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Abstract—The analysis of heavy metal concentration in the bottom sediments of water bodies located
within large urban areas is an important component of the monitoring of urban ecosystems. Presented
are the results of studying the concentration of heavy metals (by mass spectrometry) in the channel and
floodplain river sediments in Petrozavodsk (the Republic of Karelia). It is found that the floodplain
sediments of the Lososinka River and the fluvial sediments of the Neglinka River are characterized by
the highest level of contamination in terms of the total pollution index Zc. High values of the geoac-
cumulation index Igeo (>2–3) for lead, zinc, cobalt, nickel, and copper classify the bottom sediments of
the urban river stretches of Petrozavodsk as moderately and heavily polluted.
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IN TRO DUC TION

Petrozavodsk (the cap i tal of the Re pub lic of Karelia) is a big ad min is tra tive, in dus trial, sci en tific, and
cul tural cen ter in the north west of Rus sia. The pop u la tion of the city is about 270000 (as of 2013). The city
is lo cated on the shore of Lake Onega and stretches along the Gulf of Petrozavodsk from south east to north -
west for 25 km (Fig. 1) [5]. The ba sis of the city in dus try in the elec tric power in dus try (62% of the to tal
vol ume of pro duc tion), ma chine build ing and metal work ing (18%), the food in dus try (13%), and wood-
work ing in dus try (3%). Be sides, Petrozavodsk is the ma jor traf fic cen ter through which trains to St. Pe ters -
burg, Murmansk, Sortavala, and Kostomuksha pass; the fed eral high way St. Pe ters burg–Murmansk is lo -
cated nearby the city.

Water bod ies lo cated in the ur ban ar eas are the most vul ner a ble tar gets for dif fer ent pol lut ants com ing
from the catch ment area. Such wa ter bod ies in Petrozavodsk are two small rivers: the Lososinka River (the
length is 25 km, the catch ment area is 302 km2) and the Neglinka River (14 km and 46 km2). Their lower
reaches are lo cated in the cen tral part of the city. The av er age an nual wa ter dis charge in the es tu ar ies of the
rivers is 3.7 m3/s for the Lososinka River and 0.51 m3/s for the Neglinka River. About a half of the an nual
run off falls on spring (42 to 57% of an nual run off) [1]. 

The scientists from the Karelian Research Center of Russian Academy of Sciences and Petrozavodsk
State University in different years investigated the impact of the urban environment on the water ecosystems
of these rivers. The studies  focused on aquatic organisms and the physical and chemical characteristics of
water in the Petrozavodsk rivers [1]. Insufficient attention was paid to the investigation of the concentration 
and distribution of heavy metals as the most dangerous pollutants of water bodies [8] in the Lososinka and
Neglinka rivers. Thus, the objective of the present paper is to assess the Petrozavodsk rivers based on the
data on heavy metal content in the bottom sediments of urban water courses. 

Bot tom sed i ments are the re li able in di ca tors of the long-term pol lu tion of wa ter bod ies sit u ated in the ar -
eas with anthropogenic dis tur bances which cer tainly in clude the ar eas of big in dus trial cit ies [4, 14, 18].
Bot tom sediments of fresh wa ter bodies located in urban ar eas and nearby met al lur gi cal and chem i cal
works, are al most com pletely mod i fied by technogenesis [9]. Anthropogenic silts are a spe cial type of
fresh-water bot tom sed i ments (most of ten the term is ap plied to rivers) which dif fer from back ground sed i -
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ments by the high con tent of fine-dispersed grain-size frac tions and con cen tra tion of such dan ger ous toxi -
cants as Cu, Ni, Pb, Cd, As, Cr, Hg, etc. [13, 14]. Be sides, ur ban wa ter bod ies are en tirely eutrophied that
pro vokes the high con tent of or ganic mat ter in bot tom sed i ments that eas ily sorbs the met als com ing to the
wa ter body (water course) [15].

The ba sic fac tor af fect ing the en rich ment of bot tom sed i ments in wa ter bod ies with dif fer ent min eral
and or ganic sub stances is the sur face run off from the ad join ing territory. So, the sed i ments un der study can
in di cate not only the geoecological con di tions of the eco sys tem but also con di tions in the whole catch ment
area.

OB JECTS AND METHODS OF RE SEARCH

The sam ples of bot tom sed i ments of the Lososinka and Neglinka rivers were taken within the city and in 
the sub ur ban conditionally background zone dur ing the sum mer field work in 2011 fol low ing the gen er ally
ac cepted meth od olog i cal rec om men da tions (Fig. 1) [3, 7]. The sam ples were taken along the full length of
the Petrozavodsk rivers with the step of 100–200 m. The up per (0–10 cm) layer of bot tom sed i ments was
in ves ti gated. The sam pled sed i ments are mainly rep re sented by the chan nel facies, and the floodplain bot -
tom sed i ments are ob served in the ar ti fi cially reg u lated parts of the Lososinka River (Meretskov and Fontan 
stretches). The ur ban parts of Lososinka and Neglinka and the sub ur ban parts of both rivers where the sed i -
ments are rep re sented by the chan nel fa cies, were sin gled out in a sep a rate group. In to tal, 117 sam ples of
Petrozavodsk river sed i ments were stud ied. The sam ples were dried to the dry-air state. The max i mum
pres er va tion of the clay frac tion was achieved by the fol low ing pro ce dure: the liq uid part of a sam ple was
dried sep a rately in Petri glass dishes which were pre lim i nar ily washed with dis tilled wa ter. The siev ing of
sam ples was car ried out us ing the stan dard sieve with the cell size of 0.1 mm. The chem i cal com po si tion of
the ar gil la ceous-silt frac tion of bot tom sed i ments is a re li able in di ca tor of the pol lu tion of wa ter eco sys tems 
be cause it is caused by the pro cesses of anthropogenic na ture in the ar eas with anthropogenic dis tur bance
[11, 17]. 

The de ter mi na tion of the con cen tra tion of Fetot in the sam ples of bot tom sed i ments was car ried out us ing 
the ARL ADVANT’X X-ray flu o res cent spec trom e ter. The ig ni tion loss was de ter mined by the weight
method af ter the sam ples un der study had been heated up to the tem per a ture of 1100°C. The con tent of Pb,
Sb, Cu, Zn, Co, Mo, and Ni in the sam ples from the Lososinka and Neglinka rivers was de ter mined by the
mass spec trom e try method us ing the X Se ries-2 ICP-MS in stru ment. To check the cor rect ness of the sam -
ple anal y sis, the stan dard sam ple of the chem i cal com po si tion of Lake Baikal bot tom silt BIL-1 was used
(GSO 7126-94). 

The sta tis ti cal pro cess ing was car ried out us ing the Microsoft Ex cel 2007 soft ware. The EasyCapture
1.2.0 and Inkscape 0.48.4 soft ware was used for the vi su al iza tion of the re sults. To as sess the level of con -
tam i na tion of bot tom sed i ments with heavy met als, the to tal pol lu tion in dex Zc and the geoaccumulation in -
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Fig. 1. Sche matic map of the re search area.
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dex Igeo were used [2, 16]. To com pute the val ues of the to tal pol lu tion in dex, the con tent of one or an other
metal at the sep a rate mea sure ment point was taken into ac count if the con cen tra tion fac tor (Kk) of the chem -
i cal el e ment turned out to be >1. The con cen tra tion fac tor was com puted as the ra tio of the chem i cal el e -
ment con cen tra tion in the bot tom sed i ment sam ple in the ur ban en vi ron ment to the me dian con tent of the
cor re spond ing metal in the sed i ments of the conditionally background zone.

RE SULTS AND DIS CUS SION

The min i mum me dian val ues of heavy metal con cen tra tion in all ur ban stretches of the Petrozavodsk
rivers (Ta ble 1) were reg is tered in the chan nel bot tom sed i ments of the Lososinka River (the areas of
Golikovka and a park close to the for mer Onega Trac tor Plant). The con cen tra tion of Pb, Ni, Sb, Mo, and W 
in these ur ban sed i ments is close to the con di tion ally back ground one re ferred to the sub ur ban zone of both
rivers un der study. The me dian con tent of these el e ments in the bot tom sed i ments of sub ur ban stretches of
water courses and in the ur ban chan nel sed i ments of the Lososinka River is close to the mean con cen tra tion
of pre sented met als in the soil cover of ho ri zons O and E of the ter ri tory of Karelia [12].

It is in ter est ing that the bot tom sed i ments of the Neglinka River which are mainly rep re sented by the
chan nel fa cies are most of all en riched with such met als as Zn, Ni, Cu, Sb, Mo, and W. High me dian val ues
of the con cen tra tion of Pb, Zn, Co, Sb, and Mo were reg is tered in the sed i ments of the reg u lated parts of the
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Ta ble 1. Con cen tra tion of heavy met als (mg/kg) in the bot tom sed i ments of the Petrozavodsk rivers 

Pa ram e ter Pb Zn Co Ni Cu Sb Mo W

Neglinka River (ur ban part), N = 40

Me
xmax

xmin

SMe

31.0
101.4

18.1
10.0

159.3
296.1

70.8
63.2

17.8
28.1
11.5

4.3

29.8
43.2
22.0

4.8

74.0
178.2
34.2
28.2

1.2
3.8
0.3
0.5

1.1
5.3
0.6
0.3

3.7
20.8

1.0
1.8

Lososinka River (Fontan stretch), N = 20

Me
xmax

xmin

SMe

37.9
79.4
20.1
11.9

160.3
261.2

66.2
65.3

16.9
24.1
11.2

3.5

27.8
40.6
17.3

4.1

54.5
119.5

21.9
24.5

1.4
3.3
0.4
0.5

1.0
1.5
0.5
0.3

2.5
5.9
0.9
1.3

Lososinka River (Meretskov stretch), N = 18

Me
xmax

xmin

SMe

18.3
30.3
14.2

3.4

117.3
354.4

60.3
51.2

19.0
24.0

9.7
6.2

27.0
36.6
17.9

7.1

31.5
81.1
19.1
16.8

0.4
1.8
0.2
0.3

0.8
1.2
0.4
0.2

1.1
4.9
0.3
0.6

Lososinka River (ur ban part, chan nel fa cies), N = 17

Me
xmax

xmin

SMe

14.8
50.5
10.6

2.9

67.7
172.8

43.2
17.4

10.5
15.7

7.5
2.5

16.9
30.8
13.3

3.3

19.6
80.1
12.4

4.8

0.3
1.9
0.1
0.2

0.3
0.8
0.0
0.2

0.3
2.4
0.1
0.3

Sub ur ban con di tion ally back ground zone (both rivers), N = 18

Me
xmax

xmin

SMe

13.1
28.1
11.1

1.1

37.3
63.7
19.2
15.6

7.5
10.6

3.7
3.7

16.4
20.7
10.1

3.4

12.5
28.2

6.3
5.8

0.1
1.6
0.1
0.1

0.4
0.8
0.2
0.1

0.3
0.6
0.2
0.1

Note: Me is the me dian; xmax and xmin are the max i mum and min i mum val ues of the sam ple; SMe is the stan dard de vi a tion
of the me dian; N is the num ber of vari ants in the sam ple.



Lososinka River (Pb, Zn, Sb, and Mo in the Fontan stretch and Co in the Meretskov stretch). The ex treme
val ues of con cen tra tions of some heavy met als should also be noted; they ex ceed the me dian con tent of
the el e ments in the stud ied sam ples by sev eral times. For ex am ple, the max i mum con tent of Pb for both
water courses (101.4 mg/kg) was reg is tered in the sam ple of the bot tom sed i ments of the Neglinka River
taken in the cen ter of the city. The anom a lous con cen tra tion of Pb (79.4 mg/kg), Cu (119.5 mg/kg), and Zn
(261.2 mg/kg) were reg is tered in the sam ple taken in the reg u lated stretch Fontan of the Lososinka River in
the area where the water course transits from the ba sic hy dro log i cal re gime to the res er voir [10]. The ab-
normal con tent of Zn (354.4 mg/kg) be ing max i mum for both Petrozavodsk rivers was reg is tered in the
sam ple taken in the floodplain zone of the Lososinka River in the Meretskov stretch. As to the bot tom sed i -
ments of the Neglinka River, the ex treme con cen tra tion of Mo (5.3 mg/kg) was reg is tered in the area of the
con ven tional bor der be tween sub ur ban and ur ban stretches of the river; the ex treme con cen tra tion of W
(20.8 mg/kg) and Cu (178.2 mg/kg) were found in the sam ple taken in the area of the road bridge (the cen -
tral part of the city). 

Ac cord ing to the data of the com par i son of heavy metal con tent us ing the Mann–Whit ney test, the sin gle 
level of the con cen tra tion of Co and Ni was reg is tered for the chan nel bot tom sed i ments in the ur ban
stretches of the Neglinka and in both reg u lated stretches of the Lososinka River. The sin gle level of the con -
tent of Pb, Zn, Sb, and Mo was reg is tered only for the Neglinka River and for Fontan stretch of the
Lososinka River. Both reg u lated parts of the Lososinka River un der study are char ac ter ized by the sin gle
level of ac cu mu la tion of Co and Ni. As to other met als, the sta tis ti cally sig nif i cant dif fer ence be tween two
data sam ples was re vealed (Uemp < Ucr). The larg est dif fer ence in the level of ac cu mu la tion in bot tom sed i -
ments in all ur ban stretches of the Petrozavodsk rivers un der study was reg is tered for Cu and W which are
most in ten sively ac cu mu lated in the chan nel sed i ments of the Neglinka River.

It was revealed that the level of pollution of bottom sediments and, hence, of the whole river increases
downstream for both water courses, i.e., closer to the river estuaries and, hence, to the Gulf of Petrozavodsk 
of Lake Onega (that causes the increase in the level of pollution of this large water body). The maximum
values of Zc were obtained for the part of the Neglinka River flowing in the center of the city where the river 
crosses the streets characterized by the significant traffic flow. Since in the latter area (under the road
bridge) the maximum value of Zc (129) was registered, this part of the Neglinka River can be defined as an
area with the very high level of anthropogenic pollution. The majority of the investigated stretches of the
Neglinka River are characterized by the high and moderate levels of the urban river contamination (Fig. 2).
Approximately the same results were obtained for the bottom sediments in the regulated part Fontan of the
Lososinka River. 

Ac cord ing to the com puted val ues of Mann–Whit ney test (Ta ble 2), the bot tom sed i ments of the Fontan
stretch of the Lososinka River and chan nel sed i ments of the ur ban part of the Neglinka River are char ac ter -
ized by the same level of pol lu tion (Uemp > Ucr at p < 0.01).   
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Fig. 2. Per cent age of sam ples with the dif fer ent level of pol lu tion of bot tom sed i ments in dif fer ent ur ban stretches of the
Petrozavodsk rivers. River stretches un der study: (a) Neglinka River, the city; (b) Lososinka River, Fontan stretch; (c)
Lososinka River, Meretskov stretch; (d) Lososinka River, the city (chan nel). Levels of anthropogenic pol lu tion: (1) very
high, (2) high, (3) mod er ate, and (4) low.   
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The values of Zc of the bottom sediments of another regulated part of the Lososinka River, the
Meretskov stretch, vary from 4 to 49 (the median is equal to 13). The majority of the studied samples are
characterized by the moderate and low level of pollution. Channel bottom sediments in the urban stretches
of the Lososinka River sampled in the area of the city green belts are mainly characterized by the low level
of anthropogenic pollution (Zc < 10). The high level of contamination of the water course under study was
registered only in the area where the river flows under the road bridge. The median value of the total
pollution index of bottom sediments of the Lososinka River in the mentioned areas is equal to 4 (varying
from 1 to 34). According to the Mann–Whitney test, the samples of the values of Zc of all urban stretches of
the Lososinka River under study differ statistically significantly at the reliability level of 99% (Table 2).
This fact indicates that the floodplain bottom sediments of the river are the “easiest targets” for heavy
metals coming to the water course because they contain more fine-dispersed factions of sediments as
compared with the channel sediments. Besides, the closeness of highways to the river and the density of the
network of storm drains carrying the significant amount of pollutants from the catchment area to the river
ecosystem, are of great importance for the accumulation of pollutants. 

It should be noted that the level of pollution of channel bottom sediments in the urban part of the
Neglinka River in terms of Zc also differs statistically significantly (i.e., it is higher) from the level of
pollution of channel sediments in the urban stretches of the Lososinka River and of the sediments in the
regulated Meretskov stretch of the river (Uemp << Ucr at p < 0.01). This circumstance enables concluding the 
higher pollution of the Neglinka River as compared with the Lososinka River [6] because the organic
matter in bottom sediments along with iron compounds is one of the main carriers of heavy metals coming
to the water body with the surface runoff. All heavy metals investigated in the bottom sediments of
Petrozavodsk rivers have a close and statistically significant positive correlation both with Fetot and with
the ignition loss parameter being a quantitative indicator of the gross content of organic matter in the
bottom sediments [4] (Fig. 3). The bottom sediments in the Fontan near-estuary stretch of the Lososinka
River is a peculiar barrier for the inflow of pollutants further down the stream, i.e., to the Gulf of
Petrozavodsk. However, it is obvious that a part of heavy metals migrate to the lake and are accumulated in
the surface layer of its bottom sediments. 

The maximum values of the index Igeo are typical of the bottom sediments in all urban stretches of
Petrozavodsk rivers under study for Pb, Zn, Co, Ni, and Cu (Table 3). The pollution of river sediments with
Zn (all parts of water courses under study) and Ni (the Neglinka River only) is assessed as heavy pollution
(Igeo > 3). The rest of the values presented in the table testify the moderately heavy contamination of the
Lososinka and Neglinka rivers. The geoaccumulation indices for Sb, Mo, and W correspond to the weak
pollution of river sediments with these elements (Igeo < 0). Thus, the elements of the 1st and 2nd classes of
danger, namely, Pb, Zn, Co, Ni, and Cu should be considered as the primary pollutants of the ecosystems of 
the small rivers Lososinka and Neglinka.

CON CLU SIONS

The con tent of heavy met als was in ves ti gated in the channel and floodplain sed i ments of the rivers in
Petrozavodsk, a big in dus trial and traf fic cen ter in the north west of Rus sia. The re search re vealed that the
areas where river sed i ments are most significantly polluted with different metals, are the floodplain ur ban
stretches of the Lososinka River (Fontan and Meretskov) and the ur ban stretches of the Neglinka River
whose sed i ments are mainly rep re sented by the chan nel fa cies. The sin gle level of ac cu mu la tion of Co and

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 40   No. 6   2015

424 SLUKOVSKII

Table 2. Assessment of differences between the samples of the values of Zc for different urban stretches
of the Petrozavodsk rivers

River, stretch un der study
Lososinka River

Fontan Meretskov City (chan nel)

Neglinka River, the city
Lososinka River, Fontan
Lososinka River, Meretskov

314 (251*, 294**)

64.5 (100*, 123**)

93.5 (221*, 261**)
64.5 (100*, 123**)

36 (206*, 245**)
24 (93*, 115**)
65 (82*, 102**)

Note: The ta ble pres ents the com puted val ues of Uemp; the crit i cal val ues Ucr are given in brack ets (* at p < 0.05; ** at
p < 0.01).



Ni in bot tom sed i ments is typ i cal of the ur ban part of the Neglinka River and both reg u lated stretches of the
Lososinka River. The same level of the con cen tra tion of Pb, Zn, Sb, and Mo was reg is tered only for the
Neglinka River and for the Fontan stretch of the Lososinka River. 

The maximum values of the total pollution index of bottom sediments Zc were registered for the channel
sediments of the Neglinka River flowing in the central part of Petrozavodsk and in the floodplain sediments 
of the Lososinka River in the Fontan near-estuary stretch. These stretches should be referred to the most
polluted in the whole urban area, especially in its central part being the catchment area for the lower reaches 
of the investigated water courses (before they flow into Lake Onega). High values of geoaccumulation
index Igeo for Pb, Zn, Co, Ni, and Cu enable classifying the bottom sediments in the urban stretches of
Petrozavodsk rivers as moderately and heavily polluted. The mentioned heavy metals should be considered
as the primary pollutants of the ecosystems of both rivers and their catchment basins. 
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