Issa and Qanbar Iragi Journal of Science, 2016, Vol. 57, No.1A, pp: 14193

ISSN: 0067-2904
GIF: 0.851

Assessment of Heavy Metal Contamination in Euphrates River Sediments
from Al-Hindiya Barrage to Al-Nasiria City, South Iraq

Murtadha J.Issa’, Alaa Sh. Qanbar
Department of Geology, College of Science, University of Baghdad, Baghdad, Iraq

Abstract

The degree of contamination in the sediments of the Euphrates River (Shatt Al-
Hindiya), for the metals As, Cd, Co, Cu, Cr, Mn, Ni, Pb, Sc Se, Sr, V and Zn has
been evaluated using the index of geo-accumulation (I-geo), Enrichment factor (EF),
Contamination factor (CF) and pollution load index (PLI), whereat the I-geo has
been widely utilized as a measure of pollution in freshwater sediment. Enrichment
factor (EF) is one widely used as approach to characterize the degree of
anthropogenic pollution to establish enrichment ratios, 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 summative
indication of the overall level of heavy metal toxicity in a particular sample. By
using these numerical sediments indexes we found that the Sediments of Euphrates
River in the study area are polluted by the metals of Nickel (maximum 194ppm) and
Strontium (maximum 543ppm), and moderately polluted by the metals of Copper
(maximum 47.9), Cobalt (maximum 22.8ppm), Chromium (maximum 111ppm) and
Selenium (maximum 1.1ppm), while the sediments of Euphrates River are not
polluted by the metals of Arsenic (maximum 10.2ppm), Cadmium (maximum
0.29ppm), Manganese (maximum 949ppm), Lead (maximum 14.8ppm), Scandium
(maximum 8.96ppm), Vanadium (maximum 81ppm) and Zinc (maximum 91ppm).
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1. Introduction

Pollution of the natural environment by heavy metals is a universal problem because these metals
are indestructible and most of them have toxic effects on living organisms, when permissible
concentration levels are exceeded [1]. Heavy metals are either naturally or through anthropogenic
sources introduced into river water. Metals that are naturally introduced into the river come primarily
from sources such as rock weathering, soil erosion, and the dissolution of water-soluble salts.
Naturally occurring metals (especially the heavy metals) move through aquatic environments
independent of human activities and usually without any detrimental effects [2, 3]. Anthropogenic
pollutants are discharged from industrial, domestic and agricultural wastewater into the river water
system [4]. Sediment served as sinks for most of the metals in aqueous phase [5]. The concentrations
of heavy metals in soils are varied according to the rate of particle sedimentation, the rate of heavy
metals deposition, the particle size and the presence or absence of organic matter in the soils [6].The
assessment of sediment enrichment with elements can be carried out in many ways; The most common
ones are the index of geo-accumulation (I-geo), Enrichment Factor (EF) and pollution load index
(PLI).
2. Materials and Methods
2.1. Study Area

Euphrates River is the longest in the Middle East and the largest in terms of area and the second
basin feeding the rivers in the region from where the water contained. From Turkey the Euphrates
flows through Syria's semi-desert plateau entering Iraq at Rumanah (AL Qaim); then it passes through
the desert entering the Mesopotamian Plain at Fallujah. At Qurna, 60 km NNW of Basra, the
Euphrates merges with the Tigris forming the Shatt AL-Arab. The Euphrates is 2700 km long (1213
km in Iraq) with a catchment area of 765000 km. The average flow rate of the Euphrates River is only
1100 m3/s. The flow of the Euphrates can reach 50000 m3/s, usually at the beginning of May. The
Tigris has a much greater capacity than the Euphrates mainly because it does not flow through arid
desert and because it is also fed within Irag by numerous water courses flowing from the Zagros.
[7].The study area is bounded by latitudes (32°30'N to 31°00'N) and Longitudes (44°22'N to 46°25'E),
Figure 1. The climate of Iraq in the summer, is dry and extremely hot with a shade temperature of
43°C or more during July and August, dropping at night to 26°C. The winter in Iraqg is cold and rainy.
The maximum monthly rate of rainfall for the period (2005-2015) was 20.97 mm in November, while
the minimum rate was 0.00 mm in July. The maximum monthly rate of relative humidity in the study
area of the Euphrates River for the period (2005-2015) was 66.2 % in January, while the minimum
rate was 24.5% in July, the maximum evaporation value was 475.5 mm in July, while the minimum
value was 71.1 mm in January, the rates of monthly temperatures for the duration of the year (2005-
2015) between (11.19 C°) for the month of January (37.10 C°) for the month of August.
2.2. Sampling Collection and Analysis

Thirteen sampling sites were chosen for the collection of sediments along the Euphrates River
Figure-1, Table-1. Sampling sites were localized exactly by GPS (Garmin) locator. The sediment
samples were collected in October 2014. The River sediment samples were collected by using clean
plastic scoop and stored in polyethylene bags. The concentrations of heavy metals were determined in
all samples in the ALS Laboratory Group, SL, Spain, processed at ALS Loughrea-Ireland by Super
Trace Aqua Regia (AR) by ICP-MS. The accuracy of the analytical method was evaluated using the
standard reference materials GBM908-10, GEOMS-03, MRGEO-08 and SM1494-002.
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Figure 1- Location map of the study area.
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Table 1- Details of sampling locations of Euphrates River

Stations Symbol E N
Hindiya Barrage HB 44.261 32.698
Hindiya HN 44.228 32.538
Kifil KF 44.363 32.228
Kufa KU 44.393 32.048
Shamiya SHA 44.592 31.966
Abu-Skheer SKH 44.494 31.899
Mishkhab MSH 44.497 31.805
Ghammas GHM 44.618 31.768
Shanafiya SHN 44.644 31.577
Samawa SM 45.291 31.313
Kidhir KD 45.590 31.194
Batha BT 45.897 31.123
Nasiriya NA 46.236 31.046

Table 2- Mean concentrations (ppm) of heavy metals in the Study area of Euphrates River sediments and their
world surface soil average.

Stations/Element As Cd Cu Co Cr Mn Ni Pb Sc | Se | Zn Sr Vv
Hindiya Barrage 6.4 |1 016 | 246 | 198 | 86.2 | 544 | 1525 | 7.05 | 6.14 | 0.9 | 55.1 | 239 | 74.6
Hindiya 49 |10.09]108 ] 16.3 | 60.9 | 425 | 1165 | 528 | 4.04 | 0.6 | 34.7 | 1555 | 69.7
Kifil 55 1014|144 | 157 | 675 | 453 | 1130 | 6.32 | 473 | 0.6 | 39.2 | 1985 | 79.6
Kufa 6.7 | 016 | 265|206 | 781 | 572 | 138.0 | 9.94 | 659 | 0.8 | 56.7 543 59.7
Shamiya 89 1020 | 317|206 | 933 | 615 | 160.0 | 10.40 | 794 | 0.7 | 68.0 | 342 | 67.6
Abu-Skheer 55 1014|188 | 182 | 770 | 517 | 1385 | 6.99 | 5.73 | 0.7 | 525 229 81.0
Mishkhab 102 | 029 | 479 | 21.2 | 944 | 655 | 1495 | 1480 | 6.78 | 1.1 | 91.0 342 67.8
Ghammas 83 1021317228 996 | 673 | 1795 | 8.96 | 82709 | 637 | 329 | 78.2
Shanafiya 86 | 019|318 226 | 1035|819 | 1850 | 849 884 |09 |649| 323 | 76.3
Samawa 8.7 |021]338]215] 103.0| 802 | 1805 | 9.71 | 8.67 | 0.8 | 69.2 343 69.9
Kidhir 9.1 1020 |33.0 227 | 111.0 | 949 | 1940 | 880 [8.96 |09 | 709 | 346 | 72.8
Batha 83 1019|330 221 111.0 | 828 | 1905 | 9.08 [ 8.88 | 1.0 | 683 | 349 | 71.8
Nasiriya 82 |019]317]219] 1020 | 770 | 1715 | 886 | 8.07 ] 0.9 | 66.2 339 65.9

Maximum 102 1029 | 479 | 22.8 111 949 194 148 1896 | 1.1 91 543 81

Background (ppm)” | 47 | 1.1 | 14 | 6.9 | 42 | 418 | 18 25 | 95 |07 62 [ 147 | 60

* = Commonly reported mean background contents of heavy metals in surface soils (mg/kg) according to
Kabata-Pendias and Pendias 1999-2001.

2.3. Assessment of Heavy Metals Pollution

The Enrichment factor (EF), geo-accumulation index (I-geo) and pollution load index (PLI) were
employed to assess the pollution of metals in the sediment of Euphrates river, as follow:
1. Enrichment Factor (EF)

Enrichment factor (EF) is one widely used approach to characterize the degree of anthropogenic
pollution to establish enrichment ratios [8]. The enrichment factors (EF) were computed relatively to
the abundance of species in source material and to that found in the Earth’s crust [9].

EF = (C,/Cyx) sample / (C,,//Cx) Earth's crust @
Where, Cy is the content of metal studied and Cx is the content of immobile element, immobile
elements may be Fe and Ti [10], Mn [11] or Li, Sc, Zr [12]. In this Study Fe was selected as the
reference element, due to its crustal dominance and its high immobility as in [13-16]. The reference
value of Fe in Earth Crust is 5.0% and 3.5% as Median for World soils [17-19].

EF was classified into five grades, according to [20, 16] into:

EF Value Pollution

EF<2 ' Deficiency to Minimal Enrichment
2<EF>5 Moderate Enrichment

5<EF>20 Significant Enrichment

20 <EF > 40 Very High Enrichment

EF > 40 Extremely High Enrichment
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Mean EF values of elements in Euphrates river sediments were in the order Ni> Sr >Co >Cr >Se >Cu
>As >V >Mn > Sc> Zn >Pb >Cd. EF values for elements in Euphrates River Sediments are listed in
Table-2, while Mean of EF values are shown in Figure-2.

Table 2- EF values of Heavy metals in the Study area of Euphrates River sediments

Station/Element As | Cd | Cu| Co| Cr | Mn | Ni Pb | Sc Se | Zn | Sr V
Hindiya Barrage 1510220 (3323|1596 |03]07([26]04] 45| 14
Hindiya 16 10112 |35| 22| 1597|0306 |22]04] 39|17
Kifil 16 102 |14 31|22 |15 |85|03 |07 |20 04| 45| 17
Kufa 19102264125 19| 10 {0509 |27 |05 ]| 12 | 13
Shamiya 2210226342517 |10 05| 10| 20|05 |65 12
Abu-Skheer 1510217 33|23 1595|0307 22|04 ] 47 | 16
Mishkhab 1810228 |25|19| 13|68 |05]|06 (23] 05| 47 |09
Ghammas 18102 |24 |34|25]| 17| 10 [ 04|09 |23 ] 05| 57| 13
Shanafiya 19102 |24 |34|26| 20| 11 [ 04 | 10| 23|05 ]| 56 | 13
Samawa 20102 |26 |33]|26| 20| 11 |04 | 10| 21|05 |61 ] 12
Kidhir 20102 24|33 |27 |23 |11 104 |10|23]|05(|59] 12
Batha 18102 |24 |33|27 | 20| 11 [ 04| 10| 26| 05|59 | 12
Nasiriya 20102 | 25|36 |27 | 21|11 04| 10| 25| 05|64 12

10

Enrichment Factor Value
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Figure 2- Mean of Enrichment Factor (EF) values of heavy metals in the study area of Euphrates River.

2. Geo-accumulation index (1-geo)

Enrichment of metal concentration above baseline concentrations was calculated using the method
proposed by [21], termed the geo accumulation index (lg,). Geo-accumulation index was determined
by the following equation according to [21], which was described by [22].
lgeo = LN (Cn/15By) 2
Where: C, = Measured concentration of heavy metal in the Euphrates sediment.

B, = Geochemical background value according to [9] of element n. The factor 1.5 is used for the
possible variations of the background data due to lithological variations.
I-geo was classified into seven grades, according to [23]:

| o | qeo grade Pollution

<000 Unpolluted
0-1]1 Unpolluted to Moderate
1-2 | 2 Moderate Polluted
2-3 |3 Moderate to high Polluted
3-4 | 4 High Polluted
4-5 |5 High to Extremely Polluted
56 | >5 Extremely Polluted
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Mean lg, Accumulation Index values of elements in Euphrates river sediments were in the order Ni>
Sr >Co >Cr >Cu >As >Mn >Se >V > Sc> Zn >Pb >Cd. I, value for elements in Euphrates River
Sediments are listed in Table-3, while Mean of |4, values are shown in Figure-3.

Table 3- 14, values of Heavy metals in the Study area of Euphrates River sediments.

Station/Element | As | Cd | Cu | Co Cr Mn | Ni | Pb Sc Se Zn | Sr \%
Hindiya Barrage | -0.1 | -23 ] 0.2 [ 0.7 | 0.3 -01 [17(-17]-08] -02 |-14]1.0]{-0.2
Hindiya -04)|-28|-07]05]-003]|] -04 (15| -2 |-13| -06 |-18]05]-0.3
Kifil -02|-25]-04]104| 01 -03 |1]14]-18]-11]| -06 |-1.7|08]-0.2
Kufa -01(-23]02 07| 02 -01 |]16]-13]-08] -03 [-14(18]|-04
Shamiya 02|-21]104 07| 04 |-002|18(|-13|-06]| -04|[-12]13]-03
Abu-Skheer -02|-25]-01]106| 0.2 -02 |16]-17]|-09]| -04 [-14|09]-01
Mishkhab 04 |-17]) 08 |07 04 004 |17]1-09]-07] 005 |-09(|13]{-03
Ghammas 02 ]-21]104 (08] 05 01 [(19]|-14|-05| -02 |-12]13]|-0.2
Shanafiya 02 ]-21]104 (08] 05 03 [19]|-15|-05| -02 |-12]13]|-0.2
Samawa 02 ]-21]105|(07] 05 02 (19|-14|-05| -03 |-12]13]|-0.3
Kidhir 03]]-21]105 (08| 06 04 [20]|-14|-05| -02 |-11]13]|-0.2
Batha 02 ]-21]1 05 (08| 06 03 [20]|-14|-05|-005]|-12]14]|-0.3
Nasiriya 02 ]-21]104 |[07] 05 02 [(18|-14|-06| -02 |-12]13]|-0.3
2
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Figure 3- Mean of Geo Accumulation Index (Ig) values of heavy metals in the study area of Euphrates River.

3. Pollution load index (PLI)

The Pollution Load Index (PLI) is obtained as Contamination Factors (CF). This CF is used to
classify the level of contamination of metals in the soil and river sediment samples. The quotient
obtained by dividing the concentration of each metals. The PLI of the place are calculated by
obtaining the n-root from the n- CFs that were obtained for all the metals. With the PLI obtained from
each place [24]. Generally pollution load index (PLI) as developed by Tomlinson et al [25], which is
as follows:

CF = C metal / C background value 3)
PLI=n\(CF1xCF2xCF3x...xCFn) (4)
Where:

CF = Contamination factor, n = Number of metals.

C metal = Metal concentration in polluted sediments.

C Background value = Background value of that metal.

The Contamination Factor was classified according to [26] into:
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CF Value Pollution
CF<1 Low
1<CF=>3 Moderate
3<CF=6 Considerable
CF>6 Very high
The PLI value was classified according to [27] into:
PLI Value Pollution
0 Perfection
<1 Baseline Level
>1 Polluted

Pollution severity and its variation along the sites was determined with the use of pollution load
index. This index is a quick tool in order to compare the pollution status of different places [28].
Mean CF values of elements in Euphrates river sediments were in the order Ni> Sr >Co >Cr> Cu >As
>Mn >V >Se >Sc >Zn >Pb >Cd. CF values and PLI for elements in Euphrates River Sediments are
listed in Table-4, while mean values of CF with PLI level are shown in Figure-4.

Table 4- CF values and PLI Value of Heavy metals in the Study area of Euphrates River sediments.

Station/Element As |Cd|Cu|Co|[Cr| Mn | Ni|Pb|Sc|Se|Zn | Sr| Vv |PLI
Hindiya Barrage 141011182921 13 |85]|03|06(13)|04]|40]12]1.2
Hindiya 1101|108 (24|15 10 |65]02|04(09]|02]26]11]0.8
Kifil 12101102316 11 |63]03|05(09]03]33]|13]0.9
Kufa 141011193019 14 |77]|04|07(11)04]91]10] 1.3
Shamiya 19102233022 158904 |08|10]|05(|57]|11]14
Abu-Skheer 12101132618 12 |77]|]03|06(10)04]38]13]11
Mishkhab 22103343122 16 (83|06 |07|16|06 |[57(11]16
Ghammas 18102 | 23(33|24| 16 |10 0409|1304 |55]|13]|14
Shanafiya 1810212333251 2010030913 ]|04]|54]|12]15
Samawa 19102 (24 ]131]25| 19 10 104 10911105 (571115
Kidhir 19102243326 23 |11]04(09(13]|05]|58|12]15
Batha 18102 |24 (32|26 20 |11]04|09|14)05]|58|12]15
Nasiriya 18102233224 18 |95]04|08(13|05(|57|11]14

10

]

Contamination Factor (CF) Value
©

PLI Level
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Figure 4- Contamination Factor (CF) values and PLI level of heavy metals in the study area of Euphrates River.

2.4 Results and Discussion

In order to assess the metal content in river sediments, it is important to establish the natural levels
of these metals. Apart from natural contribution, heavy metals may be incorporated into the aquatic
system from anthropogenic sources such as solid and liquid wastes of industries. Some degree of
contamination may be caused from fall out of industrial emissions from the atmosphere.
Using the Enrichment Factor (EF) considered as an effective tool to evaluate the magnitude of metal
contamination in soil [29], however, according to results of Enrichment factor listed in Table-5, the
contamination factor of Ni and Sr in the sediments at (EF=9.90 and 5.90) respectively might be said to
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come from Significant human influence, [10 and 11]. [30] suggested that EF values above 1.5 as in
elements As, Cu, Co, Cr, Mn and Se have significant portion of the heavy metals delivered from non-
crustal materials or from human influence, which therefore supposes that the contamination from these
metals in the sediments are from Irrigation water (As, Cu and Se), Sewage sludge, mainly from
municipal wastes (Cu, Co, Cr and Mn), Phosphate fertilizers (Only Cu). metals of V, Sc, Zn, Pb and
Cd with EF value 1.30, 0.80m 0.50, 0.40 and 0.20 respectively having Deficiency to Minimal
Enrichment which are reflect that no human influence on the River sediments by these metals. [31].

Table 5- Range and mean of EF values and Category for metals in Euphrates River Sediments

EF value of River Sediments
Heavy metals Range Mean EF Category
Arsenic (As) 1.45-2.16 1.80 Deficiency to Minimal Enrichment
Cadmium (Cd) 0.13-0.22 0.20 Deficiency to Minimal Enrichment
Copper (Cu) 1.16-2.82 2.20 Moderate Enrichment
Cobalt (Co) 2.53-4.10 3.35 Moderate Enrichment
Chromium (Cr) 1.85-2.73 2.40 Moderate Enrichment
Manganese (Mn) 1.30-2.31 1.80 Deficiency to Minimal Enrichment
Nickel (Ni) 6.84-10.97 9.90 Significant Enrichment
Lead (Pb) 0.32-0.54 0.40 Deficiency to Minimal Enrichment
Scandium (Sc) 0.59-0.97 0.80 Deficiency to Minimal Enrichment
Selenium (Se) 2.0-2.73 2.30 Moderate Enrichment
Strontium (Sr) 3.90-12.40 5.90 Significant Enrichment
Vanadium (V) 0.90-1.75 1.30 Deficiency to Minimal Enrichment
Zinc (Zn) 0.35-0.53 0.50 Deficiency to Minimal Enrichment

Using the lg, to find out the Enrichment of metal concentration above baseline concentrations
Table-6, sediments were classified as Moderate polluted by Ni and Sr, while sediments are Unpolluted
to Moderate polluted by As, Cu, Co, Cr and Mn and Unpolluted by V, Sc, Zn, Pb, Se and Cd. The
results of Iy, value are confirm that in Enrichment factor as mentioned above.

Table 6- Range and mean of |, values and Grades for elements in Euphrates River Sediments

I-40 Value of Euphrates River Sediments
Heavy metals = TG Mean I-geo Grade
Arsenic (As) -0.35-0.36 0.10 Unpolluted to Moderate
Cadmium (Cd) -2.84-1.72 -2.20 Unpolluted
Copper (Cu) -0.66-0.82 0.20 Unpolluted to Moderate
Cobalt (Co) 0.42-0.80 0.70 Unpolluted to Moderate
Chromium (Cr) -0.03-0.57 0.40 Unpolluted to Moderate
Manganese (Mn) -0.39-0.41 0.03 Unpolluted to Moderate
Nickel (Ni) 1.43-1.97 1.80 Moderate polluted
Lead (Pb) -1.96-0.93 -1.50 Unpolluted
Scandium (Sc) -1.30-0.50 -0.70 Unpolluted
Selenium (Se) -0.56-0.046 -0.20 Unpolluted
Strontium (Sr) 0.55-1.80 1.20 Moderate polluted
Vanadium (V) -0.44-0.14 -0.30 Unpolluted
Zinc (Zn) -1.85-0.90 -1.30 Unpolluted

Using the Contamination factor (CF), Table-7, to find out the polluted in each station by Pollution
Load Index (PLI), whereat the elements of Ni and Sr with Contamination factor values of 8.84 (Very
high pollution) and 5.23 (Considerable pollution) respectively show that these elements are above its
background average in worldwide soil and reflect the influence of external discrete sources like
industrial activities, agricultural runoff and other anthropogenic inputs. While the elements of Co, Cr,
Cu, As, Mn, Se and V with contamination factor values of 2.97, 2.18, 2.03, 1.63, 1.59, 1.19 and 1.16
(Moderate pollution) show that these elements are slightly above its background average in worldwide
soil and reflect both natural and anthropogenic sources. The elements of Sc, Zn, Pb and Cd reflect
these elements are of lithogenic source. Degree of contamination by the 13 metals studied in the
studied sites are of the order Mishkhab> Batha, Kidhir, Samawa and Shanafiya> Ghammas, Nasiriya
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and Shamiya> Kufa> Hindiya Barrage> Abu-Skheer, while the stations of Kifil and Hindiya are
Unpolluted by the sum of Studied Heavy metals. Table-4.

Table 7- Range and mean of CF values and Grade for elements in Euphrates River Sediments

Heavy metals CF value of River Sediments CE Grade
Range Mean
Arsenic (As) 1.05-2.16 1.63 Moderate Pollution
Cadmium (Cd) 0.09-0.27 0.17 Low Pollution
Copper (Cu) 0.78-3.42 2.03 Moderate Pollution
Cobalt (Co) 2.27-3.30 2.97 Moderate Pollution
Chromium (Cr) 1.45-2.64 2.18 Moderate Pollution
Manganese (Mn) 1.02-2.27 1.59 Moderate Pollution
Nickel (Ni) 6.28-10.78 8.84 Very High Pollution
Lead (Pb) 0.21-0.59 0.35 Low Pollution
Scandium (Sc) 0.43-0.94 0.76 Low Pollution
Selenium (Se) 0.86-1.57 1.19 Moderate Pollution
Strontium (Sr) 2.59-9.05 5.23 Considerable Pollution
Vanadium (V) 0.96-1.31 1.16 Moderate Pollution
Zinc (Zn) 0.24-0.62 0.42 Low Pollution
3. Conclusion

Anthropogenically impacted on the sediments of Euphrates River at the study area were assessed
using enrichment factors, contamination factors, pollution load index and geo-accumulation index for
the metals As, Cd, Co, Cu, Cr, Mn, Ni, Pb, Sc Se, Sr, V and Zn. Enrichment factor ratios showed that
elements of As, Cd, Mn, Pb, Sc, V and Zn were deficiently to minimally enriched, while the elements
of Cu, Co, Cr and Se were moderately enriched, and significant enriched for elements of Ni and Sr.
The geo-accumulation index showed that sediments of Euphrates River are unpolluted by elements of
Cd, Pb, Sc, Se, V and Zn, unpolluted to moderately polluted by the elements of As, Cu, Co, Cr and
Mn, while the sediments are moderate polluted by elements of Ni and Sr. The measure of the degree of
overall contamination (PLI) at a station indicated strong signs of pollution deterioration by the thirteen
measured metals at all studied stations expect Hindiya and Kifil stations with PLI value 0.8 and 0.9
respectively, reflect that no overall contamination by the thirteen measured metals in these two station.
References

1. Mmolawa, K., Likuku, A., and Gaboutloeloe, G. 2011. Assessment of Heavy Metal Pollution in
Soils along Roadside Areas in Botswana. African Journal of Environmental Science and
Technology, 5 (3):186- 196.

2. Garbarino, J.R., Hayes, H.C., Roth, D.A., Antweiler, R.C., Brinton,T.I. and Taylor, H.E. 1995.
Heavy Metals in the Mississippi River. (In R.H. Meade (Ed.) Contaminants in the Mississippi
River, U.S. Geological Survey Circular 1133.

3. Opuene, K., Okafor, E.C. And Agbozu, I.E. 2008. Partitioning characteristics of heavy metals in a
non-tidal freshwater ecosystem. International Journal of Environmental Resources, 2(3):285-290.

4. Priju, C.P., and Narayana, A.C.2006. Spatial and Temporal Variability of Trace Element
Concentrations in a Tropical Lagoon, Southwest Coast of India. Environmental Implications
Journal of Coastal Research, 39:1053 — 1057.

5. Klavins, M., Briede, A., Klavins, I. and Rodinov, V. 1995. Metals in sediment of lakes in Latvia.
Environmental International, 21(4):451-458.

6. Saloman, W. N., Rooij, H., and Bril, J.1987. Sediments as a source for contaminants,
Hydrobiologia, 149:13-30.

7. Jassim, S. Z. and Goff, J. C.2006. Geology of Irag. First Edition. Dolin, Praque and Moravian
Museum, Brno. Czech, Republic, pp:341.

8. Zakir, H.M., Shikazono, N., Otomo, K. 2008. Geochemical Distribution of Trace Metals and
Assessment of Anthropogenic Pollution in Sediments of Old Nakagawa River, Tokyo, Japan.
American Journal of Environmental Sciences, 4 (6): 654-665.

9. Sinex, S.A., Helz, G.R.1981. Regional geochemistry of trace elements in Chesapeake Bay
sediments. Environ. Geol. 3:315-323.

192



Issa and Qanbar Iragi Journal of Science, 2016, Vol. 57, No.1A, pp: 14193

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Zhang, L.P., Ye, X., Feng, H. 2007. Heavy metal contamination in Western Xiamen Bay
sediments and its vicinity, China. Mar. Pollut. Bull. 54:974-982.

Liu, W.H., Zhao, J.Z., Ouyang, Z.Y.2005. Impacts of sewage irrigation on heavy metal
distribution and contamination in Beijing, China. Environ. Int. 31:805-812.

Blaser, P., Zimmermann, S., Luster, J. 2000. Critical examination of trace element enrichments
and depletions in soils: As, Cr, Cu, Ni, Pb, and Zn in Swiss Forest Soils. Sci. Tot. Environ. Int.
249: 257-280.

Tippie, V.K. 1984. An environmental characterization of Chesapeake Bay and a frame work for
action. In: Kennedy, V. (Ed.), the Estuary as a Filter. Academic Press, New York, pp:467-487.
Chatterjee, M., Silva, F.E.V., Sarkar, S.K. 2007. Distribution and possible source of trace
elements in the sediment cores of a tropical macrotidal estuary and their ecotoxicological
significance. Environ. Int. 33:346-356.

Sutherland, R.A. 2000. Bed sediment-associated trace metals in an urban stream, Oahu, Hawaii.
Environ. Geol. 39:611-627.

Qingjie, G., Jun, D. 2008. Calculating pollution indices by heavy metals in ecological
geochemistry assessment and a case study in parks of Beijing. J. Chin. Univ. Geosci. 19(3):230-
241.

Kabata-Pendias A, Pendias H. 1999. Biogeochemistry of trace elements, Second Edition, Wyd
Nauk PWN, Warszawa (in Polish).

Kabata-Pendias A, Pendias H. 2001. Trace elements in soils and plants, Third Edition, CRC
Press, Boca Raton, FL.

Kabata-Pendias A, Piotrowska M. 1999. Impact of Zn and Pb smelter flue-dust on Cd, Zn and Pb
speciation in soil and their availability to spring barley. Bull I’Acad Serbe Sci Arts 119:77-82.
Sezgin, N., Ozcan, H.K. Demir, G. Nemlioglu S. and Bayat, C. 2003. Determination of heavy
metal concentrations in street dusts in Istanbul E-5 highway. Environ. Int., 29: 979-985.

Singh M., Ansari A.A., Muller G., and Singh 1.B. 1997. Heavy metals in freshly deposited
sediments of the Gomati River a tributary of the Ganga River: Effects of human activities,
Environmental Geology, 29, pp:246-252.

Boszke, L., Sobczynski, T., Kowalski, A. 2004. Distribution of Mercury and Other Heavy Metals
in Bottom Sediments of the Middle Odra River (Germany/Poland). Polish Journal of
Environmental Studies, 13: 495-502.

Buccolieri, A., Buccolieri, G., and Cardellicchio, N.2006. Heavy metals in marine sediments of
Taranto Gulf, lonian Sea, Southern Italy. Mar. Chem. 99:227-235.

Soares, H. M., Boaventura, R. A. R. and Esteves, J. da Silva. 1999. Sediments as Monitors of
Heavy Metal Contamination in the Ave River Basin (Portugal): Multivariate Analysis of Data,
Environmental Pollution, 105, pp.311-323.

Tomlinson, D.L., Wilson, J.G., Harris, C.R., and Jeffney, D.W. 1980. Problems in the assessment
of heavy metal levels in estuaries and the formation of a pollution index, Helgol. Wiss.
Meeresunters, 33, pp:566-572.

Gong, Q., Deng, J., Xiang, Y., Wang, Q., Yang, L. 2008. Calculating pollution indices by heavy
metals in ecological geochemistry assessment and a case study in parks of Beijing. J. Chin. Univ.
Geosci. 19 (3), 230-241.

Harikumar, P.S., Jisha, T.S. 2010. Distribution pattern of trace metal pollutants in the sediments
of an urban wetland in the Southwest Coast of India. Int. J. Eng. Sci. Technol. 2 (5):840-850.
Adebowale, K.O, Agunbide, F.O., and Olu-Owolabi, B. 2006. Trace metal concentration, site
variations and partitioning pattern in water and bottom sediments from coastal area: A case study
of Ondo Coast, Nigeria, Environmental Research Journal, 3(2), pp: 46-59.

Franco-Uria A., Lopez-Mateo C., Roca E., Fernandez-Marcus M. L. 2009. Source identification
of heavy metals in pasture land by multivariate analysis in NW Spain, J. Hazard. Mater. 165:
1008-1015.

Birch, G. F., Olmos, M. A. 2008. Sediment-bound heavy metals as indicators of human influence
and biological risk in coastal water bodies. ICES Journal of Marine Science, 65: 1407-1413.
Kabata-Pendias, A., and Mukherjee, A.B. 2007. Trace Elements from Soil to Human. Springer-
Verlag Berlin Heidelberg. pp:561.

193



