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ABSTRACT: The nearshore marine environment of the Caspian seais amajor repository for toxic metals originating
from various sources. Sincethe persistent toxic metals pose serious health risks thisresearch concentrated on investigating
the concentrations and spatial distribution of metals in the nearshore sediments aong the Iranian coast of the Caspian
sea. Fourteen sampling sites were selected along the coast and approximately 400 g of surficial sediments were
obtained. Samples were sieved and three grain size fractions from each sample plus fourteen bulk samples were
selected for the analysis of metals. Laboratory analysis of the samples utilized the Cold Acetic protocol, followed by
Inductively coupled plasma optical emission spectroscopy. The Statistical techniques were used to analyze all obtained
data. Linear regression analysis demonstrated that grain size of the sediments was not a major factor controlling the
concentrations and spatial distributions of heavy metals. Box and Whisker plots emphasized that metal concentrations
were not homogeneously distributed. Discriminant analysis was also proved to be useful in identifying geographic
areas where heavy metal concentrations occur along the coast.
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INTRODUCTION

Metals discharged into nearshore areas of marine
environments are likely to be scavenged by particles
and removed to the sediments. The sediments,
therefore, become large repositories of toxic heavy
metals. While sediment contamination by trace metals
in marine areas hasreceived increased global attention
by investigators (Fatima, et al., 1988; Ryan and
Windom, 1988; Subramanian and Mohanachandran,
1990; Ergin, 1991; Din, 1994; McMurtry, et al., 1995;
DeGregori, etal., 1996; Balls, et al., 1997; Buchholtz, et
al., 1997; Uriarte, et al.,1998; Cdo, et al., 1999; Zhang,
et al., 2001; Zabetoglou, et al., 2002; Lakhan, et al.,
2002; Cacdig, etal., 2003; Che, etal., 2003; Chen, et al.,
2004; Santos, et al., 2005), thereis, nevertheless, very
limited research on concentrati ons of heavy metalsin
the nearshore environment of the Caspian sea. Previous
investigations have documented the accumul ation of
contaminants in Caspian sea fish populations
(Kijawara, et al., 2002; Anan, et al., 2002; Kijawara, et
al., 2003; Agusa, et al., 2004), the concentrations of
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metals (De Mora, et al., 2004a), organochlorinated
compounds (DeMora, et al., 2004b) and aliphatic and
aromatic hydrocarbons (Tolosa, et al., 2004) in Caspian
sea sediments. Since pollutants incrementally
accumulatein thelandlocked Caspian ses, it isnecessary
to gain insights on the concentrations and spatial
digtribution of toxic metals in the Caspian sea marine
environment. Thispaper examined metal concentrations
in nearshore sediments from the Iranian coast of the
Caspian sea.

Brief remarks on the studied area

The Iranian coast of the Caspian sea stretches for
nearly 700 km from Azerbaijan in the west to
Turkmenistanin theeast (Fig. 1). Thiscoastlineisnow
becoming increasingly polluted with massve loads of
contaminants discharged into the Caspian sea from
various anthropogenic sources. Motavalli (1999)
reported that the World Bank estimated that a million
cubic meters of untreated industrial wastewater is
discharged directly into the Caspian, with thebulk coming
from oil and mining operations. TheVolgaRiver isone
of themajor contributorsof awidevariety of industrial



A. Parizanganeh, et al.

and agricultural contaminants collected from its
extensiveriver basin. Thereport by Neville mentioned
scientific estimates of annual average discharges of
60,000 metric tonnes of petroleum byproducts, 24,000
tonnesof sulfites, and 400,000 tonnes of chlorine. Given
the fact that the Caspian isanon-tidal sea and island
locked, the bulk of the discharged contaminantsremain
trapped within its basin. Sea currents transport and
circulate the entrapped pollutants along the Iranian
coast of the Caspian Sea. A large percentage of the
morethan 10 million peoplewhoresidein thelranian
coastal provinces bordering the Caspian Sea are
therefore exposed to high concentrations of toxic
contaminants. For instance, coastal residentsregularly
eat sturgeon and other fish from the Sea.

The pollutants accumulating in the fish, especially
thesturgeon (Agusa, et al., 2004) aretransferred to the
human food chain. Questions have been raised as to
whether the higher ratesof cancer recorded in the study
area could be associated with fish consumption. Other
than having detrimental impacts on human health,
severa studies have also reported that pollution and
contamination are contributing factors to the
preci pitous decline in sturgeon catch from the Caspian
sea. According tothe Caspian Environmental Program
web site (http://ww.caspianenvironment.org/newsite/
Caspian-Environmental | ssues.htm), sturgeon landings
have decreased from 30,000 tonnesin 1985 toonly 5,672
tonnesin 1995. Hereit should be emphasi zed that 85to
90% of theworld’s sturgeon fish is obtai ned from the
Caspian sea which yields approximately 95% of the
world'sblack caviar. The declinein sturgeon catch is
not only threatening the survival of the caviar industry,
but also affecting the domestic economy in Iran.
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Ecosystems, especially in the nearshore marine
environment of the Iranian coast, are now under severe
stresses from the cumulative impacts of a mixture of
highly toxic contaminants. Marinefloraand faunaare
threatened, and being decimated. One example of
detrimental impacts on aquatic life could be found in
theaccount by the Energy Information Administration
(2003) which reported that thousands of sealsthat live
in the Caspian seahave died since 2000 because of the
consequences of pallution that affected their immune
systems. Theexisting and potential problemsto aquatic
and human lifefrom toxic pal lutants, therefore, requires
investigating the current concentrations of
contaminantsin the studied area.

MATERIALSAND METHODS
Sampling procedures

Fourteen sampling sites (S1to S14), approximately
50 km apart were sel ected from thenearly 700 km long
Iranian coast of the Caspian sea ( Fig. 1). The sites
werelocated in thevicinity of settled areas, with these
being Astara (S1), Lisar (S2), Taze abad (S3), Hasan
Rud ($4), Dastak (S5), Gaskar mahal e (S6), Tonkabon
(S7), Hachi Rud (S8), Vanosh (S9), Siah kola (S10),
Zarinabad (S11), Amirabad (S12), Gamishtapeh (S13),
and Makhdomgholi (S14). A standard Van Veen grab,
with grasping area of 250 cm?, was used in the third
week of August 2004 to obtain approximately 400 g of
surficial sedimentsfrom thelower foreshorearea. Each
of the fourteen sampleswas collected at approximately
0.3 m away from the still water-shore interface of the
Caspian sea. Care was taken to collect only thetop 1
cm of sediment from each of the sites. Samples were
placed in plastic containers and then frozen.
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Fg. 1: Location of sampling sites along the Iranian coast of the Caspian Sea
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Samples were subsequently dried at 110 °C in a
Gallenkamp OV-160 oven. A Mettler PC 4400 balance
wasthen used to obtain 100 g of sediment from each of
the fourteen samples. For granulometric composition
determination the dried samples were separated into
particle sizefractionsusing ten Seves. Thesieves (1.7
mm, 1 mm, 0.5mm, 0.355mm, 0.25mm, 0.212 mm, 0.125
mm, 0.075 mm, 0.053mmand 0.025mm) wereshaken with
aTyler ROTAPR Grain size plotsand moment statistics
were obtained with the Statiticafor Windows software
(StatSoft, 1997). Based on the grain size plots and the
cumulative weight of sedimentsin theten sieves, it was
decided to analyze, for heavy metals, the grain size
fractions (0.355 mm, 0.212 mm and 0.075 mm) which had
themost weight in thes eves. Thefiner fractions(0.053
mm and 0.025 mm) werenot anal yzed becauseonly three
of the fourteen samples comprised fine-grained
sediments. To consider all grain sizes, fourteen bulk
sampleswerealso analyzed for heavy metals. Thethree
grain size fractions plus the bulk samples provided a
total of 56 samples for the analysis of heavy metals.
While each samplewas analyzed for the presence of 18
metals(Al, As, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na,
Ni, Pb, Sb, V and Zn), this paper presents results on
measurable concentrations of the heavy metals, Al, Cd,
Cu. Ni, Pband Zn in sediments of the southern part of
Caspian coast in Iran.

Laboratory preparation of samples

Thelaboratory preparation of the samplesinvolved
theutilization of the cold acetic acid extraction protocol
established by the Great Lakes Institute for
Environmental Research (GLIER, 1996), University of
Windsor. For each sample, this protocol required: 1)
weighing 0.5 g of sedimentsand placing intoa 30 mL
pre-washed centrifuge tube; 2) adding 20 mL of 5%
Aceticacid (Anlar) into centrifuge tube, and capping
loosely for 20 min to allow for gases, if any, to evolve.
Captightly thereafter; 3) shaking each samplefor 24 h
at room temperature; 4) centrifuging each sample at
500 rpm for 10 min; 5) ringng Whatman # 4 filter paper
two times with 1% HNO3, three times with MQ and
threetimeswith 5% Acetic acid. Allow filter paper to
drip dry; 6) filtering contents of the tube, and taking
precaution not to rinse the filter paper; 7) recording
weight of filtrate (Aceticin centrifugetube); 8) making-
up the solution with the use of MQ to 50 g by weight
measured tothe nearest 0.01 g exercising careto keep
pre-weighted bottle very dry during handling to avoid
added error to the solution’sfinal weight.

Quality control procedures and metal determinations

Quality control for sample analysis followed
proceduresestablished by GLIER (1996). Qudlity contral
for each batch of analyzed samplewas gtrictly maintained
by placing among the sample set three method blanks,
two samplesin duplicate, onetissueinternal reference
pool, and two Certified Reference Materials (Mess-3,
LKSD-4). Metal concentrationsin the sediment samples
weredetermined by Inductively Coupled Plasma Optical
Emission Spectroscopy, IRIS# 701776 (Thermo Jarrel
Ash Corporation). Thedetection limits(ug/g), based on
the cold acetic protocol, for each of the metals to be
discussedweret A110.7,Cd 0.2, Cu0.8,Ni 0.8, Pb 1.7 and

Zn 0.2 ug/o.

RESULTS
Graphical observations

Theresults provided evidence of large differencesin
total metal concentrationsin the sediment samplesfrom
thefourteen sites. Beforeexplaining thereasons for the
spatial variations in heavy metal contaminants along
the coast, some general remarks will be provided on
graphical observations. Box and Whisker plots(Fig. 2a
to f) of the combined bulk and grain size fractions
demonstrated that all metals have significant
concentrations, with pronounced concentrations of
somemetalsat specific stesand in different geographic
aress. Inthewes at sites1 to 3, near to the Azerbaijan
border, elevated concentrations of Al, Cd, Cu and Ni
could befound. Themedian concentrationsof all metals
were also comparatively high at sites5 and 6. With the
exception of Cd, themedian concentrationsof al metd's
remained fairly consistent in the geographic area
stretching from stes 7 to 12. This was followed by a
noticeableincreasein metal concentrationsat site 13. At
site 14, on the eastern edge of the coast near to the
Turkmenistan border, all metals had high median
concentrations.

Statistical analyses

Since several previous and many morerecent studies
(Lin, etal., 2002; Huang and Lin, 2003; Lakhan, et al.,
2003; Gorenc, et al., 2004) found the grain size of
sediments to be a significant variable that controls or
influences the spatial distribution and concentrations
of heavy metals in the environment, correlation and
regression analyses were performed to determine the
likelihood of grain sizeinfluencing the observed spatial
variahility of heavy metal concentrationsaong thecoast.
Without presenting the full correlation and regression
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results, it should benoted that when thesix metalswere
correlated with the different grain sizefractionsit was
observed that the grain size of the sediments did not
have a noticeable pronounced effect on the spatial
distribution of heavy metals. One reason for this
occurrence could be the fact that the analyzed grain
sizeswere not in the very fine material range (< 0.063
mm) which numerous investigators (for example,
Forsner, et al.,1982; Cauwet, 1987; Arujo, et al., 1988;
Chakrapani and Subramanian, 1993; Maurer, etal., 1994;
DeGregori, etal., 1996; Ujevi, et al., 2000; Zhang, et al.,
2001; Avila-Perez, etal., 2002; Che, etal., 2003) foundto
be associated with the highest concentrations of heavy
metals. In addition to correlation and regression analysis,
discriminant analysis was used to investigate whether
the spatial variations of the various metals along the
coast had statistically significant concentrations in
specific (i.e, localized) or well-defined geographicaress.
Detailson discriminant analysiscan befound in severa
studies (for example, Johnston, 1992; Huberty, 1994;
M cL achlan, 2004), and applicationsof the techniqueto
the study of heavy metal concentrations in the coastal
environment have been presented by Lakhan, et al.,
(2002, 2003). Thediscriminant analysismodulein the
Statistical Package for the Social Sciences, version 13
(SPSS, Inc., 2003) was used to assess the statistical
uniquenessof metal concentrationsat each of thesample
sites. Sincediscriminant analysiswas used to establish
the differences between or among sample sites, the
fourteen sample sites (S1 to S14) were entered as the
grouping variable. Thesix heavy metal concentrations
were entered as independent variables. The program
wasexecuted for each of the six heavy metals, and then
for al six metals. The discriminant analysisresultsfor
each of the six metals are summarized in Table 1.
Assessment of the results requires examining the
canonical correlation statistic, the Wilks' Lambda
statistic, and the Chi-square value. The canonical
corrdation statistic indicatestherati o of between-group
to total-variance estimates along the discriminant
function. Hence, the larger the canonical correlation
statigtic, the greater the between-groups variation as a
proportion of thetotal variation. TheWilks Lambdais
used to test the goodness-of-fit of the analysis. The
larger the value of Wilks' Lambda, the greater is the
within-groupsvariation asa proportion of thetotal, and
the less successful is the discriminant function at
separating thegroups. A Lambda of 0.0 denotes perfect
discriminatory power and a1.0 nodiscriminatory power
(StatSoft, 1997). TheWilks Lambdagatidicisaninverse
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of theF-ratio and can betransformed into a Chi-square
value, and then used to test the statistical significance
of the discriminant function. From Table 1 it could be
noti ced that the canonical correlation valuesrangefrom
0.544 to 0.825, thereby emphasizing a high degree of
between-sitevariationsfor themeta sunder investigation.
TheWilks Lambda statistics, with the exception of those
for Cu and Pb, have significant values of lessthan 0.5.
From the summary satistics the claim could be made
that distinct concentrations of heavy metalsexisted along
the coast. To determine whether geographic areas and
associ ated groups of metal scould be distingui shed along
thecoad, thediscriminant analys sprogram wasexecuted
for all of themetals. Fig. 3, aplot of thefirst and second
canonical discriminant functions for the six metals,
demonstrates distinctive groupings of metal
concentrations.

DISCUSSION AND CONCLUSION

The discriminant analysis results, when used in
conjunction with the Box and Whisker plots, provided
statistical evidence that the heavy metals were not
homogeneoudly distributed along the coast. Digtinct
groups of metal swererecognized, and each group could
be associated with a specific sample site or a group of
samplesites(i.e, geographic area) whicharein proximity
toeach other. Group lincludessites 1to4, an areanear to
the Azerbaijan border. The recent study by de Mora, et
al. (20044) reported that this area of the Caspian seais
highly polluted with toxic wastes and heavy meta
contaminantsdischarged fromthenumerousail extraction,
petrochemical and industrial complexesin Azerbaijan.
Group 2, comprisngsites5 and 6, isaffected by amassive
amount of contami nants from anthropogeni c sources. The
720kmlong Sefid Rud River dischargesintothenearshore
area of dstes 5 and 6 contaminated agricultural, food
processing, pulp and paper, indugtrial and urban wastes
which have been collected from various sources |ocated
inits67,000 km? drainagebesin. Thepallution of waterways
in Iran with heavy metals from a variety of sources was
discussed by Diagomanoalin, et al. (2004), with the
presentation of significant findings on heavy meta
contamination in the Karoon River drainage basin.
Moreover, the nearshore area stretching from Dastak to
Gaskar mahd eiscomparativey shalow, and runup of high
wavesdeposit, onaregular bass, contaminated sediments
in the lower foreshore and mid-shore areas. The
discriminant analysis also successfully distinguished
Group 3, encompassing Stes 7 to 12, abroad geographic
areagtretching from Tonkabon toAmirabad.
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Table 1: Summary of discriminant analysis results for the six heavy metals from the fourteen sample sites

Canonical

Degrees of

Metals correlation Wilks Lambda statistic Chi-square freedom Significance
Al 0.825 0.319 38.300 13 0.000
Cd 0.843 0.289 41.536 13 0.000
Cu 0.544 0.704 11.763 13 0.547
Pb 0.547 0.701 11.886 13 0.537
Ni 0.759 0.424 28.782 13 0.007
Zn 0.768 0411 29.821 13 0.005

As shown by the Box and Whisker plats, with the
exception of Cd, fairly similar median concentrations of
heavy metals could be found in this group. Groups 4
and 5 represent Stes 13 and 14 respectively. Both sites
are near to the eastern side of the Caspian Sea. These
two groups have gatigtically unique concentrations of
all metals. The concentration of heavy metalsin Group
4, representing Ste 13in thevicinity of Gamishtapeh, is
adirect consequence of metals being discharged from
theleather and refining industries. Theindustrial center
of Bandar-e-Torkmanisamajor sourceof polluting heavy
metalsaround site 13. Group 5, the specificareaof ste
14 that isnear to Makhdomghali, isunder theinfluence
of numerous sourcesof pollutantswhich aredischarged
intothenearshoreareafrom industriesby the Behshahr
industrial complex. This area is becoming heavily
polluted because the pallutants are not dispersed by

the anti-clockwise longshore currents which become
considerably slower as they reach the southeast coast
of the Caspian sea. Although the correlation and
regression analyses resultswerenot in agreement with
those of previousinvestigators (Windom, et al., 1989;
Huang and Lin, 2003; Lakhan, et al., 2003) who found
the grain size of sediments to be a major factor
controlling the concentrations and spatial distributions
of heavy metals, the discriminant analysis,
neverthel ess, proved useful inidentifying specific Sites
and geographic areas where heavy metal
concentrationsoccur along the coast. Sincetoxic heavy
metals are discharged into the nearshore area of the
Caspian sea on a daily basis, the potential exists for
incremental additions of heavy metals to reach
detrimental toxic concentrationsat thosestesand areas
which areexposed toregular loadings of heavy metals.

Canonical discriminant function for six metals
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Fg. 3: Plot of the first and second canonical
discriminant functions for the six heavy metals
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To prevent severe heavy toxic metal pollution of the
nearshoremarineareas, especially at andin thevicinity
of communities exposed to anthropogenic-derived
metal inputs, it becomesimperativeto implement timely
monitoring and remediation strategiesto alleviate the
loadings and cumulative concentrations of heavy
metalsin the nearshore marine environment.
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