, minimum, maximum, and average values for organic carbon
and calcium carbonate in current sediment of Lake Tortum (ug/g).

Cu Pb Zn Ni Mn Fe As
Min. 46,47 826 81,60 36,50 789,00 32800,00 19,50
Max. 59,78 10,05 105,60 48,10 992,00 42500,00 29,30
Average 53,03 9,07 94,39 42,11 885,22 37719,40 25,12
Median 53,57 9,15 93,20 41,80 881,50 37850,00 25,80
St. Error 0,56 0,07 1,14 0,44 8,06 369,34 0,45
Cd Cr Al Hg oC CaCoO3
Min. 0,15 27,30 23400,00 0,08 0,00 14,05
Max. 0,22 37,60 30400,00 0,11 1,68 23,01
Average 0,19 32,68 27650,00 0,09 0,54 18,07
Median 0,19 32,60 28000,00 0,09 0,44 17,83
St. Error 0,00 0,39 256,27 0,00 0,06 0,41

The heavy metal concentration values obtained
from the Lake Tortum core sample were
compared to concentrations obtained in various
studies of lakes globally and in different
regions of Turkey (Table 3). Accordingly, the
Cu value of Lake Tortum was observed to be
higher in comparison to the lakes of Uluabat,

Kovada, Kapulukaya, Beysehir, Camlik,
Sapanca, Chapala, Cildir, Dongting and
Dongping but lower in comparison to

Yedigoller, Veeranam, Baihua and Kapulukaya.
The Cu value of the sediment in Lake Tortum is
in the same range as the value for Lake Hazar
while the Pb value is higher in comparison to
Uluabat and Kovada. The Pb concentration of
the lake is lower than the values obtained for
Sapanca, Cildir, Veerenam, Yedigoller,
Dongping, Dongting and Chapala but displays
conformity with the Pb concentration of Lake
Kapulukaya.
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The Zn value of Lake Tortum is higher than
other lakes in Turkey except for Kapulukaya,
Yedigoller and Hazar. On the other hand, the
Zn concentrations observed in other countries
are higher than those of Lake Tortum. The Ni
value is lower in comparison to the lakes Cildir,
Yedigoller and Veerenam but higher than
Kovada, Sapanca and Chapala and in the same
range as the Ni value for Kapulukaya and Hazar
lakes. The Mn average of Lake Tortum is only
lower than Baihua Lake. This average for Lake
Tortum is in conformity with the Mn value
ranges for Beysehir and Kapulukaya. The As
concentration was determined to be higher than
that of Lake Cildir. The Cd values of lakes
other than Uluabat are higher than Lake Tortum
while the Cd concentration of Lake Tortum lies
in a similar range to Lake Kovada. The Cr
concentration of Lake Tortum Lake is in the
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Table 3. Current sediment heavy metal concentrations for Lake Tortum, other lakes in Turkey, and world-wide (ug/g).

Name of Lake Cu Pb Zn Ni Mn Fe As Cd Cr Al Hg
Chapala, Mexico" 2926 81,74 102,75 32,24 } 3.97% ; ; 66,12 4.5% ;
Hazar, Turkey" 10-64 ND 46210 38130 5625 SO0 - - 17-79 - -

30000
Uluabat, Turkey® 0,75 1,42 3,89 - - - - 0,078 2,95 - -
Camlik Lagoon, 19,15- 35,96- 27,58- 1577830 1,33-
Turkey 3223 6729 6741 3044170 1,66
Sapanca, Turkey® 26,68 15,20 62,00 26,72 337,81 - - 0,29 19,09 - -
Kovada. Turkev! 465 1,74 1282 913-  61,19-  3006- 0,19- 6,63-  3780-
ovada, turkey 13,77 442 33,42 2593 16596 7345 027 17,59 9990
5.44- 10,3- 57,665  3466-
Beysehir, Turkey 10,47 58,05 -1029 15136
67,80-  30,67-  6847- 59.87- 4668 18303 4320- 115722
P h »00- ,07- A= ,87- ,8- - ,20-
Yedigoller, Turkey™ (53 3767 10413 6033 5108 48701 - ND 8393 s ND
Veeranam, India’ 94,12 30,06 180,08 63,61 - - - 0,81 88,20 - -
Baihua, China 102,71 - 184,3 - 1780 5,39 - - ; 3,08 -
Kapulukaya, 8,6- 148-  247-  3266- 0,92 9,1- 98- 1,47-
i ] 1-1
Turkey* 3293 340 1242 1271 1053 3,48% 007 B8 e a6 6
Dongting, China' 4748 60,99 18525 - - - 29,71 4,65 88,29 - 0,157
Dongping, China™ 52,00 355 100,5 - - - 2530 0,285 89,3 - 0,055
Cildir, Turkey" 30,11 1885 6452 50,12 7815 21000 327 0,38 3957 22,583 0,07
Tortum® 533 9,07 9439 42,11 88522 377194 25,12 0,19 32,68 27650 0,09

(ND: not detected; a: Rosales-Hoz et al., 2000; b: Ozmen et al., 2004; c: Barlas et al., 2005; d: Dural and Géksu 2006; e: Duman et al., 2007; f: (Kir et
al., 2007; g: Tekin-Ozan and Kir 2008; h: Arslan et al., 2011; i: Suresh et al., 2012; j: Yi Wang et al., 2012; k: Kankilig et al., 2013; 1: F. Li et al., 2013;
m: Yunqgian Wang et al., 2015; n: Kiikrer et al., 2015; o: this study)
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same range as Lake Hazar but lower than that
of Cildir, Yedigoller, Chapala, Veerenam,
Dongting, Dongping and Kapulukaya and
higher than that of Uluabat, Kovada and
Sapanca lakes. The Hg value was determined to
be higher in Lake Tortum in comparison to

Enrichment (EF) and contamination factor
(CF) values

According to calculations made to determine
the presence of any anthropogenic -effect,
enrichment in all the shallow-sediment core

Dongting and Kapulukaya but lower in sample elements of Lake Tortum is at minimal

comparison to Dongping and Cildur. levels. However, the enrichment factor for

elements As, Hd and Hg approaches moderate

levels (EF>2), (Figure 3).
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Fig.3. Vertical changes in enrichment factor values of heavy metals found in shallow sediment core

sample from Lake Tortum.
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Fig.4. Vertical changes in contamination factor values of core sample from Lake Tortum.
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Examination of the contamination factor
reveals moderate levels of contamination for all
elements; however, all of these values are close
to ‘1°, which distinguishes low and moderate
levels of concentration from each other. The
elements with the highest contamination value
are As, Cd and Hg. In all elements the
contamination value either falls below or
approaches ‘1’°, which is a low contamination
value, at the levels of 0-20 ¢cm and 60-70 cm
(Figure 4).

It is our opinion that the waste produced by the
local use of fossil-based fuels for heating plays
an important role in contamination of the lake
due to the fact that winter is long and harsh
(Rodriguez Martin et al., 2006; Hou et al.,
2013; Kiikrer 2016; Kikrer 2017). Chemical
fertilizers used in agricultural fields are also
significant sources of heavy metal enrichment,
especially where Zn and Cd concentrations are
concerned (Mic¢ et al., 2006; Rodriguez Martin
et al., 2006; S. Li and Zhang 2010; Sundaray et
al., 2011; Cai et al., 2012; Varol and Sen 2012).
However, because the surroundings of Lake
Tortum are mountainous and have steep slopes,

agricultural activity is limited. In this context,
the restricted extent of fields limits the effect of
contaminating agricultural activities (use of
fertilizers, etc.).

Potential Ecological Risk (PER) and
Contamination Load (PLI) Indices

When the potential ecological risk status of the
metals in Lake Tortum are evaluated one by
one, all elements other than Cd and Hg display
low levels of ecological risk. For this reason,
these elements do not constitute an ecological
risk for the ecosystem (Figure 5). However,
evaluation of Cd and Hg revealed that Hg in
particular is an ecological risk factor for the
ecosystem. Hg displays a moderate level of
potential ecological risk, except at the levels of
62-64 cm and 66-68 cm. Where Cd is
concerned, the ecological risk approaches the
moderate level limit with moderate levels of
ecological risk observed at levels of 20-26, 28-
32, 46-56, 58-60 and 66-70 cm. However, in
consideration of the general potential ecological
risk, Lake Tortum can be classified in the low
ecological risk group.

Cu Py As
0 A0 000 200 400 a00  RO0 000 3.0 {[eT04)

e pith
2T ek
2EBEEREE

ng P
0ol W AN G0 o, M DA AL R0 LR D a1 02 03 04

Fig.5. Vertical changes in integrated potential ecological risk (PER) and contamination load index

of metals present in sediment of Lake Tortum.

The ideal value of the contamination load index
used for the purpose of determining the
contamination level in a lake’s sediment is 0.
On the other hand, ‘1’ is a reference level for
contamination load. The contamination
increases for values higher than ‘1°, and thus a
high level of degradation becomes a
consideration (Suresh et al., 2011).

The contamination load index is less
than ‘1’ along the entire length (i.e. 72
cm) of the core sample taken from Lake
Tortum (Figure 5). In the core sample,
the level that most closely approaches
the reference value lies in the 24-26 cm
range (0.63).
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Table 4. Pearson’s correlation coefficients between variables (dark colors are coefficients significant at 95% confidence interval).

Cu Pb Zn Ni Mn Fe As Cd Cr Al Hg PER PLI OC  CaCoO,
Cu
Pb 0,0317
Zn 0,7947 0,0338
Ni 0,6527 -0,0208 0,4064
Mn 0,0961 0,1628 0,4244 -0,1319
Fe 0,7634 -0,0936 0,8003 0,5228 0,3517
As 0,4635 -0,0949 04154 0,2192 0,3468 0,7913
Cd 0,5187 -0,0756 0,5724 0,2805 0,0828 0,3992 0,1373
Cr 0,5547 -0,2461 0,4294 0,8511 -0,0816 0,5698 0,2887 0,3194
Al 0,7665 -0,0105 0,8196 0,6121 0,3004 0,8627 0,5406 0,5183 0,6649
Hg 0,1777  0,0056 0,2466 -0,0954 0,3188 0,1531 0,1192 0,2079 -0,0718 0,1844
PER 0,5536 -0,0191 0,5973 0,2091 0,3241 0,5152 0,3623 0,7050 0,2407 0,5603 0,8038
PLI 0,7979  0,0456 0,8149 0,5425 0,4624 0,8674 0,6301 0,5672 0,5754 0,8160 0,4103 0,7511
oC 0,0592 -0,1244 -0,0949 -0,0041 0,0520 0,0290 0,2158 -0,0593 -0,0281 -0,0964 0,3692 0,2545 0,1058
CaCO3 -0,7492 10,1136 -0,4940 -0,5787 0,1998 -0,6721 -0,5533 -0,3241 -0,5396 -0,6340 0,0749 -0,2795 -0,5175 -0,0311
Table 5. Factor loading matrix after varimax rotation.
Factor 1 Factor 2 Factor 3 Factor 4
Cu 0,800992 0,348634 0,213591 0,0349651
Pb -0,17826 0,0390251 0,200435 0,583456
Zn 0,615756 0,463025 0,407192 0,273561
Ni 0,848679 0,0216625 -0,125391 -0,014724
Mn -0,150633 0,282086 0,785141 0,231383
Fe 0,751309 0,190749 0,5827 -0,0330242
As 0,450105 -0,0250043 0,743691 -0,29817
Cd 0,442825 0,688394 -0,13396 0,182071
Cr 0,851883 0,0356948 -0,0923997  -0,102158
Al 0,78682 0,320478 0,358821 0,150947
Hg -0,180877  0,816428 0217814  -0,278537
PER 0,26863 0,910683 0,225147 -0,128308
PLI 0,645761 0,521452 0,494317 0,0294497
ocC -0,124919 0,218458 0,17631 -0,784346
CaCO; -0,83001 0,0260218 -0,11247 0,171859
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Correlation Test

According to the correlation analysis, Pb and
Hg do not appear to be correlated with any
other metals and this indicates that their
processes are quite separate from other metals.
While Hg is not related to any other metal, it
displays a weak correlation with OC. A weak
correlation was also determined between Mn-
Fe and Zn-As. While Fe is correlated with all
metals other than Pb and Hg, Al is correlated
with all metals other than Pb, Mn and Hg. This
shows that the majority of the metals were
transferred in compounds that contain both Al
and Fe, while Mn was brought in along with
compounds containing only Fe. On the other
hand, CaCO; displays a negative correlation
with Cu, Zn, Ni, Fe, As, Cr and Al. This could
point to the fact that metal transfer occurs in
humid periods (Matthiesen 1998; Ozkan 2012;
Kiikrer et al., 2015). While all metals other than
Pb and Cr contribute to PER, all metals other
than Pb contribute to PLI. Accordingly, it could
be said that Pb does not have an adverse effect
on sediment quality (Table 4).

Factor Analysis

Four factors explain 79.08% of the changes
(Table 5). The first factor is responsible for
46.24% and indicates the transfer of metals
under continental climate conditions during
humid periods. The second factor explains
15.29% and represents potential ecological
risks. This factor contains Hg and Cd, which
make the highest contribution to PER. The third
factor explains 9.21%, as well as the fact that
elements Fe, Mn and As are transferred
together. The fourth factor explains 8.34% of
the changes, with the dominant effect of Pb and
OC, that have very little/no correlation with
other variables.

Conclusion

Heavy metal accumulation intensifies in the 36-
50 cm range of the core sample in all metals
other than Ni. Except for Pb and Hg, the depth
where the metal accumulation is low in the core
sample is between 10 and 18 cm. In all metals,
the enrichment value is at minimal levels at
EF<2. Because the contamination factor is (CF)
1<CF<3 for all elements, a moderate
contamination level of the sedimentation is

deduced. The ideal contamination load index
value is ‘0’. A degradation in the lake is said to
be taking place when the contamination load
index values along the 72 ¢cm core sample from
Lake Tortum are higher than ‘0’. However, the
values do not exceed ‘1°, which would indicate
an advanced level of degradation. Upon
evaluating the ecological risk of each metal
(Er") other than Hg, these could all be said to
display a low ecological risk value as all have
Er'<40. Although the ecological risk value for
Cd exceeds the lower limit in some places
(40<Er'<80), in general it does not pose a risk.
On the other hand, Hg poses a moderate level
of ecological risk as its risk value lies in the
general range of 40<Er'<80. The integrated
potential ecological risk (PER) of all metals is
low since PER is <150 along the entire length
of the core sample, starting from the current
lake bottom. However, the PER values closely
approach the moderate potential ecological risk
limit (150=/<PER<300). The long harsh winter
in the region increases fossil-based fuel
consumption and this most likely affects the
contamination.  However, due to the
mountainous terrain agricultural fields are few

in number which limits the effect of
contaminating agricultural pesticides and
suchlike.
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