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Abstract

Geochemical studies of sediments, water bodies like rivers, estuaries and the sea bed, can be an effective step to find the
source and distribution model assessment of environmental pollutants in a region. Sediments are the final destination of
heavy metals in aqueous environments contamination, including arsenic entering the water resources in different ways,
causing hazards such as poisoning, and carcinogenesis in living bodies. Study arsenic levels in the eastern part of the
Caspian Sea, 30 stations were selected in the Calculation of aggregated fine-grained organic matter in two seasons of
the arsenic concentration in both summer and winter by using Inductively Coupled Plasma - Mass spectrometry (ICP-
MS) was determined. Geochemical index, Enrichment factor and pollution index were determined low pollution to non-
pollution area and cause of arsenic to the environment, erosion of the Geological formation of the bay, leading
GORGAN River carry deposits upstream of surroundings were. Primary cause of arsenic to the environment, geology
and upstream sediment erosion and transport by rivers is leading to Gorgan Bay and surrounding areas. Compare these
results with other parts of the Caspian Sea show that arsenic levels observed in this study in the Gorgan Bay and
surrounding areas has been less than other part of the Caspian Sea.
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1. Introduction

Heavy metal elements in coastal sediment originate from physical and chemical weathering of parent rocks, wastewater
discharge and atmospheric deposition [10]. Heavy metals discharged into aquatic system during their transport are
distributed between the aqueous phase and sediments. Because of adsorption, Hydrolysis and co-precipitation of metal
ions, a large quantity of them are deposited in the sediment while only a small portion of free metal ions stay dissolved
in water column. The accumulation and mobility of heavy metals in sediments controlled by various factors such as
nature of the sediment particles, properties of adsorbed compounds, metal characteristics, redox reactions and
biodegradation of sportive substance under specific conditions [1-7-8-9-13-17-22-39-47-49-52-53-54]. Among these
elements, arsenic is highly toxic to the natural environment is one of the most important. Behavior of arsenic as a toxic
substance and chemical pollutants is well known that the presence of water is undesirable effects on the health of living
organisms.Arsenic can be found naturally on earth in small concentrations. It occurs in soil and minerals and it may
enter air, water and land through wind-blown dust and water run-off. Arsenic in the atmosphere comes from various
sources: vulcanoes release about 3000 tonnes per year and microorganisms release volatile methyl arsines to the extent
of 20.000 tonnes per year, but human activity is responsible for much more: 80.000 tonnes of arsenic per year are
released by the burning of fossil fuels. Despite the numerous studies on metal sediment contamination of the bay,
estuary and harbor that have been conducted in developed countries, heavy metal evaluation has not been yet done
systematically for sediments in the Gorgan Bay, Iran. Regarding to the crucial importance of such a unique ecosystem,
the researchers of this paper aimed: 1) to investigate the spatial distribution of Arsenic in surface sediments of Gorgan
Bay; 2) to evaluate the anthropogenic activities impact on Arsenic contamination using Geoaccumulation Index and
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Enrichment Factor 3) to assess the pollution level in Gorgan Bay using the Degree of Contamination Index 4) to
represent the relationship between chemical contamination in the sediment and its toxic biological effects on aquatic
organisms under the sediment quality instructions of NOAA which is widely adopted.

2. Study area

Gorgan Bay, strategically located at the southeastern of the Caspian Sea with 60 km length and 12 km width, is a semi-
enclosed basin, as it receives no wave’s energy from the Caspian Sea (fig.1). The Bay is mostly affected by the currents
originating from inside the basin. This area is best known for its high economic and ecological importance as a fishing
and recreational ground because of appropriate biological conditions for aquatic animals. Gorgan Bay is the ultimate
sink for water flows from Gharehso River. Gorgan River faces the Caspian Sea at the vicinity of the Bay mouth at
northeast part [13].
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Fig. 1: Gorgan Bay in South East of Caspian Sea

3. Material and method

3.1. Sediment sampling and analysis

After revision of the Gorgan Bay map and field patrolling, 30 sites were selected and surface sediment sampling (~5
cm) was carried out using Van-Veen type grab in 2 dry and wet season,(July and November 2012).The geographical
locations of the sampling sites were recorded using a hand held GPS (eTrax, Garmin) for geo-statistical analysis (Fig.2).
After sampling, sediment samples were packed and carried to the laboratory in iced-boxes and stored at 4°C until
analysis. Sediment samples were divided into two portions, one for measuring grain size, organic matter and calcium
carbonate content, and the other for heavy metal analysis, respectively. After the sediment samples were dried in an
oven and stone pieces were removed, they were ground by using a hand mortar. For digestion of sediment samples, 0.5g
of each sediment sample were added with a mixture of HCI-HNO3-H20 (with the ratio of 1:1:1 v/v) and heated at 95
°oC during 1hr. In the laboratory, the samples were analyzed (Pb, Cu, Zn and Cr) by using inductively coupled plasma
mass spectroscopy (ICP-MS; Perkin-ElImer ELAN9000) at ACME Analytical Laboratories Ltd. in Canada
(http://www.acmelab.com/cfm/index.cfm). ACME is currently registered with 1SO 9001:2000 accreditation. Standard
samples (Oreas 45Pa, DS7 and DS8) were used to monitor the performance of the instrument and the data quality. The
analytical results of the quality control samples show good agreement with the certified values (recoveries ranging
94.04-107.89%). The minimum detection limits were: 0.1 ppm.

To assess total organic matter, sediment samples were dried at 70°C for 24 hrs and then combusted in an oven at 550°C
for 4 hrs. Total organic matter, as described by [1], was measured by the following equation:

Total organic matter (TOM, %) = (B-C/B) x100

Where B and C: are the weights of dried sediment before and after combusting in the oven, respectively.
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Sediment grain size analysis was made from soil samples collected in separate polythene bags. For that, samples were
air dried and sieved through a mechanical sieve to remove shells, debris, etc. Dried sediment samples were subjected to
size fraction analysis following the procedure of Wentworth (1992). 100 g of sample was taken and sieved through a 62
um mesh-sized screen for 10 min in a mechanical sieve shaker. The sample that remained in the sieve was weighed and
treated as sand. The sediment samples which passed through the sieve were the silt and clay. The silt and clay fractions
were then separated by means of pipette method, described by Lindholm (1987) [35]. Method of volumetric and
Barnard calcimetry was applied to determine calcium carbonate content [34].
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Fig. 2: Sampling Location in 2 Seasons

3.2. Assessment of heavy metals pollution

To estimate the present heavy metal (especially as) pollution and compare to previous condition, Muller Index
(geochemical index) was applied [43]. as the fallowing equation:

Igeo=Log2(Cn / 1.5Bn)

Where Cn and Bn: are heavy metal content in the sampled sediment and intact sediment before industrilization,
respectively. Because of geolocial and litological impacts, the correction coefficient of the initial sediment
concentration (1.5) was applied.

Seven calsses were proposed by Muller Index in which values of metals are at least 100 times more than refrence value
in the upper class order [64].

The Igeo is associated with a qualitative scale of pollution intensity, samples may be classified as: unpolluted (Igeo<0),
unpolluted to moderately polluted (0<Igeo<l), moderately polluted (1<Igeo<2), moderate to strongly polluted
(2<Igeo<3), strongly polluted (3<Igeo<4), strongly to extremely polluted (4<Igeo<5), and extremely polluted (Igeo>5).
a sediment sample were selected from depth of 1m of substrate and used as the back ground concentrations of the
metals in Goegan Bay (As 5, Pb 6, Cu 10, Zn 31, Cr 17 ppm and Al 1.09 %, [4].

Enrichment Factor (EF), an appropriate instrument to determine sedimentary metals source produced by anthropogenic
events or natural origin [2-28-29-33-37-42-48-51]. Normalizes metals concentrations according to the sediment texture
properties. In this index, Aluminum is widely used, indicating aluminum silicate at coastal areas where this element is
predominant. Enrichment Factor is also applied as a degree of sedimentation [26-31-60]. And determined as follows:
Enrichment Factor= (Hs / Als) / (Hc / Alc)

Where Hs and Hc: are heavy metal concentrations in sample and background reference, respectively. Als and Alc: are
the aluminum contents in sample and background reference, respectively.

Contamination Factor for each sedimentary metal and Degree of Contamination, as suggested by Hakanson (1980) were
used to estimate the pollution level as the following equation:

Contamination factor: Hs/Hb

Where Hs and Hb: are the heavy metal contents in sample and background reference, respectively.

Degree of Contamination Index was calculated by total sum of the contamination factor for each sedimentary metal.
The classification of the sediments according to the contamination factor is as following:

Cf < 1 = low contamination factor

1 < Cf <3 =moderate contamination factor

3 < Cf< 6 = considerable contamination factor

Cf> 6 = very high contamination factor

The following terminology has been used for the degree of contamination of each site in the present study:
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4. Sediment quality guidelines

To predict detrimental biological effects and conservation of the organisms living inside or near the polluted sediments,
the method of Sediment Quality Guidelines was applied.

5. Geochemical mapping

Geospatial method is the most effective approach to comprehend the polluted sites as well as to take an image of these
points in a vast area. Sedimentary metal concentrations and geographical location of the sampling sites were used as
input data into liwise (Ver. 3) to extract geographical mapping of sedimentary metal dispersion in surface sediments of
the Bay.

6. Results and discussion

Highest and lowest rates of organic matter in the winter (wet season) in Gorgan Bay, respectively, 8.94 and 2.38% and
average 6.36 +2.32% (the lowest and highest at Station 16 Station 21 respectively). Mud and Sand is also highest in this
chapter in the order in Gorgan Bay stations 9 and 16, respectively (Table 1). While the highest and lowest levels of
organic matter in the summer (dry season) were 9.92 and 2.95 % respectively (the lowest in 16 and highest in station21
with the mean: 6.25 £ 1.56) and for Mud and Sand the highest and lowest at stations 5 and 16, were obtained
respectively. in Caspian Sea is the largest and lowest organic matter, respectively, 6.34 and 2.42 percent for the wet
season (Station 29 and Station 26) 6.59 and 2.2 for the dry season (minimum in 28 and maximum in 23) and the highest
Mud and Sand at stations 23 and 28, respectively (table 1).

The maximum amount of arsenic in Gorgan Bay in winter at the station 16 (6.30 g/kg) and the lowest at station 22 (.96
0/kg) was observed, and the maximum amount of summer at stations 12 and 16 (14.33 g/ kg) and lowest in station 8 and
11 (3.33 g /kg) was observed while the highest value of arsenic in two seasons in the Caspian Sea stations 27 and 29
and the lowest was observed at station 23 (table 1). Results of Geoaccumulation Index are shown in Tablesl
demonstrate that Gorgan Bay is classified as unpolluted to moderately polluted Bay. Negative and zero values shows
that sediments undisturbed and arsenic concentrated in the last sediments due to the humid climate of the region and
upstream erosion.

EF is widely used as an indicator to assess the status of environmental contamination. Yet, threshold values of the
element enrichment have not been recognized. For example, Blaser et al. (2000) [6] reported that an EF > 1 indicated
the occurrence of metal element enrichment in soils. However, as defined by Liaghati et al. (2004) EF > 2 reflects
enrichment. Sutherland (2000) developed the following five categories: EF< 2, deficiency to minimal enrichment; EF =
2-5, moderate enrichment; EF = 5-20, significant enrichment; EF=20-40, very high enrichment; and EF > 40, extremely
high enrichment. Many researchers have applied this index in contamination assessments of heavy metals [11-12-18-19-
20-21-23-46].

The range of this factor for As was from .38 to 2.8 at all sites for wet season and 1-4.62for dry season respectively,
which represent the low Enrichment to moderate enrichment in Gorgan Bay. Most of the heavy metals in the southern
part of the Caspian Sea basin are the result of erosion of rocks while in the northern parts is main industries [4].The
major factors affecting spatial variation of heavy metals in the sediment are TOM and the grain size [3-25]. The fine
grains, representing the higher rate of surface to volume and ionic absorption power, are more capable in the absorption
of contaminated organic and inorganic materials [40-24]. Generally, fine-grained sediments carrying lots of organic
matter are more contaminated than coarse-grained sediments [14-15]. But in this study, there was significantly a
positive relationship between the sand and sedimentary as content while a negative correlation was found between
TOM and mud with Arsenic (p<0.01) (Table 2) and may be related to geology. The geology plays a crucial role in
arsenic mitigation [27]. Sediments typically contain only modest levels of arsenic and the cause and timing of arsenic
mobilization from these sediments remain unclear. Vulnerable areas for arsenic contamination are typically young
Quaternary deltaic and alluvial sediments [5], with a typically high content of organic matter [27]. Moreover, Berg et al.
(2007) found a correlation with sediment-bound iron. Studies in Bangladesh, which is largely located on large delta
plain, clearly show that geology needs to be considered. The sediments originate from the Alborz mountain range and
have been deposited over millions of years. Deep and old sediments built during the Pleistocene - contain arsenic tightly
bound to iron (hydroxides), leading to low arsenic concentrations. During the Holocene, due to the rising sea levels,
younger sediments consisting of sands, silts, and clays have filled the valleys and lower terraces and transported with
river to the area (fig.3, 4).
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The highest and the lowest contamination factors for tow season (wet &dry) were obtained (1.27-0.19 &2.87-0.67).
This factor show low contamination (<1) in wet season and moderate contamination factor in dry seasonl < Cf < 3).
This higher contamination load might be implicated to arsenic containing inputs of Ghareso and Gorganrud River where
discharges to Gorgan Bay along the east shoreline, in particular adjacent to sites 3 and 4, reflecting the river exposure to
the industrial effluents and urban wastewaters. Considering higher contamination of heavy metals in sediments sampled
from north and northeast parts of the Bay than those sampled from the central and west parts, this might be perceived
that metals accumulation in sediments of the former parts are influenced by water flows from Ghareso River as a

considerable source of metals pollution.
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Table 1: Table of Different Analysis and Parameters an Dry and Wet Season

Wet Drv

St Sand% Mud TOM As lgeo Cf Ef Sand Mud TOM As lgeo  Cf Ef
1 38.79 61.21 762 376 -100 075 165 384 61.26 5 9.66 0.37 193 3.12
2 39.31 60.69 4.16 520 -0.53 1.04 271 4471 5529 3.78 11.66 0.64 2.33 3.76
3 38.91 61.09 7.03 383 -0.97 0.77 199 5292 47.08 4.35 5.33 -0.49 1.07 1.72
4 33.66 66.34 4.52 303 -131 061 130 593 40.7 5.36 4,33 -0.79 0.87 1.40
5 30.24 69.76 7.64 256 -155 051 248 4.32 96.68 5.98 8.66 0.21 1.73 2.79
6 41.49 58.51 7.72 330 -1.18 0.66 254 3582 64.18 7.06 8.00 0.09 1.60 258
7 21.53 78.47 8.14 280 -1.42 056 128 3156 6844 59 6.33 -0.24 127 2.04
8 46.22 53.78 7.91 190 -198 0.38 0.61 49.76 50.24 6.35 3.33 -1.17  0.67 1.07
9 4.7 95.3 6.85 236 -1.67 047 076 57.87 4213 561 10.66 0.51 213 3.44
10 55.82 4418 8.58 223 -1.75 045 054 4472 5528 7.74 6.33 -0.24 127 153
11 444 55.6 6.71 1.86 -2.01 037 060 5752 4248 576 3.33 -1.17 0.67 1.07
12 12.76 87.24 1.72 153 -229 031 049 6126 3874 54 14.33 0.93 2.87 4.62
13 40.84 59.16 4.75 153 -229 031 049 11.72 8925 7.72 7.00 -0.10 140 2.26
14 38.54 6146 7.1 226 -1.73 045 0.73 5492 4508 6.1 7.33 -0.03 147 2.37
15 59.27 40.73 8.55 213 -1.82 043 0.69 6556 34.44 6.25 6.00 -0.32 1.20 1.94
16 87.73 12.27 2.38 6.30 -0.25 126 2.03 75.38 24.62 2.95 14.33 0.93 2.87 4.62
17 40.84 59.16 7.01 216 -1.80 043 0.70 6221 37.79 6.53 6.66 -0.17 133 2.15
18 5241 4759 75 236 -1.67 047 0.76 65.18 3482 6.7 9.33 0.31 1.87 3.01
19 32.46 67.54 8.39 1.20 -2.64 0.24 0.39 80.2 11.29 6.38 12.00 0.68 2.40 3.87
20 48.66 51.34 8.02 216 -1.80 043 0.70 6855 3145 8.8 11.00 0.55 220 3.55
21 27.89 72.11 8.94 1.40 -242 028 045 5187 48.13 9.92 13.33 0.83 2.67 4.30
22 33.01 66.99 8.46 .96 -297 019 031 6844 3156 8.03 8.33 0.15 1.67 2.69
23  43.17 56.83 4.40 532 -050 1.06 172 09.25 90.75 6.52 5.33 -0.49 1.07 1.72
24 20.86 79.14 4.80 378 -0.99 0.76 122 51.31 48.69 4.35 6.00 -0.32 120 1.94
25 16.4 83.6 2.36 434 -079 087 140 23.18 76.82 6.59 8.66 0.21 1.73 2.79
26 5.29 94.71 2.60 6.34 -0.24 127 205 2476 7524 5.66 7.33 -0.03 147 2.37
27 - - 6.40 -0.23 128 207 - - - 10.66 0.51 213 3.44
28 66.48 33.52 490 287 -1.39 057 093 88.78 11.22 2.02 8.66 0.21 1.73 2.79
29 85.78 14.22 5.16 242 -163 048 0.78 851 13.49 251 11.66 0.64 233 3.76
30 41.32 58.68 4.60 379 -098 076 122 4479 5521 527 9.33 0.31 1.87 3.01
Table 2: Correlation between Mud, Sand, Tom With As

Mud Sand As
Sand -0.999**
As -0.347** 0.340**
Tom 0.209 -0.211 -0.292*

8. Sediment quality guideline

Sediment is considered as a source of potential contaminated materials. In order to predict harmful biological effects
and to conserve the living organisms inhabiting near or inside the sediment, many Sediment Quality Guidelines have
been developed since the last decade including: Sediment Quality Criteria, Sediment Quality Standards and Sediment
Quality Objects. These guidelines are remedial when evaluating the spatial variation of contamination in the sediment,
classifying the sediment contamination condition, planning, supervising and analyzing the historical data as well as
assessing future renovation operations for the environment [32-38-45-46-50]. SQGs have been improved by types of
approaches viz. Effect range approach, Effect level approach, and Effect threshold approach. It is important to select the
most appropriate SQGs. Based on exploitation approach, the aim of calculation and the capability of the guideline
corresponding to the geology background of a specific region, the calculated value is markedly different [38].Mostly,
SQGs used for marine sediments are established on Sediment Quality Guideline from American NOAA
Organization[44]. This guideline is composed of Effect Range Guidelines derived from a series of chemical and
biological information collected from coastal areas of Northern America and a combination of experimental and field
data obtained by different biological and chemical methods [41]. The effect range of SQGs is attained empirically and is
lack of factors like bioavailability of contaminants as well. The concentrations of chemicals which result in 10% and
50% of adverse biological effects are called as Effect-range-low (ERL) and Effects-range-medium (ERM), respectively.
In order to classify the sediment, NOAA provides two values for each chemical: (1) sediments with rarely adverse
biological impacts (<ERL), (2) sediments with occasionally or frequently adverse biological impacts (>ERL and
<ERM). Based on Sediment Quality Guideline, results showed that arsenic levels in Gorgan Bay is lower than in other
parts of the Sea [13-15] and were lower than determined limits of ERL, ERM, ISQGc and PEL in this study for Wet
session and more than ERL, ISQGc for dry session, implicating non-harmful biological impact on living organisms
inhabiting in Gorgan Bay (Table 3). But in the summer can be seen that many stations cocentration of As is greater than
the quality standardsand further research should be done in this area. The government should rule more severe
managing strategies and treating policies on the urban discharges and industrial wastewaters before releasing to the
natural environments like rivers and basins.



International Journal of Basic and Applied Sciences 63

Table 3: Comparing Results of This Study with Other Studies and Quality Guidelines

Region As (Wet) As (Dry) Reference
3.68+1.73 8.83+2.11 .

Study area (Iran) 06-6.4 3.33-14.33 This study

Caspian Sea (Iran) (162 957i %8 Ai) De Mora et al. (2004)
ERLa 8.2 - -

ERMb 70 - -

ISQGc 7.24 - -

PELd 41.6 - -

ERLa: Effect range low (NOAA). ERMb: Effect range medium (NOAA). ISQG c: Interim sediment quality guideline (Environment Canada). PEL d:
Probable effects level (Environment Canada).

9. Conclusion

The study area is part of the East Alborz Mountains and every years a large amount of terrestrial sediments with many
of heavy metals as Arsenic that eroded from upper part of basin import with rivers such as Gorganrud and Gharehsou in
this area. Based on the results obtained, the Bay of Gorgan was not severely polluted by Arsenic. Considering Arsenic
assessment indices determined here, surface sediments of the Bay could be generally classified as” low to moderately-
contaminated “. The areas with the highest metal inputs were along the east regions toward the northeast part of the
Bay. Although sediment samples assessed in the present study imply no relation to adverse biological effects, this semi-
enclosed and sensitive ecosystem is susceptible to various anthropogenic threats which are currently under concern due
to their action in disturbing the balance of the ecosystem in near future. Thereafter, the government should rule more
severe managing strategies and treating policies on the urban discharges and industrial wastewaters before releasing to
the natural environments like rivers and basins. However, we suggest that a longer term ecological study at different
seasons should be conducted in order to better predict heavy metal contamination in Gorgan Bay.
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