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ARTICLE

Water Quality Evaluation of the Main Drain in
Dhi-Qar Governorate, South Iraq

Ali H. Nomas*, Ayser Al-Shamma

Department of Geology, College of Science, Baghdad University, Iraq

Abstract

The Main Drain is one of the largest irrigation projects which is used to collect drainage water from the lands extended
on both sides of the water channel and diverts it to Shatt AleArab and from there to the Arabian Gulf. The Main Drain
passed in Dhi-Qar Governorate to the northeast of Nasiriyah oil field in the Kati'a area, which is about 38 km from the
center of the city of Nasiriyah. The objective of the present research is to evaluate the water quality, and its temporal
change of the Main Drain, and if there is an impact of the Nasiriyah oil field on the water quality of this Drain. The
hydrochemical analysis of the collected water samples showed high TDS, and high concentration of major ions, that
exceeded the permissible limits of the approved standards (WHO and IQS), which is due to the salinity of the soil
around the channel, industrial wastes, and wastes by human activities. The water of the Main Drain is also polluted with
high concentrations of cadmium and zinc, whereas, the concentrations of lead and copper are within the permissible
limits. The low concentrations of lead indicates a low possibility of contamination of the Main Drain water with the
Nasiriyah oil field oprations, where lead represents the most important wastes of oil extraction. The results of comparing
the quality of the current water with its quality during the year 2013, showed an increase in its salinity, with higher ionic
concentrations. This proved the shortages of water releases from the upstream countries in addition to the effect of
climate changes.
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1. Introduction

A small fraction of the freshwater supply is
available for human needs, however, most of

which is used for agriculture. The agricultural
chemicals such as fertilizers and pesticides are car-
ried off by the drain water, which empties into
streams and rivers and then finally flows to the
ocean, there if concentration are high, the chemicals
can kill fish and other marine life [1].
The Iraqi Main Outfall Drain is one of the biggest

project which was designed to carry the agricul-
tural wastes and salty drain water of the areas
irrigated by Tigris and Euphrates Rivers to the
Arabian Gulf through regular drainage networks
[2].
The main drain or what is also named the third

estuary and locally called the salty river pass in Dhi

Qar Governorate, 10 km to the northeast of Nasir-
iyah oil field in the Kati'a area, which is about 38 km
from the center of the Nasiriyah city. The area sur-
rounded the Main Drain suffers from a pollution
problem resulting from the emission of toxic gases,
solid waste and liquid from the Nasiriyah oil field
(Fig. 1).
The Main Drain shows a general decreasing in

discharge for the last years, which is due to the
decrease in the quantities of water entering
the main Tigris and Euphrates Rivers as a result of
the lack of water releases from the upstream coun-
tries [3], in addition to the main global and regional
climatic changes [4].
Accordingly, water salinity shows a remarkable

increase in the Main Drain in addition to the nearby
rivers (Euphrates and Gharraf), which may affect its
suitability for different life uses [5e10].
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2. Materials and methods

The field work includes water sampling on
December 30, 2021.The water samples were collected
from the main drain (Plate �1). Seven water samples
were collected from different sites along the channel
(Fig. 2), these sites were marked on the map using
(GIS) software.Water quality samples were obtained
by using (500 ml) plastic bottles with two bottles for
each sample, one for measuring the major ions and
the second for theheavymetals. The analysis ofmajor
ions and heavy metals in water samples were carried
out in the laboratories of U-Science Scientific,
whereas, the physical parameters of water samples
(pH, T,TH, Ec and TDS) were measured in situ.
The accuracy of the results was checked by using

the following equations [11]:

R:D%¼⎸
rSCations� rSAnions
rSCationsþ rSAnions

⎸� 100 ð1Þ

A% ¼ 100 - U (2)

where:
U ¼ Uncertainty or reaction error.
rSCations ¼ Summation of positive ions concen-
trations in epm unit.
rS Anions ¼ Summation of negative ions concen-
trations in epm unit.
r ¼(epm) equivalent per million.
A ¼ Accuracy or certainty.

3. Results and discussion

1. By applying the accuracy equations (equations
(1) and (2)), it was found that all the water samples
are acceptable for hydrochemical interpretations
except sample No. 2 (Table 1).

2. The physical parameters of the water samples
(Table 2) showed that the measurements of the
temperature ranged between (14Cº - 16Cº) in the
study area with a mean (15 .33Cº), the values of pH
are ranged from (7.44e8.45) with a mean (7.72),
and the measurements of turbidity are ranged
from (2.5 NTU - 4.2 NTU) with a mean (3.41 NTU),
all these values are within the permissible limits of
(WHO, 2008) [12]. The results of TDS in water
samples are ranged from (7890 ppme9090 ppm)
with a mean (8360 ppm), which are exceeded the
permissible limits of (WHO, 2008) and (IQS, 2009)
[4], whereas, the results of EC are ranged from
(12,140 ms/cm to 13990 ms/cm), with a mean
(12,866 ms/cm), which are exceeded the permissible
limits of (WHO,2008).
3. The chemical analysis of water samples (Table 3)

showed that the concentration of potassium in the
water samples are ranged from (32 ppme92 ppm),
with amean value (65.16 ppm), which are higher than
the permissible limits of (WHO, 2008), while the
concentration of sodium are ranged from
(506 ppme664 ppm) with a mean (608.66 ppm) which
is higher than the permissible limits of both (WHO,
2008) and (IQS, 2009). The analysis showed also that
the concentration of calcium in the water samples are
ranged between (1436 ppm�1660 ppm) with a mean
(1514 ppm), and the concentrations ofmagnesium are
ranged between (533 ppme670 ppm) with a mean
(617.5 ppm). The concentrations of both calcium and
magnesium are higher than the permissible limits of
(WHO, 2008) and (IQS, 2009).
The anions analysis showed that the concentration

of chloride in the water samples are ranged
(582 ppme732 ppm)with a mean (629.33 ppm)
(Table 3), which are higher than the permissible
limits of (WHO, 2008) and (IQS, 2009), and the
concentration of sulfate are ranged (5541 ppm -

Fig. 1. Location map of the Main Drain studied section (Modified after Al-Mallah, 2014).
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6672 ppm) with a mean (6060 ppm), which are
higher than the permissible limits of (WHO, 2008)
and (IQS, 2009) as well. The concentration of
bicarbonate in the water samples are ranged
(63 ppme137 ppm) with a mean (93.66 ppm) and it
is within the permissible limits of (IQS, 2009).

4. As for heavy metals, the analysis showed an in-
crease in the concentration of cadmium and zinc in
the water samples, which exceeds the permissible
limits when compare it with the World Health Or-
ganization (WHO, 2008) and Iraqi standards (IQS,
2009) (Table 4). The concentration of copper and lead

Fig. 2. Location map of the water samples sites within the study section of the Main Drain.
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are within the permissible limits (WHO, 2008) and
(IQS, 2009). The spatial variations due to sampling
site locations showed that the heavy metals concen-
trations increase in the direction ofwaterflow (Fig. 3).
5. Comparing the analysis results of March 2013

[12] with the current analysis (December, 2021)
(Table 5), it is clear that there a remarkable increase

in the values of the chemical and physical parame-
ters of the water in the Main outfall Drain. This
confirm the fact of reducing the water releases from
the riparian countries after the construction of many
hydraulic projects [12], and the effect of climate
change on the lack of precipitation and high evap-
oration which increases the salinity concentrations
in the Main Drain [13].

4. Conclusion

The hydrochemical analysis of the water samples
in the main drain showed an increase in the value of
Ec and TDS, which gives a good indicator that the
salinity of water is high. The concentrations of
the cations in all the samples are higher than the
permissible limit of (WHO, 2008) and (IQS, 2009),
which is believed to be due to the high salinity of the
water. There is an increase in the concentration of
(SO4

�2) in all the samples due to the increase of soil
salinity and the increasing of SO2 gas in the atmo-
sphere [14]. There is an increase in (Cl�1) concen-
tration in all the samples due to the salinity of the
soil around the channel, industrial wastes, and
wastes by human activities [15].

Table 1. Accuracy of water samples analysis.

Sample No. U% A%

SW1 1 99
SW2 35 65
SW3 3 97
SW4 4 96
SW5 3 97
SW6 4 96
SW7 2 98

Table 2. Physical properties for water samples in the study area and
comparing them with (WHO,2008) and (IQS, 2009).

Sample T (�C) pH Turbidity
(NTU)

EC
ms/cm))

TDS (ppm)

SW1 14 8.45 3.1 12,970 8430
SW3 16 7.67 3.3 13,990 9090
SW4 15 7.69 2.5 12,730 8270
SW5 16 7.57 4.1 12,960 8420
SW6 16 7.54 3.3 12,410 8060
SW7 15 7.44 4.2 12,140 7890
mean 15.33 7.72 3.4 12,866 8360
WHO,2008 e 6.5e8.5 5.0 250 1000
IQS, 2009 e 6.5e8.5 - - 1000

Table 3. The concentrations of major ions in the water samples.

Sample No. Naþ Caþ2 Mgþ2 Kþ Cl- SO4
�2 HCO3

-

SW1 506 1480 661 81 590 6292 75
SW3 663 1660 641 92 582 6672 80
SW4 593 1550 533 42 661 5541 121
SW5 664 1460 670 32 732 5998 137
SW6 662 1500 565 71 627 5804 63
SW7 564 1436 635 73 584 6052 86
Mean 608.7 1514 617.5 65.2 629.3 6060 93.7
WHO,2008 200 100 125 12 250 250 -
IQS, 2009 200 150 100 - 350 400 170

Table 4. The concentrations of heavy metals in the water samples.

Location Pb
(ppm)

Cu
(ppm)

Cd
(ppm)

Zn
(ppm)

SW1 N.D 0.382 0.443 N.D
SW3 N.D N.D 0.300 0.978
SW4 N.D 0.534 0.411 N.D
SW5 N.D 0.305 0.255 1.642
SW6 N.D 0.311 0.126 2.056
SW7 N.D 0.191 0.237 3.186
Mean(ppm) N.D 0.280 0.290 1.310
WHO,2008(ppm) 0.01 2 0.003 3
IQS,2009 (ppm) 0.01 1 0.003 3

Fig. 3. The spatial distribution of heavy metals in water samples of the
river.

Table 5. Comparison of the Main Drain water analysis for the current
study (December 2021) with the results of March 2013.

Parameters March 2013
(Al- Mallah,2014)

December 2021
(Current study)

TDS (ppm) 4853 8360
Ec (ms/cm) 7260 12,866
Turbidity (NTU) 18 3.4
Caþ2 (ppm) 228 1514
Mgþ2 (ppm) 262 617.5
Naþ (ppm) 1312 608.7
Kþ (ppm) 26 65.2
Cl� (ppm) 1860 629.3
SO4

�2 (ppm) 1449 6060
HCO3

- (ppm) 219 93.7
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The river water is contaminated with (Cd and Zn)
in which their concentrations exceeds the permis-
sible limits of (WHO, 2008) and (IQS) as a result of
industrial wastes, where the concentration of (Cu and
Pb) in the water samples are within the permissible
limits (WHO, 2008) and (IQS, 2009), hence no
dangerous effects from copper and lead is expected.
The comparison between the current study results

of the water analysis with those of March 2013 [12],
showed an increase in most of the parameters which
is attributed to the decrease in the water releases
from the riparian countries and the climate change
with decrease of rain and increase in temperatures
and evaporation as well. In addition, another reason
for the high salinity of the water, is due to the fact
that the Main Outfall Drain is considered a drain
channel for collecting excess irrigation water and
land wash water from the agricultural lands that
extends along the course of the channel [16].
It could be concluded also that the Nasiriyah oil

field has no direct effect on the quality of the water
in the main drain, where if it has, the lead which
represent the most important component of the oil
operations wastes should be high in the water
[17,18]. Cadimium and zinc concentrations in the
main drain water, is maybe due to industrial and
domestic activities in areas located along the chan-
nel path [19].
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