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ABSTRACT

Sediment samples were col lected monthly
during the period December, 1994 to November ,
1995 from flve stetions In Al-Ashar and Al-
Khandak canals which areconnected with Shatt
Al-Arab Rliver in order to determine the
ddistributin of Co, Ni, Mn and Fe in
exchangeable and resldual sediment phases.

The mean concentrations of co, Ni, Mn and
Fe In the mean concentration of Co, Ni, Mn
and Fe in the exchangable phase were 36.399,
23.491, 224.503 and 3499.478 Mg/g dry welght,
respectively; while the mea concentrations of
theses elements In the resjidual sediment
phase were 28.589 , 69. 204, 108.297 and
11509. 874 ug/g dry welght, respectlively.

The concetrations of Co and Mn were

higher in the exchengable phase than in the
resdual phase of sedIiment, this may be
attributed to the anthropogenic sources.
Organic matter contents and texture for
sediment were also studled to illustrate the

influence of theses characteristics on the
concentrations of heavy element in sediment

Introduction bo

In the water system the heavy elements were present

partly In solution and partly adsorbed |In organic or
Inorganic particulate matter .
'n addition, certain amounts of elements exist in

chelates and coltloids. The amount of elements which
adsorbed In particulate matter depended on the balance
between gain by adsorption and loss by abrasion

Bt
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(Mor larty & Hanson, 1988); thls particulat matter may be
lost to the sediments by settling in the less turbulent

area (Philllips, 1977) .

The concetrations of heavy elements in sediment
were var i ed according to the rate of particle
sedimentation ; the rate of heavy elements deposition;
particle size and the presence or absence of organic
matter In the sediment (Al-Khafa)i, 1996).

Sediments are important hosts for pollutant heavy
elements; therefore, ‘'t has been employed to monitor
the polluttion in aquatic environments (Salamons
et al., 1987).

Many authors have reported data concernlng the
concentrations of heavy elements [n sedIment from open
ocean areas, coastal areas, estuarles or rivers:; and
most of them found that the hlghest concentratlions of
most elements In sedliment

The present study Is cohcerned with the
determlination of Co, NI, Mn and Fe concentratlos in
exchangable and resldual phases of sedoment from Al-
Ashar and Al-Khandak canals connected with Shatt Al-
Arab Rlver to tllustrate the influence of untreated
municipal "'municipal sewage, wast water from industries
and domestic sewage which discharge to Shatt Al-Arab
River (Without even preliminary treatment through these
canals.

Study Area:

Tigris and Euphrates rivers were confluenced to
from Shatt Al-Arab River which ends in the Arabian
Gulf. There were several hundreds canals on both sldes
of Shatt Al-Arab River , some pass through the center
of Basrah city where untreated domestic sewage and
fndustrial wastes are added (A-Aarajy, 19986). Previous
studies showed that most of theses canals are highly
polluted with organic matter )Saad & Antoine , 1982; A-
AAsadi, 1883 ; Al-Awadi, 1983 A-Aarajy, 1998). One of
the most polluted canals was A—Ashar canal , Fig (1),
whose length is about (4) Km with a width from (10) m
to (34) m and a depth from (1) m to (2.5) m Two
stations (1 and 2) were selected in Al-Ashar canal
(1.1 and 3.6) Km far from the connecting point with
Shatt Al-Arab :
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The other polluted canal was Al -Khandak canal ,
whose length is about (4.3) km with a width from (12)m
to and a depth from (1)m . Two stations (3 and 4) were
selected in thls canal; (3.9 and 1.1) km far from the

connecting point of this canal with Shatt al-Arab River.

'n 1989 A|l-Ashar canal has been connected wilth Al —

Khandak canal a small canal whose length I's about
(300)m and a width about (12)m.
S.1.D: State Irrigation Directorate (Personal

communication)

Material & Methods

The sediment samples were collected from the
studied area by grab sampler and were placed In
poliyethelen contatiners, stored in an Ilce box upon
reaching the laboratory

The surface sedIment about (5) cm upper layer was
Used for the present study . The analysis was per formed
on less than (65) um., fractlions of the sediment were
separated by sieving after oven drying and grinding.
One gram of each sample was welghed and placed in (50)
polyethelgn tube. (30)ml of (0.5) HCL was added, and
the tubes were shaken mechanlically for (16) hr. to

extract the exchangable heavy elements from sediment
(Accoording to the method of Chester & Voutsinou,

1981) . The exchangable heavy elements were
incorporated from the aqueous solution by processes
such as adsorption and organic complication , and there
was no part of silicate matrix.,

The residual part of sediment was washed with
delonlized water , and extracted from sediment according
to the method of (Barak & Mason, 1989), by adding (15)m
mixture of HNO :HCIO ¢4 27 for (48) hr in labboratory
temperature, then for (1) hr. In (40) C and faor (9) min

In (140) C. After the digestion brocess, the extraction
was fltered and diluted te (2) mlI with deionjzed water .
The residual heawvy elements in sediment was found as
part of silicate matrix, which are located mainly in
the lattic structurees of the component minerals

PYe-Unicam Flam Atomic Absorptions pectrophotometer
(AAS) model SP39 was used to determine heavy elements
concentrations in theses samples.
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The sediment granules were separatedby using
sedligraph ET-5000, the percentage of texture was
calculated according to Folk’'s (1954) methed.

The total otfganic carbon (TOC) was determined
according to Ball's (1964) method.

Results & Discussion

The mean concentrations of studied elements in the
exchangable phase of sediment are presented In Fig (2)
and Tab (1), while those in the resdual phase sre
presented in Fig (3) and Table (1).

1-Cobalt:

The range values of Coin the exchangabl phase of
sediment was (5.04-74.68)ug/g dry welght, the lowest
value was recorded In statlon 1, while the highest was
in station 5.

There were no significant differences (p>0.05) in
the concentration of Co In stations [3 &5] and in
statlons [1 & 2] and [1 & 4].

Significant seasonal differences (p<0.01) were found
in the concentrations of Co, the values fol lowed the
order Spring >Autumn> Summer > Winter

Iln the residual phase of sediment the |lowest value
(15.68) ug/g dry welght was recorded in station 4,
Whereas the highest value (48.88) ug/g dry weight was
recorded in statlon 5.

There no signiflcant dlfferences (P>0.05) in the
concentration . of Co in stations 2 3 3 and 4.
Significant seasonal dlifferences (P<0.01) were found
in the concentratlons of Co In the reslddual phase of
sediments, the values fol lowedththe order Autumn
>Spring >Summer >Winter.

2-Nickel :

In the exchangeable phase of sediments the lowest
value (9.07) ug/g dry weight was recorded in stations
1, whereas the highest value (36.62) ug/gdry weightwas
recorded in stattion 3. There were no significant
dl fferences (p>0.05) were found in the concentration of
N i among all the studled stations > On the othe hand,
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Table (1): The mean concentrations of heavy elements (ug/g dry weight) in the studiec

area. (Mean + SD)

Seasons st Co Nj Mn Fe
Exchangable Residunl Exchangable Residual Exchangable Residual Exchangable Residual phasc
phasc phase phase phase phase phase phase

i 504 £ 1.4 17,62 + 3.2 23,10 £ 13.57 105.58 + 93.56 45.42 + 4.2 99.71 £ 15.29 12.26 + 9.4 7894.841649.56
i 2 526 + 0.27 18.85 £ 23 24.37 + 8.25 113.71 £ 90.66 43.00 + 6.98 107.08 + 3.68 14.75 £ 0.7 8872.4+1182.99
5’ 3 539 + 1.0] 16.13 £ 2.3 21,32 + 11.66 na.1 £ 9.6 36.00 + 6,8 101,00 + 13.5 33.44 + 182 8162,0£1352,5

§ 4 6,07 + 1.8 15.68 + 1.79 24,94 +2.7 100.88 + 50.29 5671 £33 111.46 £+ 5.6 21,70 £+ 2.1 8771.1+£149.8
5 5.24 £ 0.97 21,74 £ 1.4 17.71 £ 19.4 152,70 + 114.4 52.41 + 2.5 148.64 + 3.13 6.05 £ 4.9 15288.1+291.17
mean 5.40 + 0.39 18.00 + 2.44 22,29 + 291 117,40 £ 20.51 46,71 + 8.10 113.58 + 20.17 17.64 £ 10.46 9797.743096.40

1 5431 £ 0 3481 £1.7 9.07 10 13,94 £1.06 260,72 £40.47 72.28+6.46 3068.8+1245.4 6938.61171.6

1€ p) 2 5431 £ 0 26.05 £1.1 12.10 10 14.94 2.0} 308.88 +37.36 80.78+3.2 3644.1 +798.9 7492.6+898.4
-g. 3 67.89 £ 0 2592 1.6 12,10 £0 15.31 +1.4 4408 +35.19 73.69+£7.97 3872.04842.1 7333.411307.2

U:Q 4 50,35 + 3.3 24,66 £1.7 10.59 +1.7 13.43 10,2 253.39 +5.1 87.02+3.1 3623.01£971.4 7550.6+974.5
5 74.68 £ 0 48.19 +2.6 13.61 +£1.7 25.40 +2.49 420,92 +10.5 125.70+3.09 2138.4£300.0 11B79.4+369.4

mean 60.31 £10.4 31.92 £9.9 11,49 £1.7 16.60 +4.97 336.94 +88.6 87.89121.95 3269,3+697.9 8238.91+2049.1

1 35.12 +£17.3 24.53 £4.87 31.91 10 62.13 £15.5 223.47 1838 94.22+17.97 5161.54£1237.1 13736.2£442.5

145} 2 3539 +2,7 26.00 +0.86 34.82 £9.5 57.96 +10.96 212.54 £52.02 99.20+20.0 7359.242086,7 13578.3.;{:758‘5
% 3 34.84 +£104 24.00 +2.27 36.62 £1.3 62,16 £5.5 213.75 £13.95 80.94+10.87 7348.1+823.8 10984.1+1071.7
(BD 4 30.69 +4.4 25.56 16,6 29.01 £0 56.10 8.2 140.58 +6.35 93.57+8.1 6267.511092.2 17068.5+948.5
= S 36.50 +4.6 4117 +£6.7 3191 0 106,48 +8.98 328.83 £51.2 141.74 14,6 3161.4424.198 24250,0+1365.0
mean 34.51 £2.2 28.25 +£7.27 3285 £2.9 68.97 +21.44 223.83 167.42 101.93+23.25 5859.5+1760.6 15923.4+5131.4
1 42,67 +£3.8 40,23 1.7 25.61 £6.36 62.44 +£6.95 249.01 £26.7 114.1£13.54 3760.1£1579.7 10558.2+2199.1
> 2 47.85 +0 31.47 £1.57 27.92 £5.06 67.71 £4.4 280.90 115.55 129.36£8.7 5195.1+132.5 -11992.0;{:1379.2

§ g 50.25 +£5.0 28.40 +3,08 30,48 +2.65 71.83 +£3.08 331.67 +16.9 112.51£5.59 6475.7+1803.0 9509.0+142.7
a 4 38.28 +0 3093 +1.8 27.63 £1.67 69.15 +14.95 223.17 +28.04 127.72+6.8 6048.9+1299.9 10198.1£485.6
= 3 47.85 +£0 48.88 +2.4 25.03 +3.7 98.14 +8.2 367.92 +7.86 165.241£12.4 2777.5+439.6 18140.41 £386.8
mean 45.38 £4.8 36.18 18.6 27.33 £2.16 7385 £14.0 290.53 £59.24 129.79+21.25 4851.5+1555.8 12079.5+3507.3
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significant seasona! differences (p<0.01) were found in
the concentration of Ni in the exchangeable phase
sediments in the order Summer >Autumn>Winter >Spring.

In the residual phase of sediment, the |lowest value
(13.43) ug/g dry welght was recorded In station 4,
while the hlghest value (152.70) ug/g dry welght was
recorded In station 5. There were nho slignlficant
differences (p>0.05) were found in the concentration of
NI among the stations 1, 2, 3 and 4 or between the
station 3 and 5

The highest values of NI in the residual phase of
sediments were recorded In Winter , whereas the lowest
values were recorded in Spring 3 There were no
significant differences (p>0.05) between the
concentration of Ni |In Summer and Autumn

3-Managnese:

The highest value (440.80) ug/g dry weight and
lowest value (36.00) ug/g dry weight of Mn in the
exchangable phase of sediment were found in station 3
Significant differences (p<0.01) were found in the mean

concentrations of Mn in the exchangable phase of
sediments among all the studied. There were also
significant differences (p<o.0t1) found in the
concentration of Mn in the exchnhgable phase of
sediment i The values follwed the order Spring
>Autumn>Summer>WIinter .

In the residual phase of sediment ] the lowest

value (72.27) ug/g dry weight was recorded in station
1y whereas the highest valu (185.24) ug/g weight was
recorded in station 5 . There were no significant
dlfferences(p>0.058) found between the mean
concentratlon of Mnin station 2 &4 or 1 & 3.
Significant seasonal dlfferences (p<0.01)were found in
the mean concentratlion of Mn in the resldual phase of
seddiment . the values follwed the order Autumn >Winter
>Summer >Spring.

4-1ron
A wlide range in mean concentration of Fe in the
exechangable phase of sediments were as (6.05-7359.186)

ug/g dry weight.



74 M.M. Al-Hejuje

The lowest value was recorded in station 5, while
the highest value was recorded in station 2. There were
‘ho  significant differences (p>0.058) found in the mean
concentration of Fe among the stations 2,3 & 4. On the
other hand, significant seasonal dlifferences (p<0.01)
were found in the mean concentratlion of Fe in the
exchangeable phase of sediments. the values followed
the order Summer >Autumn >Spring>Winter.

In the residual phase of sediments, The lowest
value was (6938.60) ug/g dry welght was recorded in
station 1, whereas the highest value was (24250.01)

ug/g dry weight was recorded In station 5. There were
no significant differences (p>0.05) found in the mean
concetratlons of Fe between the station 2 & 4. Whereas
there were significant seasonal differences (P<0.01)
found in the mean concentrations of Feln the residual
phase of sedliments, the values followed the order
Summer>Autumn >Winter >Spring.

Organic matter contents and texture for surficial
sediments from the studied stations were given in table
(28

The results showed that the lowest value of organic
matter contents was found in station 5, while the
highest value was found in each station 3. Present
study agrees with the study of patterson (1983) who
found an increase in heavy elements concentrations
wlth the Increase of total organic carbon in the
sediments b

Sediments had @ wide varity of particle size and in
order to make a viable inter sediments comparslon heavy
elements analyses were carried out on <65 um fraction.

It has been known for a long time that size of
sediments particlies is an important factor affecting
the distribution of heavy element; therefore ; one
mlght expect that smaller particles , With their larger
surface to volume ratlo, have hlgher concentrations of
heavy elements. However, there is no consistent increas
in some elements concentrations with the decrease in
particle slize. This conclusion arees with Morriaty &
Hanson's (1988) study, and this may be due may be due
to loss by abrasion , the rate of heavy elements
depositlion or degradation (physical or biological), the
rate of particle sedImentation may also affect final
concentratlon of heavy elements found in sediments
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The results showed local and seasonal variatlon in
the concentratlons of studied heavy elements, this may
be due to the natural structure of sediments in
each station, this agrees wlth Al-Kafaji's, (1986) who
found an increas in heavy element concentratlons in
sediments with an increas of clay and silt percentage
In the sediments also he found a decrease in heavy
elements concentration with an Increase in sand
percentage in the sediments.

There were considerable dlfferences in the

partitioning of heavy elements between the exchangable
and reslidual phases of sediments, they were in a good
agreement with Al-Muddafr et al. (1892) for the
partitioning of the studled heavy elements [(n surficlal
sediments from Shatt Al-Arab River.

Comparing heavy elements concentrations of this
study with those given In the |literature for the same
area and others of nearby environments, was glven in
table (3).

The slightly higher elements concentrations which
were observed even in the part of the area suggest an

anthropogenic input of elements to the studied area
possibly from the aerial deposition and dust fallout,
untreated municipal sewage, wastewater from industries

and domestic sewage, which discharge to the studled
area.

On aseasonal bases, the concentration of some heavy
elements such as Fe & Ni Increased in Summer, this was
probably due to the high production of phytoplankton
and high input of particulate matter from the watershed
In Summer which causes alarg portlon of elements to be
bound to particles which gives a higher sedimentation
rate Iin Summer.
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Table (2): Organic matter contents and texture for surficial sediments from the studied area.

St. Local % TOC Texture Description

% sand % silt %clay

Al-Ashar canal 15.608 35.500 13.424 51.077 Sandy-clay
Al-Ashar canal 12.920 45.440 16.520 38.040 | Sandy-mud
Al-Khandak canal 22.278 13.117 18.854 68.029 Sandy-clay
Al-Khandak canal 11.178 26.614 17.032 56.355 | Sandy-mud
Shatt Al-Arab river 8.340 3.969 21.577 74.456 clay

(T S O R S R

Table (3): Mean concentrations and range of heavy elements in sediment from the
studied area together with those in the nearby areas (ug/g dry weight).

location Co Ni Mn Fe

.(a) Khor Al-Zubair canal 3 94 389 31762
(1-11) (1-240) (43-570) | 14810-44040
(b) NW coastal Arabian Gulf 2,01 10.05 50.81 2407.32
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(f) NW Arabian Gulf - 547 1913 7696
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(b): Al-Hashimi & Salman, 1985
(c): Abaychi & Douabul, 1985
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