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Abstract 

Zohreh River is one of the main water sources in south of Khuzestan, Iran. Due to importance of 

heavy metals on water quality, metal index (MI), pollution index (PI), heavy metal pollution index 

(HPI) and contamination index (Cd) were used to evaluate this river quality. For this purpose, 

water samples were collected during each season at 11 stations and seven heavy metals [mercury 

(Hg), cadmium (Cd), chromium (Cr), manganese (Mn), nickel (Ni), lead (Pb) and zinc (Zn)] were 

determined. In this study, standard values for each metal were extracted from international 

standards [United States Environmental Protection Agency (EPA) and World Health Organization 

(WHO)] and some national guidelines (Iran, Iraq, Egypt, Jordan, Lebanon and India). Results 

showed that Hg, Cd, Cr, and Zn concentrations were below the highest permissible value using all 

suggested guidelines while other metals showed low to high values based on used guidelines at 

some stations. MI was in the range of 1.01-2.88, 0.75-2.29 and 1.91-8.03 during spring, summer 

and winter, respectively. High values of PI (3.03), HPI (803) and Cd (2.03) were found during 

spring, winter and winter, respectively. The lowest values for mentioned indexes were found 

during spring (0.38), summer (75) and summer (-4.66), respectively. Comparison between selected 

indexes indicated that MI index showed normal values compared with other indexes. In addition, 

the guideline suggested by Lebanon revealed high quality for this river compared with other 

standards. Consequently, Zohreh River showed low quality for drinking uses during winter while 

this river showed high quality during other seasons.   
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Introduction 

Rivers from the ancient times have been the main water sources, especially in flat plain, so 

maintaining its quality is important. Anthropogenic influences such as urban, industrial and 

agriculture activities degrade rivers (Carpenter et al., 1998; Jarvie et al., 1998). River pollution is 

one of the most important issues in developing countries, because maintenance of water quality 

did not developed with their growing (Sundaray et al., 2006; Karbassi et al., 2007; Akoto et al., 

2008; Ahmad et al., 2010). Regarding to importance of this subject, many studies were conducted 

(Tayfur et al., 2008; Houben et al., 2009; Ketata et al., 2011).  

Heavy metals like Hg, Cd, Cr and Pb are among the most common environmental pollutants, and 

their occurrence in waters and biota indicate the presence of natural or anthropogenic sources 

(Abdullah, 2013a). These pollutants were derived from urban and agricultural runoff, chemical 

fertilizers, pesticides and soil leaching (Hatje et al., 1998; Amman et al., 2002; Nouri et al., 2006; 

Nouri et al., 2008). 

Trace metals (Mn, Ni and Zn) such as heavy metals have high pollution potential (Gueu et al., 

2007; Lee et al., 2007; Adams et al., 2008; Vinodhini and Narayanan, 2008). Although trace metals 

are essential as micronutrients for the life processes in animals and plants (Kar et al., 2008; Suthar 

and Singh, 2008; Aktar et al., 2010) but their accumulation in human body cause damage to some 

organs (Lee et al., 2007; Lohani et al., 2008). The concentration of the metals in unaffected 

environments is very low and is mostly derived from the mineralogy and the weathering (Karbassi 

et al., 2008). The rivers have been polluted by these metals because of either natural or 

anthropogenic sources (Bem et al., 2003; Wong et al., 2003; Adaikpoh et al., 2005; Akoto et al., 

2008). Heavy metal assessment have been the topics of interest for researchers like: Edet and 

Offiong (2002), Geriesh et al. (2004), El-Sayed (2008), Abdullah (2013a), Khalifa (2014) and 

Goher et al. (2014).  

Zohreh River is one the most important rivers in Khuzestan, Iran, with a total length of nearly 

275km. Today it is the source of drinking water supply for a great number of people especially in 

Kheriabad basin. Due to its importance, this study is to ascertain the concentration of heavy and 

trace metal in Zohreh River and assessment of the metal contamination using different indexes.  

 

Materials and Methods 

The study area is situated between latitude of 30◦ 20’-30◦ 40’ N and longitude 49◦ 47’-50◦ 15’ E 

covering an area of about 5000 ha. Fig 1 shows location of the study area in Khuzestan province, 

Iran. Water samples were obtained from 11 stations (Table 1) which are shown in Fig 1. Sampling 

was divided into four times consist of: spring, summer, autumn and winter. Then, samples were 

transported to the laboratory and were analyzed according to Iranian National Standard (ISIRI, 

2005; ISIRI, 2010). The measured parameters include mercury (Hg), cadmium (Cd), chromium 

(Cr), manganese (Mn), nickel (Ni), lead (Pb) and zinc (Zn). River discharge in each sampling was 

also determined. 
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Fig 1: Location of study area, sampling points are ashown as red squares 

 

Table 1: Properties of sample locations in Zohreh River 

Code 
UTM 

Locatons 
Latitude Longitude 

R1 3379545 392093  Upstream 

R2 3379391 391668 Soormeghdad bridge 

R3 3374349 399867 Cham karteh village 

R4 3371050 404318 Longir village 

R5 3369855 403334 Longirate village 

R6 33674140 407603 Salameh village 

R7 33649671 410132 Gavkadeh village 

R8 3353801 426385 Downstrem 

P1 3378875 426385 Asphalt factory 

P3 3352641 420138 Asphalt factory 

P4 3354882 428131 Edible oil factory 

 

In order to classify of Zohreh River, the metal index (MI), pollution index (PI), heavy metal 

pollution index (HPI) and contamination index (Cd) were applied (Edet and Offiong, 2002; Reza 

and Sing, 2010; Abdullah, 2013a). These indexes are shown in Equations 1-4, respectively:  
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Which iC is mean concentration of each metal in µg.l-1, iMAC is maximum allowable 

concentration in µg.l-1, iS is recommended standard for the ith parameter in µg.l-1, iV is monitored 

value of the ith parameter in µg.l-1, k is the constant of proportionality, AiC is analytical value for 

the ith parameter in µg.l-1, NiC is upper permissible concentration of the ith parameter in µg.l-1.     

MI classified into six categories (Table 2). Generally, the critical pollution index value for HPI  

is 100 (Backan et al., 2010; Reza and Singh, 2010). PI categorized into 5 class (Table 3) and Cd

grouped into 3 categories as follows: low (Cd <1), medium (Cd =1-3) and high (3<Cd ) (Edet and 

Offiong, 2002; Goher et al., 2014).  

 

Table 2: Categories of metal index (Lyulko et al., 2001; Caerio et al., 2005) 

Class MI value Class 

1 <0.3 Very pure 

2 0.3-1 Pure 

3 1-2 Slightly affected 

4 2-4 Moderately affected 

5 4-6 Strongly affected 

6 >6 Seriously affected 

 

Standard value for each parameter were extracted from EPA (2009), WHO (2011), drinking water 

standard of Iran (ISIRI), Iraq, Egypt, Jordan, Lebanon and India (IS 10500, 1993; WHO, 2006; 

Egyptian drinking water quality standards, 2007; Ministry of Planning and Development 
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Cooperation, 2009; ISIRI, 2010). Minitab 16 software was used for determination of correlation 

coefficient (r) between the measured parameters. 

 

Table 3: Categories of water pollution index (Guher et al., 2014) 

Class PI value Class 

1 <1 No effect 

2 1-2 Slightly affected 

3 2-3 Moderately affected 

4 3-5 Strongly affected 

5 >5 Seriously affected 

 

Results and Discussion 

The standard deviation (SD), minimum (Min), maximum (Max) and mean value of individual 

metals for each season are represented in Table 4. Maximum and minimum variations were found 

in manganese (Mn) and mercury (Hg), respectively. Cd, Cr, Ni, Pb and Zn were varied in the range 

of 0.5-1, 2.5-5, 2.5-54, 2.5-45 and 1-122 µg.l-1, respectively. Hg concentration in each season was 

0.5 µg.l-1. Maximum and minimum concentrations of Ni were in winter and spring, respectively. 

Concentrations of other parameter in autumn were not detected. Ni is positively correlated with 

Pb and Mn in winter and spring, respectively. Pb is also positively correlated with Zn during 

spring. There was no correlation between river discharge and the monitored metals.   

     
Table 4: Statistical variation among various heavy metals  

Metals Min Max SD 
Winter Spring Summer Autumn 

Mean 

Hg (µg.l-1) 0.5 0.5 0 0.5 0.5 0.5 0.5 

Cd (µg.l-1) 0.5 1 ±0.23 1 0.5 0.5 ND* 

Cr (µg.l-1) 2.5 5 ±1.18 5 2.5 2.5 ND 

Mn (µg.l-1) 0.5 999 ±346.73 490 133 134 ND 

Ni (µg.l-1) 2.5 54 ±16.58 33 8 2.5 10 

Pb (µg.l-1) 2.5 45 ±13.48 26.5 9.5 2.5 ND 

Zn (µg.l-1) 1 122 ±25.99 37.5 34.5 33 ND 

* ND: not detected 

 

The concentrations of Hg, Cd, Cr and Zn were found below the highest permissible value of the 

mentioned standards. While the concentration of Mn during winter was detected above the 

permissible value based on national standard of Iran (ISIRI), Egypt and Jordan except at three 

stations (P1, P3 and P4). P1 showed high Mn concentrations during spring and summer. There was 

also high Mn concentration in P3 during spring based on Iran, Egypt and Jordan national standard. 

The Ni concentrations were below the permissible value during spring and summer. Although 

concentration of Ni was recorded in the range of 5-54, it is below the critical value based on ISIRI 

and Jordan national standard. Pb concentrations were below the permissible value based on 

national standard of Egypt and Lebanon. Based on the other standards all stations during spring 

and summer and P1 during winter were below the critical value. The results showed that in the 

most of selected stations, water was found appropriate quality for drinking usage. It may be 

assigned to the purification of factories sewage before it is drained into the river.  
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MI values during spring for each station are shown in Fig 2. Stations R1, R2, R4 and R7 were pure 

(0.3<MI<1). Similar results cited by Abdullah (2013b). Stations R3 and P1 were slightly (1<MI<2) 

and seriously (6<MI) affected, respectively. The results agreed with Amadi et al. (2012) about 

slightly affected of River Chanchaga. Other stations were moderately affected (2<MI<4). Similar 

results reported by Goher et al. (2014) for evaluating the pollution status of Ismailia Canal.   

  

  

 

Fig. 2: Comparison of four heavy metal indexes in spring 

MI values obtained by EPA standard showed similar to ISIRI except at stations P1 (2.54) and P3 

(1.44). It may be due to high Ni concentrations in mentioned stations. Although metals 

concentration at each station were different but limited value of Ni concentration according to 
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ISIRI is 3.5 times more than EPA, which cause great differences between mentioned stations. 

Other standards indicated different degree of pollution compared with ISIRI and EPA. Mean MI 

values of Zohreh River were 2.71, 1.82, 2.48, 2.09, 2.59, 2.88, 1.01, 2.00 based on ISIRI, EPA, 

WHO, Iraq, Egypt, Jordan, Lebanon and India standard, respectively (Fig. 3). The most high 

quality stations were obtained by uses of Lebanon national standard.  
 

 

  
  

  
 

Fig 3: Mean value of each index during selected seaosons 

 

PI was in the range of 0.33-4.82, 0.67-2.25, 0.67-2.25, 0.67-2.25, 0.25-4.82, 0.33-4.82, 0.25-0.45 

and 0.25-2.25 based on ISIRI, EPA, WHO, Iraq, Egypt, Jordan, Lebanon and India standard, 

respectively. It showed no effect to strongly affected at the stations.  According to mean PI values, 

Lebanon standard (0.38) showed the highest quality of Zohreh River. The lowest quality obtained 

by using ISIRI and Jordan standard (3.03). HPI values were more than 100 using all guidelines 
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which represented strong pollution effects at all stations that agreed with the results reported by 

Ameh and Akpah (2011) and Abdullah (2013a). The HPI for Zohreh River showed values between 

from 101 to 288. Cd index showed slight pollution effect at some stations. This index revealed 

high pollution effects at Station P1 using ISIRI, Egypt and Jordan standard. Mean Cd values were 

less than zero at all stations based on Fig. 3.   

Fig. 4 illustrated the value of MI, PI, HPI and Cd for each station using eight guidelines during 

summer. MI values ranged between 0.60-10.57 using ISIRI. Based on Table 2 the stations P1 and 

R4 were seriously and moderately affected, respectively. Other stations were pure. Comparison of 

other standards showed that MI values were pure based on EPA and Lebanon national standard. 

All stations were in the range of 1-2 based on WHO guideline except at station P1. The range of 

mean MI was 0.75 (Lebanon standard)-2.29 (Egypt standard). PI values ranged between 0.33-4.82 

based on ISIRI. While station P1 had the lowest values among other stations, station R1 recorded 

high value of PI. Mean values of PI were in between 0.34 (Lebanon standard)-2.41 (ISIRI and 

Jordan standard). Lebanon guideline showed PI values in the range of 0-1. It seemed Lebanon 

standard was the most conservative guideline among the others.  

The HPI values were found to be above the critical value of 100 at all stations based on ISIRI. HPI 

values were 82 and 75 by using WHO and Lebanon guideline, respectively. Other standards 

showed HPI values above 100. Station R4 and station P1 had minimum and maximum values of 

HPI, respectively. Cd index denoted negative values at many stations. Only station P1 indicated 

positive Cd (Cd>3) based on guideline suggested by ISIRI, Egypt and Jordan. Mean values of Cd 

index were negative which showed high quality of the River using all guidelines. 

MI, PI, HPI and Cd did not compute during autumn because of not detected metals in the season, 

although these indexes were used to estimate the metal pollution during winter. MI index showed 

moderately affected at stations P1, P3 and P4 based on ISIRI (Fig. 5). Station R8 was strongly 

affected according to MI. This index denoted seriously affected at other stations. These results 

were found in agreement with Lyulko et al. (2001), Caerio et al. (2005) and Abdullah (2013a). 

Lebanon standard showed the lowest mean value of MI (1.91), while the highest mean value of 

MI obtained by using Jordan standard (8.03). PI was in the range of 0.33-4.66, 0.67-2.05, 0.67-

2.05, 0.67-2.05, 0.25-4.66, 0.33-4.66, 0.25-0.47 and 0.25-2.05 using guideline suggested by ISIRI, 

EPA, WHO, Iraq, Egypt, Jordan, Lebanon and India standard, respectively. Based on the mean 

values of PI index, Zohreh River showed no effect (Lebanon standard), slightly affected (EPA, 

WHO, Iraq and India standard) and moderately affected (ISIRI, Egypt and Jordan standard). 

According to HPI index, all stations along this river showed high pollution for drinking usage. Cd 

index indicated the high pollution at stations R1, R2, R3, R4, R5 and R6 based on ISIRI (Cd>3). 

Cd index was in the range of -2.50-2.09, -2.20-2.39, -3.66—2.43 and 4.57-1.39 using guideline 

suggested by EPA, Iraq, Lebanon and India national standard, respectively. Other guidelines 

showed slight to strong pollution effects at the stations. 
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Fig 4: Comparison of four heavy metal indexes in summer 

 

The results revealed that the mentioned indexes showed very different quality for Zohreh River. 

Accroding to Cd values, all stations denoted high quality for this river but HPI values showed low 

quality. Zohreh River quality based on PI values had better quality than this river based on MI 

values. It may be attributed to the related equations. PI index consider only maximum and 

minimum proportionality for all metals. It seems can not represent the effect of all metals on water 

quality. On the other hand, high concentration of any metals had great effect on PI values. In the 

case of MI index, there were lower values due to use the sum of all metals proportionality. On the 
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other hand, HPI index uses a coefficient (Wi) at the numerator and denominator, which cause the 

value increases in comparison, when a simple ratio (Vi/Si) uses. The concentrations ratio (Ci/Si) 

changed into negative value by using Cd index. Quality categories for Cd index also cause to reach 

high quality for this river. 

            

  

  
 

Fig 5: Comparison of four heavy metal indexes in winter 
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Conclusion 

According to the results, Hg, Cd, Cr, and Zn were found below the highest permissible value using 

all suggested guidelines while other metals showed low to high values based on used guidelines at 

some stations. Zohreh River quality was moderately, slightly, moderately and slightly affected 

based on MI, PI, HPI and Cd values during spring, respectively. Results showed that Zohreh River 

quality was slightly affected based on MI, PI and Cd values during summer. HPI index revealed 

moderately affected of this river. MI, PI, HPI and Cd were moderately, slightly, strongly and 

moderately affected during winter. Zohreh River showed low quality during winter. It may be due 

to the precipitation and land erosion during winter (Ameh and Akpah, 2011) with respect to the 

“no correlation” between river discharge and the metals. The comparison between water quality 

using each metal and four metal pollution indexes (MI, PI, HPI and Cd) revealed that MI index 

showed normal values. Although PI index almost showed the same values but this index was 

sensitive to the minimum and maximum concentrations of the metals. Cd index indicated high 

quality for this river while HPI index showed low quality.  

 

Acknowledgements 

The authors would like gratefully acknowledge Khuzestan Water and Power Authority (KWPA) 

for cooperation in this research and also thanks the Excellency of Irrigation & Drainage Networks 

Management of Shahid Chamran University for their support and assistance during the study. 

 

References 

Abdullah, E., 2013a. Evaluation of Surface Water Quality Indices for Heavy Metals of Diyala 

River-Iraq. Journal of Natural Sciences Research. 3(8): 63-69. 

Abdullah, E., 2013b. Quality assessment for Shatt Al-Arab River using heavy metal pollution 

index and metal index. Journal of Environment and Earth Science. 3(5): 114-120. 

Adaikpoh, E. O., Nwajei, G. E., and J. E. Ogala, 2005. Heavy metals concentrations in coal and  

sediments from river Ekulu in Enugu, Coal City of Nigeria. Journal of Applied Sciences 

and Environmental Management. 9 (3): 5-8. 

Adams, R. H., Guzman Osorio, F. J., and J. Zavala Cruz, 2008. Water repellency in oil 

contaminated sandy and clayey soils. International Journal of Environmental Science & 

Technology. 5 (4 ): 445-454. 

Ahmad, M. K., Islam, S., Rahman, S., Haque, M. R., and M. M. Islam, 2010. Heavy metals in 

water, sediment and some fishes of Buriganga River, Bangladesh. International Journal of 

Environmental Research. 4 (2): 321-332. 

Akoto, O., Bruce, T. N., and G. Darko, 2008. Heavy metals pollution profiles in streams serving 

the Owabi reservoir. African Journal of Environmental Science and Technology. 2 (11): 

354-359. 

Aktar, M. W., Paramasiva, M. M. G., Anguly, M., Purkait, S., and D. Sengupta, 2010. Assessment 

an doccurrence of various heavy metals in surface water of Ganga river around Kolkata: a 

http://www.bioline.org.br/ja
http://www.bioline.org.br/ja
http://link.springer.com/journal/13762
http://link.springer.com/journal/13762
http://ijer.ut.ac.ir/
http://ijer.ut.ac.ir/
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwjK4qyWsanHAhWDoIAKHehcCqI&url=http%3A%2F%2Fwww.academicjournals.org%2Fjournal%2FAJEST&ei=tkvOVcqvJYPBggTouamQCg&usg=AFQjCNF2UBC3hPomgM1m5VqesFJ1JeR9Hw


12 
 

study for toxicity and ecological impact. Environmental Monitoring and Assessment.  160 

(1-4): 207-213. 

Amadi, A. N., Yisa, J., Ogbonnaya, I. C., Dan-Hassan, M. A., Jacob, J. O., and Y. B. Alkali, 2012. 

Quality Evaluation of River Chanchaga Using Metal Pollution Index and Principal 

Component Analysis. Journal of Geography and Geology. 4(2): 13-21. 

Ameh, E. G., and F. A. Akpah, 2011. Heavy metal pollution indexing and multivariate statistical 

evaluation of hydrogeochemistry of River PovPov in Itakpe Iron-Ore mining area, Kogi 

State, Nigeria. Pelagia Research Library, Advances in Applied Science Research. 2 (1): 

33-46. 

Ammann, A. A., Michalke, B., and P. Schramel. 2002. Speciation of heavy metals in 

environmental water by ion chromatography coupled to ICP-MS. Analytical and 

Bioanalytical Chemistry.  372(3): 448-452. 

Bakan, G., Boke Ozkoc, H., Tulek, S., and H. Cuce, 2010. Integrated environmental quality 

assessment of Kızılırmak River and its coastal environment. Turkish Journal of Fisheries 

and Aquatic Sciences. 10: 453–462. 

Bem, H., Gallorini, M., Rizzio, E., and S. M. Krzemin, 2003. Comparative studies on the 

concentrations of some elements in the urban airparticulate matter in Lodz City of Poland 

and in Milan, Italy. Environment International. 29 (4): 423-428. 

Caerio, S., Costa, M. H., Ramos, T. B., Fernandes, F., Silveira, N., Coimbra, A., and M. Painho, 

2005. Assessing heavy metal contamination in Sado Estuary sediment: An index analysis 

approach. Ecological Indicators. 5: 155-169. 

Carpenter, S. R., Caraco, N. F., Correll, D. L., Howarth, R. W., Sharpley, A. N., and V. H. Smith, 

1998. Non point pollution of surface waters with phosphorus and nitrogen. Ecological 

Applications. 8(3): 559–68. 

Edet, A. E., and O. E. Offiong, 2002. Evaluation of water quality pollution indices for heavy metal 

contamination monitoring. A study case from Akpabuyo-Odukpani are, lower cross river 

basin (southeastern Nigeria). GeoJournal. 57: 295-304. 

Egyptian drinking water quality standards, 2007. Ministry of Health, Population Decision number 

(458). 

El-Sayed, S. A., 2008. Microbiological studies on Ismailia Canal, River Nile,Egypt (MSc. Thesis). 

Faculty of Science. Al-Azhar Univ. Egypt. p. 198. 

Geriesh, M. H., Stueben, D., and Z. Berner, 2004. Deficiencies of Simple Technologies in Surface 

Water Purification: A Case Study of Surface Water Treatment for Drinking Purposes at 

Suez City, Egypt. In: The 7th International Conference of Geology of Arab World (GAW 

7). Cairo, Egypt. 429–437. 

Goher, M. E., Hassan, A. M., Abdel-Moniem, I. A., Fahmy, A. H., and A. M. El-sayed, 2014. 

Evaluation of surface water quality and heavy metal indices of Ismailia Canal, Nile River, 

Egypt. Egyptian Journal of Aquatic Research. 40: 225-233. 

Gueu, S., Yao, B., Adouby, K., and G. Ado, 2007. Kinetics and thermodynamics study of lead 

adsorption on to activated carbons from coconut and seed hull of the palm tree. 

International Journal of Environmental Science and Technology. 4 (1): 11-17. 

Guidelines for Drinking-water Quality, 2011. fourth ed. World Health (WHO) Organization. 

Hatje, V., Bidone, E. D., and J. L. Maddock, 1998. Estimation of the natural and anthropogenic 

components of heavy metal fluxes in fresh water Sinos river, Rio Grande do Sul state, 

South Brazil. Environmental Technology. 19 (5): 483-487. 

http://link.springer.com/journal/10661
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CB0QFjAAahUKEwibgKnjsanHAhURa9sKHZC8CAY&url=http%3A%2F%2Fwww.springer.com%2Fchemistry%2Fanalytical%2Bchemistry%2Fjournal%2F216&ei=WEzOVZv0AZHW7QaQ-aIw&usg=AFQjCNFV2OcNvCdNtwA2cf0nHl3VCQRT-A&bvm=bv.99804247,d.bGQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CB0QFjAAahUKEwibgKnjsanHAhURa9sKHZC8CAY&url=http%3A%2F%2Fwww.springer.com%2Fchemistry%2Fanalytical%2Bchemistry%2Fjournal%2F216&ei=WEzOVZv0AZHW7QaQ-aIw&usg=AFQjCNFV2OcNvCdNtwA2cf0nHl3VCQRT-A&bvm=bv.99804247,d.bGQ
http://www.trjfas.org/
http://www.trjfas.org/
http://www.journals.elsevier.com/environment-international/


13 
 

Houben, G., Tunnermeier, T., Eqrar, N., and T. Himmelsbach, 2009. Hydrogeology of the Kabul 

basin (Afghanistan), Part II: Groundwater geochemistry. Hydrogeology Journal. 2009. 17: 

935– 948. 

Institute of Standards and Industrial Research of Iran (ISIRI), 2005. Water quality-Sampling; 

Sampling of rivers and streams guidance, ISIRI-7964, 5th.revisions. (In Persian) 

Institute of Standards and Industrial Research of Iran (ISIRI), 2010. Drinking water physical and 

chemical specifications, ISIRI-1053, 5th.revisions. (In Persian) 

IS 10500, 1993. Indian drinking water standards. Indian standard specifications for drinking water. 

Jarvie, H. P., Whitton, B. A., and C. Neal, 1998. Nitrogen and phosphorus in east coast British 

rivers: speciation, sources and biological significance. Science of the Total Environment. 

210–211: 79–109. 

Kar, D., Sur, P., Mandal, S. K., Saha, T., and R. K. Kole, 2008. Assessment of heavy metal 

pollution in surface water. Environmental Science and Technology International Journal. 

5(1): 119-124. 

Karbassi, A. R., Monavari, S. M., Nabi Bidhendi, G. R., Nouri, J., and K. Nematpour, 2008. Metal 

pollution assessment of sediment and water in the Shur River. Environmental Monitoring 

and Assessment. 147(1-3): 107-116 

Karbassi, A. R., Nouri, J., and G. O. Ayaz, 2007. Flocculation of trace metals during mixing of 

Talar river water with CaspianSeawater. International Journal of Environmental Research. 

1(1): 66-73. 

Ketata, M., Hamzaoui, F., Gueddari, M., Bouhila, R., and L. Riberio, 2011. Hydrochemical and 

statistical study of groundwater in Gabes- South deep aquifer (south-eastern Tunisis). 

Physics and Chemistry of the Earth. 36: 187- 196. 

Khalifa, N., 2014. Population dynamics of Rotifera in Ismailia Canal. Journal of Biodiversity and 

Environmental Sciences (JBES). 4 (2): 58–67. 

Lee, C. L., Li, X. D., Zhang, G., Li, J., Ding, A. J., and T. Wang, 2007. Heavy metals and Pb 

isotopic composition of aerosols in urban and suburban areas of Hong Kong and 

Guangzhou, South China Evidence of the long-range transport of air contaminants. 

Environmental Pollution. 41(2): 432-447. 

Lohani, M. B., Singh, S., Rupainwar, D. C., and D. N. Dhar, 2008. Seasonal variations of heavy 

metal contamination in river Gomti of Lucknow city region. Environmental Monitoring 

and Assessment. 147(1-3): 253-263. 

Lyulko, I., Ambalova, T., and T. Vasiljeva, 2001. To Integrated Water Quality Assessment in 

Latvia. MTM (Monitoring Tailor-Made) III. Proceedings of International Workshop on 

Information for Sustainable Water Management. Netherlands. 449-452. 

Ministry of Planning and Development Cooperation, Central Agency for Standardization and 

Quality Control. 2009. Standard No, (417), Drinking water. p.9. Iraq. 

Nouri, J., Mahvi, A. H., Babaei, A., and E. Ahmadpour, 2006. Regional pattern distribution of 

groundwater fluoride in the Shush aquifer of Khuzestan County Iran Fluoride. Fluoride. 

39(4): 321-325. 

Nouri, J., Mahvi, A. H., Jahed, G. R., and A. A. Babaei, 2008. Regional distribution pattern of 

groundwater heavy metals resulting from agricultural activities. Environmental Geology. 

55 (6): 1337-1343. 

Reza, R., and G. Singh, 2010. Heavy metal contamination and its indexing approach for river 

water. Environmental Science and Technology International Journal. 7(4): 785-792. 

http://www.journals.elsevier.com/science-of-the-total-environment/
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwiZ06nts6nHAhVFmIAKHYBJA6Y&url=http%3A%2F%2Fwww.springer.com%2Fenvironment%2Fjournal%2F13762&ei=hU7OVdn8NcWwggSAk42wCg&usg=AFQjCNFU_e0pHRk_xCYOqPCShYaJHQQC_Q
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwivlJ_6s6nHAhXCmoAKHfOLDLQ&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F10661&ei=oE7OVa_EO8K1ggTzl7KgCw&usg=AFQjCNEdQkO-FCmd0_6eWAo_M6ffeqElaA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwivlJ_6s6nHAhXCmoAKHfOLDLQ&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F10661&ei=oE7OVa_EO8K1ggTzl7KgCw&usg=AFQjCNEdQkO-FCmd0_6eWAo_M6ffeqElaA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwi8rKa0tKnHAhUKlQ0KHUuKAcc&url=http%3A%2F%2Fijer.ut.ac.ir%2F&ei=Gk_OVby3LIqqNsuUhrgM&usg=AFQjCNERACsuMwYXSQ6vDbCppfTSB3L43Q
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwi0sYWgtKnHAhVI04AKHXxSB7c&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fenvironmental-pollution%2F&ei=8E7OVbT5DsimgwT8pJ24Cw&usg=AFQjCNGG6phYJE_ZLVPoZ2WHNg1Y8NfRSg
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB0QFjAAahUKEwjcmqGMtanHAhUJ0IAKHUp1B7E&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F10661&ei=00_OVZzlC4mggwTK6p2ICw&usg=AFQjCNEdQkO-FCmd0_6eWAo_M6ffeqElaA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB0QFjAAahUKEwjcmqGMtanHAhUJ0IAKHUp1B7E&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F10661&ei=00_OVZzlC4mggwTK6p2ICw&usg=AFQjCNEdQkO-FCmd0_6eWAo_M6ffeqElaA
http://link.springer.com/journal/254
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwjT2sLBtanHAhUFig0KHcaND-8&url=http%3A%2F%2Fwww.springer.com%2Fenvironment%2Fjournal%2F13762&ei=QlDOVdOxNoWUNsabvvgO&usg=AFQjCNFU_e0pHRk_xCYOqPCShYaJHQQC_Q


14 
 

Sundaray, S. K., Panda, U. C., Nayak, B .B., and D. Bhatta, 2006. Multivariate statistical tecniques 

for the evaluation of spatial and temporal variationin water quality of Mahanadi 

riverestuarine system (India). A case study. Environmental Geochemistry and Health.  
28(4): 317-330. 

Suthar, S., and S. Singh, 2008. Vermicomposting of domestic waste by using two epigeic 

earthworms (Perionyx excavatus and Per ionyx s ansib ar ic us). Environmental Science 

and Technology International Journal. 5(1): 99-106. 

Tayfur, G., Kirer, T., and A. Baba, 2008. Groundwater quality and hydrogeochemical properties 

of torbalı region, Izmir, Turkey. Environmental Monitoring and Assessmen. 146: 157-169. 

United States Environmental Protection Agency (EPA), 2009. National Primary Drinking Water 

Regulations. EPA 816-F-09-004. 6 pp. 

Vinodhini, R., and M. Narayanan, 2008. Bioaccumulation of heavy metals in organs of fresh water 

fish Cyprinus carpio (Common carp). Environmental Science and Technology 

International Journal. 5(2): 179-182. 

WHO, 2006. A compendium of drinking-water quality standards in the Eastern Mediterranean 

Region, World Health Organization Regional Office for the Eastern Mediterranean 

Regional Centre for Environmental Health Activities. 39 pp. 

Wong, C. S. C., Li, X. D., Zhang, G., Qi, S. H., and X. Z. Peng, 2003. Atmospheric deposition of 

heavy metals in the Pearl River Delta, China. Atmospheric Environment. 37(6): 767-776.  
 

 

http://www.springer.com/environment/environmental+health+-+public+health/journal/10653
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwjT2sLBtanHAhUFig0KHcaND-8&url=http%3A%2F%2Fwww.springer.com%2Fenvironment%2Fjournal%2F13762&ei=QlDOVdOxNoWUNsabvvgO&usg=AFQjCNFU_e0pHRk_xCYOqPCShYaJHQQC_Q
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwjT2sLBtanHAhUFig0KHcaND-8&url=http%3A%2F%2Fwww.springer.com%2Fenvironment%2Fjournal%2F13762&ei=QlDOVdOxNoWUNsabvvgO&usg=AFQjCNFU_e0pHRk_xCYOqPCShYaJHQQC_Q
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwjT2sLBtanHAhUFig0KHcaND-8&url=http%3A%2F%2Fwww.springer.com%2Fenvironment%2Fjournal%2F13762&ei=QlDOVdOxNoWUNsabvvgO&usg=AFQjCNFU_e0pHRk_xCYOqPCShYaJHQQC_Q
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwjT2sLBtanHAhUFig0KHcaND-8&url=http%3A%2F%2Fwww.springer.com%2Fenvironment%2Fjournal%2F13762&ei=QlDOVdOxNoWUNsabvvgO&usg=AFQjCNFU_e0pHRk_xCYOqPCShYaJHQQC_Q
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAAahUKEwjy2ODytanHAhXCwIAKHboyBJ8&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13522310&ei=qlDOVfLbCMKBgwS65ZD4CQ&usg=AFQjCNGcGIh8YCaYMFCieTwVar4lJxmWQw

