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ABSTRACT

Some heavy metals including; Co, Cu, Cd, Pb and Fe were measured in water and roots,

shoots and leaves of three aquatic macrophyte species namely; Phragmytes australis, Potomoge-

ton pectinatus and Ceratophyllum demersum to evaluate the degree of pollution in Euphrates
River during Mar. 2012 to Feb.2013. Concentration of the studied heavy metals in dissolved and
particulate phases ranged between (76-137.75 g/l & 582-749.5 g/g) for Fe, (0.91-2.21 ug/1 &
12.02-17.33 ug/g) for Cu, (1.54-4.30 1g/1&9.74-12.6 ug/g) for Cd, (0.85-2.66 ug/1 & 0.00-0.41
Hg/g) for Co and (4.83 — 7.92 ug/1 & 0.41-0.7 ug/g) for Pb, respectively. The highest concentra-
tion of heavy metals was detected in submerged and leaves of aquatic macrophytes. The results

showed that the heavy metals concentration in Euphrates River were within the permissible lim-

its with significant local heavy metal pollution, and the heavy metals concentration in macrophy-

tes were remarkably high but varied among plants species.
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INTRODUCTION
Heavy metals have become the first source
of environmental pollution, and these heavy
metals are difficult to remediate and accumu-
lated in toxic concentrations (Malar et al.,
2014).

Heavy metals might be produced from
rocks, soils and sediments as natural sourc-
es, but mainly originated from industrial ac-
tivities (El-Bouraie et al., 2010). The existence
of heavy metals in aquatic environments
causes serious negative impacts on plant

and animal life (Akpor et al., 2014; El-Amier
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et al., 2015).

Aquatic macrophytes play main role in
equilibrium in water body and in maintaining
the aquatic system. The aquatic plants main-
tain high tolerance to high levels of heavy
metals and accumulated them in very high
concentration (Begum and Krishna, 2010; Zu-
rayk et al., 2001; Cardwell et al., 2002). Many
studies deal with the concentration and accu-
mulation of heavy metals in water and aquat-
ic macrophyta and used these plants as bioin-
dicator of heavy metals pollution (Kara, 2005;
El-Bouraie et al, 2010; Voica et al., 2012;
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Malar et al., 2014; Hassan et al., 2010 ; Sal-
man et al., 2010; Salman and Hussain, 2012;
Salman et al., 2015).

The aim of this study is to determinate
the spatial and temporal variation of some
heavy metals and accumulation of them in
water and some aquatic macrophytes in
Euphrates River (Al-Abasyia branch ), middle

of Iraq.

MATERIALS AND METHODS
The studied area was about 32 km repre-
sented by four sites along Euphrates River
(Al-Abbasyia branch) during Mar. 2012 to
Feb. 2013. Samples of water and aquatic

plants were collected from study sites. Heavy
metals were analysed in two phase of water
(dissolved & particulate), dissolved heavy met-
als was measured according to APHA (2003)
and particulate phase according to Sturgeon
et al. (1982). Heavy metals in water measured
by using Flame Atomic Absorption Spectro-
photometer FAAS (model SHIMADZO, AA-
7000, Japan).

Aquatic plants samples were collected from
the same site and kept in polyethylene bags
and transported to lab. All samples dried and
digested according to Orson et al. (1992). Fi-
nally, heavy metals measured by FAAS (model
SHIMADZO, AA-7000. Japan).

Fig. (1) : Map of Iraq showing Euphrates River and Al-Abasyia branch
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RESULTS AND DISCUSSION

The concentrations of heavy metals are il-
lustrated in Figure (2). The highest concentra-
tion of heavy metals Fe (137.75 pg/l), Cu
(2.21 pg/l), Co (2.66 ug/l) and Pb (7.96 ug/l)
were recorded in February 2013, whereas Cd
expressed the highest value (4.30 pg/1) in July
2012. On the other hand, the lowest value
was recorded in March (76.0 and 1.54 pg/1)
for Fe and Cd, in April (0.85 and 4.83 ug/1) for
Co and Pb, but Cu (0.91 pg/1) in September
2012, respectively. The results showed a sig-
nificant variation among different months,
this variation may be due to many factors
such as water flow, waste water discharge,
temperature run off pesticides and pollutants
(Abdel-Baki, 2011; Sal-
man and Hussain, 2012). This study recorded

from adjecte area

high concentration of heavy metals during
winter while they recorded low concentration
during summer may be due to a variations
in many properties of water such as tem-
perature, pH (Li et al., 2013) or to amount of
particulates (Faragallah ef al., 2009) and the
density of phytoplankton (Atici et al., 2008).

The concentrations of particulate heavy
metals are shown in Figure (3). The highest
concentration of particulate phase Fe (749.50
pg/g) and Pb (0.70 pg/g) were recorded in
January 2013, whereas the lowest value
(582.0 and 0.41 pg/g) were analyzed in July
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2012. Cu and Cd expressed the highest value
(17.33 and 12.78 pg/g) in February 2013,
while, the lowest value (12.02 and 9.74 pg/g)
were obtained in May and September 2012,
respectively. On the other hand, Co expressed
the highest value (0.41 pg/g) in November
2012, while the lowest value (0.01 pg/g) was
recorded in May and September 2012.

The result showed the concentration of
heavy metals in particulate phase was higher
than their concentration in the dissolved
phase may be due to the increase of particu-
late matter which include living and non-
living components (El Bouraie et al., 2010) or
to drifting of particulate matter from catch-
ment area , effluent of sewage and industrial
and agriculture wastes (kara, 2005). Heavy
metals in particulate phase effected by many
physical and chemical properties of water
such as temperature, pH, salinity, organic
matters and water velocity (Karaer et al.,
2013).

Aquatic systems are more sensitive to pol-
lution by heavy metals than terrestrial ones
(Malar et al., 2014), Aquatic macrophytes are
well known in concentrating and accumulat-
ing heavy metal in aquatic system (Kara,
2005). The concentration of heavy metals in
different parts of three species of aquatic
plants are listed in Tables (1- 5).
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Fig. (2) : Concentration of some heavy metals in dissolved phase of water in study sites
during Mar. 2012 - Feb. 2013.
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Fig. (8) : Concentration of some heavy metals in particulate phase of water in study
sites during Mar. 2012 — Feb. 2013.
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The highest Cu concentration (16.55 and
16.5 pg/g) was recorded in rhizome and stem
of Phragmitus australis, respectively in Sep-
tember, April, 2012, whereas the leaves ex-
pressed the highest value (15.5ug/g) in Febru-
ary. 2013. In case of Potamogeton pectinatus
the highest value (28.75, 20.65 and 24.5 pg/

g) for root, stem and leaves were observed in
June, August and March, respectively. How-
ever, Ceratophyllum demersum expressed the
highest concentrations (15.55ug/g) for leaves
in January. 2013. But the stem showed the
highest content (20pg/g) in May and Novem-
ber, 2012 (Table 1).

Table (1) : Cu (ug/g) concentration in the parts plant during study 2012-2013 in four sites.

Aquatic Macrophyta
Month | Year
Phragmiltes austrl (Cat:) Potamogeton pectinatus L. Ceratophyllum demersum L.
Trin. ex. Steud.
Rhizome Stem Leaves Root Stem Leaves Stem Leaves
March 11.63+0.72 13.48+1.39 15.38+0.52 9.88+0.52 10.50+£2.29 2450+6.06 | 13.50+0.87 15.0040.01
Apil 13.2340.35 16.50+2.18 11.65£3.15 10.50=0.50 10.50+0.29 17754130 | 16.5042.02 10.00+2.89
May 7.78+2.99 7.9043.06 12.60+1.29 20.25+5.63 11.10£0.64 12.75¢0.14 | 20.0040.00 10.50+3.18
June 13.53+0.53 11.70+0.44 11.30+0.90 28.75+10.61 12.35+0.95 12.00£1.15 8.00+0.01 8.10+3.23
July o 13.90+0.35 8.2843.16 9.05£1.71 10.13£0.13 15.00+£2.89 13.25¢0.43 7.8840.13 9.3343.85
August ] 11.65£2.26 8.78+3.45 10.20£1.65 15.00£2.89 20.65+5.40 13.25+0.43 8.0040.01 9.68+4.23
September 16.55¢1.08 9.90+2.43 10.18£3.63 15.75£2.53 16.40+2.08 1450£0.29 [ 16.00£0.02 10.6043.12
October 13.78+1.58 12.63£2.49 9.84=4.60 14.55£2.65 10.93£0.92 12254274 | 16.00£0.01 11.6543.67
November 12.85+2.40 13.1£2.54 14.80+1.68 15.85+2.41 12.00£1.15 15.00£0.58 | 20.0040.01 11.90+2.78
December 10.38+2.66 11.9540.69 11.20+2.89 11.93=1.44 10.00+£0.00 15.00£0.58 | 12.00£0.02 11.2543.61
January o 14.53+0.73 10.7843.15 12.78£2.59 11.50=0.74 12.30£2.57 1450£0.29 [ 12.00£0.02 15.55¢1.33
February ] 11.18+2.94 11.70+0.44 15.50£1.74 11.25£1.25 10.50£0.50 1440£0.23 | 12.00£0.01 15.00£3.37
Annual mean 12.58 11.39 12.04 14.61 12.69 14.93 1349 11.55
F-value 149 1.08 0.75 1.99 230 2.84 46.1 0.6
P-value 0.18 04 0.69 0.06 0.03* 0.009* 0.000%** 0.82
LSDy g5 529 6.79 713 11 599 571 1.83 9.02

* The values are the mean of those recorded in the 4 sites .
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The highest Pb concentration (0.77pg/g)
was recorded in rhizome and stem of Phrag-
mitus australis, respectively in September,
July, 2012, whereas the leaves expressed the
highest value (7.64pg/g) in January. 2013. In
case of Potamogeton pectinatus the highest
value (13.20 and 17.78 pg/g) for root and
leaves in May, 2012 whereas stem expressed
the highest value (15.66 pg/g) in February,
2013, Ceratophyllum demersum expressed
the highest concentrations (3.32, 3.95 ug/g)
for stem and leaves in January, 2013 (Ta-
ble 2).

The highest Cd concentration (33.45 and
34.8 yg/g) was recorded in rhizome and stem
of Phragmitus australis, respectively in Febru-
ary, 2013 whereas the leaves expressed the
highest value (37.98ug/g) in November, 2012
(Table 3). In case of Potamogeton pectinatus
the highest value (48.375, 38.375 and 38.05
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pg/g) for root, stem and leaves were observed
in September, November, 2012 and January
2013, respectively. However, Ceratophyllum
demersum expressed the highest concentra-
tions (38.375 and 47.625 pg/g) for stem and
leaves in January. 2013.

The highest Co concentration (15.06 and
7.72 pg/g) was recorded in rhizome and stem
of Phragmitus australis, respectively in Octo-
ber, 2012, whereas the leaves expressed the
highest value (7.57pg/g) in November, 2012.
In case of Potamogeton pectinatus the highest
value (7.63, 7.45 and 7.96 pg/g) for root, stem
and leaves were observed in October, March,
2012 and January 2013, respectively. Howev-
er, Ceratophyllum demersum expressed the
highest concentrations (7.30pg/g) for stem in
June, 2012. But the leaves showed the high-
est content (7.92ug/g) in August, 2012 (Table
4).
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Table (2) : Pb (Lg/g) concentration in the parts plant during study 2012-2013 in four sites.

Aquatic Macrophyta
Month Year thg'j;h.es australis (Cav.) Potamogeton pectinatus L. Ceratophyllum demersum L.
rin. ex. Steud
Rhizome Stem Leaves Root Stem Leaves Stem Leaves
March 0.55+0.14 0.61+0.08 0.73+0.07 0.45+0.17 0.72+0.06 0.57+0.14 1.66+0.28 2.04+0.54
April 0.66:0.08 0.66:0.04 0.75+0.06 0.62+0.07 0.66+0.05 0.63£0.11 1.42+0.32 2.38+0.93
May 0.66+0.01 0.75+0.03 0.75+0.08 13.20+12.43 | 15.62+14.86 17.78+16.91 1.86+0.54 2.52+0.71
June 0.65+0.04 0.67+0.03 0.660.05 0.65+0.07 0.70+0.07 0.58+0.09 1.99+0.63 2.69+1.33
July = 0.74+0.06 0.77+0.03 0.65+0.08 0.43+0.15 0.48+0.18 0.63+0.08 1.43+0.37 2.79+1.32
August S 0.68+0.08 0.73+0.03 0.44+0.18 0.50+0.15 0.57+0.17 0.45+0.20 1.63+0.29 2.71+1.48
September 0.77+0.06 0.70+0.04 0.53+0.11 0.62+0.20 0.54+0.18 0.41+0.10 1.67+0.30 2.75+1.53
October 0.33+0.16 0.75+0.06 0.48+0.17 0.77+0.12 0.67+0.02 0.71+0.04 1.69+0.75 1.86+0.87
November 0.69+0.04 0.72+0.03 0.71+0.03 0.74+0.08 0.61+0.19 0.64+0.09 2.26+0.90 3.15+1.55
December 0.62+0.03 0.77+0.07 0.60+0.11 0.79+0.08 0.58+0.17 0.77+0.04 2.24+0.61 2.82+1.18
January ) 0.57+0.14 0.76+0.02 7.64+6.85 0.65+0.12 0.53+0.16 0.50+0.09 3.3240.25 3.95+1.85
February & 0.56+0.07 0.75+0.02 0.63+0.12 0.47+0.17 15.66+14.85 0.64+0.16 2.65+1.07 3.57£1.50
Annual mean 0.62 0.72 1.21 1.66 3.11 2.02 1.98 2.77
F-value 1.69 1.2 1.05 1.03 0.93 1.04 0.47 0.24
P-value 0.12 0.32 0.43 0.45 0.52 0.44 0.91 0.99
LSD, s 0.25 0.13 5.68 10.3 17.4 14 1.76 3.67

* The values are the mean of those recorded in the 4 sites.

Table (8) : Cd (ug/g) concentration in the parts plant during study 2012-2013 in four sites.

Aquatic Macrophyta

Month Year Phragmi{es australis (Cav.) Potamogeton pectinatus L. Ceratophyllum demersum L.
Trin. ex. Steud.
Rhizome Stem Leaves Root Stem Leaves Stem Leaves
March 29.08+6.07 24.78+3.66 31.65+6.81 27.40+8.15 35.20+13.37 29.85+6.91 30.70+5.47 46.63+12.80
April 29.13+7.39 29.45+4.31 32.70+7.65 28.20+8.34 36.28+16.47 30.98+7.91 35.65+5.44 42.90+7.34
May 28.33+6.48 28.95+8.93 34.1347.13 25.70+9.71 33.23+17.30 27.80+5.87 32.8545.22 46.50+12.60
June 28.80+7.75 31.80+10.92 31.18+4.92 30.25+9.86 31.68+11.22 27.95+5.90 34.13+6.18 44.78+12.87
July S 32.38+10.15 25.15+4.54 30.58+5.32 29.60+9.88 33.53+17.04 25.68+1.29 36.13+8.79 37.73+5.80
August & 24.80+4.13 31.75+10.80 35.95+10.26 35.33+11.89 | 36.78+15.59 | 34.10+10.94 30.20+2.10 40.75+8.24
September 28.48+7.72 31.18+11.25 30.13+5.57 48.38+12.35 | 26.50+12.80 31.28+7.73 34.83+6.21 46.58+13.22
October 33.15+10.04 24.68+4.74 32.78+4.34 28.55+10.28 | 34.68+16.61 32.05+4.97 35.00+6.42 47.58+12.53
November 25.75+3.65 31.85+10.73 37.9849.63 33.88+12.44 | 38.39+15.02 29.05+5.73 35.2548.32 42.78+7.58
December 28.90+4.58 29.78+8.55 35.3343.33 28.00+10.63 32.70+7.41 31.85+4.68 35.18+8.06 45.30+13.07
January ) 30.80+8.36 30.55+9.78 35.1045.11 28.03+7.96 33.15+11.12 38.05+9.74 38.38+10.90 47.63+11.90
February & 33.45+10.53 | 34.80+11.69 31.10+4.76 31.23+£7.81 33.70+10.87 31.03+4.99 37.55+7.43 39.15+5.28
Annual mean 29.42 29.56 33.22 31.21 33.81 30.80 34.65 44.02
F-value 0.05 0.06 0.07 0.16 0.03 0.08 0.04 0.05
P-value 1 1 1 0.1 1 1 1 1
LSD, s 35.69 39.19 32.79 43.1 54.41 33.32 34.11 44.63

* The values are the mean of those recorded in the 4 sites .
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Table (4) : Co (ug/g) concentration in the parts plant during study 2012-2013 in four sites.

Aquatic Macrophyta
Month Year thg"l'”:;fs :Z.stsrzllilsd(.Cav.) Potamogeton pectinatus L. Ceratophyllum demersum L.
Rhizome Stem Leaves Root Stem Leaves Stem Leaves
March 0.45+0.16 0.26+0.09 0.39+0.16 0.43+0.19 7.45+7.32 7.36+7.08 6.79+6.57 7.08+6.81
April 1.40+1.20 0.32+0.12 0.13+0.06 0.18+0.09 0.16+0.08 0.26+0.16 0.14+0.08 7.89+7.54
May 0.36+0.12 0.14+0.09 0.20+0.06 7.66+7.32 0.19+0.06 0.35+0.19 0.29+0.11 0.28+0.09
June 0.29+0.09 0.28+0.09 0.34+0.13 0.27+0.10 0.21+0.07 0.29+0.10 7.30+7.03 0.52+0.20
July N 6.83+6.46 0.36+0.07 7.85+7.58 7.09+6.51 0.29+0.10 7.18+7.01 7.26+6.95 0.43+0.15
August & 0.42+0.13 0.31+0.16 0.36+0.15 0.22+0.09 0.47+0.21 0.41+0.18 0.28+0.01 7.92+7.46
September 0.43+0.16 0.27+0.08 0.48+0.15 0.50+0.15 0.31+0.14 0.24+0.08 0.20+0.05 0.26+0.06
October 15.06+9.44 7.7247.49 6.81+6.46 7.62+7.39 7.21£7.03 7.76+7.15 6.78+6.51 0.41+8.55
November 0.25+0.08 7.32+7.06 7.57+7.31 0.22+0.08 0.43+0.16 0.29+0.11 0.27+0.08 0.41+0.18
December 0.40+0.21 0.23+0.11 0.31+0.16 0.22+40.11 0.15+0.07 0.28+0.14 0.32+0.16 0.46+0.17
January sy 0.31+0.09 6.66+6.21 0.55+0.12 0.16+0.07 0.13+0.06 7.96+7.58 0.29+0.09 0.46+0.18
February & 0.25+0.09 0.15+0.05 0.22+0.07 0.27+0.10 0.39+0.18 0.28+0.09 0.49+0.21 0.42+0.17
Annual mean 2.20 2.00 2.10 2.07 1.45 2.72 2.53 237
F-value 1.8 0.83 0.81 0.84 0.83 0.72 0.72 0.71
P-value 0.09 0.61 0.63 0.6 0.57 0.71 0.71 0.72
LSD, o5 9.35 9.96 10.24 10.16 8.41 12.1 11.21 12.12

* The values are the mean of those recorded in the 4 sites .

Table (5) : Fe (ug/g) concentration in the parts plant during study 2012-2013 in four sites.

Aquatic Macrophyta
Month | Year Phragmit:es australis (Cav.) Potamogeton pectinatus L. Ceratophyllum demersum L.
Trin. ex. Steud.
Rhizome Stem Leaves Root Stem Leaves Stem Leaves
March 872.5+82.70 790.0+33.42 942.5+36.03 734.75+33.05 | 932.75+29.20 840.0+58.17 1032.5+68.24 1016+75.18
April 909.75+70.48 817.5+40.08 1102.5+40.68 | 884.0+105.73 | 844.75+43.23 [ 839.75+41.33 1073.5+48.83 942.75+103.01
May 852.5+100.03 | 768.33+93.22 [ 1097.25+78.24 | 846.75+106.21 | 800.75+87.16 | 964.25+55.91 | 1021.754+26.51 992.0+92.24
June 884.5+35.22 925.0£105.32 | 969.75£113.34 | 890.0+91.01 967.5£51.38 992.5+41.10 1097.25+39.49 965.12+24.86
July a 765.0+47.87 865.0+95.26 982.0+44.20 862.0+53.05 | 1167.0+143.41 | 964.5+64.29 1062.0+82.75 962.0+24.10
August ] 857.5+12.50 877.5+75.98 927.25+62.79 | 767.5+43.28 | 1182.54266.50 | 907.5+77.82 1057.5+74.20 992.5+73.07
September 760.0+14.58 860.0+59.72 877.5+47.50 807.5+33.01 1155+248.41 | 862.5+120.23 | 1287.5+232.86 1060.0+82.16
October 785.0+80.57 967.5+£78.67 | 964.75+117.48 | 827.5+39.45 972.5+£51.05 950.0+28.28 1047.5+£36.14 | 1277.25£196.89
November 815.0+34.03 887.25+78.97 | 987.25+102.40 | 872.5+40.08 967.25+52.43 960.0+20.00 1089.75+41.05 [ 3617.5+2528.76
December 865.0+30.69 820.0+106.69 959.0+60.92 862.5+17.50 990.0+39.79 905.0+5.00 984.5+86.18 1277.0£257.98
January ot 872.5+46.97 919.5+40.13 885.75+83.04 | 938.75%16.31 | 926.75+47.31 | 1051.75+51.38 [ 1012.25+118.30 [ 1105.0+76.36
February & 824.75+24.85 | 908.75+15.60 | 947.25+102.14 |  895.0+5.00 957.5+82.60 1070+50.50 977.5+63.43 1177.26+57.21
Annual mean 838.67 867.19 970.23 849.06 988.69 942.31 1061.96 1310.84
F-value 0.76 0.61 0.74 0.95 0.97 1.65 0.75 1.02
P-value 0.67 0.81 0.69 0.51 0.49 0.13 0.69 0.45
LSD, 5 159.54 244.93 231.35 168.41 353.47 167.59 267.42 2118.54

* * The values are the mean of those recorded in the 4 sit .
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The highest Fe concentration (909.75 and
1102.5ug/g) was recorded in rhizome and
leaves of Phragmitus australis, respectively in
April 2012, whereas the stem expressed the
highest value (967.5ug/g) in October 2012. In
case of Potamogeton pectinatus the highest
value (938.75, 1167.0 and 1070 pg/g) for
root, stem and leaves were observed in Janu-
ary 2013, July 2012 and February 2013, re-
spectively. However, Ceratophyllum demer-
sum expressed the highest concentrations
(1287.5ug/g) for stem in September, 2012.
But the leaves showed the highest content
(3617.5pg/g) in November, 2012 (Table 5).

The result showed a higher concentration
of heavy metals in submerged species C. de-
mersum, followed by P. pectinatus and then
emergent species P. australis may be due to
the submerged species have been found to ac-
cumulate relatively high heavy metal concen-
tration when compared with emergent species
in the same area (Kara, 2005).

Heavy metals showed relatively higher con-
centration in leaves of aquatic plants in all
species under study because absorption of
heavy metals directly from water or due to the
ability of plants to accumulate the toxic heavy
metals in vacuoles on leaves of plants. Heavy
metals are toxic to aquatic macrophytes if
their accumulation levels exceed the detoxifi-
cation capacity of the plant tissues (Zhang et
al., 2007). Co heavy metal was recorded the
lowest value (0.13 pg/g) compared with other
heavy metals under study in leaves of P. aus-
tralis during April. 2012.

The aquatic macrophytes vary widely in
their ability to accumulate the heavy metals
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due to many factors affected on them such
as biomass, morphology , growth form , wa-
ter quality, etc. (Mishra et al, 2007). The re-
sults showed that macrophyte species C. de-
mersum have the ability to accumulate the
heavy metals more than other species. Hyp-
er accumulator plants represent a resource
for Phytoremediation of metal polluted sites,
of
certain heavy metals that would be toxic to

as they can tolerate uptake high levels

most organisms (Meagher and Heaton, 2005).

CONCLUSION

The results showed that the heavy metals
concentration in Euphrates river (Al- Abasyia)
were mainly within the permissible limits ac-
cording to criteria EPA , 1995 and WHO,
1995, However , significant local heavy metals
pollution problems were recorded. The heavy
metal concentrations in the river's macrophy-
tes were remarkably high, but varied among
plants species. Our results suggest that use
some species of macrophytes as bioindicator
to monitoring the heavy metals pollution in
Euphrates River.
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