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ABSTRACT
Concentrations of some heavy metals (Pb, Zn, Cu and Ni) were determined in water and sediment collected from Arvand
River during summer 2014. The results showed that the sediment concentrated more heavy metals than the water.
Significant differences among the sampling sites could be found for concentrations of all the four metals in water and
sediment. The quality of the sediments was evaluated based on sediment quality guidelines (effects range-low (ERL) and
effects range-medium (ERM) indexes. The most of heavy metal in water and sediment lower than guidelines, except
concentration Ni in sediment. The present results support the concept that human activities in each region could be a
major source of metals pollution input in the aquatic environment.
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INTRODUCTION

The presence of heavy metals in aquatic ecosystems is the result of two main sources of contamination:
natural processes or natural occurring deposits, and anthropogenic activities. Pollution of heavy metals in
aquatic ecosystem is growing at an alarming rate and has become an important worldwide problem [1].
Increase in population, urbanization, industrialization and agriculture practices have further aggravated
the situation [2, 3]. As heavy metals cannot be degraded, they are deposited, assimilated or incorporated
in water, sediment and aquatic animals [4] and thus, causing heavy metal pollution in water bodies [1].
The main source of heavy metal contamination and the threat of heavy metal pollution to life forms is
invariably the result of anthropogenic activities [5, 6]. In the aquatic environment toxic metals are
potentially accumulated in sediments and marine organisms, and subsequently transferred to man
through the food chain.

The Persian Gulf is a shallow basin with an average depth of 35-40 m and a total area of around 240 sq.
km. It joins free international waters through the Strait of Hormuz [7, 8]. The turnover and flushing time
have been estimated to be in the range of 3-5 yr indicating that pollutants are likely to reside in the
Persian Gulf for a considerable time [9].

Because of geographical characteristics, rapid evaporation, shallow depth, limited circulation of water
[10], high turbidity and more fluvial receiving [11], the northwestern part of the Persian Gulf tends to
concentrate and assemble large quantity of contaminants relative to other parts of the sea. On the other
hand, fresh water and mud sediments that are transported into this area via the Arvand river (the biggest
river flowing in the Persian Gulf) make it special and proper for various marine organisms.

The main objective of this study was to determine the levels of Ni, Pb, Cu and Zn in sediments and water
from the Arvand River, northern part of Persian Gulf.

MATERIAL AND METHODS
Study area
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The samples were collected from 3 sampling sites (St 1: Khorramshahr (Faisal) St 2: Minoo Island; St 3:
Abadan (Abadan Refinery)) located in the arvand river northern part of the Persian Gulf. The distance
between sampling sites ranged from 1 to 2 miles. The locations of the sampling sites are depicted in
Figure 1.
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Figure 1. Map of Persian Gulf showing location of sampling sites.

Sampling, Transportation and Storage

15 sediment samples were collected from each station in the summer of 2014. For each station samples,
the surface sediment (the top 5cm layer of bottom sediments) samples were collected using a stainless
steel Van Veen Grab EIJ04.30.01 (Hydro-Bios Apparatus GmbH, Kiel, Germany).

Sample Preparation

Sediment samples were prepared for analysis in accordance with the ROPME Instruction (1999) [12]. The
water samples were prepared for analysis according to chelation-extraction method [13]. The samples
were transferred to tightly sealed linear polyethylene (Nalgene) containers to avoid adsorption of metals
from digested solution and kept at 4°C prior to further analysis.

Analytical Methods

To determine the metals in the samples, a GBC (Savant AA Sigma) flame atomic absorption spectrometer
(AAS) was used. All chemical regents were analytical reagent grade (Merck). The glassware and plastic
containers were acid washed with nitric acid 10% and rinsed with double distilled water before use. To
avoid samples contamination and check the accuracy of the method, blank samples and CRM (Dorm-2,
muscle of Dogfish, National Research Council of Canada) were analyzed. The recovery values for all
metals were satisfactory and were fallen between90% to 113%.

Data Analyses

Statistical analyses were performed using SPSS 11.5 software. Kolmogorov-Smirnov’s method was
conducted to test normal variable distribution and the paired t-test was used for comparisons and the
results were defined as statistically significant for a given level of P < 0.05.

RESULTS

Sediment

The mean concentration (mg/g d.w.) and standard deviation of studied metals in sediment are given in
Table 1. The table also shows significant differences among stations. Besides, these have been compared
with permissible limits and some studies carried out by other researchers. The highest concentration of
Ni (65.15 pg/g), Pb (24.25 pg/g), Cu (21.05 pg/g) and Zn (43.80 ng/g) were detected in Abadan refinery.
The order of heavy metal accumulation in water was Ni> ZN> Pb> Cu.

Water

In the water samples, the average concentration of heavy metals, Ni, Pb, Cu and Zn were 5.07, 6.56, 4.14
and 6.16 ug/g, respectively (Table 3). Pb content was the highest and that of Cu was the lowest in water.
The order of heavy metal accumulation in water was Pb > Zn > Ni > Cu.
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Table 1. Heavy metal concentration (mg/g dw) in samples of surface sediment (number of samples n = 15
for each station) taken from the northwest Persian Gulf and compared to previous studies and guidelines.

Location Ni Pb Cu Zn
St 1(Khorramshar (Faisal)) 44.84+1.54a 8.77+0.74a 12.64+0.42a 35.16£1.07a
St 2 (Minoo Island) 59.29+1.10b 10.33+0.94a 16.10+1.32b 36.87+1.39a
St 3 (Abadan (Abadan refinery)) 65.15+0.67¢ 24.25+0.74b 21.05+1.36¢ 43.80+1.33b

a,b,c Significant differences in metal concentration between stations.

Table2. Heavy metal concentration (mg/g dw) in samples of surface sediment taken from the northwest
Persian Gulf and compared to previous studies and guidelines.

Location Ni Pb Cu Zn References
North part of the Persian Gulf 64.89 90.47 - - [14]
UAE, Jebel Ali 8.3 2.10 1.92 - [15]
ROPME (1999) 70-80  15-30 - - [14]
ISQG 15.9 30.2 18.7 124 [16,17]
ERL (NOAA) 21 47 34 150 [16,17]
PEL (NOAA) 42.8 112.2 108.2 271 [16,17]
ERM (NOAA) 52 218 270 410 [16,17]
PEC (NOAA) - 128 149 459 [17]

ISQG: interim marine sediment quality guideline; PELs: probable effect levels; ERL: effect range low; ERM:
effect range medium; PEC: probable effect concentration.

Table 3. Mean heavy metal concentrations in seawater from this study (ug/L)

Location Ni Pb Cu Zn
St 1(Khorramshar (Faisal)) 2.41+0.54a 3.82+1.38a 1.92+0.60a 3.71+£1.70a
St 2 (Minoo Island) 3.03+1.21a 4.28+0.84b 2.71+0.90a 4.34+1.22a
St 3 (Abadan (Abadan refinery)) 5.07+0.87b 6.56+1.27c 4.14+0.53b 6.16+1.38a

a,b,c Significant differences in metal concentration between stations.

Table 4. Mean heavy metal concentrations in seawater from different regions of the world and several
guidelines and standards (ug/L)

Location Ni Pb Cu Zn References
Persian Gulf, northern part 2.279 5.388 - - [14]
Persian Gulf, UAE coastal waters 0.58 1 2.95 9.96 [8]
Persian Gulf, Kuwait coast 1.27 3.41 2.73 4.79 [18]
Arabian Sea, continental shelf of Pakistan 138 112 - - [19]
ANZECC Guidelines 15 5 5 50 [20]
Water quality criteria (CMC) 74 65 4.8 120 [21]

ANZECC: Australian and New Zealand Environment and Conservation Council.

DISCUSSION

In natural aquatic ecosystems, metals occur in low concentrations, normally at the nanogram to
microgram per liter level. In recent times however, the occurrence of metal contaminants especially the
heavy metals in excess of natural loads has become a problem of increasing concern. The comparison
between the sampling stations showed that the amount of heavy metals varied from site to site, and the
variation could be related to variability in the sources of metals’ input. The sediments accumulated more
heavy metals than the water in this study as have been observed [22, 23, 24 and 25]. In this study,
concentrations of heavy metals in water and sediments were lower of the guidelines (Tables 2, 4).

The highest values of Pb in sediment and water were found at S3 (Tables 1, 3). These may be related to
human activities including shipping and transport, urban and domestic wastewater, agriculture,
industrial wastewater at shipbuilding plants and desalination facilities, coastal activities (for example,
marinas, jetties, ports and harbors), and fishing boats. The results of the present study agree with the
results obtained by [26, 15 and 27].
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There was significant difference in Zn concentrations between different stations, and high concentrations
of Zn were found at sites 3 (Table 1, 3). These results are consistent with those of other studies and
suggest that these stations can be affected by human activities such as industry, urban and domestic
activities, economics, and agriculture [26 and 28].

In addition, there were Iran Iraq war, shipping and Abadan refinery activities in the background of St 3
and the high concentrations of Ni, Pb, Cu and Zn in this station may be due to this activity [29 and 15]. The
concentration of heavy metals in the northern part of the Persian Gulf [14] was considerably greater than
that observed in the northwestern part of the Gulf. The Arvand River, the border between Iraq and Iran,
formed by the confluence of Shatt al- Arab in Iraq and the Karoon River in Iran [30]. In addition to
receiving pollutants from these rivers, it receives a considerable amount of contaminations from various
sources along its course [31 and 32].

CONCLUSION

This study provides new information on the distribution and seasonal variation of metals in surface
sediments and water along the Arvand river from northwest of Persian Gulf. The results showed that the
concentration of metals varied among station. The sediment and water of station 3 in Abadan showed
greater concentration of the metals than those from the other areas. The high concentration of metals in
sediment and water at the S3 sampling site could result from anthropogenic influence. The heavy metal
concentration in the sediments are described in the descending order of Ni> Zn> Pb > Cu at all sampling
sites. Therefore, the Arvand River as a major source of sediment and a source of heavy metals can affect
the concentration of metals in sediment of the area. Metals concentrations in sediment were well below
sediment quality guideline, except Ni element in some cases.

ACKNOWLEDGEMENT
This study was supported by Khorramshahr University of Marine Science and Technology.

REFERENCES

1. Malik, N,, Biswas, A.K,, Qureshi, T.A., Borana, K,, Virha, R., (2010). Bioaccumulation of heavy metals in fish tissues
of a freshwater lake of Bhopal. Environ. Monit. Assess., 160: 267-267.

2. Giguere, A., Campbell, P.G.C,, Hare, L., McDonald, D.G., Rasmussen, ].B., (2004). Influence of lake chemistry and
fish age on cadmium, copper and zinc concentrations in various organs of indigenous yellow perch (Perca
flavescens). Cand. ]. Fish. Aquat. Sci., 61: 702-716.

3. Gupta, A, Rai, D.K, Pandey, R.S, Sharma, B, (2009). Analysis of some heavy metals in the riverine water,
sediments and fish from river Ganges at Allahabad. Environ. Monit. Assess. 157: 449-458.

4. Linnik, P.M,, Zubenko, .B., (2000). Role of bottom sediments in the secondary pollution of aquatic environments
by heavy metal compounds. Lakes and Reservoirs Res. Manage., 5(1): 11-21.

5. Kennish, M. J,, (1992). Ecology of Estuaries: Anthropogenic Effects. CRC Press Boca Raton Ann Arbor, London,
494 pp.

6. Francis, B. M., (1994). Toxic Substances in the Environment, John Wiley & Sons, Inc., New York, 363 pp.

7. Anon., (1995). Water pollution in the Persian Gulf and the Caspian Sea. Payam-e Darya. Shipp. Organiz. Islam.
Rep. Iran. 32, 13-20.

8. Banat, I. M,, Hassan, E. S., ElI-Shahawi, M. S. and Abu-Hilal, A. H. (1998). Post-Gulf war assessment of nutrients,
heavy metal ions, hydrocarbons and bacterial pollution levels in the United Arab Emirates coastal waters,
Environ. Intern. 24(1/2), 109-116.

9. Sheppard, C., (1993). Physical environment of the Gulf relevant to marine pollution: An overview, Mar. Poll. Bull.
27,3-8

10. Saeed,T., Al-Yakoob, S., Al-Hashash, H. and Al-Bahloul, M. (1995). Preliminary exposure assessment for Kuwaiti
consumers to polycyclic aromatic hydrocarbons in seafood, Environ. Intern. 3, 255- 263.

11. Sheppard, C., Al-Husiani, M., Al-Jamali, F., Al-Yamani, F., Baldwin, R., Bishop, ]., et al. (2010).The Gulf: a young sea
in decline. Marine Pollution Bulletin 60: 13-38.

12. ROPME (1999). Regional Report of the State of the Marine Environment. Regional Organization for the
Protection of The Marine Environment (ROPME), Kuwait, 220 pp

13. Long, S. E. and Martin, T. D. (1991). Methods for the Determination of Metals in Environmental Samples - Method
200.10 Determination of Trace Elements in Marine Waters by On-line Chelation Preconcentration and
Inductively Coupled Plasma Mass Spectrometry. U.S. Environmental Protection Agency, Revision 1.4,
EPA/600/4-91/010, Washington, D.C,, 53-175.

14. Pourang, N., Nikouyan, A., Dennis, J. (2005). Trace element concentrations in fish, surficial sediments and water
from Northern Part of the Persian Gulf. Environ Monit Assess. 109:293-316

15. De Mora, S, Fowler, SW., Wyse, E., Azemard, S. (2004). Distribution of heavy metals in marine bivalves, fish and
coastal sediments in the Gulf and Gulf of Oman. Mar Pollut Bull 49:410-424

ABR Vol 7 [6] November 2016 107|Page ©2016 Society of Education, India



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Heeva Elmizadeh

Vicente-Martorell, ].J., Galindo-Riano, M.D. and Garcia_Vargas, M. (2009). Bioavailability of heavy metals
monitoring water, sediment and fish species from a polluted estuary. Journal of Hazardous Materials 162: 823-
836.

Mooraki, N., Sari, A.E., Soltani, M. and 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.

Bu-Olayan, A.H., Al-Hassan, R., Thomas, B. V., & Subrahmanyam, M. N. V. (2001). Impact of trace metals and
nutrients levels on phytoplankton from the Kuwait Coast. Environment International, 26(4), 199-203.

Tariq, J., Jaffar, M. and Ashraf, M. (1994). Distribution of trace metals in sediment and seawater from the
continental shelf of Pakistan, Ind. J. Mar. Sci. 23, 147-151.

ANZECC. (1992). Australian Water Quality Guidelines for Fresh and Marine Waters, Australian and New Zealand
Environment and Conservation Council (ANZECC).

US EPA, (1999). National Recommended Water Quality Criteria Correction Office of Water, EPA 822-Z-99-001, 25
pp.

Nejatkhah Manavi P. (2013). Heavy Metals in Water, Sediment and Macrobenthos in the Interdidal Zone of
Hormozgan Province, Iran. Marine Scince, 3(2): 39-47.

Oryan, S., Emadi, H., GhasemiMajd, P. (2006). Bioaccumulation of Ni,V,Cd and Pb in tissues of Pampusargenteus,
Otolithesruber and Epinepheluscoioides in Persian Gulf. -]. Marine Science and Technology Research 2:1-14.
Davies, 0.A., Allison, M.E., Uyi, H.S. (2006). Bioaccumulation of heavy metals in water, sediment and periwinkle
(Tympanotonus fuscatus var radula) from the Elechi Creek, Niger Delta. -African Journal of Biotechnology 5(10)
963-973.

Fabris, ]J.G., Richardson, B.J., O’Sullivan, J.F., Brown, F.C. (1994). Estimation of Cadmium, Lead and Mercury
concentration in estuarine waters using the Mussel Mytilus edulis palnutatus L. - Environmental Toxicology and
Water Quality 9:183-192.

Price, A.R.G. (1993). The Gulf: human impacts and management initiatives. Mar Pollut Bull 27:17-27

Pak, A, Farajzadeh, M. (2007). Iran’s integrated coastal management plan: Persian Gulf, Oman Sea, and southern
Caspian Sea coastlines. Ocean Coast Manag 50:754-773

Diagomanolin, V., Farhang, M., Ghazi-Khansari, M., Jafarzadeh, N. (2004). Heavy metals (Ni, Cr, Cu) in the Karoon
waterway river, Iran. Toxicol Lett 151:63-67

Price, A. (1994). The 1991 Gulf War: environmental assessments of IUCN and collaborators. World Conservation
Union, Cambridge, UK, pp 14-32

Al-Asadi, M.S,, Talal, AM. and Hreeb, K.K. (2007). Some ecological studies on hydrophytes from Shatt Al-Arab
River. International Journal of Oceans and Oceanography 2: 61-68.

Al-Hello, A.A., Al-Obaidy, A.M. (1997). The chemistry of Shatt Al-Arab water from Qurna to Al-Fao. Marina
Mesopotamica 12(1): 190-201.

Atte, R.S. (2004). Water quality criteria in the Shatt Al-Arab River and the main drainage system with levels of
some heavy metals pollutants. PhD Thesis, Basrah University, Iraq.

Copyright: © 2016 Society of Education. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

ABR Vol 7 [6] November 2016 108|Page ©2016 Society of Education, India




