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ABSTRACT 

From the restoration point of view, heavy metals distribution and seasonal variation were studied in the re-flooded 
marshes of the Mesopotamia, southern Iraq. As part of the ecological recovery assessment of these newly inundated 
marshes, it is important to investigate the extend impact of 13 years of desiccation after five years of inundation on the 
heavy metals mobilization from the marshland downstream into the Shatt Al-Arab River and examine whether these 
marshlands retain their role of acting as sink of metals. The result shows significant differences between the re-flooded 
marshes versus the reference marsh, which indicates that desiccation caused changes in environmental variables and 
divided the one homogeneous system of the Mesopotamia into separated systems. In addition, the special distribution of 
heavy metals shows that Al-Hawizeh and Al-Hammar marshlands were efficient for metals reduction, especially for Ni, 
while the Central marshland has the major contribution as source to metals. As a conclusion, the recovery potential of 
three marshlands is strongly controlled by the hydrological status of the marshland and the degree of the desiccation 
impact. The environmental status of the semidried marshes, Al-Souda north and Um Al-Niaaj, as well as the completely 
Abu Zarag dried marsh is exhibiting a more positive recovery degree than the other monitored marshes in the Mesopo-
tamia in comparison to the reference marsh. 
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1. Introduction 

The recovery assessment of the re-flooded Mesopota- 
mian marshlands has been studied intensively to report 
on their current ecological status comparing to their his- 
torical condition [1-4]. Mesopotamian marshlands used 
to be a freshwater-homogenized ecosystem [5]. In the 
mid of 1970, Iraq faced the intensive construction of dams 
in Turkey that led to reduce the annual water share of the 
Mesopotamia water resources, the Tigris and the Eu-
phrates Rivers. During the Iran-Iraq war (1981-1988), the 
east part of the Mesopotamia (Al-Hawizeh marshland) 
suffered from several military activities like bombing, 
burning the vegetation cover, and constructing embank- 
ments for military transportation [6]. In 1993, a decision 
was made to dry up the marshlands and convert most of 
them in to an agriculture fields. From 1993 to 2002, only 
10% of the marshland were preserved, 60% were become 
desert, and 30% were used for agriculture [7]. 

In natural system, marshes system can act as a sink of 
chemicals either through bio-concentration or sedimenta- 
tion [8]. The Mesopotamian marshlands known for cen- 
turies as sink to chemicals [9]. During the water shortage 
period until the desiccation, the drying process led to 
accumulating huge amount of pollutants and salts [1] due 
to the way of letting the marshlands to dry [4]. After 
re-flooding, understanding the ecological and hydrologi- 
cal behavior of the inundated area becomes a key factor 
to figure out the possibilities and duration of restoring 
these areas. As part of the recovery assessment program 
initiated between the Iraqi universities and both Univer- 
sity of Waterloo and Canadian International Develop- 
ment Agency, intensive ecological and hydrological sur- 
veys were carried between 2005 and 2008. The major 
objective of the program is to investigate the recovery 
potential of the newly re-flooded marshes. Different 
ecological and hydrological studies that carried out after 
the inundation period indicate the massive impact of de-
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siccation and water shortage on the Mesopotamian 
marshlands’ restoration progress [1,3,4]. 

Heavy metals are existing in the aquatic system as part 
of the food web; their existence is normally in an adequate 
amount unless they are part of pollution [10]. Heavy me- 
tals such as iron, iodine, copper, manganese, zinc, cobalt, 
molybdenum, selenium, and nickel are essential for nor- 
mal body functions. In the Mesopotamian marshlands, 
heavy metals are introduced either in soluble or in par- 
ticulate forms through various sources including agricul- 
tural discharge and urban runoff [9]. Heavy metals can 
be double-edged sword; they may exert beneficial and 
harmful effects on plant, animal and human life depend- 
ing on their concentrations, toxicity, and ability to accu- 
mulate in aquatic ecosystems [11]. Also heavy metals 
can decrease the growth rates of aquatic organisms and 
impair their reproduction [12]. In addition, acute or 
chronic toxicity environment can impact the numbers and 
diversity of aquatic species, altering their community 
structure and function [12,13]. Bio-accumulation of these 
substances in the food chain can put terrestrial consumers, 
including humans, at risk [13]. 

There are several physical and chemical parameters 
including water temperature (WT) salinity, pH, dissolved 
oxygen (DO), and organic matter that play significant 
roles in remobilizing and solubility of these elements and 
their uptake by aquatic biota [14,15]. For example, high 
WT and low DO environment enhance the toxicity of 
copper [16]. Low pH (<7.0) can diminish the mobiliza- 
tion of copper, especially when dissolved organic matter 
concentration is low [11]. Conversely, high pH (>8.0) 
increases the formation of toxic copper hydroxide [16]. 
Alkalinity controls metals toxicity by forming insoluble 
carbonates [17]. On the other hand, salinity can decrease 
the toxicity of cadmium [16]. 

This work is focusing on understanding the desiccation 
role on re-mobilizing cobalt (Co), copper (Cu), iron, (Fe), 
manganese (Mn), nickel (Ni) in the water and the sedi- 
ment of the newly re-flooded marshes. Co, Cr, Fe and 
Mn were chosen as they are part of the essential require 
trace elements for living organisms, while Ni was chosen 
as its importance as indicator to petroleum pollution. The 
main objectives of this study are to investigate the sea- 
sonal and special variation of these metals among marshes 
that has different hydrological history; identify the main 
physical and chemical parameters that control heavy met- 
als distribution; and examine whether the newly marsh- 
land system is acting as a sink or source of heavy metals? 

2. Materials and Methods 

2.1. Study Site Description 

Total of thirteen sampling stations were selected includ- 

ing twelve distributed in the three major marshlands of 
the Mesopotamia as two stations in the Al-Hammar 
marshland, two stations in the Central marshland, and 
eight stations in the Al-Hawizeh marshland; and last sta- 
tion were chosen close to the main water outlet of the 
marshlands (Figure 1; Table 1). The selected stations 
represent different hydrological history since the desicca- 
tion in 1993. Al-Udhaim marsh represents the ever-wet 
part of the Al-Hawizeh marshlands that has a direct and 
continues water input from Iran during desiccation period. 
In contrast to the rest of the selected stations those are 
partially or completely dried during the desiccation pe- 
riod. Furthermore, the selected stations were varied ac- 
cording to their vegetation cover. The field observation 
suggests differences in the hydrological and habitat 
structure of the selected marshes (Table 1). The differ- 
ences in the ecological structure of each group will be 
used to determine the differences in the desiccation im- 
pact on each selected marsh. 

2.2. Field Work 

Seasonal water and sediment samples were collected 
twice, once in winter 2008 (February) and once again in 
summer 2008 (June). Physical and chemical parameters 
including WT, salinity, DO, and pH were measured using 
the WTW Multi-meter model 350i. Water samples were 
collected using a Van Dorn sampler. 1 L was transported 
in to plastic bottles for major ions determination, while 
20 L were transport in to plastic gallons for metals de- 
termination. Sediment samples were collected using a 
Van Veen grab sampler then wrapped in plastic bag. 
Bothe water and sediment samples were transported to 
the laboratory in cool boxes. 
 

 

Figure 1. Satellite image shows the three main marshlands 
of the Mesopotamia including the sampling marshes.    

Copyright © 2013 SciRes.                                                                                  JEP 



Desiccation versus Re-Flooding: Heavy Metals Mobilization—Part 1 

Copyright © 2013 SciRes.                                                                                  JEP 

29

 
Table 1. General description and classification of the studied stations in the Mesopotamian marshlands during the study pe-
riod. 

Marshland Station Coordinates Desiccation classification Water Source General description 

Al-Udhaim 
31˚41'30"N 
47˚46'35"E 

Never been dried (Reference) Direct water input 
Shallow open water with high  
vegetation cover 

Al-Souda north 
31˚40'23"N 
47˚40'00"E 

Direct water input 
Shallow open water with slight  
vegetation cover 

Um Al-Niaaj 
31˚36'00"N 
47˚37'20"E 

Semidried 
Direct water input 

Deep open water with high vegetation cover, 
partially influenced by agriculture activities 

Um Al-Warid 
31˚34'47"N 
47˚31'07"E 

Direct water input 
Deep open water with high vegetation cover, 
highly influenced by agriculture activities 

Al-Souda south 
31˚25'15"N 
47˚36'56"E 

Water flow from the 
surrounding marshes

Shallow marsh with high vegetation cover 

Al-Baydha 
31˚22'01"N 
47˚38'46"E 

Water flow from the 
surrounding marshes

Shallow open water with seasonal-slight  
vegetation cover 

Lissan Ijerda 
31˚17'27"N 
47˚34'37"E 

Water flow from the 
surrounding marshes

Shallow marsh with seasonal-slight  
vegetation cover 

Al-Hawizeh 

Majnoon 
31˚07'59"N 
47˚35'09"E 

Water flow from the 
surrounding marshes

Shallow marsh with seasonal-slight  
vegetation cover 

Abu Zarag 
31˚35'56"N 
46˚53'09"E 

Direct water input 
Shallow open water with high vegetation  
cover, partially influenced by agriculture  
activities Central 

Al-Baghdadia 
31˚01'40"N 
47˚02'07"E 

Water flow from the
surrounding marshes

Shallow open water with high 
vegetation cover 

Al-Kirmashia 
30˚46'41"N 
46˚39'28"E 

Direct water input 
Deep open water with seasonal-slight  
vegetation cover, partially influenced  
by agriculture activities Al-Hammar 

Al-Burka 
30˚41'18"N 
47˚35'24"E 

Completely dried 

Water flow from the 
surrounding marshes

Shallow marsh with seasonal-high  
vegetation cover 

 
2.3. Laboratory Analysis 

Major ions concentrations including calcium (Ca), mag-
nesium (Mg), chloride (Cl), and were determined by ti-
tration method, while sulfate (SO4) determined by pho-
tometric method according to the standard procedures 
described in [18]. Heavy metals concentrations in water 
were determined according to the method described by 
[19]. Sediment samples were freeze-dried, ground finely 
in agate mortar and sieved through 62um stainless-steel 
sieve. Metals concentrations in the sediment samples 
were determined using Atomic Absorption Spectropho- 
tometer technique according to the procedure described 
by [20]. 

To check the possible loss of metals during the 
pre-concentration and/or digestion procedures, quality 
control samples for trace metals in water and sediments 
supplied by the US Environmental Protection Agency 
(USEPA) were process and analyzed. The results of trip- 
licate analysis agreed with the giving values to within 5%. 
The recovery rates of heavy metals in the standard refer- 
ence material were around 91% - 97%. However, results 
were not corrected for recovery rates of heavy metals. 
Reagent blanks were also employed to detect potential 
contamination during the digestion and analytical proce- 
dure. Mean grain size analysis was carried out using the 
standard sieving and pipet techniques [21], were as the 
total organic carbon content of the sediment was deter- 

mined by the method described by [22]. 

2.4. Data Analysis 

Seasonal variations of metals were tested using two- 
sample t-test among different sample sites at the level of 
P ≤ 0.05. Pearson correlation coefficient analysis was 
used to evaluate correlations among heavy metals in the 
sediment and water and general aquatic quality parame- 
ters. Principal Component Analysis (PCA) was conduct- 
ed to investigate associations of different sample sites 
and assess the major sources of metals in studied loca- 
tions. The monitored stations were grouped in to four 
categories: the reference (Al-Udhaim marsh) represents 
the stable and undisturbed marsh, riverine marshes in- 
clude the marshes that located close to the water inputs, 
marsh proper include the marshes that located far from 
the water inputs, and the outlet that indicate the status out 
of the marshlands. Average concentrations of heavy met- 
als of each category were plotted to examine the role of 
marshlands in their mobilization. 

3. Results and Discussion 

3.1. Seasonal Variation 

Generally, the mean concentrations of all the tested met- 
als in the water are higher in the summer rather than 
winter. However, in the sediment, Ni and Co concentra- 
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tions were higher in winter rather than summer in con- 
trast to the rest of the metals. Mn, Cu, and Co concentra- 
tions in the water show significant seasonal variations, 

while all the metals concentrations in the sediment ex- 
cept for Fe show significant seasonal variations (Figure 
2, Table 2). The behaviour of heavy metals seasonal  
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Figure 2. Seasonal variation of heavy metals concentrations in the Mesopotamian marshlands. 
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Table 2. Two-sample t-test on heavy metals grouped by seasons. S = Summer, W = Winter, M = Mean. 

  Sediment (µg/g) Water (µg/l) 

  M SD t df P M SD t df P 

S 474.1 244.6 5.106 12.1 0.000 1.0 0.6 5.927 13.2 0.000 
Mn 

W 119.3 54.1    0.0 0.0    

S 5532.0 2523.7 24.000 21.5 0.584 1.0 0.7 1.405 24.0 0.174 
Fe 

W 4989.5 2454.1    0.7 0.5    

S 41.8 22.7 3.599 13.0 0.002 0.8 0.5 4.929 16.9 0.000 
Cu 

W 16.8 10.5    0.1 0.1    

S 48.9 20.9 −5.703 22.4 0.000 0.9 0.8 2.063 12.8 0.051 
Ni 

W 227.8 111.1    0.3 0.6    

S 32.4 15.4 −2.773 21.7 0.013 0.9 0.7 2.884 17.2 0.009 
Co 

W 60.0 32.4    0.3 0.5    

 
variation and distribution in the Mesopotamian marsh-
lands reflect the interaction functions between substrate 
sediment composition, water chemistry, and water dis-
charge [23,24]. Low water discharge during the summer 
season can be the most important factors control the sea-
sonal variation of metals in the water, especially in the 
marshes are located close to the water inputs [25,26]. In 
summer when evaporation rate is high the dilution rate of 
metals in water decreased and thus their concentrations 
increased significantly than winter [11]. Biogeochemical 
activities are the most significant factors responsible for 
the seasonal variation of metals in the sediments [27]. 
Microorganisms increased their activities late spring, 
which mostly responsible of increasing metals and or-
ganic matter concentrations in the sediment [12]. Among 
the tested metals, Fe average concentrations in both wa-
ter and sediment were higher than the other metals in the 
three marshlands, especially in Al-Hawizeh marshland; 
while Cu average concentrations were lower than the 
other metals in the three marshlands, especially in 
Al-Hawizeh and Central marshlands. 

3.2. Special Variation 

The distributions of heavy metals in the water and the 
sediment were varied among the marshlands (Figure 3). 
For instant, in Al-Hawizeh marshland Ni average con- 
centration in the north part of the marshland, especially 
in Um Al-Warid marsh, was high. As the water flows 
downstream, Ni average concentrations are gradually 
decreased to completely consume as they appears in both 
Lissan Ijerda and Majnoon marshes. In contrast, the low 
average concentrations of Fe and Co recorded in the up- 
per part of the Al-Hawizeh were gradually increased as 
the water pass forward. In Al-Hammar marshland, the 

high average concentrations of Ni, Cu, and Fe in the 
Al-Kirmashia marsh are decrease as the water pass tow- 
ered Al-Burka marsh, while Co and Mn average concen- 
trations were increased. In the Central marshlands, it 
appears that the average concentrations of all the tested 
metals are increasing as the water flows from Abu Zarag 
marsh towered Al-Baghdadia marsh. In the sediment, 
metals concentrations were also varied significantly (Fig- 
ure 3). In general, Fe average concentrations were higher 
in the marshes downstream than marshes close to the 
water inputs, while Co average concentrations were high- 
er in the marshes close to the water inputs rather than 
marshes downstream. Mn, Cu and Ni average concentra- 
tion were varied among the three marshlands (Figure 3). 
In Al-Hawizeh marshland, Mn average concentrations 
were high in the marshes downstream, when Cu and Ni 
average concentrations were high in the marshes close to 
the water inputs. In Central marshland, Ni average con- 
centrations were high in the marshes downstream, when 
Mn and Cu average concentrations were high in the 
marshes close to the water inputs. In the Al-Hammar 
marshland, Cu and Ni average concentrations were high 
in the marshes downstream, when Mn average concen- 
trations were high in the marshes close to the water in- 
puts. 

3.3. Metals Correlations with Water Quality 
Parameters 

The Pearson correlation coefficient (Table 3) for water 
variables and heavy metals shows positive correlations 
between Mn, Cu and WT as well as between each other. 
pH were negatively correlated to Mn, Cu, and Ni, while 
alkalinity was negatively correlated to Mn and Cu. In the 
sediment, Ni and Co were positively correlated. WT      
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Figure 3. Spatial distribution of heavy metals in the Mesopotamian marshlands. 
 
positively correlated to Mn and Co, while it is negatively 
correlated to Ni and Co. pH is positively correlated to 
Mn and negatively correlated to Ni. Alkalinity is posi- 
tively correlated to Ni and negatively correlated to Mn 
and Cu. It is interesting that salinity shows no correla- 
tions to heavy metals either in water or in sediment. In 
addition, only Mn in water and sediments were positively 
correlated. The principal component analysis (PCA) 
shows how different the marshes were in the ordination 
(Figure 4). The PCA also shows that the three main 
marshlands, Al-Hawizeh, Central and Al-Hammar, were 
different from each other; and also there were differences 
between the marshes within the same marshland. Al- 
though there were a close similarly between the semi- 
dried marshes, Al-Souda north and Um Al-Niaaj and the 
reference marsh, but the completely dried marshes were 
significantly different. Also the PCA designate the eco- 
logical structure of each marsh. It is shown that salinity 
and major ion are the most water quality variables that 
classify A-Hammar marshland than Al-Hawizeh and the 
Central marshlands, which are mostly classified accord- 
ing to their sediment structure, pH and alkalinity. The  

PCA provides some indications for association of heavy 
metals and environmental parameters among the moni- 
tored marshes [17]. Water of the reference marsh was 
significantly characterized by it high pH well oxygenated, 
while sediment has high amount of organic matter, which 
indicate a healthy productive system. In contrast, the 
completely dried marshes were significantly different 
than the reference marsh. As shown in Figure 5, the des- 
iccated marshes’ water has high salinity and major ions 
concentration and their sediment were heavily loaded 
with metals [25]. However, the ecological structure of 
Abu Zarag, Souda north, and Um Al-Niaaj marshes in 
comparison to the reference marsh (Al-Udhaim) is rela- 
tively correlated, which is a positive indication that these 
marshes are successfully recovering. 

3.4. Marshlands Role in Metals Mobilization 

Figure 5 shows the metals average concentrations in 
water and sediment in order to describe their mobiliza- 
tions within the studies locations. Comparing to the ref- 
ere ce site, metals average concentration in the three n  
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Table 3. Matrix of Pearson correlation coefficient for water and sediment variables and heavy metals for the selected stations 
in the Mesopotamia marshlands. 

  Sediment variables Water variables 

  Mn Fe Cu Ni Co TOC %Sand %Clay %Silt WT pH Salinity Do Ca Mg Cl SO4 Alkalinity Mn Fe Cu Ni Co

Mn 1.0                   

Fe 0.3 1.0                  

Cu 0.3 −0.1 1.0                 

Ni −0.6 0.1 −0.3 1.0                

Co −0.4 −0.3 −0.3 0.5 1.0               

TOC 0.1 0.0 −0.2 −0.1 −0.3 1.0              
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SO4 −0.1 0.1 −0.2 0.2 0.0 −0.4 0.2 0.2 −0.3 −0.5 0.1 0.9 −0.1 0.9 0.9 0.9 1.0   
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Ni 0.3 0.1 −0.1 −0.4 −0.1 0.3 −0.1 −0.1 0.2 0.4 −0.5 0.1 −0.3 −0.3 −0.1 −0.1 −0.1 −0.4 0.1 0.1 0.3 1.0
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Co 0.4 0.0 0.5 −0.2 −0.1 −0.2 0.0 0.2 −0.1 0.5 −0.3 −0.2 0.0 −0.4 −0.2 −0.1 −0.3 −0.4 0.3 0.3 0.4 0.2 1.0

 
groups gives indicate that the Mesopotamian marshlands 
are source of Co, Cu, Fe, Mn, and Ni as their average 
concentrations in the outlet is higher than their average 
concentrations in the marshes close to the water inputs. 

Metals average concentration in the sediment shows 
different pattern of mobilization (Figure 5). Mn average 
concentration in the marshes close to the water input and 
within the system is lower than the reference site. Fe, Cu, 
and Co average concentrations in the marshes close to 

the water inputs and within the system are higher than 
the reference site. Ni average concentrations in the 
marshes close to the water input are higher than the ref- 
erence site, while its average concentrations in the sys- 
tem was lower than the reference site. Metals average 
concentrations in completely dried marshes are higher 
than the reference marsh [16], which is mostly correlated 
to the desiccation sequences. The main sources of heavy 
metals in wetlands are throug  river inputs and sediment  h       
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Figure 4. PCA of heavy metals and environmental parameters in water and sediment of 13 marshes in the Mesopotamia. 
 
[24,28]. Historically, when the Mesopotamian marsh- 
lands were naturally active, they act as sink to metals [9]. 
No significant non-point or point pollution sources of 
metals were indicated in to the marshlands before desic- 
cation [9]. Generally, the spatial distribution of heavy 
metals concentrations in water and sediment in wetlands 
show a significant trend [29]. In case of the Mesopota-
mian marshlands the drying process led to accumulate 
layers of metals as water left to dry gradually. After 
re-flooding, the water flushes the top layer of sediment 
and led to re-dissolve the metals from the sediment into 
the water. Despite the mechanism of metals interaction 
between the water and the sediment, wetlands generally 
acting as source of metals since the metals concentrations 
out of the marshlands system are higher than their con- 
centrations within the system [8,26]. Among the three 
marshlands of the Mesopotamia, Al-Hawizeh reacts 
healthier than Central marshland and Al-Hammar marsh- 
land due to its ability to act as sink of Ni. Al-Hammar 
marshland comes in the second place since it has the abi- 
lity to reduce the amount of Ni, Cu, and Fe, while Central 
marshland shows no ability to decrease any of the metals 
instead it was the major source of these metals. 

4. Conclusion 

The mechanism of metals distribution and mobilization 
in surface water and surface sediment in re-flooded mar- 
shlands that have different hydrological history was in-
vestigated through field research. The newly re-flooded 
marshes of the Mesopotamia express different status of 
recovery in contrast to the reference marsh. Heavy metals 
mobilization and distribution were highly correlated to 
the hydrological status and desiccation degree. The mar- 
shes which were completely dried have the highest con-
centration of metals in both sediment and water compar-
ing to the semidried marshes. Al-Hawizeh marshland 
among the Central and Al-Hammar marshlands shows a 
positive recovery stage in terms of acting as a sink to met-
als, where the Central marshland was the major source of 
metals into Shatt Al-Arab. 
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