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Abstract: 
Water pollution is an issue that can be exacerbated by drought as increased concentrations of 

unwanted substances are a consequence of lower water levels. Polluted water that flows into natural 

marshlands leads to the deposition of pollutants in the interior of the marsh. Here we present evidence that 

the interior of the Central Marsh (CM) in southern Iraq suffers from higher levels of pollution than areas 

closer to the source of water entering the marsh (the Euphrates River). A 1.7m embankment that halts the 

flow of the Euphrates is only infrequently breached and so the CM is effectively the terminal destination of 

the waters (and their associated pollutants and agricultural waste) flowing from the West of Iraq.  

A range of water quality metrics were measured where the Euphrates enters the CM and at increasing 

distances into the interior of the CM. The following measures were taken:  NO2, NO3, PO4 , Salinity, Major 

ions, and Heavy Metals (Cu, Ni, Pb, Cd, Zn). The area of study was divided into four horizontal zones (the 

river and three zones inside the marsh) and eight field surveys were carried out from November 2013 to June 

2014 to collect water samples by using a transect line methodology.  

 Salinity and major ions (Na, K, Cl, Ca, and Mg) were significantly higher inside the marsh compared with 

levels in the river water immediately before it entered the CM.  These findings indicate  the increased risk of 

these pollutants to humans and wildlife living in and using the CM.  This issue  requires urgent attention, 

especially to the status of the CM as a World Heritage site (for the ecosystem services provided to local 

people) as an Important Biodiversity Area. The reported declines in water quantity in the Euphrates over 

recent decades will likely further exacerbate the problems we report.   

Keywords: Central Marsh, Mesopotamian Marshlands, water Quality, water salinity.  

Introduction:  
Iraq’s Central Marsh (CM) is one of the most 

important wetlands/ecosystems in the south of Iraq 
1,2

. The CM is an Important Birds Area (IBA)
3
, Key 

Biodiversity Area (KBA)
4
, and the first national 

park in Iraq 
5,6

 (Fig.1). The site provides many 

ecosystem services to humans living in the CM, 

which underwent a rapid increase from 41,000 in 

2005 to 152,844 in 2015
7
. Among those ecosystem 

services provided by the CM, water quality is of 

particular importance, both for people and for their 

environment. The CM was historically provided 

with water from the Tigress and Euphrates rivers, 

which are the main two rivers in the Mesopotamian 

basin
8
. The CM was desiccated by the government 

in the 1990s and re-flooded in 2003
2
.  As a 

consequence of the restoration, the hydrology of the 

CM changed, so that ever since it has depended on 

inflow from the Euphrates River alone
9
 . The 

Euphrates River collects 100% of its water from 

Turkey and Syria, respectively, in the upstream 

region, with no tributary contributing to the 

Euphrates inside Iraq
10

. 

The natural flow inside Iraq reached 60 billion 

cubic meters (BCMs) in 1963 before the 

construction of dams in upstream countries, while it 

decreased significantly after dam construction and 

especially after implementation of the GAP project 

in Turkey (Güneydoğu Anadolu Projesi) that started 

in 1990
11

  [e.g. the Euphrates flow was 30.6 BCM in 

the upstream (border of Iraq) while reduced 
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dramatically in the present to 4 BCM
12]. The 

Euphrates’ water in the upstream provinces inside 

Iraq is used for agricultural irrigation and municipal 

water supply, with sewage water dumped directly 

into the river in some upstream provinces. The 

Euphrates played an essential role in diluting 

pollution that came from agriculture and irrigation 

and other upstream human activities before 1990
13

.  

Following the significant decrease in water volume 

flowing through the Euphrates with a combined 

significant increase in human population and thus 

municipal discharge of sewage, the capacity of the 

Euphrates to dilute pollutants was severely 

impaired
14

.  

Despite the considerable efforts that were spent by 

the Iraqi government and various civil societies 

post-2004, it was not possible to restore the CM to 

100% of its original pre-desiccation area as a direct 

consequence of the water scarcity in the 

Euphrates
1,15.

  As a result, the local authority in 

Chibayish City, the Iraqi Ministry of Water 

Resources, the Iraqi Ministry of Environment and 

other stakeholders were decided to implement 

several actions to help reduce the impact of water 

scarcity in the Euphrates on the restoration of the 

CM. The actions were: 1) to declare 141, 615 ha of 

the CM as a national park in 2013
5,6

, 2) to construct 

nine gates with the capacity to control up to 1.7m of 

water between the Euphrates and the national park 

in 2006
9
; and 3) to construct a soil embankment in 

the Euphrates in 2010 between Chibayish city in 

Thi-Qar province and Modina city in Basra 

province
7
. The establishment of the embankment 

was one of the most important actions for the 

restoration of the CM after the severe situation that 

faced the area due to water scarcity in the Euphrates 

River. This action helped to provide sufficient water 

volume to reflood the marsh area. 

The impact of establishing the soil embankment on 

the CM’s local people and ecosystem services has 

not been examined by the Iraqi government or 

scientists.  Previous studies have noted that there 

are now significantly raised salinity levels within 

the CM
15,16

, but there has not been consensus on the 

cause of this change.  Due to a lack of information 

about the impact of the soil embankment and water 

scarcity on the CM, this study aims to provide 

baseline data on water quality within the CM post-

construction of the soil embankment.  This will also 

allow an evaluation of the role of the CM in 

cleaning water that comes from the Euphrates 

River. Thus, the study can help both policy makers 

and local people have a better understanding of the 

impact of water scarcity in the Euphrates River and 

its consequences on both people and the wildlife in 

the CM.  

The present study is designed to compare water 

quality at varying distances along water courses that 

flow from the Euphrates River into the CM. We 

predicted that the greater the distance water flows 

from the entry of the Euphrates into the CM water, 

the greater the quality would decline. This is 

because there is no flow of water through the CM 

and so it acts as a sink for pollution the greater the 

distance the water travels into the marsh.   

Methods:  
Field Survey: sampling protocol 

Eight surveys were carried out in the CM once a 

month from November 2013 to June 2014.  Water 

samples were first collected from zone a (the 

Euphrates River) in the south in the morning and 

were sequentially collected along transects in zones 

b, c, and d (Fig.2)   Water sampling sites are shown 

in  Fig 2; five sites were chosen in transect one (we 

merged data from sites d and e and consider it as 

one site in transect 1, using the mean values), and 

four sites were chosen in transects two and three (in 

total 96 samples were collected during 8 months). 

Two kinds of bottle samples (glass and plastic) were 

used to sample one litre of water/site. Hanna 

portable instruments (HI 9811-5) were used to 

measure pH, EC, and TDS of water directly in the 

field. Data on monthly water levels for the 

Euphrates River were supplied by the Iraqi Ministry 

of Water Resources (Chibayish branch) (Annexes, 

Table 10.). 

 
Figure 1. The Central Marsh in southern Iraq. 

Yellow line is the study area, the red line shows 

the Key Biodiversity Area (KBA) boundaries, 

and the brown line shows the boundary of the 

national park area. 
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Figure 2. Study area showing water sampling 

sites (shown as pink dots) with transects 

numbered 1-3; there are four zones at varying 

distances from the Euphrates River (Zone a 

immediately adjoining the Euphrates River) and 

zones b, c, and d at progressively further 

distances from the Euphrates River. 

 

Laboratory analysis  

Water samples were analysed in the water 

laboratory of the Environmental Centre in the 

University of Technology in Baghdad using the 

standard methods recommended by the American 

Public Health Association
17

. Samples were sent 

from the CM to the laboratory in Baghdad within an 

ice box. Eighteen parameters were analysed in the 

lab to measure concentrations of water salinity, 

nutrients, anions, and heavy metals in samples from 

the Euphrates River and the Central Marsh. The 

parameters were: Electrical Conductivity (EC), 

salinity, Total Dissolved Solid (TDS), Total 

Suspended Solids (TSS), Total Hardness; and 

concentrations of NO2, NO3, PO4, Na, K, Cl, Ca, 

Mg, Cu, Ni, Pb, Cd, and Zn.  These parameters 

were chosen because they encompassed a range of 

physical and chemical indicators of water quality.  

For example, heavy metals such as Zn can have 

negative impacts on both humans and wildlife 

throughout the food web.  

Statistical analyses  
ANOVAs were performed to test the influence of 

zone, transect, and month of sampling, and their 

interactions with the physical and chemical water 

parameters. Model residual plots were examined to 

check for assumptions of normality and 

homogeneity of variance.  All models satisfied these 

assumptions. All the analyses were conducted using 

R programme version 3.5.0. The pH values in the 

field were analysed by using MATLAB 

programme. 

Results: 
Field Survey Results 

Results from the field surveys for pH, EC, and TDS  

(Fig 4) indicated differences between the Euphrates 

River zone and marsh zones (b, c, and d) (values, 

statistical significances, and the SE bars of these 

differences are shown in Fig. 4, and in the Annexes 

- Table 1). Relative values of pH in the River zone 

(zone A) were higher than pH in the marsh (zones 

b, c, and d) although absolute levels varied between 

seasons (see Fig. 3). December had the highest 

value of pH and June had the lowest and transect 

two had the highest values of pH compared with 

transect one and three (Fig. 3, Fig. 4, and Table 1 in 

the Annexes). 
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1. Mean of pH in November and December 2013 in 

T1, T2, and T3 and Zones (a, b, c, and d) across the 

study area shown in Fig. 2.  

 

2. Mean of pH in January and February 2014 in T1, 

T2, and T3 and Zones (a, b, c, and d) across the study 

area shown in Fig. 2. 

 

3. Mean of pH in March and April 2014 in T1, T2, 

and T3 and Zones (a, b, c, and d) across the study 

area shown in Fig. 2. 

 

4. Mean of pH in May and June 2014 in T1, T2, and 

T3 and Zones (a, b, c, and d) across the study area 

shown in Fig. 2. 

Figure 3. Mean of pH in the area of study from November 2013 to June 2014 across different months 

(produced using MATLAB programme). 
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Figure 4. Field measurements of mean ± SE  of pH, EC, and TDS in the CM for A) zones and 

transects; B) months  from November 2013 to June 2014. N = 96 samples across entire field seasons. 

Laboratory Analysis Results: 

Results of the laboratory analysis for 18 parameters 

(EC, salinity, TSS, TDS, turbidity, NO2, NO3, PO4, 

Na, K, Ca, Mg, Cl, Cu, Ni, Pb, Cd, and Zn) 

indicated variation between river zone (zone A) and 

marsh zones (zones B, C, and D). We divided the 

results into four groups as follows: group 1 (EC, 

salinity, TSS, TDS, and turbidity) to evaluate and 

give an overall assessment of salinity and turbidity 

in the Euphrates River and the CM; group 2 (NO2, 

NO3, and PO4) to evaluate nutrients in the river and 

the CM; group 3 (Na, K, Ca, Mg, and Cl) to 

evaluate major ions in the water; and group 4 (Cu, 

Ni, Pb, CD, and Zn) to evaluate heavy metals in the 

water. Observed values, the statistical significances 

between treatments, and the SE bars of the 

differences are show in Figs. 5-8 and Tables 2-9 in 

the Annexes.   

Group 1: Salinity, EC, TSS, TDS, and Turbidity.  

The results indicated that river values of EC, 

salinity, TSS, TDS, and turbidity were less than 

values within the CM (Fig. 5- A). Inside the CM the 

EC and salinity values were higher in zone D, while 

the TDS and turbidity values were higher in zone C. 

Values of all the indicators in this group  were 

higher in transect 3 compared with transects 1 and 2 

(Fig.5- A). Values for June were consistently higher 

for all indicators in this group (Fig. 5- B). 

Statistically significant interactions  are indicated in 

the Fig. 5 and in the Annexes (Tables 2 and 3) 

highlighting differences (and lack of differences) 

between space (zone and transect) and time 

(month).  

Group 2: NO2, NO3, and PO4  

There were no significant differences in nutrient 

concentrations (NO2 , NO3 , and PO4) between the 

Euphrates River and the CM’s zones and transects 

(Fig. 6-A shows the large standard errors for 

samples in different zones nearly all overlapping 

with each other). However, there were clear 

differences between monthly means values of the 

NO2 and NO3 (Fig. 6-B). Statistically significant 

interactions are indicated in Fig. 6 and in Tables 4 

and 5 (see Annexes).  
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Group 3: Major Ions (Na, K, Ca, Mg, and Cl) 

Analysis of major anions (Na, K, Cl, Ca, and Mg) 

indicated that the concentrations in the Euphrates 

River (zone A) were less than the CM. Zone D and 

transect 3 had the highest means compared with 

zones B and C, and transects 1 and 2 (Fig. 7 ). 

Statistically significant interactions are indicated in 

Fig. 7 and in the annexes (tables 6 and 7).  

Group 4: Heavy Metals (Cu, Ni, Pb, CD, and Zn) 

Analysis of variance indicated that the main effects 

of zone, transect, and month were significant for all 

heavy metals and their interactions (Cu, Ni, Pb, Cd, 

and Zn) (Fig. 8 A and B). The exception was the 

interaction between zone and transect, which were 

not significant for all metals. Zone and month 

interactions were also not significant for Zn. In 

general, the mean ± SE for all metals was 

significantly higher in the marsh compared to the 

river. Within the marsh, zone D has the highest 

metal content. On the other hand, metal contents 

were significantly higher in transect 3 compared to 

transects 1 and 2. Statistically significant values and 

interactions are indicated in Fig. 8 and in the 

annexes (tables 8 and 9). 

 
Figure 5. Laboratory mean ± SE (between-subjects) EC values μS/cm, salinity values in % ,  TSS 

values in mg/L, TDS values in mg/L, and turbidity in NTU in the Euphrates River and CM for A) 

zones and transects; B) months (from November 2013 to June 2014. 
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N = 96 samples across entire study period.)  EC 

values μS/cm: A two-way ANOVA showed that 

there was a statistically significant interaction 

between transect and month (F7,49=3.70, p<0.001) 

and zone and month (F21,49=3.70, p<0.001) but not 

transect and zone (F3,49=1.80, p=0.20).  salinity 

values in %: A two-way ANOVA showed that 

there was a statistically significant interaction 

between transect and month (F7,49=3.90, p<0.001) 

and zone and month (F21,49=6.10, p<0.001) and 

transect and zone (F3,49=16.50, p<0.001).  TSS 

values in mg/L: A two-way ANOVA showed that 

there was no statistically significant interaction 

between transect and month (F3,21=1.60, p=0.20) 

and zone and month (F9,21=0.50, p=0.90) and 

transect and zone (F3,21=0.80, p=0.50).  TDS values 

in mg/L: A two-way ANOVA showed that there 

was not a statistically significant interaction 

between transect and month (F7,49=3.70, p=0.80) but 

there was between zone and month (F21,49=3.70, 

p<0.001) and not transect and zone (F3,49=4.50, 

p<0.001). Turbidity values in NTU: A two-way 

ANOVA showed that there was not a statistically 

significant interaction between transect and month 

(F6,42=1.80, p=0.10) and zone and month 

(F18,42=0.50, p=0.90) but there was between transect 

and zone (F3,42=7.40, p<0.001). 

 

 
Figure 6. Laboratory mean ± SE (between-subjects) NO2 values in ppm, NO3 values in ppm, and PO4 

values in ppm in the Euphrates River and CM for A) zones and transects; B) months from November 

2013 to June 2014. 
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N = 96 samples across entire study period. NO2 

values: A two-way ANOVA showed that there was 

no statistically significant interaction between 

transect and month (F7,49=2.00, p=0.10) and zone 

and month (F21,49=1.60, p=0.10) and transect and 

zone (F3,49=2.00, p=0.10). NO3 values: A two-way 

ANOVA showed that there was not a statistically 

significant interaction between transect and month 

(F7,49=1.10, p=0.40) and zone and transect 

(F3,49=2.00, p<0.01) but there was between zone and 

month (F21,49=2.90, p<0.001). PO4 values: A two-

way ANOVA showed that there was not a 

statistically significant interaction between transect 

and month (F7,49=3.70, p=0.60) and zone and month 

(F21,49=1.20, p=0.30) and transect and zone 

(F3,49=1.50, p=0.20). 

  

 

Figure 7. Laboratory mean ± SE (between-subjects) Na in mg/L, K in mg/L, Cl in mg/L, Ca in mg/L, 

and Mg in mg/L. in the Euphrates River and CM for A) zone and transects; B) months from 

November 2013 to June 2014. 

 N = 77 samples across entire study period. Na in 

mg/L: A two-way ANOVA showed that there was 

not a statistically significant interaction between 

transect and month (F6,39=0.90, p=0.50) but there 
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was between zone and month (F18,39=2.20, p=0.02) 

and transect and zone (F18,39=1.8, p=0.02). Cl: A 

two-way ANOVA showed that there was a 

statistically significant interaction between transect 

and month (F7,49=5.80, p<0.001) and zone and 

month (F21,49=3.20, p<0.001) and transect and zone 

(F3,49=8.10, p=0.01). Mg, A two-way ANOVA 

showed that there was a statistically significant 

interaction between transect and month (F7,49=2.40, 

p=0.03) and zone and transect (F3,49=4.90, p<0.001) 

but not month and zone (F21,49=1.60, p=0.07). K, A 

two-way ANOVA showed that there was not a 

statistically significant interaction between transect 

and month (F4,25=1.40, p=0.30) and zone and 

transect (F3,25=1.50, p=0.20) but there was for 

month and zone (F12,25=2.70, p=0.01). Ca: A two-

way ANOVA showed that there was a statistically 

significant interaction between transect and month 

(F7,49=3.50, p<0.001) and zone and month 

(F21,49=4.00, p<0.001) and transect and zone 

(F3,49=8.10, p<0.001). 

  

 
Figure 8. Laboratory mean ± SE (between-subjects) Cu in ppm. Ni in ppm, Pb in ppm, Cd in ppm, and 

Zn in ppm in the Euphrates River and CM for A) zone and transects; B) from November 2013 to June 

2014. 
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N = 96 samples across entire study period. Cu in 

ppm: A two-way ANOVA showed that there was a 

statistically significant interaction between transect 

and month (F7,49=6.90, p<0.001) but not zone and 

month (F21,49=1.00, p=0.50) or transect and zone 

(F3,49=0.20, p=0.90). Ni in ppm: A two-way 

ANOVA showed that there was a statistically 

significant interaction between transect and month 

(F7,49=9.90, p<0.001) and zone and month 

(F21,49=4.90, p<0.001) but not transect and zone 

(F3,49=0.80, p=0.50).  Pb in ppm: A two-way 

ANOVA showed that there was a statistically 

significant interaction between transect and month 

(F7,49=2.50, p=0.02) but not zone and month 

(F21,49=1.20, p=0.03) or transect and zone 

(F3,49=1.30, p=0.30). Cd in ppm: A two-way 

ANOVA showed that there was a statistically 

significant interaction between transect and month 

(F7,49=19.30, p<0.001) and zone and month 

(F21,49=3.70, p<0.001) but not transect and zone 

(F3,49=0.90, p=0.40). Zn in ppm: A two-way 

ANOVA showed that there was not a statistically 

significant interaction between transect and month 

(F7,49=1.70, p=0.10) and zone and month 

(F21,49=1.30, p=0.20) but there was for transect and 

zone (F3,49=1.80, p=0.20).   

Discussion: 
Salinity in the Mesopotamian Rivers (Tigress and 

Euphrates) increased significantly from 1970 to 

2008 as a result of the huge reduction of the water 

discharged in both rivers (from 84.6 x10
9
 m

3
 to 13.8 

x10
9
 m

3
 respectively)

18
. Sequentially, salinity of the 

Iraqi marshlands has increased dramatically (from 

0.4 psu to 2.5 psu in 1980, and then by another 1.1 

psu between 2005 and 2008 (to 3.6 psu)
19

 and the 

water has changed from fresh to brackish water
1
. 

Salinity in the marshlands is affected by two 

factors: water quantity (historical peak of water 

levels is from April – June and historical trough of 

water levels is from September – November
19

; and 

evaporation (high evaporation and low rainfall 

occurs in the Summer)
15

.  

Dam construction upstream of the rivers, pollution, 

increasing agricultural activities, evaporation, and 

the tidal effect of the Shatt Al Arab in Basra 

province are among the reported reasons for the 

increased salinity levels in the Iraqi southern 

marshlands
9,6

. Our results indicated that salinity 

concentrations inside the CM (zones C, B, and D) 

are significantly higher than the Euphrates River 

(zone A), which is the main source of water into the 

CM, and it is higher in the summer compared to the 

winter. Moreover, the concentration of salinity was 

higher when the water was sampled further from the 

river (e.g. zone D vs. zones B and C). Some 

previous studies indicated that CM could be 

influenced by the marine tide of the Shatt Al 

Arab
19,20,

 which could be one of the main sources of 

salinity in the marsh. Our results showed that there 

are still high levels of salinity within the CM but 

they cannot be explained (at least wholly) by the 

marine tide as the existence of the newly 

constructed soil embankment between Chibayish 

City and Modina City largely prevents water from 

re-entering the CM in this way (see Figs. 1 and 2). 

Dividing the area of study into three transects 

helped to confirm our findings: The Euphrates 

water comes from the west and then crosses the CM 

towards Chibayish City in the east. Our results 

clearly indicated that transect three (located 

immediately before Chibayish city) had the highest 

concentration of water salinity compared with 

transect one (located in the middle of Chibayish 

city) and transect two (located after Chibayish city 

and close to the soil embankment).  If the marine 

tide was a major source of salinity, we would have 

expected the opposite pattern to be true. Analysis of 

major ions could provide additional evidence of 

increases in the salinity concentration. Major ions 

concentrations in the CM increased significantly 

from 2005 to 2008
19

, with the same study indicating 

that chloride ion concentrations were higher and 

fluctuated more than the calcium and magnesium 

ions, especially in the summer. Our results have 

indicated the same findings, in which major ions 

concentrations in the CM were higher than in the 

Euphrates River.  

Heavy metals can occur naturally in the marsh 

water.  Increasing metal concentrations could cause 

an acute or chronic toxic problem on the ecosystem 

structure, wildlife, and food chain, which can affect 

negatively on humans and the health, diversity, and 

distribution of other species that use the aquatic 

ecosystem
21

. Historically the Mesopotamian 

marshlands used to be an excellent sink for 

pollutants and heavy metals 
9,22,23

. However, the 

marshlands have faced thirteen years of desiccation 

from 1990 to 2003 
8,24

and this desiccation caused a 

negative impact on the marshlands’ ecosystem and 

huge changes to environmental variables, which 

fragmented the historical homogeneity of the 

marshlands system into several separated systems
21

. 

The CM’s hydrology changed dramatically after 

2003, and the area was declared as a protected 

area
5,6

 Thus, it is crucial to evaluate heavy metal 

mobilization and examine whether the CM could 

act again as a good sink for heavy metals after the 

re-flooding and subsequent embankment of the 

Euphrates River. Water quality of the Marshlands 
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after restoration was classified as poor quality
1,9

 

Monitoring of heavy metals and studies after re-

flooding of 2003 have indicated that the Central 

Marsh has extremely high levels of heavy metals 

and is considered as a major source of heavy metals 

to the Shatt Al-Arab in the Basra province 

compared to other marshes (Haweiza and Hammar 

marshes)
21

.  Although our results agreed with the 

finding of the previous studies regarding the high-

level concentrations of the heavy metals in the 

Central Marsh; however, we consider the CM must 

now be a minor source of heavy metals to the Shatt 

Al Arab owing to the embankment, which has 

prevented water from the CM reaching the Shatt Al 

Arab during the survey time of this study. High 

concentrations of heavy metals in transect 3 (which 

is located before Chibayish City) and high 

concentrations in zone D (which is the furthest 

away zone from the Euphrates River) clearly 

indicated that the heavy metals are likely to 

originate from upstream Chibayish City in the West 

and are then accumulating in the Central Marsh in 

Zone D with little chance of passing the 

embankment. Moreover, our results indicate 

seasonal variance of heavy metal concentrations in 

the CM with higher levels in summer.  This is 

unsurprising as water levels are lowest in the 

summer. 

Eutrophication is considered a major problem 

facing the aquatic environment globally
25

. Water 

from the Mesopotamian marshlands and Shatt Al 

Arab in Basra province are faced with the same 

problem
19,20,25

. International conventions such as 

OSPAR (Convention for the Protection of the 

Marine Environment of the North-East Atlantic) 

and HELCOM (protect the marine environment of 

the Baltic Sea from all sources of pollution) have 

indicated the need to reduce nutrient input to global 

fresh water and marine environments. Although 

there is a lack of long-term evidence of performance 

of the wetlands as a sink for nutrients before going 

to rivers and marine systems, using wetlands to 

reduce nutrient concentrations is commonly used 

globally
26

. Removal rate of total Nitrogen (TN) and 

Phosphorus (TP) is significantly dependent on 

Hydrological Loading Rate (HLR), temperature, 

and concentration in the inlet of the system
26

. 

Wetlands with controlled HLRs and water pulses 

are more efficient at removing TP than other 

wetlands. Nutrient concentrations in the 

Mesopotamian marshlands after the re-flooding in 

2003 were higher than historical records due to 

sediment organic matter contents that resulted from 

aquatic plant decomposition and nutrients being 

liberated from the soil to water as a rehabilitation 

action after the re-flooding (NO3, NO2, and PO4 

concentration were 0.030, 0.055, and 0.22 µg/L 

respectively in 1988, and 0.680, 49.50, 3.60 µg/L 

respectively in 2006
19

. However, other studies 

suggested that the concentration of nutrients in the 

marshlands is declining over time after the re-

flooding, which indicates the important role of the 

marshlands in removing the extra concentration 

levels of the nutrients 
20

. Our results show no 

significant variance between nutrients values in the 

Euphrates River and the CM, which could indicate a 

limited ability of the marsh to act as a sink to reduce 

the immediate accumulation of the nutrients. Water 

levels in the Euphrates River did not exceed the 

1.7m during the surveys time (Table 10 in the 

annexes) that means waters of the Euphrates River 

did not pass the soil embankment and went directly 

to the CM without outlet or circulation. This could 

be one of the reasons preventing the CM acting as a 

sink to remove the nutrients and make its long-term 

accumulation as the major challenge faced by the 

CM under the conditions of the water scarcity in the 

Euphrates River and establishing the soil 

embankment. More investigation is needed in order 

to provide strong evidence of this important role of 

the CM and to estimate the removal rate of the 

nutrients.   

Urban runoff, agricultural activities and pollution 

upstream of Chibayish city
19,27

, evaporation in the 

summer
9,24

, dams and historical desiccation of the 

area are likely to be the most important sources of 

salinity, major ions, heavy metals, and nutrients in 

the CM. In addition, the existence of the soil 

embankment has made the CM the terminal site for 

all Euphrates water that comes from the west of 

Chibayish city when water depth in the Euphrates is 

lower than 1.7m. As a result, over time 

accumulation could increase the concentration of 

major ions, salinity, and heavy metals in the CM, 

and decrease the filtration ability of the marsh and 

its role as a sink to remove nutrients, salinity, and 

other pollutants. High concentrations of salinity 

could have impacts on locals and wildlife. Heavy 

metals, due to their high concentrations in the water 

of the CM, could be accumulated in the muscles of 

fish and milk of water buffalo and that could affect 

local people’s health, as they heavily rely on fish 

and milk as main sources of food
7
. In addition, high 

levels of heavy metals could have negative impacts 

on the wildlife and the ecological function of the 

marsh, especially the 125-bird species
28 

and the 

globally endangered soft-shelled turtle Rafetus 

euphraticus
29 

that use the habitats of the CM. 

Although the CM is currently facing a critical 

situation due to water scarcity, it appears that the 

soil embankment could help keeping waters in the 
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CM and could be viewed as a good temporary 

solution to help people and wildlife in the CM. 

However, the negative consequences of this 

management strategy for major ions accumulations 

and water salinity have been indicated by our study 

and could have knock-on effects for more problems 

in the future. More intensive surveys are required to 

provide strong evidence for the role of the CM to 

remove pollutants, and to evaluate whether the CM 

can continue play this important role under the 

current levels of water scarcity. The question is: 

how long the site can withstand the current stressors 

before substantially negative impacts are realised?
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 جنوبي العراقالتلوث يهدد نوعية المياه في الاهوار الوسطى 

 *نظير عبود فزع
1,2

جون دون           
2
مارك وتنكهام             

2
 

1
 بغداد، العراققسم علوم الحياة ، كلية العلوم للبنات، جامعة بغداد، مجمع الجادرية، 

2
 مدرسة العلوم الطبيعية والبيئية، جامعة نيوكاسل، نيوكاسل ابون تاين، المملكة المتحدة

 

 :الخلاصة
ة المياه تلوث المياه مشكلة يمكن أن تتفاقم بسبب الجفاف مع زيادة تراكيز المواد غير المرغوب فيها. توفر الاهوار الطبيعية إمكانية تحسين جود

على هذه الخدمة بناءً على تدفق المياه من نهر الفرات )الذي عانى من انخفاض كبير في التدفق( إلى الأهوار في جنوب العراق. وهنا نقدم أدلة 

متر من المرور من محافظة ذي قار )الجبايش( إلى  1.7على نهر الفرات لمنع المياه التي يقل ارتفاعها عن  2010تم إنشاء سدة ترابية في عام 

ونتيجة لذلك ، أصبحت الاهوار الوسطى في  .2010و  2009رة )المديَنه( كاستجابة للجفاف الشديد الذي واجه المنطقة في عامي محافظة البص

اختبار الجبايش موقعا نهائيا )بدون منفذ( الى كل مياه نهر الفرات التي تاتي من غرب العراق محملة بمختلف الملوثات والنفايات الزراعية. تم 

( ، والملوحة ، والأيونات الرئيسة ، NO2 ، NO3 ، PO4الاهوار الوسطى على العمل كبالوعة لتقليل تراكم العناصر الغذائية )قدرة 

( في نهر الفرات. قسمت منطقة الدراسة إلى أربع مناطق أفقية )النهر وثلاث مناطق داخل Cu ، Ni ، Pb ، Cd ، Znوالمعادن الثقيلة )

لجمع عينات المياه باستخدام منهجية الخط المستقيم  2014إلى حزيران  2013مسوحات ميدانية من تشرين الثاني الهور( وأجريت ثمانية 

(transect line methodology كانت الملوحة والأيونات الرئيسية أعلى بشكل معنوي داخل الهور مقارنة بالنهر. ومع ذلك ، لم يتم .)

في النهر والهور مما يشير إلى أن دور الهور للعمل كبالوعة لهذه المواد كان محدودا  وان تراكم  العثور على اختلافات بين قيم المغذيات

الهور في الملوثات وتركيزها كان اكثر في داخل الهور منه الى المناطق القريبة للنهر. لذلك فإن التراكم طويل الأمد يشكل تحدياً كبيرًا يواجه 

ت ، وهذا يتطلب اهتمامًا عاجلاً ، خاصة بالنظر إلى مكانة الموقع كموقع للتراث العالمي )لخدمات النظم ظل ظروف شحة المياه في نهر الفرا

 الطبيعية المقدمة للسكان المحليين( وكمنطقة تنوع بيولوجي مهمة.
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