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Abstract: In the present investigation seven surficial sediment samples from southern part of the Caspian Sea
were subjected to bulk and chemical partitioning studies. Though concentrations of metals (except for Mn and
Cd) falls within the ranges of mean crust and mean sediments, but chemical partitioning data is indicative of
pollution in the area of study. Proportions of metals that are presented in high risk fraction follows the pattern
of Mn (88%)=Pb (71%)>Cd (61%)>7n (55%)>Cu (53%)>Ni (35%)>Co (33%). Computed geochemical indices
clearly reveal that sediments of coastal area of the Caspian Sea are contaminated with Cd, Mn and Pb to various
degrees. Cluster analysis shows the affinity of Cu, Pb, Co and Zn with organics. Presence of considerable
amount of Mn in reducible phase is suggestive of anoxic conditions that prevail over the sediments. High
concentration of Ca (mean = 15.39%) is indicative of higher productivity in spite of presence of many pollutants
in the area of study. Results of the present investigation showed that geochemical accumulation index (Igeo)
could not be effectively used to sediment pollution assessment in marine environment.
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INTRODUCTION

Studies on trace elements in sediments can provide
useful information in detecting pollution in aquatic
environments (Forstner and Wittmann, 1981; Baldi and
Bargagli, 1982; Horowitz, 1985; Pagnanelli et al., 2004).
Human activities have lead to accumulation of toxic
metals in the lake and Bay sediments (Williams 1991,
Heyvaert et al., 2000; Yang and Rose, 2003; Karbassi and
Amirmezhad, 2004). However, heavy metals are not
necessarily fixed permanently to the sediment but may be
recycled via biological and chemical agents within
sediments and water column (Helling et al., 1990, Linnik,
2001). Therefore, research regarding bulk chemical
composition of marine sediments will not yield information
on the partitioning of heavy metals among the various
components of the sediments (Chester and Hughes, 1967,
Gupta and Chen, 1975, Ure and Davidson, 2001).
Therefore, considering individual components is useful in
interpretation of complex geochemistry of marine
sediments. In the present investigation efforts have been
made to determination and sequential chemical extraction
of heavy metals in order to assess the association of
metals with different phases of sediments from southern
part of the Caspian Sea.

The Caspian Sea lies below sea level between the
Caucasus Mountains and northern Iran. Tt covers an area
of 371000 sq. km, being 1030 km long with the width
ranging from 196 to 435 km. Tts depth varies between
about 25, 780 and 1035 m in the northern, central and
southern parts of the lake, respectively. The salinity of
water ranges from 4% in the northern parts to 13%o in the
southern parts.

There are many rivers flowing mto the Caspian Sea
via its southern coast through northern part of Iran that
are ecologically of significant importance considering the
Caspian Sea environment (e.g., SefidRud, Chaloos, Haraz,
Babol, Talar, Tadjan and Gorganrud). Many of these
rivers are used as transport agents for the disposal of
industrial, agricultural and uban wastes. Therefore, it is
essential to closely investigate the marine sediments
contamination near coastline and river estuaries.

MATERIALS AND METHODS

Surficial sediment samples were collected by Van
Veen grab sampler on 10 March 2002 from near shore
southern part of the Caspian Sea in the vicinity of Tadjan
River estuary, in Mazandaran Province of Tran (Fig. 1).
Through wet sieving, grain size <63 micron were
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Fig.1: Schematic map showing location of sampling sites

Table 1: Published and obtained data for MESS-1

Element Published data* Obtained data
Co 10.8(1.9) 11.90
Cu 25.1(3.8) 26.40
cd 0.59(0.1) 0.62
Pb 34.0(6.1) 36.70
Mn 513.0(25) 537.30
Ni 29.5(2.7) 31.10
Zn 191.0(17) 182.60
Fe,Oy 4.36(0.025) 444
Ca0 0.67(0.6) 0.70

*Marine Analytical Chemistry Standard Program of National Research
Council of Canada (April 1990), Values for trace metals are in ppm and for
major elements are in%¢ Standard deviations are given within brackets

separated and used in bulk and sequential chemical
partitioning analysis. Samples then were digested with
HF-HNO,-HCIO, and made up to volume with 1 N HCIL.
Chemical partitioming studies were carried out in five
steps (Tessier et al., 1979). Acids of AR grade and
doubled distilled water were used throughout. Blank and
duplicate sample solutions were prepared in a similar way.
Elemental (Cd, Cu, Mn, Ni, Pb, Zn and Co) determinations
were made on an AAS following EPA-7000s series
(TJSPA ., 1986). A standard sample (MESS-1) was used to
check the precision of the analyses. Concentrations of the
elements were 1n satisfactory agreement with the reported
data (Table 1). Organic matter was estimated by recording
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the Loss O Ignition (LOI) of samples for 4 hat 450°Cina
muffle furnace (Glasby and Pzefer, 1998). Among the
existing clustering techniques, the Weighted Pair Group
Method was used (Davis, 1973). To assess trace metal
pollution of sediments of the study area, geochemical
accumulation index was calculated from the formulae
(Forstner ef al., 1990): Igeo = log, [Cn/(1.5xBn)].

Where Igeo 18 geochemical accumulation index, Cn 1s
the concentration of metal in sediments and Bn 1s
concentration of metal in the shale.

RESULTS AND DISCUSSION

Concentration of heavy metals, Fe and Ca along with
organic matter (LOI) 1s presented in Table 2.
Concentrations of Pb, Cd and Zn are higher than mean
crust. Copper, Pb, Co, Zn and LOI form cluster A at high
similarity coefficients (Fig. 2). Cadmium and Ca form
cluster C at a moderate positive similarity coefficient.
Therefore, on the basis of similarity coefficients, Cd is
ongimated from calcareous/biogenic sources in the region.
High concentration of Ca (mean = 15.39%) is indicative of
higher productivity m spite of presence of many
pollutants in the area of study. Carbonate fraction which
1s the product of the environment, reflect the sedimentary
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Fig. 2. Dendrogram of elemental concentrations and LOI
of surficial sediments from southem part of the
Caspian Sea

and depositional conditions prevailing in a basin
(Milliman, 1974; Bathurst, 1979). Based on cluster
analysis, it might be concluded that elements of cluster A
have more tendency towards organic matter. Manganese
and to a lower extent N1 are originated from lithogenous
source.

As it was pointed out earlier, bulk chemical
composition of sediments will not yield information on the
partition of elements among various components of
sediments and may not be sufficient for pollution
detection studies (Chester and Hughes, 1967; Ure and
Davidson, 2001). Thus, sequential chemical partition
studies on samples M4, M5 and M7 were carried out to
understand the association of metals with different
bounds in sediments (Table 3). Figure 3 shows the
average percentile of metals m different sedimentary
phases. More than 50% of Cd, Pb, Mn, Cu and Zn are
assoclated with different phases other than residual. The
relative proportion of metals in MgCl,-soluble fraction
(exchangeable) are: Cd (17%)>7Zn (7%)>Mn (5%)>Pb
(4%)>Ni (3%)>Cuand Co (0%). All metals (Mn (59%)>Pb

Table 2: Elemental concentrations and loss on ignition of surficial sediments from southern part of the Caspian Sea (mg ke™")

Sample Cd Cu Mn Ni Ph 7n Co Fe(%6) Ca (%) LOI (%%)
M1 15.00 18.80 815.60 45.30 69.40 82.80 20.80 2.24 14.25 4.81
M2 920 21.50 842.00 42.70 88.00 99,30 23.00 2.23 1816 5.58
M3 11.50 33.90 845.00 47.20 109.00 117.00 24.20 2.26 16.60 7.70
M4 8.90 15.70 784,90 75.00 60.20 108.00 21.10 2.26 14.16 5.18
MS 16.80 12.70 953.00 73.50 59.00 103.80 15.20 2.32 14.82 4.38
Mé 16.80 13.70 865.00 67.30 59.60 80.40 15.40 2.28 14.62 4.76
M7 11.50 12.30 833.00 81.00 41.00 101.20 13.90 2.26 1515 3.98
Min. 8.90 12.30 784.90 42.70 41.00 80.40 13.90 2.23 14.16 3.98
Max 16.80 33.90 953.00 81.00 109.00 117.00 24.20 2.32 1816 7.70
Mean. 12.80 18.40 818.40 61.70 69.50 98.90 19.10 2.26 15.39 5.20
St. Dev. 337 T.62 52.62 16.13 22.40 13.17 4.16 0.03 1.21 1.21
Mean Crust* 0.10 50.00 850.00 80.00 14.00 75.00 20.00 4.10 4.10 N.A.
Mean sediment**  N.A. 33.00 770.00 52.00 19.00 95.00 14.00 4.60 6.60 N.A.
# #% Mean Crust and Mean sediment (Bowen, 1979), LOL: Loss on Ignition, NA: Not Announced
Table 3: Sequential chemical extraction of metals from surficial sediments of southem Caspian Sea (mg kg™!)
Sample Extraction step Ccd Cu Mn Ni Pb Zn Co
M4 a 1.7 1.9 46.3 7.5 3.5 5.0 0.5
b 2.3 2.9 446.0 10.0 21.0 24.5 1.5
c 1.3 1.9 113.5 7.5 1.5 10.0 0.5
d 0.5 33 71.0 7.6 2.0 15.0 1.2
r 31 57 108.2 42.4 19.2 53.5 17.4
MS a 2.3 1.9 32.5 2.5 2.0 6.7 0.2
b 3.7 2.5 612.5 6.2 26.0 221 4.4
c 2.4 1.4 140.5 8.5 53 11.3 1.6
d 1.1 32 73.5 4.1 T1 16.4 2.0
r 7.3 37 94.0 52.2 18.6 47.3 7.0
M7 a 2.3 1.0 42.0 10.0 1.0 104 0.5
b 2.6 1.6 475.0 134 20.0 22.3 2.9
c 1.5 1.0 121.0 12.0 5.5 13.5 0.5
d 0.6 2.9 .0 10.5 6.2 14.7 1.1
r 4.5 5.8 101.0 351 83 40.3 8.9
Mean a 2.1 1.6 40.3 6.7 2.2 7.4 0.4
b 2.9 2.3 511.2 9.9 22.3 23.0 2.9
[ 1.7 1.4 125.0 93 6.l 11.6 0.9
d 0.7 31 T9.5 7.4 T4 154 1.4
r 4.9 5.1 101.1 43.2 15.4 47.0 11.1

a,b,c and d are metal contents present in MgCl,, NaOH/HOA ¢, NH,OHHCI in 25% HOAc and H, O,/HNO;+NH,OA ¢ extractions, respectively and r [r = Bulk-

(atbt+ctd)] is metal content in residual
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Table 4: Geochemical accumulation indices (Igeo) of metals in sediments from southern part of the Caspian Sea using shale metal contents as background

Cd Cu Mn Ni Pb Zn Co
Igeo 6 0 0 0 2 0 0
State of pollution Very Extensive pollution Clean Clean Clean Moderate Pollution Clean Clean

Table 5: Geochernical accumulation indices (Igeo) of metals in sediments from southern part of the Caspian Sea using lithogenous fraction as background

Ccd Cu Mn Ni Pb Zn Co
Igeo 1 0 3 0 2 0 0
State of pollution Clean-Moderate pollution Clean Moderate-extensive Pollution Clean Moderate pollution Clean  Clean
Cd Cu pb
a a a
)
17% 0% b . ik
0,
r 17% 29%
39% r .
47%
’ % b
b 42%
24%
d d
d 32% 14%
6% ¢ ¢
° 14% 11%
Mn Zn
r a a
12% 5% 7%
d
b
%
c
15% b
59% ¢
11%
d
15%
Co
a
0% b
19%

67%,

Fig. 3: Percentile of heavy metals in different fractions of surface sediments from southern part of the Caspian Sea (a,b,c
and d are metal contents present in MgCl, , NaOH/HOAc, NH,OHHC] in 25% HOAc and H,O,/HNO,+NH,OAc
extractions respectively and r [r = Bulk-(a+b+c+d)] is metal content in residual)

(42%)>Cd (24%)>7n (22% 1=Cu (21 % 1= Co (19% )=Ni (1 7%)
are found at high concentrations in NaOH/HOAc-soluble
fraction (Carbonate fraction bounds). While Cu 1s absent
i NH,OHHCI soluble phase other metals are found at
moderate concentrations in this fraction. Presence of Mn
sulfides in reducible phase may be indicative of gradual
conversion of oxide environment into anoxic one
(Karbassi, 1998). Though association between organic
matter of sediments and transition elements has been
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reported by many workers (De, 1987; Rosental et al.,
1986), such affinity is only seen for Cu and to lesser
extent for Zn and Pb m the area of study. The results of
sequential chemical partitioning studies have been
grouped into high risk fraction (steps a, b, ¢ and d) and
low risk fraction (step r) in terms of the potential risk of
metal bioavailability and probability of non lithogenous
source of metals (Fig. 3). Results reveals that the
proportions  of metals present in High Risk Fraction
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(HRF) in the sediments of the study area  are:
Mn(88% )=Pb(71 % )>Cd(61 %)>7Zn(55%)>Cu(53%)>Ni(35
%)= Co(33%). Since Mn 15 a very mobile element in the
environment, therefore, high percentile of Mn in HRF
fraction would be expected, but more than 50% of Cd, Ph,
Zn and Cu in this fraction could be indicative of
contamination. Geochemical accumulation indices (Igeo)
were calculated for better assessment of metal pollution
extent in sediments of the study area (Table 4). Using
shale the background
concentration (Bn in Igeo formulae), sediments from the
southern part of the Caspian Sea seems to be
contaminated with Cd and Pb (Table 4). However, if an
average metal content of sediments in lithogenous

trace metal contents as

fraction 1s taken as the background concentration (Bn in
Igeo formulae) sediments of the study area seems to be
highly contaminated with Mn, Moderately contaminated
with Pb and is rather contaminated with Cd. Since
sediments of the study area contamn more Cd than shale
and Mn and Pb concentrations are more in shale when
compared with contents of Pb and Mn in lithogenous
fraction of sediments of the study area; interpretation of
the results of trace metal analysis in terms of local
background concentrations seems to be more meamngful
(Table 5). As pointed out earlier, presence of Mn sulfides
in reducible phase could be indicative of anoxic
conditions. Under such conditions mobility of Mn
mcreases (Karbassi ef @, 2001) and thus more Mn would
be concentrated in swrface sediments than underlying
ones. Therefore accumulation of Mn at surface layers that
has resulted i higher Igeo value does not necessarily
reflect sediment pellution and may be related to coastal
water quality in the study area.

CONCLUSIONS

A significant part of Mn (88%)>Pb (71%)>Cd
(61%)=7Zn (55%)=Cu (53%)>Ni (35%)>Co(33%) in
sediments of the southemn part of the Caspian Sea is
assoclated with lugh risk fraction. The relative proportion
of metals in MgCl12-soluble fraction (exchangeable) are: Cd
(17%)=7n (7%)>Mn (5%)=Pb (4% )=Ni (3%)>Cu and Co
(0%). All metals Mn (55%)>Pb (42%)>Cd (24%)>Zn
(22%0)>Cu (21%)>Co (19%)>Ni (17%) are found at high
concentrations in  NaOH/HOAc-soluble  fraction
(Carbonate fraction bounds). Results of geochemical
accumulation indices revealed that using trace metal
contents of shale as the background concentration (Bn in
Igeo formulae), yields a different status of environmental
pollution. Thus we propose to replace shale metal values
with more realistic data such as lithogenous fraction of
sediments of the study area in marine environments.
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