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ABSTRACT

This work was carried out to monitoring of Shatt Al-Arab river pollution by assessing
the degree of heavy metals pollution in the sediment samples. Sediment samples were taken
from three stations (Al-Qurna, Al-Diar, and Abo AL-Khaseeb).Mean of concentrations of
metals in the sediments ranged from 23.52 to 28.90 for Cd, 253.01 to 333.42 for Pb, 34.82 to
61.22 for Zn and 130.71 to 249.56 mg kg™ for Cu . The order of the mean concentrations of
examined heavy metals fallow was as: Pb>Cu>Zn >Cd. The concentrations of Pb and Cd
were much higher than normal background values .The degree of contamination in the
sediments had been evaluated by using Enrichment factor (EF), Geo accumulation index (I-
geo), and Contamination factor (CF). Based on I-geo the sediment of Shatt Al-Arab river
within the study area can be considered to be a strongly to extremely polluted with Cd and
Pb, while the I-geo values of Zn show moderately polluted degree. Suggesting that the site
located in the downstream is more seriously polluted by heavy metals than other sites,
attributed to the feeding river input. Furthermore, Abo AL-Kaseeb station displayed the
highest EF and I geo value and reflects the highest presence of all the examined heavy

metals; indicating that this site is considerably affected by different anthropogenic activities.

KEYWORDS: Shatt Al-Arab river; heavy metal concentration; geoaccumulation index (I-
geo);Contamination factor (CF) and Enrichment factor (EF)

INTRODUCTION

The chemical analysis of river sediment is a useful method of studying environmental
pollution with heavy metals (Batley 1989 and Goorzadi et al.,2009). Sediments are important
carriers of trace metals in the environment and reflect the current quality of the system,
sediments usually provide a record of catchments inputs into aquatic ecosystems, natural
sediment formed during weathering process might be modified markedly during
transportation and deposition by chemical of anthropogenic origin (Chapmann 1992).
Heavy metals accumulate in the sediments through complex physical and chemical
adsorption mechanisms depending on the nature of the sediment matrix and the properties of

the adsorbed compounds (Ankly et al.,1992).
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Trace metals are among the most common environmental pollutants and their occurrence in
waters, sediments and biota indicate the presence of natural or anthropogenic sources. The
remains of trace metals in aquatic environments has led to serious concerns about their
influence on plants and animals life (Sheikh et al.,2007 and Zvinowanda et al.,2009).

The behavior of metals in natural waters is a function of the substrate sediment composition,
the suspended sediment composition and the water chemistry (Shrestha et al.,2007 and
Harikumar and Jisha 2010).

The assessment of sediment enrichment with elements can be carried out in many ways. The
most common ones are the index of geo-accumulation index (I-geo) , pollution load index
(PLI) Enrichment factor(EF)and Contamination factor(CF) . The I-geo has been widely used
as a measure of pollution in freshwater sediment (Singh et al 1997), while the pollution load
index (PLI) represents the number of times by which the heavy metal concentrations in the
sediment exceeds the background concentration, and gives a combined indication of the
overall level of heavy metal toxicity in a particular sample (Priju and Narayana 20006).
Pollution Load Index (PLI) was used to evaluate the extent of pollution by heavy metals in
the environment. The range and class are same as Igeo. PLI for a particular site has been
calculated following the method planned by(Tomlinson et al.,1980).

To assess the environmental impact of contaminated sediments, information on total
concentrations is not enough and particular interest is the fraction of the total trace metal
content that may take part in further biological processes (Al-Haidarey 2009).

Concentrations of metals in sediment of the Shatt Al-Arab waters have been documented by
(Al-Khafaje 1996 ; Hassan 2007;Al-Sabah 2007; Al-Hejuje 2015).

The aim of this study is measure the concentration of some heavy metals and their association
with various geochemical substrates in sediments of Shatt AL-Arab river and to assess the

influence of anthropogenic activities in sediment pollution.

Materials and Methods

Sediment sampling

The research method followed collecting sediment samples from three selected stations along
the Shatt al-Arab river for the purpose of analysis and estimation the concentration of Cd , Cu
, Pb and Zn during one year and for four seasons starting from December 2013 until

November 2014 .The rate of values for three months were recorded according to the seasons
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of the year. The first station is Al-Qurna ,in North of Basra, the second is AL-Diar, and third
station is Abo AL-Khaseeb.
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Analysis of sediments

Preparation and analysis of sample

One gram of dried air sediment sample was transferred to 100 mL Teflon tube and wet-
digested with concentrated HNO;3 and HCL (1:3 v/v) on a hot plate. The tubes were cooled
and volumes prepared with double distilled water in volumetric flask. The digested samples
were analyzed for Cd, Cu, Pb and Zn. according to (Sparks et al.,1996)using Atomic
Absorption Spectrophotometers Technique .

Determination of geoaccumulation index

The geoaccumulation index Igeovalues were calculated for different metals as introduced by
(Muller 1969) is as follows :

I-geo =1log2 Cn/ 1.5 Bn

Where, Cn is the measured concentration of element n in the sediment and Bn is the
geoaccumulation background for the element n which is either directly measured in
precivilization sediments of the area or taken from the literature (average shale value
described by (Kabata 2011) . The factor 1.5 is introduced to include possible variation of the
background values that are due to lithologic variations.(Al-Lami and Al-Jaberi 2002).
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Igeo Sediments pollution case

<0 practically unpolluted- Background sample
1-2 unpolluted to moderately polluted

2-3 moderately polluted to polluted

3-4 strongly polluted

4-5 strongly to extremely polluted

>5 extremely polluted

Determination of Contamination Factor (CF)

Contamination Factor was used to determine the contamination status of sediment in the
current study. CF was calculated according to the equation described below:

CF=Mc/Bc

Where Mc Measured concentration of the metal and Bc is the background concentration of
the same metal. Four contamination categories are documented on the basis of the

contamination factor (Hakanson 1980).

CF Contamination factor
CF<1 low contamination
1<CF< 3 moderate contamination
3<CF<6 considerable contamination
CF>6 very high contamination

while the degree of contamination (Cd) was defined as the sum of all contamination factors.
The following terms is adopted to illustrate the degree of contamination:

CD degree of contamination
Cd<6 low

6<Cd<l12 Moderate

12<Cd<24 Considerable

Cd>24 very high

Determination of pollution load index

The pollution load index (PLI) proposed by (Tomlinson et al.,1980) has been used in this
study to measure PLI in sediments of Shatt AL-Arab river. The PLI for a single site is nth
root of n number multiplying the contamination factors (CF values) together . PLI was

calculated according to the equation described below:
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PLI for site= nth\ CF1 x CF2 ..... x CFn
Determination of enrichment factor
To evaluate the magnitude of source material to that found in the Earth's crust (Huheey 1983)
and following equation was used to calculate the EFC as contaminants in the environment,

the enrichment factors (EF) were computed relative to the abundance of species in proposed
by (Atgin et al.,2000).

EF = (CM / CFe)sample / (CM / CFe)Earth's crust

Were, (CM / CFe)sample is the ratio of concentration of trace metal (CM) to that of Fe (CFe)
in the sediment sample and (CM / CFe)Earth's crust is the same reference ratio in the Earth's
crust. The average abundance of Cd ,Cu ,Pb and Zn (0.35,55,15,70 mgKg™', respectively) and
the reference value of Fe is 5.2% was selected as the reference element, due to its crustal
dominance and its high immobility (Huheey 1983).

EF <1 indicates no enrichment, EF <3 is minor enrichment , EF = 3-5 moderate enrichment ,
EF = 5-10 is moderate to severe enrichment, EF = 10-25is severe enrichment, EF 25-50 is

very severe enrichment EF >50 extremely severe enrichment.

Results and Discussion

Total heavy metals concentration

In order to assess the metals concentration in Shatt AL-Arab sediments, it is important to
establish the allowable levels of these metals, heavy metals may be merged in to the aquatic
system from anthropogenic sources. However, knowledge of the distribution and
concentrations of the heavy metals in the sediments will help to detect the source of pollution
in the aquatic systems (Al-Hjaij , 2015) .

The total concentration of heavy metals in sediments for each station in this study were
shown in Fig 1,2 and 3 . Metal concentration were ranging over following intervals: Cd:
(24.3-30.9); Cu: (149.6-264.56) Fe: (8615.3-23348.7) ;Pb: (274.24-353.42) and Zn: (43.57-
70.22) ;mg kg'1 respectively with the mean values Cd: (27.49); Cu: (179.05) ; Pb: (313.97)
and Zn: (54.7) mg kg respectively, the metals concentration with the order as follow :
Pb>Cu>Zn> Cd.

The mean concentration of Cd, Cu and Pb in sediments of all the stations were more than the
background values (Fig 1,2and 3).It is similar to the results findings by previous

studies(Hassan,2007 ;Al-Sabah 2007;Al-Hejuje 2015).
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Fig 1: Concentration of heavy metals (mg/Kg) for sediments of Qurna station
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Fig 2: Concentration of heavy metals (mg/Kg) for sediments of Al-Diar station
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Fig 3: Concentration of heavy metals (mg/Kg) for sediments of Abo Al-Kasseb station

The ecological risk of the polluted sediments stemmed mainly from Cd, and from Pb, Cu and
Zn to less degrees. The highest potential risks occurred near the aquaculture base, indicating
that need to control heavy metal inputs from aqua farming activities.(Wenfeng et al.,2012)
Tab. (1)shows that the mean contents of Cd, Cu, Pb and Zn in the surface sediments from the

same station were significantly more than the background concentration in the curst
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Table( 1 ): Total Heavy metals concentrations in sediments ( mgKg" dry weight) in the

present study as compared with the other previous studies.

Cd Cu Fe Pb /n Reference
0.27 29.24 5210.50 17.74 31.99 (Al-Khafaji 1996)
6.39 61.3 4119.55 116.6 2354 (Al-Saffie 2005)
2.0-7.8 5.9-81.3 | 4700-23700 | 27.6-96.2 24 .8- (Al-Sabah 2007)
112.4
24.52 36.61 14443.29 263.47 149.28 | (Hassan 2007)
5.81 30.15 4170.33 40.13 - (Al-Qarooni 2011)
- 26.69 1911.03 83.78 75.56 (Al-Shmery 2013)
13.08 44.11 20485.79 104.97 106.21 (Al-Hejuje 2015)
27.49 179.05 16695 313.97 54.7 Present Study

Pb>Cu > Zn > Cd.

The present study showed non-significant differences among stations in total metals
concentration, this variation in the concentrations could be attributed to the interactions
between multi factors that affect the concentrations of total metals, such as the unequal
amounts of sewage discharged, the phytoplankton, fish cage and aquatic plants densities
which absorbed or adsorbed the ionic metals, the sand storms occurring, and the fuel burn
emissions specially during Summer as a result of electrical power generation machines that
released large amounts of metals especially lead compounds .these results agree with many
studies like (Hassan 2007) and (Al-Hejuje 2015).

The stations of study were generally exposed to pollutants, both which presents industrial
facilities established on the river or sewage, which continuously and without treatment, or the
impact of an activity or boating traffic, which has increased recently, especially in the (Abo
Al-Kassseb station) and water transport activity. in addition to the moves with dust is a good
ratio of trace elements that were added to the river and lead (Hassan 2007).

The total concentrations of heavy metals in the current studied compared with the previous
studies ( Tablel) found that these concentrations were within the ranges in the Shatt Al-Arab
river. (Martin and Meybeck 1979). This may be attributed to the removing of these metals by
many ways such as adsorption by particulate matter, precipitation deposition and removal by
organism (Mohiuddin et al.,2010).

Lead (Pb) was found in winter higher than in summer , it may be due to the less soluble of
Pb containing minerals in natural water , this was in agreement with (Hassan 2007 ; Reza and

Singh 2010) .
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Geo-accumulation index

The calculated results of I-geo (Table 2), indicate that Cd can be considered to be a strongly
to extremely polluted, while the Igeo values of Cu showed unpolluted to moderately polluted,
Pbl-geo values showed strongly polluted degree and Zn displayed practically unpolluted
degree. On the basis of the mean values of I-geo, sediments in Shatt Al-Arab river at three
stations were enriched with metals in the following order: Cd>Pb>Cu>Zn, and the pollution
levels for the sites in the following order: St3>St2>St1.

Table 2: I-geo values for sediments samples of the Shatt Al-Arab river in three stations

for Cd, Cu, Pb and Zn

Station Season Cd Cu Pb Zn
Qurna Winter 4.70 0.96 3.65 -1.27
Spring 4.60 0.86 3.69 -0.97
Summer 4.86 1.14 3.93 -0.96
Autumn 4.88 1.24 3.95 -0.71
Al-Diar Winter 4.65 0.85 3.61 -1.26
Spring 4.68 1.03 3.64 -1.01
Summer 4.85 1.17 3.90 -0.80
Autumn 4.86 1.68 3.97 -0.64
Abo Al-Kasseb Winter 4.70 0.87 3.63 -1.26
Spring 4.72 0.99 3.66 -1.12
Summer 4.88 1.10 3.95 -0.92
Autumn 4.95 1.30 3.96 -0.58

Contamination factor and degree of contamination

Generally sediments had been used as environmental indicators, and this ability to identify
heavy metal contamination sources and monitor contaminants is also well documented. Thus,
the accumulation of metals in the sediments was strongly controlled by the nature of the
substrate as well as the physicochemical conditions controlling dissolution and precipitation
[Venkatramanan et al.,2012]. The level of metal contamination was expressed by the
contamination factor [Pekey et al.,2004].

The average CF values (Table 3) for different heavy metals in the sediments of Shatt Al-Arab
river were as follow: Cd>Pb>Cu>Zn (Table 3). For all sites along the Shatt Al-Arab river,
the CF value for Cd and Pbare>6, indicating that this environment were very high
contamination with Cd and Pb, while Cu displayed moderate  to considerable
contamination.CF value for Zn was less than 1 indicating that this environment was low

contamination with Zn.
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Table 3: Contamination factor (CF) , Contamination degree (CD) and Pollution Load
Index (PLI) for sediments samples of the Shatt Al-Arab river in three station.

Station Season Contamination factor (CF) CD | PLI
Cd Cu Pb Zn

Qurna Winter 74.20 291 18.83 | 0.62 | 96.56 | 7.09
Spring 69.43 2.72 1934 | 0.77 | 92.26 | 7.27

Summer 83.17 3.31 22.83 | 0.77 | 110.08 | 8.34

Autumn 84.11 3.53 23.11 | 0.92 | 111.68 | 8.91

Al-Diar Winter 71.49 2.70 1828 | 0.62 | 93.09 | 6.85
Spring 73.46 3.07 18.72 | 0.74 | 96.00 | 7.49

Summer 82.17 337 | 2240 | 0.86 | 108.81 | 8.56

Autumn 82.91 4.81 23.56 | 096 | 112.25] 9.75

Abo Al- Winter 74.11 2.74 18.53 | 0.63 | 96.01 | 6.97
Kasseb Spring 75.17 2.98 19.03 | 0.69 | 97.87 | 7.36
Summer 84.06 322 | 23119 | 0.79 | 111.26 | 8.40

Autumn 88.29 3.70 | 2335 | 1.00 | 11633 | 9.35

In contrast, the rest heavy metals exhibit moderate contamination in general. Furthermore,
very high degrees of contamination (Cd>24) were observed indicating serious anthropogenic
pollution. However, on the basis of the mean values of Cd, the pollution levels for the sites in
the following order: St3>St1>St2, suggesting that the site located in the downstream was
more seriously polluted by heavy metals than other sites, attributed to the feeding river input,
very high degree of contamination indicating serious anthropogenic pollution. The average
CF values for different heavy metals in the sediments of Shatt Al-Arab river in three stations
were Cd>Pb>Cu> Zn (Table 3). For all sites along the Shatt Al-Arab river, the CF value for
Cd was>24, indicating that this environment was contaminated with all study metals which

indicating serious anthropogenic pollution.

Pollution Load Index

Pollution Load Index (PLI) was used to evaluate the extent of pollution by heavy metals in
the environment. The range and class were same as Igeo. The value of PLI ranges from 8.16
in the downstream site to 7.9 in midstream site (Table 2), indicated moderately to strongly
polluted. However, Abo Al-Kasseb station displayed the highest PLI value and reflects the
highest presence of all the examined heavy metals; indicating that this site is considerably
affected by different anthropogenic activities, while Al- Diar station exhibit the lowest
contamination factors of all the studied heavy metals, except for Pb and Zn. Therefore, this

site has the lowest PLI.
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Enrichment factor

In this study iron was used as a conservative tracer to differentiate natural from
anthropogenic components, following the hypothesis that its content in the earth crust has not
been troubled by anthropogenic activity and it has been chosen as the element of
normalization because natural sources (98%) greatly dominate its contribution (Sekabira et
al.,2010). As shown in Table 3, average EF values for heavy metals have an order
Cd>Pb>Cu> Zn, suggesting that sediment samples were extremely high enrichment with Cd
and Pb, while Cu moderate to severe enrichment. In contrast, the rest of the metals show
moderate or minimal enrichment in the study area. With respect to specific sites, high EF
values (e.g., 440.04 for Cd, 132.05 for Pb, 16.27 for Cu and 3.72 for Zn) were found at Site 3,
which was located at the downstream and continuously receives a vast amount of wastewater
and other wastes of the city.

Table 4: Enrichment factor (EF) for sediments samples of Shatt Al-Arab river in three stations

Station Season Cd Cu Pb Zn
Qurna Winter 165.25 6.49 50.32 1.39
Spring 292.33 11.45 97.73 3.22

Summer 271.81 10.81 89.54 2.51

Autumn 205.83 8.64 67.87 2.24

Al-Diar Winter 431.47 16.27 132.42 3.77
Spring 275.29 11.51 84.20 2.79

Summer 243,53 10.00 79.65 2.56

Autumn 194.20 11.27 66.22 2.25

Abo Al-Kasseb Winter 440.04 16.27 132.05 3.72
Spring 254.75 10.11 77.37 2.33

Summer 231.57 8.87 76.67 2.19

Autumn 206.16 8.63 65.42 2.34

Elements which are naturally derived hadan EF value of nearly unity while elements of
anthropogenic origin have EF values of several orders of magnitude (Al-Saffar 2006).
According to (Harikumar and Jisha 2010)EF values greater than 1.5 have such heavy metals
derived from other sources suggesting environmental contamination by those particular heavy
metals. It is presumed that high EF values indicates an anthropogenic source of trace metals
mainly from activities such as accumulation of organic materials , decompositions, and
export of particulate organic matter (Kwon et al.,2001). Science the bioavailability and
toxicity of any heavy metal in sediment depend on chemical from and concentration of the
metal, it can be inferred that trace metals in sediments samples with high EF values, along
with higher labile fractions in sediments are potential sources for mobility and bioavailability

in the aquatic ecosystems (Ameh et al.,2011). The high concentrations of EF values in some

244
WWWw.jlarm.com



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY
Impact Factor 1.625, ISSN: 2320-5083, Volume 3, Issue 6, July 2015

locations above may be attributed to the land base activities, sewage wastes and also from the

erosion of soil (Al-Haidarey 2009).

Conclusion

This study revealed that the enhanced concentration of some heavy metals in sediment of
Shatt Al-Arab river like Qurna, Al-Diar and Abo Al-Kasseb is due to anthropogenic
influences. Distribution pattern of heavy metals in the sediments according to Indexes use to

assessment in this research

Geoaccumulation Contamination Enrichment factor
index (Igeo) factor (CF) (EF)
Cd strongly to extremely very high extremely severe
polluted contamination enrichment.
Cu unpolluted to moderate to moderate to severe
moderately polluted considerable enrichment
contamination
Pb strongly polluted very high extremely severe
contamination enrichment.
Zn practically low contamination minor to moderate
unpolluted enrichment
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