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Abstract
Many elements such as Arsenic (As), Cadmium (Cd), Copper (Cu), Chromium (Cr), Lead (Pb), Zinc (Zn), and others are major
environmental problems due to their toxic nature, nonbiodegradability and accumulative behaviors. There are anthropogenic or
geogenic sources that accumulate or rotate elements in sediments. Sediments served as excellent indicator of metal pollution in
coastal environments as larg inputs (>90 %) of heavy metals ultimately find their way to the estuarine zone and on the
continental shelf. Twenty one samples of superficial deposits were collected from the 3- 47 meter depths during the summer of
2019 using a grab sampler. In the present investigation, bulk concentration of elements in sediments measured and assessed.
The degree of Contamination Factor (CF), Enrichment Factor (EF), and Geo- accumulation Index (IGeo) was evaluated. Cluster
analysis and dendrogram in other assesses guide our to some anthropogenic or geogenic sources in studied area.
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1. Introduction
In many aquatic systems, deposition of contaminants, including heavy metals, can lead to elevated sediment
concentrations that have the potential to cause toxicity to aquatic biota ( Yang and Rose 2003; Heyvart et al., 2000).
Elements specially heavy metals are toxic and causes serious problems to environmens as they are long persistent
and not easily oxidized, degraded, removed, or converted to less harmful components through biological or
chemical processes (Sharifuzzaman and et al., 2016). The studied area is located in southern part of Caspian Sea, at
Langaroud geological map ( scale: 1: 100000) of Guilan province. The geographic coordinates are 50֯, 00′, 00″ 50֯, 30′, 00″ E and 37֯, 00′, 00″ - 37֯, 30′, 00″ N (Fig. 1).
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2. Materials and Methods
Twenty one samples of superficial deposits were collected from the 3- 47 meter depths during the summer of
2019 using a grab sampler (Fig 1). The samples were oven- dried at 80 (֯c) for 1 day and sieved through a 2-mm
sieve to remove large materials and stored in closed plastic bags and send to lab. All samples were analysed via
ICP- MS and XRF in laboratory of the Geological Survey of Iran. All statistical methods were applied to process
the analytical data in terms of its distribution and correlation among the studied parameters. To calculate the
statistical parameters and identify the relationship among elements in sediments and assessment of the their
possible sources, Pearson٬s correlation coefficient analysis and dendrogram of cluster analysis for elements were
perfomed via SPSS and Excell software in present study.

Fig. 1: Modified map of the study area showing sampling sites on the type of sediments distributions map
in superficial deposits of Caspian Sea (Karimkhani and et al., 2016)

3. Discussion
The results of comparisons between bulk element٬s concentrations and their mean elemental abundences of
Earth٬s crust indicate the elements arranged according to their abundences in superficial deposits of Caspian Sea as
follows: Al> Ca> Fe> Mg> Ti> Na> K> S> Mn (Fig. 2). As naturally occurring constituents of the Earth,s crust,
the concentrations of heavy metals in marine sediments are usually expected to be in low range (ppm). In this cases
the concentrations of major elements and heavy metals (e.g., As, Cd, Cu, Cr, Zn, Pb, and etc) have been increased
by some times higher compared to concentrations recorded in mean elemental abundences of Earth٬s crust
(Bowen, 1979).
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Fig. 2: Concentration of elements in Caspian sea sediments in compared with crustal abundance (Bowen 1979)

3.1. Assessment of pollution
Enrichment Factor (E.F) is commonly used to distinguish metals originating from anthropogenic and geogenic
sources. To determine E.F values (Eq.1), iron (Fe) is commonly selected as normalizing element because it is a
Quasi- Conservative Tracer of the natural metal- bearing phases in fluvial and coastal sediments (Schiff and
Weisberg 1999; Turner and Millward, 2000). According to this, we can calculate E.F by sample element (X) to Fe
concentration ratio divided by the background element/ Fe concentration ratio as:

EF =

(
(

𝑋
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The average crustal abundance data used to background elements values because regional values havn′t been
suggested. Calculations of the Enrichment Factor (EF) according to the degree of Taylor (1964) classification,
shows most of elements studied have minor enrichments, Ca, Cd, Mo, and S has moderate enrichments just in one
sampling station (Fig 3).

Fig. 3: E.F values and degree of pollutions in Caspian Sea sediments (After Taylor (1964)

In the present investigation, the degree of sediment٬s contamination was evaluated using a Contamination Factor
(CF) that we can calculate C.F by metal concentration in sediment (Cn) divided to background value of metal (Cb)
(Eq.2) as:
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According to the degree of Hakanson ( 1980) and Pazi(2011) classifications, the values of CF identify most of
elements studied have low and moderate contaminations. Also Pb, Cr, Cd, As, Zn, Ti, Ca, Fe, S, and Mo are
considerable, and Ca, Cd, As, and S have high contamination in several sampling stations (Fig 4).

Fig. 4: C.F values and degree of pollution in Caspian Sea sediments (Hakanson, 1980; Pazi , 2011)

Geo- accumulation index (igeo), which was introduced by Müller (1979), can be used to determine the degree of
elements pollution in sediment. The formula to calculate Igeo value is expressed (Eq. 3) as:
𝐶𝑛
𝐼 𝑔𝑒𝑜 = log2 (
)
1.5 Bn

(3)

Where metal concentration in sediment is Cn and Bn is the geochemical background concentration of metal.
Müller (1979), as well as others have used the concentration of elements in shale and the average crustal
abundences data as a substitute for select background elemental values, while regional background haven’t been
suggested ( Christophoridis, 2009; Rubio, 2000; Hu, 2013). The Geo-accumulation Index (Igeo) indicates all
elements studied are unpolluted and unpolluted to moderately polluted for 1 and 2 classes according to the Müller
(1979) classification (Fig. 5).
Bivariate correlation (Pearson, two- tailed) matrices between the studied elements were conducted to investigate
potential sources of them and are shown in figure 6. Various degree of correlations were found some significant
correlations, both positive and negative in study area showed. According to correlation coefficients indicate and
interpretation of relationship intensity of Pearson correlation (adapted of Morton and et al., 1996; Zou and et al.,
2003):
A: Al- K, Rb- K, and Rb- Al show strongly positive correlation and identify same sources for them.
B: Mn- K show strongly negative correlation and its indicate different sources for them.
C: there are moderately positive correlation between Ca- Na, Pb- Fe, Ni- Al, Ni- Mg, Mn- Fe, Cu-Ni, Co- Cu,
Cd-Fe, Cd-Cu, Cd-Co, Ba- Na, and As- S. therefore we can propose same sources for them.
According to the dendrogram of elements, they contents in two major clusters, “A” and “B” (Fig 7). Ca and Al
were clustered in “A” . Na, K, and Mg formed clustered and Fe joins to them as “B1”. Finally, As, Mo, Cd, Co, Pb,
Cu, Ni, Rb, Zn, Ba, Mn, S, and Ti formed “B2” that grouped to “B1” and make major cluster “B”.
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Fig. 5: I geo values and degree of pollution in Caspian Sea sediments (After Muller 1981)

* correlation is significant at the 0.05 level (p=0.05)(2-tailed)
** correlation is significant at the 0.01 level (p=0.01)(2-tailed)

Fig. 6: Correlation coefficients between the elements of superficial deposits in Caspian Sea sediments

Fig. 7: Denrogram of cluster analysis for elements of superficial deposits in Caspian Sea sediments
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4. Results and originating
Pay attention to geochemical affinity, behavior of each clusters and geological setting specially distribution of
suitable lithogeochemical media for their elements, we propose several sources for clusters. Its clear that both types
of geogenic and anthropogenic origins exist, but what is very important in transporting elements to continental
shelf and superficial deposits of Capian Sea, seems to be the specific role of streams and rivers such as Dehka or
Heshmat Roud and Sefid Roud.
There are probably both acidic and basic rocks. Gabbroes and basalts as the sources of the Cu, Cr, Ni, Fe, Mg,
Co, and rhyolites, ignembrites, acidic tuffs also metamorphosed sediments (slates and phyllites) as the origins of
the As, Cd, Mo, Pb. Lahijan granite and its accompanying metamorphic rocks can be a significant geogenic
sources. Emamzade Hashem ophiolithes can be other source too. However strongly seems to be a hybrid geogenic
sources as elemental origin in studied area. It should be considered that the function of streams causes dissolution
and leaching the elements due to weathering of rocks, specially hidden ophiolites units, metal- bearing clay
minerals, organic matter containing metals, sulfide compounds of elements that left over from lagoons dried and
oxidize in oxidative conditions. They will obviously transmit elements from humanity, industrial, and agricultural
activities to Caspian Sea.
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