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Abstract

In this study, four sampling stations were selected from two locates on the
Tigris river (Baghdad region) and others on the Euphrates river (Al-Anbar
Governorate) in order to determine concentrations, seasonal variation and pollution
intensity assessment of heavy metals (Ni, Cu, Pb, Mn and Cd) in the two rivers
sediments. Distribution of studied metals showed that stations in the Tigris river
generally had higher concentrations than stations in Euphrates river. Manganese was
found at high concentrations in all studied stations and ranged between 200 - 500
ppm, while Cd was found at the lowest concentrations and ranged between not
detected to 1.8 ppm during study period. Based on index of geoaccumulation
(I-geo) for studied heavy metals indicates that the surface sediments in the studied
stations are unpolluted by Ni and Mn, while unpolluted to slightly polluted by Pb
and Cd except the Cd at south of Baghdad station (moderately polluted). The I-geo
for Cu indicate the sediments were unpolluted to slightly polluted in the Tigris
stations, and unpolluted in the Euphrates stations. The calculated enrichment factor
(EF) indicate that all stations can be classified as minimal enrichment for Ni,
moderate enrichment for Cu and significant enrichment for the elements Pb and Cd.
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Introduction

Among the various toxic pollutants, heavy
metals are particularly severe in their action due
to tendency of bio-magnification in the food
chain [1]. Sediments are important sinks for
heavy metals and also play a significant role in
the remobilization of contaminants in aquatic
system under favorable conditions and
interaction between water and sediments [2]. In
a river system, sediments have been widely used
as environmental indicators and their chemical
analysis can provide significant information on
the assessment of anthropogenic activities
[3, 4, 5]. The pollution indices evaluate the
degree to which the sediment-associated
chemical status might adversely affect aquatic
organisms and are designed to assist sediment
assessors and managers responsible for the
interpretation of sediment quality [6]. Several
numerical sediment quality indices were
recently developed to provide interpretative
tools for assessing chemical pollution. The most
used approaches are Geoaccumulation Index (I-
geo) and Enrichment Factor [4]. Several studies
were done on heavy metals concentrations in
Tigris river, such as Resheed et al. [7] study
about heavy metals distribution in water,
suspended solids, sediments, fish and aquatic
plants of this river, Al-Lami et al. [8] and Al-
Juboury [9] about heavy metals concentrations
in the upper — mid region and Northern of Tigris
river, while Salih [10] studied the geochemistry
of Tigris river from Baghdad to Qurna. Similar
work was done by Kassim et al. [11] in
Euphrates river. The subject of this study
involves the sediments collected from selected
stations in Tigris and Euphrates rivers to
monitor the seasonal variation of heavy metals
in the two rivers, and use Geoaccumulation
Index and Enrichment Factor to assess the heavy
metal contamination in study area.
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Study area

Euphrates and Tigris, the twin rivers arise
from high plateau near Erzerum in Turkey at an
altitude of over 2000 m above sea level.
Tigris is nearly 2000 km long, of which 1360
km runs through Irag. From north to south, five
tributaries drain in to the river: the Khabour,
Greater and Lesser Zap, Adheym and the Diyala
[12]. The total length of the Euphrates river is
2940 km, from that 1159 km inside Iraq area. It
has no tributaries inside Iraq except for few
valleys which accumulate water during the rainy
season. In this study, four representative
sampling stations were selected (Fig 1), two
stations locate on Tigris river (Baghdad region),
these were station 1 (Al-Rashidia) and station 2
(South of Baghdad), and others on Euphrates
River (Al-Anbar governorate ), these were,
station 3 (Hit) and station 4 (Al-Ramadi).

Material and methods
Sampling and procedure

Forty eight surface sediment samples were
collected seasonally from selected stations from
Tigris and Euphrates Rivers. Seasonal sampling
was carried out from February till November
2008. Sediment samples were collected using
clean plastic scoop and stored in polyethylene
bags. The concentrations of Ni, Mn, Cu, Pb, and
Cd were determined in all samples using Atomic
absorption Spectrophotometer (Perkin - Elemer
model 5000 ) with standard solutions in
a similar manner to that described by
Smith et al .[13] and Abaychi & Douabul [14].
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S.1 Al-Rashidia
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Figure 1: Location map showing sampling stations in Tigris and Euphrates rivers.

The sediments pollution indices

The geo-accumulation index (I-geo) and
Enrichment factor were employed to assess the
pollution of individual metal in the sediments of
studied stations on Tigris and Euphrates rivers.

Index of geoaccumulation (I-geo)

Possible sediment enrichment of metals was
evaluated in terms of the 1-geo of Muller [15].
The formula used for the calculation of
geoaccumulation index is:

I-geo=Ln (Cn/1.5Bn)
Where Cn is the measured content of element

“n”(ppm), and Bn the element’s content in
“average shale”. In this study, the background
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concentrations of metals were taken from
Turekian and Wedepohl [16] (Table 1). Where
1.5 is the factor used for lithologic variations of
trace metals.

Enrichment Factor (EF)

The enrichment factors (EF) were
calculated to evaluate the abundance of
metals in sediments. Enrichment factor was
calculated by a comparison of each tested
metal concentration with that of a reference
metals [17]. Enrichment factors for mean
metal concentration in sediments at all
stations were calculated and used for
comparison by using the following equation:
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Cn (sample)/ Cref (sample)
EF =
Bn (background)/ Bref (background)

Where:

Cn (sample)
(ppm) in a sample.

Cref  (sample)
concentration(ug/g).

Bn (Background)
nitration (ppm) in
environment.

Bref (background) = The reference metals
concentration (ppm) in reference background
environment .

The commonly used reference metals are Mn
Al and Fe [17], Thus, Mn was used as the
reference metal in this study because it was
found most abundant in the sediment and natural
in the environment.

The metals concentration

=The reference metals

The metals conce-
reference (background)

Statistical analysis

All statistical analyses were performed using
SPSS version 12 for Windows. One-way
ANOVA was carried out to assess significant
differences between element concentrations in
the study area, followed by multiple
comparisons using the Duncan’s multiple range
test. The level of significance was set at
P <0.01and P <0.05.
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Results and discussion
The seasonal variation for studied heavy
metals

In the present study nickel concentrations in
Tigris sediment fluctuated from 40 ppm at
station 1 to 66 ppm at station 2 ( (Table 1,
Fig.2), while it was ranged between 17 — 28 ppm
in Euphrates stations (stations 3 and 4). The
concentrations for manganese in sediments
recorded higher values than other heavy metals.
It ranged between 399-500 ppm in Tigris
stations and 200 - 450 ppm in Euphrates river
(Fig.3). The concentration of Lead showed a less
variation where it ranged between 54 — 75 ppm
in Tigris river and 35-45 ppm in Euphrates
stations (Tablel, Fig.4). The concentration of
Copper in studied stations sediments fluctuated
from 68 -109 ppm in Tigris stations and between
29-63 ppm at Euphrates stations (Fig.5).
Cadmium concentration varied from 0.3 to 1.8
ppm in Tigris stations, while varied between not
detected to 1.4 ppm at Euphrates stations
(Fig.6). These results were similar to that
reported in Tigris and Euphrates rivers in
previous studies [9, 10, 11], except for lead
which was higher in the present study. The
concentration of Mn was the highest among the
studied metals at all seasons, and this may be
due to high concentration of metal in suspended
solids. Gessey et al [18] stated that heavy metals
react with suspended particulate matters and
through sedimentation processes, accumulate in
bottom deposits. Similar results have been
reported from several global locations [1, 19].
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From above mentioned results and
according to analysis of variance it is clear that
the distribution of studied heavy metals showed
increased values in the Tigris river stations
(Table 1) when comparing with stations of
Euphrates river, in addition the spatial
distribution of metals in Tigris stations tend to
be higher increased in the station 2 than station
1. The higher values obtained for the stations in
Tigris sediments may be due to impact of
pollution sources in this area which coming
from many industrial wastes, agricultural,
untreated sewage and other anthropogenic
activities in this part of river. Increased metals
concentrations in river sediments are a
representative of contributions by activities in
the sloping side. For instance, some of these
metals can be traced from agriculture by the use
of fertilizers and others industrial and domestic
inputs [20]. In the present study the metals
concentration in the sediment showed clear
seasonal variations in all metals (although the
seasonal variation of this metals were not
regular) due to different discharge rate of water
in rivers. The concentrations of heavy metals in
sediments varied according to the rate of water
discharge, the rate of particle sedimentation, the
rate of heavy metals deposition, the particle size
and the presence or absence of organic matter in
the sediments [21]. Almost, lower values of Cd,
Mn and Cu were recorded during spring, which
may be due to the dilution effect during high
water discharge.

Based on inter-element Pearson correlation a
very high positive correlation with a very
significant probability (P<0.01) was observed
between Ni and Cd , Ni and Pb, Ni and Cu , Mn
and Pb, while high positive correlation (P<0.05)
was also noticed between Mn and Cu, Pb and
Cu. The positive correlation between different
elements is an indication of their possible
common pollution sources as well as their
common sink in sediments. It appears that
elements are more associated with solid
particles, although sediment metal correlations
might indicate the processes and mechanisms
influencing the metal associations and behavior,
exact bonding and retention mechanisms [20].

Geo-accumulation index (1-geo)
Geo-accumulation index (I-geo) was
originally defined by Miller [15] for a
quantitative measure of the metal pollution in
aquatic sediments [22]. The geo-accumulation
index scale consists of seven grades (0 — 6)
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(Table 2) ranging from unpolluted to very highly
polluted.

These seven descriptive classes are as
follows: <0 = practically unpolluted; 0 — 1=
unpolluted to slightly polluted, 1 — 2 = moder-
ately polluted; 2 — 3= moderately to strongly
polluted; 3 — 4= strongly polluted; 4 — 5 =
strongly to very strongly polluted and >5 = very
strongly polluted [23].

Table (3) presents the geo-accumulation
index for the quantification of heavy metal
accumulation in the study stations. The I-geo
class for the study area sediments varies from
metal to metal and station to station . Ni and
Mn remains in class O (unpolluted) in all
stations suggesting that stations sediments are in
background value with respect to this metals.
The I-geo for Pb and Cd, attain class 1 which
indicates that sediments were unpolluted to
slightly polluted, except the Cd at station 2
located in class 2 (moderately polluted) . The I-
geo for Cu ranged between -0.410 and 0.300
qualifying these sediments as unpolluted to
slightly polluted in Tigris stations (1 and 2
),while the I-geo for Cu in the Euphrates stations
(3 and 4) attain class 0 which expressed that the
sediments in the study area were unpolluted.

Enrichment Factor (EF)

The enrichment factor, due to its universal
formula, is a relatively simple and easy tool for
assessing enrichment degree and comparing the
contamination of different environmental media
[24].

According to Acevedo-Figueroa et al. [25],
six contamination categories are recognized on
the basis of the enrichment factor: EF<I
indicates no enrichment, EF = 1-2 — minimal
enrichment, EF = 2-5 — moderate enrichment,
EF = 5-20 — significant enrichment, EF = 20-
40 — very high enrichment and EF > 40 —
extremely high enrichment .

EF was calculated to determine if levels of
metals in sediments of the study area were of
anthropogenic origins leading to contam-
ination. The variations of EF for each metal with
stations are shown in (Table 4). The EF for Ni,
remains in the range 1 - 2 in all stations and
indicates a minimal enrichment. The high values
for enrichment factor for Pb  and Cd (ranged
between 5.40 to 8.25) refer to the all studied
stations was significant enrichment by these
metals. Commonly EF values for Cu qualifying
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Table 4: Enrichment factors (EF) of sediments in the study areas.

EF Ni EF Pb EF Cu EF Cd
Station 1 1.58 6.12 4.14 8.18
Station 2 1.58 6.41 4.05 8.25
Station 3 1.25 5.40 2.90 8.60
Station 4 1.30 6.20 3.28 5.80
References
1. Wakida, F.T,Lara-Ruiz E. D. and Temores- 9. Rasheed K.A.,Sabri,A.-W_Al-Lami, A. A,
Pena J. 2008. Heavy metals in sediments of Kassim,T. I.and Shawkat, S. F. 2001,
the Tecate River, Mexico. Environ Geol., Distribution of some heavy metals in water,
54:637-642. suspended solids , sediments, fish and
2. Goorzadi, A., Vahabzadeh, G. and Carbassi, aquatic plants of the river Tigris, Iraq.
A. R. 2009. Assessment of heavy metals Sci.J.Iragi  Atomic Energy Commission,
pollution in Tilehbon River sediments, Iran. 3(1):198-208.
J. of Applied Sci., 9(6):1190-1193. 10. Al-Lami, A. A. and Al-Jaberi, H. H. 2002,
3. Grosheva,E.L.;Voronskaya, G.N. and Past- Heavy metals in water, suspended particles
ukhove M.V.,2000. Trace element bioava- and sediment of the upper-mid region of
ilability in lake Baikal. Aquat .Ecosys Tigris  River, Iraq. Proceeding of
.Health Mange.3:229-234. International Symposium on Environmental
4. Shriadah, M\M.A., 1999. Heavy metals in Pollution Control and Waste management,
mangrove sediments of the United Arab 7-10 January 2002.Tunis.
Emirates shoreline (Arabian Gulf). Water, 11. Kassim,T.I.,Al-Saadi,H.A.,Al-Lami, A. A.
Air and Soil Pollu., 116: 523—-534. and Al- Jaberi, H. H.1997. Heavy metals in
5. Singh, M., Miiller, G., and Singh, I.B., 2002. water, suspended particles, sediments and
Heavy metals in freshly deposited stream aquatic plants of the upper region of
sediments of rivers associated with urbaniz- Euphrates river, Iraq. J. Environ. Sci.
ation of the Ganga plain, India. Water, Air Health, 2(9&10): 2497 -2506.
and Soil Pollu., 141: 35-54. 12. Rzoska, J.1980. Euphrates and Tigris,
6. Ali,M.H.H. Fishar, M R. A., 2005. Accum- Meso- potamia ecology and destiny. W.
ulation of trace metals in some benthic Junk bv. Pub,The Hague, Boston,
invertebrate and fish species relevant to their London.pp.122.
concentration in water and sediment of lake 13. Smith, J.D., Bulter, E.C. and Millis, N.,
Qarun, Egypt. Egyptian J. of Aquatic Res., 1981. Distribution and significance of
31(1):289-301. copper lead and cadmium in the Corio Bay
7. Farkas, A., Erratico, C. and Vigano, L., 2007. ecosystem .Aust. J. Mar. Fresh water
Assessment of the  Environmental .Res.,32:151-164.
Significance of Heavy Metal Pollution in 14. Abaychi,J. K. and Douabul, A. Z., 1985.
Surficial  Sediments of the River. Trace metal in Shatt al-Arab river, Irag.

Chemosphere .J. 68: 761-768.

8. Speneer, K. L. and Macleod, C. L. 2002.

Distribution and Partitioning of Heavy
Metals in Estuarine Sediment Cores and
Implications for the Use of Sediment
Quality Standards. Hydro. and Earth System
Sci. 6: 989-998.

474

15.

16.

Wat.Res. 19:457-462.

Muller, G., 1969. Index of geoaccu-
mulation in sediments of the Rhine River.
Geol. J. 2: 109-118.

Turekian, K.K. and Wedepohl, K.H., 1961,
Distribution of the elements in some major



Rabee et.al.

17.

18.

19.

20.

21.

units of the earth’s crust. Am. Geol.
Soc.Bull., 72, 175—-182.

Liu,W.,Zhao,and Liu, G .2005. Impacts of
sewage irrigation on heavy metal
distribution and contamination in Beijing,
China. Environ .Int., 31:805-812.
Gessey,G.G.,Borstad,L..and Chap- man, P.
M. 1984. Influence of flow related events
concentrations and phase distribution of
metals in the lower Fraser river and a small
tributary stream in British Columbia
,Canada. Wat. Res., 18:233-238.

Boszke, L. Sobczynski, T., Glosin- ska, G.,
Kowalski, A. 2004. Distribution of Mercury
and Other Heavy Metals in Bottom
Sediments of the Middle Odra River
(Germany/ Poland). Polish J. of Environ.|
Stu., 13(5) :495-502.

Leopold,E.N., Jung, M.C. and Georges, E.
2008. Metals pollution in freshly deposited
sediments from river Mingoa, main tributary
to the Municipal lake of Yaounde,
Cameroon. Geosci. J., 12(4): 337-347.
Saloman, W., N.M., Rooij, H.and Bril, J.
1987. Sediments as a source for contamin-
ations. Hydrobiol.149:13-30.

475

22.

23.

24.

25.

26.

Iragi Journal of Science, Vol.50, No.4, 2009, PP. 466 -475

Ridgway, J. and Shimmield, G., 2002.
Estuaries as espositories of historical
contamination and their impact on shelf
seas. Estuarine Coastal and Shelf Sci.55:
903-928.

Singh, V.K., Singh, K.P., and Mohan, D.
2005. Status of heavy metals in water and
bed sediments of river Gomti — A tributary
of the Ganga river, India. Environ. Monit.
and Asse. 105:43—-67.

Loska,K., Wiechula ,D. and Barska, B.
2003. Assessment of Arsenic Enrichment of
Cultivated Soils in Southern Poland .Polish
J. of Environ. Studies, 12(2): 187-192.
Acevedo-Figueroa, D., Jiménez, B.D., and
Rodriguez-Sierra, C.J., 2006. Trace metals
in sediments of two estuarine lagoons from
Puerto Rico. Environ. Poll. 141: 336—342.
Kamaruzzaman, B.Y., Antotina, A., Airiza,
Z., Syalindran, S. and Ong M.C.2007. The
geochemical profile of Mn, Co, Cu and Fe
in Kertish mangrove forest, Terengganu.
The Malaysian J. of Analytical Sci., 111(2):
336-339.



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

