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Distribution and pollution level of nickel and vanadium in sediment from south part of the Caspian Sea, north of Iran, 
were studied. Sediment samples obtained by Van Veen Grab from four stations, including, Turkaman, Amirabad, 
Fereydunkenar and Noushahr along the south part of the Caspian Sea, during fall of 2015 and april, summer and winter of 
2016. The concentrations of metal were ranged from 21.63 µg/g to 55.45 µg/g for nickel and from 58.23 µg/g to 146.27 
µg/g for vanadium in sediments samples collected from all stations. There was significant difference in metals concentration 
between different stations along the Caspian Sea (P < 0.05), and the highest mean concentration of metals was absorbed in 
Fereydunkenar estuary, followed by Amirabad, Turkaman and Noushahr, respectively. The results showed that there were 
significant differences between metals pollution during four seasons (P < 0.05), and the highest concentration of metals were 
absorbed in dry season (summer) and the lowest concentration in wet season (winter). There was a positive correlation 
between nickel and vanadium concentration in sediment samples, and the Pearson correlation was (r = 0.67) between nickel 
and vanadium in sediment samples. The positive correlation between heavy metals can be related to same source of both 
metals in the environment. Based on our results, anthropogenic activities such as oil industry and agriculture activities are 
the main sources of pollution in the coasts along south part of Caspian Sea.  
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Introduction 
Heavy metals are important source of hazardous 

pollutants in the aquatic ecosystems1. They cause 
serious problems in the aquatic organisms, intertidal 
organisms and humans. There is worldwide concern 
about heavy metal contamination because of the 
environmental persistence of these elements, 
biogeochemical recycling and the ecological risks that 
the metals present. A large number of 
anthropogenically generated heavy metals from urban 
areas, agricultural areas and industrial sites are 
discharged into aquatic environment where they are 
transported in the water column, accumulated in 
sediment, and biomagnified through the food chain, 
resulting in significant ecological risk to benthic 
organisms, fish and humans2.  

The contamination of aquatic systems by heavy 
metals, especially in sediments, has become one of 
the most challenging pollution issues owing to the 
toxicity, abundance, persistence, and subsequent bio-

accumulation of these materials3,4. When discharged 
into aquatic ecosystems, heavy metals can be 
absorbed by suspended solids, then strongly 
accumulated in sediments and biomagnified along 
aquatic food chains. Moreover, these sediments act as 
sinks, and may in turn act as sources of heavy metals5. 
Thus, heavy metal pollution in the sediments of 
aquatic ecosystems has recently been extensively 
investigated to effectively manage these ecosystems. 
Therefore, sediments are the main sink for heavy 
metals in aquatic environment, and sediment quality 
has been recognized as an important indicator of 
water pollution6,7. 

The Caspian Sea is the largest inland water body 
on the earth and debate still exists whether this water 
body should be referred to as a sea or as a lake. The 
biodiversity of the Caspian Sea and its coastal zone 
makes the region one of the most valuable ecosystems 
in the world. There are many countries around the 
Caspian Sea8. Recently, anthropogenic activities for 
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economic development, especially by industry have 
intensified continuously and rapidly, particularly in 
south part of the Caspian Sea9. Therefore, Caspian 
Sea receives a lot of anthropogenic and industrial 
wastewater through rivers flowing from the 
surrounding countries, Azerbaijan, Iran, Kazakhstan, 
Russia and Turkmenistan. Study on heavy metals in 
aquatic ecosystems can give valuable information 
about the environmental condition of that 
ecosystem10. The main aim of this study was to 
evaluate distribution and pollution level of Ni and V 
in sediment from different stations along the south 
part of the Caspian Sea. Also, we investigated the 
correlation between metals in sediments. 
 

Materials and Methods 
Sediment samples were obtained from four station 

including, Turkaman, Amirabad, Fereydunkenar and 
Noushahr along the south part of the Caspian Sea 
(Fig. 1). 

Surface sediments were collected by Van Veen 
Grab in fall of 2015 and April, summer and winter of 
2016. Sub samples were taken from the uppermost 
layer of the sediments to minimize contamination. 
Surface sediments (5 cm) were sectioned and stored 
in pre-combusted glass jars in a freezer (−20 °C) until 
analysis. Before analysis, sediments were freeze-dried 
and ground to achieve homogeneity. For determining 
the relationship between grain size and metal 
contents, the grain size of surface sediments was 
measured using a Beckman-Coulter laser particle size 
analyzer (Model LS 13 320). Briefly, 20 mL 
deionized water was added to 1 g of freeze-dried 
sediment in a beaker. After soaking for 24 h, the 

sediment was subjected to vortex mixing for 5 min to 
disaggregate loosely-attached aggregates11, 12. 

For each sample, a known quantity (1 g) of 
sediment was digested with a solution of concentrated 
HClO4 (2 ml) and HF (10 ml) to near dryness. 
Subsequently, a second addition of HClO4 (1 ml) and 
HF (10 ml) was made and the mixture was evaporated 
to near dryness. Finally, HClO4 (1 ml) alone was 
added and the sample was evaporated until white 
fumes appeared. The residue was dissolved in 
concentrated HCl and diluted to 25 ml. Recovery 
varied between 97.8% and 103%. Metal 
concentrations were determined by a cold vapor 
Atomic Absorption Spectrometer Leco AMA-254. 
The accuracy of the analytical procedures was 
assessed using the certified reference material BCR-1 
and yielded results were within the reference value 
range13,14. 

All data were tested for normal distribution with 
Shapiro-wilk normality test. One-way analysis of 
variance (ANOVA) fallowed by Duncan post hoc test 
was used to compare the data by station. The metal 
concentration of each sample was expressed in 
micrograms of metal per gram dry of sediment (µg/g) 
and a probability of p = 0.05 was set to indicate 
statistical significance. 
 

Results and Discussion 
The Ni and V concentration (mean ± SD) in 

different stations during four seasons from south part 
of the Caspian Sea are presented in Table 1. The 
concentrations of Ni ranged from 21.63 µg/g to 55.45 
µg/g in sediments samples collected from all stations. 
The mean concentration of Ni was 28.06 µg/g in 

 
 

Fig. 1 — Map showing sampling sites and area 



BANIAMAM et al.: POLLUTION LEVEL OF Ni & V IN SEDIMENT OF CASPIAN SEA 
 
 

767

Turkaman, 28.83 µg/g in Amirabad, 38.66 µg/g in 
Fereydunkenar and 29.34 µg/g in Noushahr. The 
concentration of V ranged from 58.23 µg/g to 146.27 
µg/g in sediments sample collected from all stations. 
The mean concentration of Ni was 64.56 µg/g in 
Turkaman, 85.71 µg/g in Amirabad, 113.95 µg/g in 
Fereydunkenar and 95.04 µg/g in Noushahr. 

The comparison of heavy metals concentration 
between different seasons from sampling area along 
the Caspian Sea is shown in Figure 2. The results 
show that there were significant differences between 
heavy metals pollution during four seasons (P < 0.05). 
The highest concentrations of metals were absorbed in 
dry season (summer) and the lowest concentration in 
wet season (winter). This may be due to slow 
movement of water in the sediment and the possible 
high absorption ability of heavy metals by the 
sediment. Therefore, in summer season, movement of 
water in the sediment is slower as compared to other 
seasons and the ability of sediments is higher for 
absorption of metals from water.  Dan et al., (2014) 
reported that metal pollution in sediments in summer 
season was higher than the other seasons, because 
movement of water is slow and sediments can absorb 
high concentration of metals. Hosseini et al., (2014) 
showed sediments have high ability to absorb and 
accumulate metals in the summer than the other 
seasons25. 

Seasonal variations in  concentration of the heavy 
metals  could be due to the industrial activities and 
level of industrial wastewater in environment. In the 
dry season (summer) industrial activities and 
discharge of wastewater in to environment increased 
as compare to other seasons. Therefore, this result is 
in agreement with high enrichment factors of Ni and 
V during the summer season indicating anthropogenic 
inputs. Pakzadtoochaei and Einollahipeer, (2013) and 

Ebah et al., (2016) showed that in the summer season 
anthropogenic activities and wastewater discharge in 
to aquatic environment such as sediment and water 
were higher than other seasons26. 

The concentration of the heavy metals in sediments 
could be due to the environmental parameters such as 
temperature and salinity and there are positive 
correlation between pollution levels and temperature 
and salinity levels. Therefore, concentration of heavy 
metals increased with increase in temperature and 
salinity and its levels in summer season are higher 
than the other seasons. Che et al., (2003), Chen et al., 
(2004) and Bastamim et al., (2015) reported that 
metal pollution in the sediments during summer 
season was higher than the other seasons, because 
with increase in temperature and salinity causes 
increase in metal concentration in sediments27-30. 
Also, the low values of heavy metals during the wet 
season (winter) may be due to dilution of the surface 
water due to rain and high input of fresh water from 

Table 1— Ni and V concentration in different stations during four seasons from Caspian Sea 

Metal Season 
Station 

Turkaman Amirabad Fereydunkenar Noushahr 

Ni 

Spring 28.54 ± 2.22 31.25 ± 3.73 45.37 ± 2.03 25.53 ± 2.13 
Summer 40.26 ± 1.13 49.28 ± 1.38 65.45 ± 5.13 34.47 ± 6.53 
Fall 31.63 ± 4.45 27.34 ± 6.47 41.25 ± 0.53 33.24 ± 3.27 
Winter 18.81 ± 0.28 19.46 ± 3.03 34.57± 2.46 24.12 ± 4.21 
Average 30.02 ± 2.08 31.59 ± 2.31 46.65 ± 1.35 29.34 ± 0.282 

      

V 

Spring 49.73 ± 2.26 79.23 ± 1.48 101.18 ± 0.23 93.25 ± 0.28 
Summer 82.38 ± 1.13 112.28 ± 3.53 146.27 ± 0.23 123.68 ± 2.55 
Fall 67.91 ± 5.56 85.74 ± 6.28 112.55 ± 0.23 83.65 ± 1.63 
Winter 58.23 ± 3.38 65.58 ± 2.24 95.82 ± 0.23 79.57 ± 5.26 
Average 64.56 ± 2.15 85.71 ± 4.53 113.95 ± 1.65 95.04 ± 2.46 

 

 
 

Fig. 2 — The correlation between Ni and V concentration in
sediment from Caspian Sea 
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river into the sea. Increase in rain and high level water 
input into estuary can reduce concentration heavy 
metals, because increase in levels and movement of 
water causes removal of pollutants from environment. 
Raeisi Sarasiab et al., (2014) showed that metal 
concentrations in winter is lower that other seasons, 
because with increase in rainfall and water currents 
dilution of metals reduces pollution level31. Also, El-
Sayeda et al., (2015) and Qingzhen et al., (2015) are in 
agreement with our results. Therefore, it can be 
concluded that  the reasons such as slow movement in 
water, high temperature and salinity, high wastewater 
discharge in to environment and low rainfall in summer 
season, heavy metal concentration is higher in summer 
as compared to the other seasons32, 33. 

There was a positive correlation between nickel and 
vanadium concentration in sediment samples collected 
from different stations, and increase in nickel 
concentration causes increase in vanadium 
concentration (Fig. 3). Pearson correlation was (r = 
0.67) between nickel and vanadium in sediment 
samples. The positive correlation between heavy 
metals can be related to same source of both metals, 
bioavailability of metal in sampling area, the same 
accumulation mechanism for metal, similar ionic 
charge, the reaction of metal with the soil particles and 
tendency of sediment compounds such as organic 
matter, organic carbon and carbonate to combine with 
metal.  

Anirudh et al. (2009) reported that there is positive 
correlation between metals related to oil pollution such 
as Ni, V, Cd and Hg in sediments from aquatic 
environment32.  Tabari et al., (2010) showed that oil 
industry is main source of Ni, Hg and V accumulation in 

sediments, therefore, there is high positive correlation 
between this metal in environment. Abdolahpour 
Monikh et al., (2012) reported that Khor-Ghazale 
located in north part of the Persian Gulf was relatively 
rich in Ni and V concentration34. It is likely that this high 
concentration of Ni was related to the oil tankers traffic 
in this creek. Saghali et al., (2014) showed that the high 
concentration of Ni and V in the sediments was related 
to oil tankers traffic and activities of oil industry in the 
Caspian Sea. Therefore, high positive correlation 
between Ni and V concentration in sediments is related 
to sources of both metals, bioavailability,  and  the 
reaction of metals with sediment compounds such as 
organic matter, organic carbon and carbonate. 
 
Comparison with other studies  

The comparison of Ni and V concentration with 
some standards is shown in Table 2. The mean 
concentration of Ni in three stations including 
Turkaman, Noushahr and Amirabad estuaries was 
lower than all studied in Table 2, but its concentration 
was higher than studies by Lak et al., 2015, 
Parizanganeh, 2008 in Caspian Sea. But, the mean 
concentration of Ni in Fereydunkenar station was 
higher than all last studied, but Ni concentration in this 
estuary was lower than studies by Jahangiri, 2001, 
Karbassi et al., 2004 and Saghali et al., 2014 in Caspian 
Sea and by Hosseini et al., 2014 in Persian Gulf. 

The mean concentration of V in the sediments from 
Turkaman estuary was higher than all last studies in 
Caspian Sea and Persian Gulf, except in Caspian Sea 
by Karbassi et al,. (2004), Pirsaheb et al., (2015) and 
Bastami et al., (2015). The V concentration in 
Amirabad station was higher than all studies, except 

 
 

Fig. 3 — The comparison of metals concentration between different seasons and stations from Caspian Sea 
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in Caspian Sea by Pirsaheb et al., (2015) and Bastami 
et al., (2015). The V concentration in Fereydunkenar 
and noushahr stations were higher than all studies as 
shown in Table 3, except in Caspian Sea by Bastami 
et al., (2015). Therefore, Ni concentration in 
Fereydunkenar station was very high and this station 
was polluted for Ni. Also, V concentration in the 
sediments collected from all stations was high and all 
estuaries were polluted for V. 

The comparison of Ni and V concentration with 
some standards is shown in Table 3. The mean 
concentration of Ni in surface sediment in Turkman 
estuary was lower than ROPME and NOAA (ERM) 
standards, but was higher than NOAA (ERL), 
USEPA, ISQG and USFDA standards. The V 
concentration in this station was higher than the 
ROPME standard. Also, Ni concentration in 
Amirabad, Fereydunkenar and Noushahr estuaries 
was higher than all standards, expect ROPME 
standard. The mean concentrations of V in all stations 
in four seasons was higher than all standards. Based 
on our results, the mean concentrations of V in all 
station in four seasons was higher than all standards, 
also the mean concentration of Ni in all stations was 
higher than all standards, expect ROPME and NOAA. 

Conclusion 

Distribution and pollution level of Ni and V in 
sediments from south part of the Caspian Sea, were 
studied. The concentration of metal ranged from 21.63 
µg/g to 55.45 µg/g for Ni and from 58.23 µg/g to 
146.27 µg/g for V in sediment samples collected from 
all stations. There was significant difference in metal 
concentration between different stations along the 
Caspian Sea (P < 0.05). The highest mean 
concentration of metals was absorbed in 
Fereydunkenar estuary, followed by Amirabad, 
Turkaman and Noushahr, respectively. The results 
showed there were significant differences between 
heavy metal pollution during four seasons (P < 0.05). 
The highest concentration of metals was absorbed in 
dry season (summer) and the lowest in wet season 
(winter). This may be due to slow movement of water 
in the sediments and the possible high absorption 
ability of the heavy metals by the sediment. Therefore, 
in summer season movement of water in the sediments 
is slower as, compared to other seasons and the ability 
of sediments is higher for absorption of metals from 
water. There was a positive correlation between metal 
concentration in sediment samples collected from 
different stations, and increase in Ni concentration 
caused increase in V concentration. Pearson correlation 
was (r = 0.67) between Ni and V in sediment samples. 
The positive correlation between heavy metals can be 
related to same source of both metals, bioavailability of 
metal in sampling area, the same accumulation 
mechanism for metal, similar ionic charge, the reaction 
of metal with the soil particles and tendency of 
sediment compounds such as organic matter, organic 
carbon and carbonate to combine with metal.  The 
sources of pollution are oil and petroleum industry, oil 
pipelines, oil spills from the tankers oil storage tanks 
and petroleum compounds. 
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Ni V Location Reference 
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Abdolahpour Monikh  
et al., 2012 

45.14 - Persian Gulf Hosseini et al., 2014 
64.55 - Persian Gulf Hosseini et al., 2014 
55.43 68.45 Caspian Sea Saghali et al., 2014 
33.65 103.61 Caspian Sea Pirsaheb et al., 2015 
12.45 69.54 Caspian Sea Lak et al., 2015 
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30.02 64.56 

This study 

Turkaman 
31.59 85.71 Amirabad 
46.65 113.95 Fereydunkenar 
29.34 95.04 Noushahr 

 

Table 3 — The comparison of Ni and V concentration with some 
standards 

Ni V Standard Reference 
70-80 20-30 ROPME ROPME, 1999 
20/9 - NOAA (ERL) de Astudillo et al., 2005 
51/6 - NOAA (ERM) de Astudillo et al., 2005 
15/9 - USEPA USEPA,1999 
35/9 - ISQG Maret and Skinner, 2000 
9.79 - USFDA, 1993 USFDA, 1993 
8.42 - CCME, 1999 CCME, 1999 

 



INDIAN J. MAR. SCI., VOL. 48, NO. 05, MAY 2019 
 
 

770

funded by Sciences and Research Branch, Islamic 
Azad University, Tehran, Iran. 
 
References 
1 Parizanganeh, A., Lakhan, V.C., Jalalian, H., 2007. A 

geochemical and statistical approach for assessing heavy metal 
pollution in sediments from the southern Caspian coast. Int. J. 
Environ. Sci. Tech, 4 (3): 351-358 

2 Parizanganeh, A., 2008. Grain Size Effect on Trace Metals in 
Contaminated Sediments Along the Iranian Coast of the 
Caspian Sea. The 12th World Lake Conference: 329-336  

3 Pakzad, H,R., Pasandi, M., Yeganeh, M., Alizadeh, Ketek 
Lahijani, H., 2016. Assessment of heavy metal enrichment in 
the offshore fine-grained sediments of the Caspian Sea. 
Environmental Monitoring and Assessment, DOI: 
10.1007/s10661-016-5302-7 

4 Saghali, M. Baqraf, R. Patimar, R. Hosseini, S. A. Baniemam, 
M. 2014.Determination of heavy metal (Cr, Zn, Cd and Pb) 
concentration in water, sediment and benthos of the Gorgan 
Bay (Golestan province, Iran). Iranian Journal of Fisheries 
Sciences, 13(2) 449- 455 

5 Pirsaheb, M., Khamutian, R., Pourhaghighat, S., 2015. Review 
of Heavy Metal Concentrations in Iranian Water Resources. 
International Journal of Health and Life Sciences, 1:35-45 

6 Hassanpour, M., Pourkhabbaz , A., Ghorbani, R., 2012. The 
Measurement of Heavy Metals in Water, Sediment and Wild 
Bird (Common Coot) in Southeast Caspian Sea. J Mazandaran 
Univ Med Sci 2012, 21(1): 184-194  

7 Ghorbanzadeh Zaferani S.Gh., Machinchian Moradi A., 
Mousavi Nadushan R., Sari A.R., Fatemi S.M.R. 2016. 
Distribution pattern of heavy metals in the surficial sediment 
of Gorgan Bay (South Caspian Sea, Iran). Iranian Journal of 
Fisheries Sciences, 15(3)1144-1166 

8 Agah, H., Hashtroudi, M.S. and Baeyens, W., 2012. Trace 
metals and major elements in sediments of the Northern 
Persian Gulf. Journal of the Persian Gulf, 3(7), 45-58. 

9 Bagheri, H., Bastami, K.D., Sharmad, T. and Bagheri, Z., 
2012. Assess the distribution of heavy metal pollution in 
Gorgan Bay. Oceanography, 3(11), 65-72. 

10 Bastami, K.D., Bagheri, H., Haghparast, S., Soltani, F., 
Hamzehpoor, A. and Bastami, M.D., 2012. Geochemical and 
geo-statistical assessment of selected heavy metals in the 
surface sediments of the Gorgan Bay, Iran. Marine pollution 
Bulletin, 64, 2877-2884. 

11 Hasanzadeh, H.H., 2000. Determination of heavy metals (Cu, 
Pb, Cd and Cr) content and their sources in bed sediments of 
Myankaleh Wetland. A thesis presented for the Degree of 
Master of Science, Tarbiat Modares University (TMU), Iran. 
93P. 

12 Jahangiri, G.M., 2001. Geochemical study of Gorgan Bay 
sediments with approach to environmental issues. A thesis 
presented for the degree of Master of Science, Shahid Beheshti 
University, Iran, 2001. 

13 Lahijani, H., Haeri A.O., Sharifi A. and Naderi A.B., 2010. 
Sedimentological and geochemical indicators of Gorgan Bay 
sediments. Oceanography, 1(1), 45–55. 

14 Liaghati, T., Preda, M. and Cox, M., 2004. Heavy metal 
distribution and controlling factors within coastal plain 
sediments, Bells Creek catchment, southeast Queensland, 
Australia. Environment International, 29, 935–948. 

15 Pakzadtoochaei, S., Einollahipeer, F., 2013. Monsoon effects 
on Variation of heavy metals in Gwatr mangrove forests of 
Iran. International Research Journal of Applied and Basic 
Sciences, 4 (7): 1946-1952. 

16 Bastamim, K.D., Neyestani, M.R., Shemirani, F., Soltani, F., 
Haghparast, S., Akbari, A., 2015. Heavy metal pollution 
assessment in relation to sediment properties in the coastal 
sediments of the southern Caspian Sea. 

17 Karbassi, A.R., and Amirnezhad, R., 2004. Geochemistry of 
heavy metals and sedimentation rate in a bay adjacent to the 
Caspian Sea. International Journal of Environmental Science 
& Technology, 1: 191-198. 

18 Tabari, S., SaeediSaravi, S. S., Bandany, G., Dehgan, A. and 
Shokrzadeh, M., 2010. Heavy metals (Zn, Pb, Cd and Cr) in 
fish, water and sediments sampled form Southern Caspian Sea, 
Iran. Toxicology and Industrial Health, 26(10), 649–656 

19 Lak R., Saeedi M., Vosoogh, A., 2015.Heavy Metals 
Distribution in Fractioned River Sediments Case Study: 
Shafaroud River-South West of Caspian Sea. International 
Journal of Environmental Science and Development, 6: 530-534 

20 USFDA (1993a). Food and drug administration, Guidance 
document for chromium in shellfish. DHHS/PHS/ 
FDA/CFSAN/Office of seafood, Washington D.C 

21 Dan, S. F. Umoh, U. U.and Osabor, V. N. 2014. Seasonal 
variation of enrichment and contamination of heavy metals in 
the surface water of Qua Iboe River Estuary and adjoining 
creeks, South-South Nigeria. Journal of Oceanography and 
Marine Science, 5(6): 45-54. 

22 Ebah, E., Tersagh, I. G., Okpokwasili, C., 2016. Studies on 
Seasonal Variation and Effect of Heavy Metal Pollution on 
Microbial Load of Marine Sediment. American Journal of 
Marine Science, 1: 4-10 

23 Caccia, V.G.; Millero, F.J.; Palanques, A,. (2003). The 
distribution of trace metals in Florida Bay sediment. Mar. 
Pollut. Bull., 46(11), 1420–1433. 

24 Che, Y.; He, Q.; Lin, W.Q., (2003). The distributions of 
particulate heavy metals and its indication to the transfer of 
sediments in the Changjiang estuary and Hangzhou Bay. Mar. 
Pollut. Bull., 46(1), 123–131. 

25 Chen, Z.; Saito, Y.; Kanai, Y.; Wei, T.; Li, L.; Yao, H.; Wang, 
Z., (2004). Low concentration of heavy metals in the Yangtze 
estuarine sediments, China: A diluting setting. Estuarine. 
Coast. Shel. Sci., 60(1), 91–100. 

26 El-Sayeda, S.A., Moussab, E.M.M., El-Sabaghc, M.E.I. 
(2015). Evaluation of heavy metal content in Qaroun Lake, El-
Fayoum, Egypt. Part I: Bottom sediments. Journal of Radiation 
Research and Applied Sciences, 8, 276–285 

27 Moore, F., Forghani, G., Qishlaqi, A. (2009). Assessment of 
heavy metal contamination in water and surface sediments of 
the Maharlu Saline Lake, sw Iran. Iranian Journal of Science & 
Technology, Transaction, 33, 44-55. 

28 Mooraki, N., Esmaeli Sari, A., Soltani, M., Valinassab, T. 
(2009). Spatial distribution and assemblage structure of 
macrobenthos in a tidal creek in relation to industrial 
activities. International journal of Environmental Science and 
Technology, 6, 651–662 

29 Muller, G. (1979). Schwermetalle in den sedimenten des 
Rheins Veranderungen seit 1971. Umschau, 79, 778-783 

30 Raeisi Sarasiab, A., Hosseini, M., Mirsalari, Z. (2014). 
Mercury distribution in contaminated surface sediments from 
four estuaries, Khuzestan shore, north part of Persian Gulf. 



BANIAMAM et al.: POLLUTION LEVEL OF Ni & V IN SEDIMENT OF CASPIAN SEA 
 
 

771

Bulletin of Environmental Contamination and Toxicology, 
DOI 10.1007/s00128-014-1354 

31 Qingzhen, Y., Xiaojing, W., Huimin, J., Hongtao, C., and 
Zhigang, Y. (2015). Characterization of the particle size 
fraction associated with heavy metals in suspended 
sediments of the Yellow River. Int J Environ Res Public 
Health, 12(6), 6725–6744 

32 Rocha, L., Rodrigues, S.M., Lopes, I., Soares, A.M.V.M., 
Duarte, A.C., Pereira, E. (2011). The water-soluble fraction 
of potentially toxic elements in contaminated soils: 
Relationships between ecotoxicity, solubility and 
geochemical reactivity. Chemosphere, 84, 1495–1505 

33 Tao, Y., Yan, Z., Yuan, Z. (2015). Distribution and 
bioavailability of heavy metals in different particle-size 
fractions of sediments in Taihu Lake, China. Chemical 
Speciation and Bioavailability, 24(4), 205-215 

34 WHO, 2001. Guidelines for Drinking-water - Environmental 
Health Criteria Series, No221. World Health Organization, 
Available at: http://www.who.int/bookorders/WHP/detart1.jsp? 
Sesslan=1&codlan =1&codcol=16&codcch=221. 

35 US EPA, 2006. Arsenic in drinking water- Basic 
information. U.S. Environmental Protection Agency. 
Available at: http:// www.epa.gov/safewater/arsenic/ 
basicinfor mation.html. 

36 UNEP, 2006. Methods for sediment sampling and analysis. 
United Nations Environment Programme, (DEC)/MED 
WG.282/Inf.5/Rev.1 

37 NOAA, 2009. Screening quick reference tables (SquiRTs) 
National Oceanic and Atmospheric Administration. 
Available at: http:// response. restoration.noaa. 
gov/cpr/sediment/squirt/ squirt.html> 

38 de Astudillo, L.R.; Yen, I.C.; Berkele, I., 2005. Heavy metals 
in sediments, mussels and oysters from Trinidad and 
Venezuela. Revista de Biologia Tropical, 53: 41– 53. 

39 Maret, T.R.; Skinner, K.D., 2000, Concentrations of Selected 
Trace Elements in Fish Tissues and Streambed Sediment in 
the Clark Fork-Pend Oreille and Spokane River Basins, 
Washington, Idaho and Montana. Water Resources 
Investigations Report, 26 p. 

 


