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Abstract: 
Background: Iraq relies on the Tigris and Euphrates rivers, but in last years, these rivers were exposed to sewage drains and agricultural 
wastes affecting the quality of water.  The current study was designed to investigate some of the chemical properties (chloride, sulphate, 
phosphate, nitrate, sodium, potassium) and some trace elements contamination (lithium, iron, lead, cobalt, cadmium) of groundwater indicators 
in Karbala province.  
Methods: Nine wells were studied for the period from September 2017 to April 2018.  
Results: Current study showed that there were local and seasonal variations in some chemical factors. The values of chloride were (112,36- 
1939)mg/l, sulphate(346,56- 493,04)mg/l. For phosphate values were between(0- 0,918) mg/l. For nitrite was between (0,19- 34,80)mg/l. 
Values of sodium were between (161- 1490) , potassium values between(8- 86 mg/l) and trace element tests for (lithium, iron, lead, cobalt, 
cadmium) were between  (0,4- 2.3) mg/l. (0,61- 2,56) mg/l, ( 0,78- 1,81) mg/l, ( nil) and (nil), respectively. Conclusion: None of the wells was 
valid for drinking, however, some of them are valid to animal drink and irrigation. There should be maintenance of the wells and rehabilitation 
by the bureau competent with a focus on wells in rural areas.  
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INTRODUCTION 
Iraq relies on the Tigris and Euphrates rivers as a main source of 
water used for varies uses, but in last years, these rivers were 
exposed to sewage drains and agricultural wastes affecting the 
quality of water [1]. In addition, the dams constructed on these 
rivers by Turkey have significantly decreased the quantities of 
water entering the two rivers. The future need for water has been 
estimated to be around 82 billion m3 annually of which 60 billion 
m3 for irrigation, 6.7 billion m3 for drinking purposes, 0.7 billion 
m3 for industrial purposes, 5.6 billion m3 to preserve the 
environmental life of the river and 8.7 billion m3 as annual 
evaporation, but the future arrival after construction of the Turkish 
dam will reach the Tigris river 9.16 billion m3 and 8.45 billion m3 
for Euphrates river. Therefore, there will be a drop in the amount 
by one third. So that, there has to be a thinking about other 
sources of water for drinking and other purposes [2]. One of the 
commonly used water resources is groundwater. The quality of 
groundwater is as important as its quantity. Water quality concept 
has been evaluated in the last years owing to greater 
understanding of water mineralization process and greater concern 
about its origin [3]. Water quality shows water-rock interaction and 
indicates residence time and recharge zone confirmation [4]. The 
required quality of ground water supply depends on its purposes 
of use such as drinking, irrigation and industry. The quality 
properties of groundwater expressed by chemical and trace 
elements analysis of a groundwater sample include the obtaining 
of the constituents concentrations as well as chloride, sulphate, 
phosphate, nitrate, sodium and potassium. The trace elements 
analysis of groundwater includes lithium, iron, lead, cadmium and 
cobalt which indicate the sanitary quality of water for human 
consumption [5]. In a chemical analysis of a groundwater, 
concentrations of different ions are determined by weight or by 
chemical equivalence. Briefly, the concentrations of ions are 
expressed commonly by weight per volume units [6]. The 
movement of groundwater through the soil tends to develop a 
chemical equilibrium by chemical reactions with its environment, 
such as artificial recharge, movement of pollutants and clogging 
of wells [7]. In order to study the quality of groundwater of large 
regions, a large number of wells should be constructed to reflect 
the more reality feature of the groundwater basin for these 
regions. Therefore, the results of quality tests of groundwater can 
be represented by a variety of graphic techniques developed to 
display and detect the major chemical constituents [8]. 
Groundwater is replenished by precipitation and depending on 

local climate and geology. The study of groundwater 
contamination is one of the most important studies due to its 
relationships with the living organisms, especially when water is 
used for drinking or irrigation purposes. Unfortunately 
groundwater is susceptible to pollutants such as industrial and 
houses waste without enough treatment to reduce contamination 
which affects groundwater. So that, it has toxic effects on living 
organisms such as plants that are irrigated by groundwater with 
high contaminations of heavy metals [7].  
A study in south Iraq showed that there was a positive relationship 
between heavy metals concentration and the well age. Heavy 
metals are elements with atomic weights between 63.5 and 200.5, 
and a specific gravity greater than 4.0 [9] . Heavy metal refer to 
any metallic chemical element that has a relatively high density 
(more than 5 g/ml) and is toxic or poisonous at low 
concentrations. They are natural components of the earth’s crust 
[10]. Heavy metals are mainly introduced into surface and ground 
waters by agricultural (fertilizers and pesticides) and industrial 
activities, mining, and transportation. There are various 
possibilities for the fate and transport of heavy metals in soil and 
groundwater [11]. Heavy metals and trace elements in subsurface 
environments come from natural and anthropogenic sources. The 
weathering of minerals is one of the major natural sources [12]. The 
groundwater contaminations by water irrigation which has 
chemical fertilizers, therefore, identification of heavy metal ions 
in the system helps to control groundwater pollution, especially 
they are difficult to decompose, they are transferred through food 
series via different pathways and they have the ability to 
accumulate in the tissues of the living organisms [13]. The 
difference in the containment of water to the elements is of 
importance for humans, animals and plants but within limited 
percentage, according to standard international measurements not 
to exceed those limits as its effects can be toxic to plant growth 
and productivity [14]. 
The aim of current study was to estimate the contamination of 
groundwater by chemical characters and trace elements and to 
analyse their validity for drinking and irrigation according to 
international Iraqi specification to make adequate solution to treat 
and reduce the contamination of this water for drinking and 
irrigation uses.        

Description of study area: 
Karbala is an Iraqi province that is located about 100 Km south-
west of Baghdad, the capital of Iraq (Figure 1). It locates between 
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latitude (32°06´ to 32°46´) and longitude (43°10´ to 44°19´) 
(estimated by Google earth program) and it covers an area of 
52856 Km2 with a population of 974000 people in 2016 [15]. The 
study area is composed of three formations stockiest ground water 
(Dibdiba formation, AL-Dammam formation and sediment 
modern). 
1-Well (1): this well is located in the northwest of Karbala 
province, a depth of 18 m. The well is located in sediment modern 
formation and used for drinking, irrigation and other purposes.  
2- Well (2): this well is located in the northeast of Karbala 
province, a depth of 24 m. The well is located in sediment modern 
formation and used for irrigation. 
3- Well (3): this well is located in the west of Karbala province, a 
of depth 280 m. The well is located in AL-Dammam formation 
and used for irrigation. 
4- Well (4): this well is located in the west other direction of 
Karbala province, a depth of 235 m. the well is located in AL-
Dammam formation and used for irrigation. 
5- Well (5): this well is located in the southwest of Karbala 
province, a of depth 36 m. The well is located in Dibdiba 
formation and used for irrigation and other purposes. 
6- Well (6): this well is located in the southeast of Karbala 
province, a depth of 18 m. The well is located in Dibdiba 
formation and used for irrigation.  
7- Well (7): this well is located in the east of Karbala province, a 
depth of 25 m. The well is located in sediment modern and used 
for irrigation. 
8- Well (8): this well is located in the east other direction of 
Karbala province, a depth of 17 m. The well is located in sediment 
modern and used for irrigation and other purposes.  
9- Well (9): this well is located in the city Center of Karbala 
province, a depth of 15 m. The well is located in Dibdiba 
formation and used for irrigation. 

 
Figure 1 Map of Republic of Iraq showing the location of 

Karbala Province. 
 

MATERIAL AND METHODS 
The groundwater samples were collected monthly from 
September 2017 to April 2018. Chloride, sulphate, phosphate, 
nitrite, sodium, potassium and lithium as well as the trace 
elements Iron, lead, cobalt and cadmium were performed 
according to the procedures outlined in the standard for 
examination of water and waste water [16,17]. 
The collected data were statistically analyzed to compare water 
quality of the wells using ANOVA and Duncan multiple range 
tests at P<0.05 level of significance. Also, correlation coefficient 
Pearson multiple range test was used at P<0.01 and P<0.05 levels 
of significance. 
 

RESULTS AND DISCUSSION 
The concentration of CL- in the groundwater samples ranged 
between (112.36-1939.40) ppm. The source of chloride in the 
groundwater is from solution of halite and related minerals in 
evaporate rocks and from ancient sea water entrapped in 
sediments [18]. Analysis of variance showed significant spatial 

difference for the different wells (P<0.05) while there were no 
temporal difference for the study period. Correlation coefficient 
Pearson showed positive relationship with sodium (P<0.01). The 
concentration of SO4- in the groundwater samples ranged between 
(346.13-487.73) ppm, The main source of sulfate ion in study area 
is solutions of sulphate minerals that exist in evaporate rocks like 
gypsum and anhydrite [19]. Analysis of variance showed 
significant spatial difference for the different wells (P<0.05) while 
there were no temporal differences for the study period. 
Correlation coefficient Pearson showed positive relationship with 
sodium (P<0.01). Phosphates enter the groundwater through 
thawed rocks, that contain an apatite metal (calcium phosphate), 
and from animal waste, chemical fertilizers used in agriculture, 
industrial wastewater as well as detergents in domestic wastewater 
[20]. Analysis of variance showed no significant spatial difference 
at the different wells and no temporal difference during the study 
period (P<0.05). The concentration of nitrate ion in the 
groundwater samples ranged between (0- 45.32) ppm. The main 
source of nitrate in the groundwater samples is from oxidation of 
the nitrogen in the soil by bacteria to nitrate [21]. Analysis of 
variance showed no significant spatial difference for the different 
wells and no temporal difference during the study period 
(P<0.05). There was positive relationship with potassium 
(P<0.01). 
 

Factors IQS2009 WHO 2011 
Na 200 200 
K - 10 

CL 350 250 
SO4 400 250 
NO3 50 50 
Fe 0.3 0.3 
Pb 0.01 0.01 
Cd 0.003 0.003 

Table 1 The standards of drinking water 
 
Sodium is the most abundant member of the alkali metal group in 
nature. In igneous rocks, halite in evaporate sediments and human 
activities such as domestic needs [22]. Na+ concentration in 
groundwater were between 161–1490mg/l. This ion has the 
tendency exists in solution and not precipitate until its 
concentration reached several thousands of ppm, therefore, it is 
accumulated in solution [23]. Analysis of variance showed 
significant spatial difference for the different wells (P<0.05) while 
there were no temporal difference for the study period. 
Correlation coefficient Pearson showed positive relationship with 
chloride (P<0.01). Potassium is commonly present in clays, within 
the structure such as illite or adsorbed on other clay minerals, 
evaporate rocks, including sylvite, are a main source of K [24]. The 
solubilities of potassium salts are all high and, generally, similar 
to the solubilities of sodium salts. The values were between 10–86 
mg/l. The high concentration of potassium caused by low level of 
groundwater, lack movement and decomposition of organic 
materials by bacteria [24]. Analysis of variance showed significant 
spatial difference between the wells (p<0.05) while there were no 
temporal difference for the study period. Correlation coefficient 
Pearson showed positive relationship with nitrite (P<0.01). 
The values of lithium were between 0,4-2,3 mg/l. Few 
concentrations of lithium have a positive effect on the human 
health [25]. Analysis of variance showed significant spatial 
difference between different wells (P<0.05) while there were no 
temporal difference during the study period. Correlation 
coefficient Pearson showed positive relationship with nitrite and 
sulphate (P<0.05). The common form in the groundwater is the 
soluble ferrous (Fe2+), when exposed to the atmosphere, is 
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oxidized to the insoluble ferric state (Fe3+), which precipitates as 
ferric hydroxide causing a brown discoloration of the water [26]. 
The sources of iron in water are from weathering of igneous 
rocks, sedimentary rocks and clay minerals [27]. Also, corrosion of 
well casing and other pipes may contribute to increase the 
concentration of iron in the groundwater. The concentration of Fe 
in the groundwater samples ranges between 0.65-2.49 ppm. 
Analysis of variance showed no significant spatial difference for 
the different wells and no temporal difference for the study period 
(P<0.05). Correlation coefficient Pearson showed no relationship 
with any variable (P<0.05) (P<0.01). The quantity of lead ion in 
surface and groundwater is little because the minerals which 
contain lead ion have low solubility in water and also its natural 
mobility is low [28]. The values were between 0,79 –1,62 mg/l. 
Variations in lead concentrations due to the water filtering from 
the soil affect at chemical water or because of industries and 
vehicles chemicals [27]. Analysis of variance showed no significant 
spatial difference for the different wells and no temporal 
difference for the study period (P<0.05). Correlation coefficient 
Pearson showed positive relationship with potassium (P<0.01). Cd 
can present in groundwater through contact with dissolved rocks 

and minerals. It's soluble in oxidizing acidic environments, but in 
reducing environments it forms complexes with organic matter or 
present in the sphalerite and Cu ores as Cd (29). It's able to 
accumulate in human body tissues, especially tissues of digestive 
system, kidney, liver and lunges. In addition, new studies showed 
strong relation between cadmium concentration and infection of 
kidney, lung and liver [30] and the values in this study were non-
significant (Nil). Regarding cobalt which was present at low rate 
in the groundwater and the values in this study were non-
significant (Nil). Analysis of variance showed no significant 
spatial difference at the different wells and no temporal difference 
during the study period (P<0.05).  
     When comparing the results of the study with the WHO (2011) 
and Iraqi standards (IQS) 2009 for drinking water, the 
concentrations of elements Sodium, Potassium, Iron and Lead  
were unacceptable, the concentration of sulphate was in two wells 
(4 and 8) within the acceptable limit for IQS 2009, as for Chloride 
within the unacceptable limit except the well 8 within the 
acceptable limit for IQS 2009 and other elements within 
unacceptable limits. But it is valid for other uses. 

 
 
 

 
(1) Chloride diagram 

 
(2) Sulphate diagram 

 
(3) Nitrate diagram 
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(4) Phosphate diagram 

 
(5) Sodium diagram 

 
(6) Potassium diagram 

 
(7) Lithium diagram 

 
(8) Iron diagram 
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(9) Lead diagram 

 
(10)         Cadmium diagram 

 
(11)Cobalt diagra 

 
Table (2): Duncan test of multiple averages by wells- studied sites 

W9 W8 W7 W6 W5 W4 W3 W2 W1 Wells 
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E 
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C 
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C 
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C 
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Table 3 Duncan test of multiple averages by months of study 

 
Table (4): person coefficient 

factors 
factors Chloride Nitratre Potassium Sodium lithium Sulphate phosohate Iron Cadmium Cobalt Lead 

Chloride    **0.924        
Nitrate   **0.811         

potassium  **0.811         **0.808 
Sodium **0.924           
lithium      *0.679      
sulphate     *0.679       

phosphate            
Iron            

cadmium            
cobalt            
Lead            

 
CONCLUSIONS 

1. The results of current study were similar to international and 
Iraqi standards.  
2. There is variation in physical and chemical variables between 
the studied wells; significant spatial difference at the different 
wells and temporal difference during the study period. 
3. None of the wells is valid for drinking, however, some of them 
are valid to animal drink and irrigation. 
4. Make the process of treatment and purification for water wells 
to be valid for all uses. 
5. Maintenance of the wells and rehabilitation by the bureau 
competent with a focus on wells in rural areas. 
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