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Abstract

This study assessed the quality of water in the Shatt Al-Hillah River by adopting some variables of physical, chemical, and
heavy metal elements. The samples have been taken at six sites along the river in 2020 (from January to December). The
water quality index has been determined by using the weighted-arithmetic method which is including a series of equations.
Also, the model of Inverse-Distance-Weighting in the Geographic information system was applied to create a map of the
water quality in the study area. Eleven physicochemical variables and five elements of heavy metals were comprised of
calcium, magnesium, dissolved oxygen, Hydrogen Ions, chloride, sulfate, total hardness, total dissolved solids, turbidity,
alkalinity, electric conductivity, cadmium, copper, iron, lead, and zinc. The results showed the values of the water quality
index ranged from 245 to 253 (with a category of 200-300). The water quality index was rated as very poor for the selected
locations along the Shatt Al-Hillah River. The GIS result illustrated the distributing map of water quality for the Shatt Al-
Hillah River for household uses. The combination of the water quality index calculations with GIS in the current study might
be used as a guide for future studies.

Keywords Water quality index - Shatt Al-Hillah River - Physical and chemical elements - Metals - Drinking uses - GIS-
Map

Introduction hydrological properties (Atulegwu and Njoku 2004). The

relationship between the water demand and the population
Water is an essential requirement of human and industrial ~ is positive, for that reason, any increment in the popula-
development, and it is the most significant part of the envi-  tion and human activities have a direct influence on water
ronment. Water quality deals with the physical, chemi-  usage. Also, the water quality (WQ) will be low over time
cal, and biological characteristics concerning all other
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because of the increase in water use for both surface water
and groundwater (Massoud 2012; Sahoo et al. 2015).

In a large number of countries, the WQ dropped espe-
cially the surface water which is highlighted as a dangerous
problem. The policies of resource protection give great pri-
ority with very importance to WQ and its control (Simeonov
et al. 2002). Recently, developing countries had a massive
effort to evaluate the WQ in rivers (Kannel et al. 2007).
The evaluation and analysis of WQ are the main and com-
pulsory conditions to obey the policies of water protection.
Moreover, the best use for the water sources depends on the
demand. In fact, the used surface water is subject to standard
norms for evaluation. Otherwise, the sources of a variety of
pollution can be classified as urban, industrial, and agricul-
tural pollution. The limitations of water use that is depend-
ing on a group of variables known by the term WQ. Mostly,
the users have common specifications for these variables
(Rosemond et al. 2009).

Many factors in nature are affecting the WQ like geo-
logical, hydrological, and human activities (e.g., discharging
of municipal and industrial sewage water, and agricultural
drainage) (Alam and Laishram 2017; Meybeck et al. 1996).
The assessment of WQ is used to obtain the physicochemical
and biological characteristics of the water. Also, the WQI
shows one value to give an easy and comprehensive view
to illustrate the data of the water (Bharti and Katyal, 2011).
Hoseinzadeh et al. (2015) applied some WQ indices to
investigate the Aydughmush River in Iran. The researchers
obtained close results of indices except for the river pollu-
tion index. The Euphrates River is the main water resource
for the Western and southern parts of Iraq. Some agricultural
and industrial activities on the water stream are risky to WQ
(Hassan and Shaawiat 2015).

According to Rashed (2002), the aquatic environment
with its water quality is considered the main factor control-
ling the state of health and disease in both man and ani-
mals. Nowadays, the increasing use of chemical waste and
agricultural drainage systems represents the most dangerous
chemical pollution. The most important heavy metals from
the point of view of water pollution are Zn, Cu, Pb, Cd, Hg,
Ni, and Cr. Some of these metals (e.g., Cu, Ni, Cr, and Zn)
are essential trace metals to living organisms but become
toxic at higher concentrations. Others, such as Pb and Cd
have no known biological function but are toxic elements.

Anazawa et al. (2004) highlight that water pollution with
heavy metals becomes a question of considerable public and
scientific concern in light of the evidence of their extreme
to human health and the biological system. Moreover, the
growing public concern over the deteriorating quality of the
environment has led to generalized use when referring to
trace elements, other terms such as (trace metals), (trace
inorganics), and (heavy metals) are synonymous with the
term trace elements (Al-Kattan 1989). Heavy metals can
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be used to interpret to include those metallic elements from
periodic table groups IIA through VIA. They are very impor-
tant to support life. However, at elevated levels they become
toxic, may build up in biological systems, and become a
significant detriment to aquatic life (Maryland Department
of Environment 2003). Elements can be divided into two
groups in terms of their density: heavy elements which are
those elements with a density higher than 5 g/cm®, and an
atomic number of more than 20, and light elements, which
are elements with a density of less than 5 g/cm>. Heavy ele-
ments are also called trace elements because they occur in
small quantities in the earth's crust which does not exceed
(0.1%) (Tucker et al. 2003; Hardy et al. 2008).

This study aims to evaluate the water quality index (WQI)
for the Shatt Al-Hillah River for household uses by measur-
ing the physicochemical properties and some elements of
heavy metals at six sites starting from Al-Musayyib city to
the near the downstream of the river within Babylon Gover-
norate in Al-Hashimiya city. Furthermore, produce the map
of the WQI for whole the study area based on the resulting
values of the WQI at each location using the interpolation
method of Inverse Distance Weighted (IDW) one of the tools
of the GIS.

Shatt Al-Hillah River (study area)

Shatt Al-Hillah River is a branch of the Euphrates River. It
is starting in Saddat Al-Hindiya town with a discharge of
200 m*/s during summer and 245 m®/s during winter. The
length of the Shatt Al-Hillah River passing through Babylon
governorate is equal to 101 km. Discharge fluctuates accord-
ing to the agricultural needs in the three governorates of
Babylon, Qadisiya, and Al-Muthanna, with a total area of
420 thousand hectares. Thirty-six main channels are branch-
ing from both banks of the river (inside Babylon governorate
boundaries) with a total length of 511.6 km (Iraqi Ministry
of Construction, Housing, Municipalities, and Public Works,
2018).

This study covers the route of the Shatt Al-Hillah River
which locates within Babylon Governorate that has an area
of 5337 km?, including the cities of Babylon Governorate.
In 2020, Babylon Governorate had a population of approxi-
mately 2,400,000 inhabitants distributed throughout sixteen
cities (Iraqi Ministry of Planning 2020). The governorate is
divided administratively into five major cities, referred to
as districts. The five districts are Al-Hillah, Al-Qasim, Al-
Musayyib, Al-Mahawil, and Al-Hashimiya.

Shatt Al-Hillah River passes through many cities and
villages within Babylon Governorate and is considered
the main source for different uses. The river is provided
water for agricultural lands located on both banks of the
river. Shatt Al-Hillah River is the main source of supplying
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treatment plants such as Al-Hillah Al-Jadeed and Al-Hillah  activities in Al-Hillah city. In addition to these main uses,

Al-Kadeem water treatment plants. Moreover, the water  the river receives many pollutants discharged by different

of the river represents the main source for all industrial  sources, including agricultural wastes, municipal wastes, and
industrial wastes.

44°6'0"E 44°33'0"E 45°0'0"E
Babylon Governorate, Iraq N Methodology
:; g The main steps of methodology in this study can be shown
a & by the flowchart in Fig. 1. The first step is to describe and
show the study area by specifying the collection points. It is
significant to choose and decide the location of each point
to be showing a comprehensive vision of the river. After the
data collection, the data input might be divided into parts
z z (WQI calculations and export of the collected data to Arc-
fg fg GIS software). In ArcGIS software, some processes have
& o been applied to create the map of the distribution for the
- « WQI. The last stage is including the results and discussion
with conclusions.
[ Mahawil .
BN Qasim Samples collection
Bl Hashimiyah
z | ™9 Hillah z In this study, samples were collected from six locations
> Musayiab i > located across the length of the river. These locations were
(- S D510 U8 ¢ 2 chosen due to the potential i tal pollution b
2| @ Locations = Kilometers ) potential environmental pollution by
industrial, agricultural, and human activities (Fig. 2). At
44°6'0"E 44°33'0"E 45°0'0"E

each location, five samples were taken at different depths
(two samples on both sides and three samples at the center

Fig.1 Map of Shatt Al-Hillah River within the borders of Babylon . .
of the river) and then mixed to get one sample from the

Governorate

Fig.2 The schematic diagram
for the research methodology Study Area
4 1 A
! Collecting Data 1
Exporting the collected data | Water Quality Index (WQI)
to GIS software M ‘
v
1 Applying equations of
weighted arithmetic method
Enter the selected locations in ‘
the ArcMap/GIS Map r N
Apply the WQI for each location
v using physicochemical properties
and some heavy metals
Creating the map in GIS for WQI \
values using interpolation method {
of IDW along the river Classification water quality into
classes based on WQI values
Estimate the WQA for
each class of WQI

_F[ Results and Discussion }: ]

Conclusions
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mixture with a (10) liters volume to represent the actual S o229
picture of the water quality in that location. Samples for IVIRMVIEVIEVIDVIRN
physical-chemical parameters were placed in a well-sealed BI23228 28 -wo
plastic bottle with (2) liters volume for each and (1) liter <l === = = = = = S ~
volume for dissolved oxygen to preserve the sample until it I B
was analyzed. The samples were preserved in a cool box by Er § = 2 3 Er
putting ice around sample bottles until reaching a labora- THHAENS o « O
tory. Samples were acidified at the time of collection with a 2 § § < § § § = o2 §
concentrated nitric acid (1.5 ml HNO,/I sample) to achieve - o oo
a pH of 2 or less to keep the metals in solution and to mini- V_ljl V_ljl fl fl U:I fl
mize their adsorption on the container wall (APHA 2017). 2lTTBEELEEH I o
. . . Elamemsasdasddn
Physicochemical analysis and metal samples
. A — O =~ 0 n
pretreatment and analysis c8 oy
HoH H HOHOH o
. . . 21§3I5352%858
The samples of physicochemical elements were analyzed in Blascsscscscss22s
the laboratory of the water resources directorate, Babylon
. . N o~ A
based on Standard Methods for the Examination of Water v
and Wastewater (APHA 2017). 2 dHHHHH
For total metals analysis, a 100 ml of well-mixed sample A B EE LR
. SIF]ITTITITITIT T o — 0
was transferred to a beaker, 5 ml of HNO; concentration was =
added and then placed on a hot plate and evaporated to near Ei E ; § E 5 2
dryness, making sure that the sample does not boil. After g HoHoHHHH S
. . . glegaQeoexav g
cooling another 5 ml of acid was added, covering the beaker RBI2IEESEEES a5
with a watch glass, and placing it on a hot plate. Increas- = o = o
ing the temperature until a gentle refluxing action occurred, 2 SRR s BN= Iy
continuing heating, and adding additional acid as necessary S _ g él gl %I él §| § g © o
until digestion is completed. Then, 1 to 2 ml of concentrated Elf|ls sz asaad-=d
S
nitric acid was added and warred slightly to dissolve the 2 229 g g
residue. Washed the walls of the beaker and glass of the E fl < iﬁl < iﬁl iil
. . .y . <
watch, de-ionized water, removed silicate, and other insolu- Elx[2EeR8 38 g =Q
ble materials by filtration, and the volume was adjusted to A
the original volume (Baird et al. 2017). The Fe, Cu, Cd, Pb, § T85%8389
and Zn contents were determined by an atomic absorption = 29999 S w
spectrophotometer type (BUCK/210VGP, USA). The trace Zlolezx2X8823¢8
. . O |[A ] 6 6 B 6 6 6 68 S S n
metals in the collected water samples were analyzed in the g
laboratory of the water resources directorate, Babylon. E; a E ; a ; ;
= H H H H H H
Ela|madz223as
g [ N N T S S S S I R o
Water quality assessment Z - =
Z - = % S oo
. Vi 00 00 — —
: : HoH H H HOH
Along the Shatt Al-Hillah River, eleven parameters were 2 I B R B
measured from six locations selected in the year 2020 (from !é Sladdaaaarze
January until December). The selected locations are (Al- 5 I o
. . .. . . . = > 2
Musayyib city, Al-Hindiya, Abu Khstawyi, Al-Hillah City, % -’; s 25 g é* o
Al-Maamera, and Al-Hashimiya). Table 1 shows the aver- § g § —g é = g = §
. .. = = = < .
age concentrations, the standard deviation, and the stand- E S| = X Els = T S
. . . . o] —- = —_ = =
ard error of the physicochemical elements in 2020, while Fla| << << §
Table 2 displays the average concentrations, the standard z 5 E
deviation, and the standard error of heavy metals in the river. = cE
"l 9 S22
o |2 g3 3
S|El=am<wn o 8B 5§
© ) : > = S 8
FloalAAa A< nann
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Table 2 The average

. Symbol Location Cd Cu Fe Pb Zn

concentrations for the heavy

metal elements (pg/l) measured L.1 Al-Musayyib 4814174 6675+7.83 678+76.6 638+085 68.58+83

along the river in 2020 L2 Al-Hindiya 4944172 67.67+7.66 677+789 640061 67.50+6.2
L3 Abu Khstawyi ~ 4.62+1.37  70.50+£7.65 685+£789 6.33+0.78 70.17+5.7
L4 Al-Hillahcity ~ 4.48+1.28 69.92+885 681+£688 6.41+0.86 70.00+4.8
LS5 Al-Maamera  4.92+1.30 69.33+6.81 674+765 646+0.79 69.67+8.0
L6 Al-Hashimiya ~ 4.64+1.09 67.83+536 677753 620+0.65 69.25+6.5
Average 4.73 68.67 679 6.36 69.19
STDEVA 0.181 1.47 3.91 0.09 1.01
Standard error 0.080 0.60 1.56 0.04 0.41
Standard limits (WHO, 2017) 3 2000 300 10 3000

Method of calculating weights of WQI

The weighted arithmetic method (WAM) was applied to
compute the water quality index (WQI). in this study, the
physicochemical elements that were measured were eleven
parameters including Ca, Mg, DO, pH, CI, SO,, TH, TDS,
turbidity, Alkalinity, and EC. Five elements of heavy metal
were taken from the river at each location and these ele-
ments are Cd, Cu, Fe, Pb, and Zn. To estimate the water
quality index (WQI), the WAM was applied to every loca-
tion by implementing the following equations (Tyagi et al.
2013):

Sw — Ii i~ C ) 100
w—11= _—
ST, - C, M
—
=3 @
WOl = Y Sw — Ii x IWi
Bl 3 IWi )

where: Sw-1;: the sub-weight of each element (ith); IW;: the
inverse value of the standard limit (ST;) of each element
(ith); ST;: the standard limit of each element (ith) accord-
ing to WHO (2017), where it was adopted corresponding
units for each physicochemical and heavy metal element
(mg/1) except EC with a unit of (umhos/cm); C;: the meas-
ured concentration value for the ith element; C: the ideal
value for each element in water with a value of zero, while
the ideal value of C; for dissolved oxygen and pH values
(respectively) are equal to 14.6 ppm and 7, WQI: the water
quality index.

The water quality assessment (QWA) was used to
descript the situation of the Shatt Al-Hillah River for loca-
tions based on the categories of the WQI according to

Table3 Water quality assessment (QWA) using the rankings of the
WQI values

Value of WQI Water qual-
ity assessment
(QWA)

<50 Excellent

50-100 Good

100-200 Poor

200-300 Very poor

300400 Polluted

>400 Very polluted

Alsaqqar et al. (2015), and Ali (2017), using the resulting
values of the WQI (Table 3).

Based on Egs. (1, 2, and 3), the steps of calculating the
WQI for each element using the average yearly values for all
selected locations can be seen in Table 4.

The steps of calculating the WQI for location 1 (as an
example) are listed as follows (Table 5):

1. Inserted the values of measured elements (C;) in column
3).

2. Inserted the ideal value for each element in water (C) in
column (4). Zero value was given for all elements, while
the ideal values of 14.6 and 7 were given for pH and DO,
respectively.

3. Inserted the standard limit of each element (ST;) in col-
umn (5) according to WHO (2017).

4. The IWi value for each element in column (6) was calcu-
lated using Eq. 2, where that IWi represented the inverse
value of the standard limit (STi) for each element.

5. Calculated the Sw-Ii value for each element in column
(7) (using Eq. 1). This is done by dividing the value in
column (3) by the value in column (5) with considering
the ideal value for each element (zero) and ideal val-
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Table 4 Calculating of water

et g of Element  Unit C C, ST, W, Sw-I, IW,xSw-I,  WQI
quality index for drinking uses
for each average element value Ca mg/l 1245 0 50 0.02 249 4.98 249
Mg mg/l 741 0 50 0.02 148.2 2.964 148.2
DO mg/l 8.1 146 5 0.2 67.71 13.542 67.71
pH - 793 70 15 0.1333  186.0 24.793 186
cl mg/l 2026 0 250 0.004  81.04 0.324 81.04
SO, mg/l 3764 0 250 0.004  150.56 0.602 150.56
TH mg/l 496.1 0 500 0002  99.22 0.198 99.22
TDS mg/l 10498 0 1000 0.001 104.98 0.10498  104.98
Tur mg/l 3137 0 5 0.2 627.4 125.48 627.4
EC pmhos/cm  1618.1 0 2000  0.0005  80.91 0.0404 80.91
Alkal mg/l 1212 0 120 0.0083 101 0.8383 101
cd mg/l 0.00473 0 0002 05 236.5 118.25 236.5
Cu mg/l 0.06867 0 2 0.0005  3.434 000172  3.434
Fe mg/l 0679 0 03 0.0033 226333 0.7469 226.333
Pb mg/l 0.00636 0 001 0.1 63.60 6.36 63.60
Zn mg/l 0.06919 0 3 0.0003  2.3063 0.000692  2.3063
erc'slzﬁfgx":}?&fglof; Element  Unit C (3) C,4 ST,(5) IW,(6) SwL(7) IW,xSw- (8)
drinking uses at location 1 in Ca mg/l 12575 0 50 0.02 2515 5.03
Shatt Al-Hillah River Mg mg/l 73.667 0 50 0.02 147.33 2.947
DO mg/l 205.167  14.6 250 0.004 82.067 0.328
pH - 376350 7.0 250 0.004 150.54 0.602
cl mg/l 497867 0 500 0.002 99.57 0.199
S04 mg/l 1041.850 0 1000 0.001 104.18 0.104
TH mg/l 1621.026 0 2000 0.0005 81.05 0.0411
TDS mg/l 7942 0 75 0.1333 18833 25.111
Tur mg/l 3102 0 5 0.2 620.83 124.167
EC pmhos/cm 121583 0 120 0.0083  101.32 0.844
Alkal mg/l 8117 0 5 0.2 67.53 13.507
cd mg/l 0.0048 0 0.002 0.5 240.5 120.25
Cu mg/l 0067 0 2 0.0005 3.34 0.002
Fe mg/l 0678 0 0.3 0.0033  226.03 0.753
Pb mg/l 0006 0 0.01 0.1 63.83 6.383
Zn mg/l 0069 0 3 0.0003 227 0.0007
Sum 1.197 300.269

ues for dissolved oxygen, and pH that equal 14.6 and 7,

respectively.

(IDW)

6. For Eq. 3, the IWi X Sw-Ii (numerator) value for each

element in column (8) was calculated by multiplying the
value of IWi (column 6) by the value of Sw-1i (7).

7. Finally, to calculate the WQI using the weighted arith-
metic method (Eq. 3), the summation values in column
6 (IWix Sw-Ii) were divided by the summation values

in column 8 (IWi).

@ Springer

GIS prediction maps using the interpolation method

The Inverse Distance Weighted (IDW) is an interpolation

method and it is used to produce the map for specific points’

values. This method is a tool of interpolation existing in the
GIS. The procedure of the IDW for the prediction of the spe-
cific location is based on the group of known points to esti-

mate the required values for unknown points, where the closer
points give more accurate values compared to farther away
points to predict values for unknown points (Panhalkar and
Jarag 2016).
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Results and discussion

Concentrations of the measured physicochemical
elements along the river

The readings of Ca in the Shatt Al-Hillah River in 2020
ranged from 104 in July at the location (L.6) to 140 mg/L
in February at the location (L.4). The mean value of Ca
was 124 mg/L. All readings for Ca measured in the river
were over the acceptable limit of 50 mg/L (WHO, 2017).
Figure 3a showed that calcium concentrations were high
during most seasons of the study. One of the primary
causes is the presence of dissolved limestone in the riv-
erbed or surrounding geological formations. Limestone
contains calcium carbonate, which can dissolve in water
and increase the calcium concentration (Saini et al. 2015).
Additionally, human activities such as agriculture can also
contribute to higher calcium levels in the river. Fertilizer
use in agriculture can release excess calcium into the soil
and water systems. Another factor that can contribute to
high calcium concentrations in rivers is the natural weath-
ering of rocks and soils, especially in areas with high rain-
fall and runoff. This process can release calcium and other
minerals into the river, leading to higher levels (Jiang et al.
2015).

The average concentration of Mg measured in the Shatt
Al-Hillah River during this year was 74 mg/L. The maxi-
mum and minimum values of Mg concentration in 2020
ranged from 28 mg/L (May) to 100 mg/L (February) at
the locations (L.3 and L.5) respectively (Fig. 3b). All
readings of Mg in Shatt Al-Hillah River were higher than
the permissible value of 50 mg/L (WHO, 2017). This is
due to the presence of magnesium-rich minerals in the
watershed, such as dolomite or magnesite. These minerals
can dissolve in water and contribute to higher magnesium
levels in the river (De La Cruz and Mazari-Hiriart 2011).
Another possible reason for elevated magnesium levels in
ariver could be human activities, such as discharges from
wastewater treatment plants or agricultural runoff. These
sources can introduce magnesium and other minerals into
the river and increase their concentrations (Ghosh et al.
2019).

The maximum value of chloride (Cl) concentration in
2020 was 239 mg/L at the location (L.2) in February, and
the average value was 203 mg/L in that year. During the
current year, the lowest value of Cl was 180 mg/L at the
location (L.4) in July. The value of chloride concentration
which was measured along the river was within the allow-
able limit of 250 mg/L (WHO, 2017). Figure 3¢ showed
an increase in Cl levels during winter and spring in most
locations. This is due to the use of deicing salts on roads
during the winter months. The runoff from these salts can

flow into the river and increase Cl concentrations. In addi-
tion, increased precipitation during the winter and spring
can increase river flow rates and cause more salt-laden
runoff to enter the river. Another factor is geologic forma-
tions and salt deposits (Kaushal et al. 2005).

Sulfate (SO,) concentrations in 2020 varied between
(341-440) mg/L at locations (L.2 and L.6) respectively, with
an average value of 376 mg/L. The readings of Sulphate
(SO,) for all chosen locations were more than the allowable
limit of 250 mg/L. (WHO, 2017) (Fig. 3d). The concentration
values of Sulphate during the winter months were higher
than in other months of this study. Sulfate concentrations in
Shatt Al-Hillah River can increase during winter and spring
months due to increased atmospheric deposition, the solubil-
ity of sulfate in water, mobilization of sulfate from soil and
groundwater, and land use and land cover (Baalousha and
Bond 2016; Hagedorn et al. 2016).

For the TDS, the highest reading in 2020 was 1220 mg/L
and found at the location (L.6) in January, while the low-
est reading was 971 mg/L at the location (L.3) in August.
The average value for TDS was 1061 mg/L (Fig. 3e). In
the current study, most readings of the TDS along the Shatt
Al-Hillah River were over the allowable limit of 1000 mg/L
(WHO, 2017). A slight difference was observed in TDS
values for the samples collected from the different stations
together at the same time but there was a much more dif-
ference in TDS values for the samples collected at separate
times. TDS concentrations can be influenced by geological,
hydrological, and land use factors, as well as meteorological
conditions such as precipitation and temperature (Hartmann
et al. 2017; Bartov et al. 2018). TDS concentrations in the
river can increase during the winter and spring months due
to decreased dilution, increased surface runoff, enhanced
weathering of rocks, mobilization of dissolved salts from
soil and groundwater, and anthropogenic activities such as
agriculture, and urbanization. (Al-Khashman & Shawabkeh
2006; Hartmann et al. 2017).

The average value of EC was 1618 (micromhos). The
highest value was 1877 (umhos/cm) at location (L.6) in
January, while the lowest value was 1494 (umhos/cm) at
location (L.3) in September. All EC values were within the
acceptable limit of 2000 pmhos/cm (WHO, 2017) (Fig. 4a).
High values were recorded in the winter season, due to the
washing of soil by rainwater and as a result of the flow of
salinity water from drainages nearby the river. This was
asserted by the increase in value rates of soluble and sus-
pended solid substances in river water (Jassim 2006).

In this study, the maximum value of the TH in 2020 was
equal to 560 mg/L at (L.4) in February. The lowest value of
TH was 428 mg/L, and this value was recorded at (L.6) in
June (Fig. 4b). Along the Shatt Al-Hillah River, the aver-
age value in the year 2020 was 496 mg/l. The results of
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Fig.3 Concentrations of phys-
icochemical Properties along
Shatt Al-Hillah River in 2020
for a: Ca, b: Mg, c: Cl, d: SO4,

e: TDS
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total hardness in January, February, March, and December
at all locations were over the allowable limit of 500 mg/L
(WHO, 2017). The total hardness concentrations in the river
increased during the winter and spring months for various
reasons. (1): an increase in the rate of rocks weathering
caused by low temperatures and increased precipitation, (2):
the mobilization of dissolved salts from soil and groundwa-
ter by snowmelt and rain events, (3): agricultural activities
can contribute to increased TH concentrations in the river
due to the use of fertilizers and pesticides, (4): the discharge
of untreated sewage and other pollutants can also lead to an
increase in TH concentrations in rivers (Bhat and Vaishnav
2012; Adeyemo and Adeoye 2015).

The high levels of DO were recorded at most of the loca-
tions (Fig. 4c). The highest value was 9.31 mg/L in location
(L.4) in January due to good aeration, continuous mixing of
water, dense zooplankton, and phytoplankton which result
in high levels of dissolved oxygen. The lowest level of DO
was 7.29 mg/L at the location (L.3) in July. The variations
of DO levels in the river during the period of the study were
attributed to the biological degradation of the organic mate-
rials or the low water level at these stations (Jassim 2006).

The highest and the lowest values of alkalinity were
(respectively) 160 mg/L in January and 91 mg/L in July
at the location (L.5). The average value of alkalinity was
121 mg/L. Figure 4d gives the variation of alkalinity con-
centration in the river water during this study. The results
showed that the predominant alkaline nature of Iraqi waters
was due to the presence of bicarbonates (HCO;) in water and
the surrounding soil. The water level in rivers has a great
effect on the alkalinity values, and this explains the monthly

Time (month)

fluctuation of alkalinity values recorded during the present
study (Jassim 2006).

The turbidity in the river ranged from 21 to 42 (N.T.U.).
The highest turbidity value was 42 (N.T.U.) at the loca-
tion (L.4) in July. On the other hand, the lowest value
was (21) (N.T.U.) at the location (L.2) in February and
(L-4) in January. Figure 5a shows the variation of turbid-
ity concentration in the river water during the period of
the study. The average value of turbidity of the Shatt Al-
Hillah River was 31.4 (N.T.U.). Turbidity in the river can
increase during the summer and spring seasons due to a
variety of factors, including rainfall and runoff during the
spring season can lead to higher turbidity levels in rivers,
increased agricultural activities by irrigation of crops can
lead to runoff of sediment and other pollutants into nearby
the river and a variety of natural and Human development,
such as construction projects and land use changes, can
also contribute to increased turbidity levels in the river
during these seasons.

The pH values at all locations were between 7.65 and
8.22. The highest pH value recorded was (8.22) in Feb-
ruary at the location (L.2), while the lowest value was
(7.65) in July at the location (L.6) (Fig. 5b). The pH
value of water decreases as the content of CO, increases,
while it increases as the content of bicarbonate alkalinity
increases. The narrow scope of pH values in rivers due
to buffer capacity enables the river to resist fluctuation in
pH. Therefore, there was a narrow scope in pH value in the
Shatt Al-Hilla River and this agreed well with the result
obtained by (Hassan and Shaawiat 2015).
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Concentrations of some measured elements
of heavy metals along the river

The highest value of cadmium in the river water was
7.43 pg/L at the location (L.5) IN July and the lowest value
was 2.74 pg/L at the location (L.1) in January. The average
readings of the Cd were 4.73 ug/L. The concentrations of
Cd in Shatt Al-Hillah River water during the study period
were higher than the allowable limit of 2 ug/L (WHO,
2017) (Fig. 6a). Cadmium levels increased during the sum-
mer months because high concentrations of suspended sol-
ids during summer (with a low flow rate) were caused by
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floating materials which increased the concentrations of
trace metals in water. Chemical compounds that are used
for agricultural purposes (commercial fertilizers, pesticides,
and phosphate fertilizers) contain different concentrations of
Cd. So, these compounds comprised one of the reasons for
the increase in Cd concentration in the river.

The results showed that the average values of the Fe were
679 pg/L. The highest value of iron was 804 pg/L at location
(L.3) in July, while the lowest value was 578 pg/L at loca-
tion (L.2) in December with an average value of 679 ug/L.
According to WHO (2017), all readings of Fe were over
the permissible limit of 300 pg/L (Fig. 6b). It was noticed
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Fig.6 Concentrations of heavy
metals along Shatt Al-Hillah
River in 2020 for a: Cd, b: Fe,
c: Cu,d: Pb, e: Zn
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that the level of iron concentrations increases in the sum-
mer months compared to other months. This is due to vari-
ous reasons, including changes in hydrological conditions,
biological activity, and human activities. During summer
months, low river flow rates and increased temperatures
could result in decreased dilution and increased concen-
tration of Fe in the water column. Additionally, increased
photosynthesis and microbial respiration during the summer
months led to the release of Fe from sediments and organic
matter in the riverbed.

The highest value of copper was 85 ug/L at Location (L.4)
in July and the lowest value was 54 pg/L at Location (L.1) in
February with an average value of 68.67 ug/L. A graph of
Fig. 6¢ for the copper concentrations with showed that all
readings of Cu were within the allowable limit of 2000 pg/L
(WHO, 2017). Copper concentrations increased during the
summer months in the Shatt Al-Hillah River due to the dis-
charge of industrial wastewater and sewage and agricultural
runoff into it. Moreover, higher water temperatures during
the summer months also led to increased concentrations of
Cu in the water column. Copper is more soluble in warmer
water, and as a result, the release of Cu from sediments and
other sources increased with higher water temperatures.

In this study, the highest value of lead was 7.8 pug/L at
the location (L.4) in July and the lowest value was 5.1 pg/L
at the location (L.3) in January with an average of 6.4 pg/L.
Figure 6d indicated that all concentrations of lead during
the period of the study were less than the maximum level of
10 pg/L (WHO, 2017). Lead compounds in rivers resulted
from increasing anthropogenic activities and lower river flow
rates. Anthropogenic activities such as industrial discharges
and agricultural runoff can contribute to the increased con-
centration of lead in the water during summer months.
Moreover, lower river flow rates during the summer months
led to increased concentrations of Pb in the water column.
As the river flow rate decreases, the concentration of pol-
lutants, including Pb, increased due to decreased dilution.

The average value of zinc was 69.2 ug/L in 2020. The
maximum value of Zn was 86 pg/L at the location (L.5) in

July, while the minimum value was 56 ug/L at the location
(L.1) in January. Figure 6e showed that whole readings of Zn
were lower than the acceptable limit of 3000 pg/L (WHO,
2017). The concentrations of Zn increased in the Shatt Al-
Hilla River during summer months due to lower river flow
rates, increased biological activity, agricultural activities,
and industrial discharges. During summer months, lower
river flow rates and increased temperatures contributed to
decreased dilution and increased concentration of Zn in the
water column. Additionally, increased photosynthesis and
microbial respiration during the summer months also caused
the release of Zn from sediments and organic matter in the
river bed.

Water quality index

Based on the calculated values of the WQI, the water qual-
ity assessment (WQA) of the river (for each location) was
rated using the categories that have been set by Alsaqqar
et al. (2015). Table 6 shows the water quality value (WQI)
and water quality assessment (WQA) for each location in the
Shatt Al-Hillah River in 2020.

Figure 7 shows the resulting values of WQI for the Shatt
Al-Hillah River. All values were within the category of
(200-300) and the WQA of the Shatt Al-Hillah River was
assessed as very poor.

According to Tyagi et al. (2013), The Water Quality
Assessment (WQA) has been divided into five types as
shown in Table 6. The water quality types are based on the
calculated WQI by applying the method of weighted arith-
metic. The values of WQI et al.-Musayyib (L.1), Al-Hindiya
(L.2), Abu Khstawyi (L.3), Al-Hillah city (L.4), Al-Maam-
era (L.5), Al-Hashimiya (L.6), in 2020 were as follows:
250.8, 253.4, 248.6, 245.2, 251.7, and 250.4, respectively
with a standard deviation of 2.84.

The values of the WQI (for all selected physicochemical
properties and some elements of heavy metals) were within the
range of (200-300) starting from the location (L.1) until the
location (L.6). So, these locations have been classified within

Table6 WQI and WQR along

. > . Symbol Location Yearly Winter Summer
the Shatt Al-Hillah River in
2020 WQI WQR wQlI WQR WQlI WQR
L.1 Al-Musayyib 250.8 Very poor 206.5 Very poor 294.9 Very poor
L2 Al-Hindiya 253.4 Very poor 210.1 Very poor 296.5 Very poor
L3 Abu Khstawyi 248.6 Very poor 209.4 Very poor 287.8 Very poor
L4 Al-Hillah city 245.2 Very poor 208.7 Very poor 281.9 Very poor
L.5 Al-Maamera 251.7 Very poor 222.2 Very poor 281.1 Very poor
L.6 Al-Hashimiya 250.4 Very poor 221.7 Very poor 278.9 Very poor
Average 250.02 213.10 286.85
STDEVA 2.84 6.96 7.48
Standard Error 1.16 2.84 3.05
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Fig.7 WQI values for six loca-
tions along the river 256 1
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the category of very poor. It is an outcome of the number of
released pollutants into the river at these locations from vari-
ous sources. It has a great effect on the ecology and the water
quality which is affecting positively or negatively on the WQI
of the river.

The results showed that there is a slight difference in the
WQI values at the selected locations along the Shatt Al-Hillah
River. Also, it highlighted those similar flowing pollutants to
the water river system from various resources like agricultural
runoff, domestic sewers, and industrial waste discharges. Over-
all, the novelty of the current study includes two sections. In
the first section, study the WQ by using the WQI method to
cover the whole length of the Shatt Al-Hillah River.

Figure 7 shows that the WQI values in the summer were
higher than the values in the winter. This is due to the meas-
ured concentrations for all selected elements in the river dur-
ing the summer season were higher than the concentrations
in the winter season. Consequently, the elements’ concentra-
tions in the summer have a high effect on the WQI values.

Table 6 showed that the average yearly values of Ca, Mg,
DO, pH, Cl, SO,, TDS, Turbidity, Alkalinity, Cadmium, and
Iron were higher than the allowable limits of WHO, 2017.
Moreover, Table 6 showed the calculated values of the WQI
and WQR for each element in this study.

The second section is about creating interpolation maps
for the WQI values in terms of irrigation purposes for the
same river. In parallel to that, the interpolation map for the
WQI has been created by using the GIS software along the
Shatt Al-Hillah River 2020 (Fig. 8).

Conclusions

Shatt Al-Hillah River is the main water source for all the
activities in the cities located along this river. In 2020, the
water quality of the river has been evaluated because of
the water crisis in the region. Eleven parameters and five
elements have been measured to explain the physical and
chemical and heavy metals as well as aspects of each water
sample. Along the river (Shatt Al-Hillah), six locations have
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Fig. 8 Distributing map of (WQI) for household uses for Shatt Al-
Hillah River, Iraq

been used for water sampling. The parameters were Ca, Mg,
DO, pH, Cl, SO,, TH, TDS, Alkalinity, turbidity, EC, Cd,
Cu, Fe, Pb, and Zn. In the current study, the IDW method
of the spatial analyst extension in the ArcGIS 10.5 has been
utilized to create maps for the WQ including the parameters
inside the catchment area. It helps to identify the locations
or areas for sampling along the river, also, high impairment
levels in the same area. Moreover, that will in turn assist to
apply the standards and pollution control activities.

The data that shows the values for the measured param-
eters that have been tested during the year 2020 along the
Shatt Al-Hillah River decreased gradually from the location
(L.1) in Al-Musayyib to the location (L.6) in Al-Hashimiya.
The measured values from location (L.4) to location
(L6) showed a decrease for all selected parameters. The
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concentration of Ca was decreased gradually from location
(L.1) to location (L.4) and then increased at location (L.5)
and then returned to decrease at the location (L.6).

The outcomes of the WQI along the river for the chosen
locations (from the river upstream et al.-Musayyib to the
river downstream et al.-Hashimiya) present constant and sta-
ble values. The calculated values of WQI for stations (L.1 to
L.6) were classified as very poor water quality. They were
between 200 and 300 which is the category of very poor
water quality based on the used method. The clear degrada-
tion was related to several pollutants originating in human
activities and natural phenomena factors occurring along
the pathway of the river. Moreover, the computed WQI val-
ues indicated that the WQ of the river at these stations was
invalid to use before treating the parameter concentrations
(especially) with values more than allowable limits.

Many factors can affect the pollution level of the Shatt
Al-Hillah River with trace metals. These factors are the pres-
ence of agricultural areas on both banks of the Euphrates
and Shatt Al-Hillah Rivers, since many of them, washed
soil campaign of different chemical compounds which are
used for agricultural purposes of fertilizers and pesticides,
where a great amount of soil drifted into the water carrying
with it different kinds of chemical compounds which are
used in agricultural purposes such as fertilizers and pesti-
cides. Pointed out that commercial fertilizers contain some
traces of elements, while phosphate fertilizers contain dif-
ferent concentrations of cadmium ranging from (1-95) mg/
kg. Other compounds, such as salts of zinc, copper, lead, and
other organic metallic compounds are used as pesticides.

The river runs through several towns, suburbs, and vil-
lages such as Saddat-Al-Hindiyah, Al-Mahawil, Al-Hillah,
Al-Hashimiya, and other towns. These places add more pol-
lutants to the river caused by the discharge of domestic and
factory waste materials. These materials have a direct and
indirect impact on the river.

The increase in concentrations is higher in summer
because of the source of water in the river of Euphrates and
Shatt Al-Hillah Rivers. In this season the water is stored in
dams for irrigation purposes. Thus, high concentrations of
suspensions in summer and spring are attributed to floating
materials.

There is a relation between the concentration of heavy
elements and the water level. This was reflected clearly in
the decrease or increase in concentration of elements in the
Shatt Al-Hillah River during the period of the study.

Generally, in the present work, it was found that the most
related parameters affecting trace metals concentration in
Shatt Al-Hillah River were turbidity, temperature, hydrogen
ion, dissolved oxygen, and total suspended solids, and in
lower degrees with parameters chlorides, sulfates, electrical
conductivity, and alkalinity, while total hardness, calcium,
and total dissolved solids parameters have a low significant

@ Springer

effect on trace metals concentrations in this study. The poor
water quality problem in the study area might be improved
by developing water resources management, good urban
planning, and explaining the dangers of heavy metals for the
local population. Also, the local governments should select
expert people in the field of competence to improve the solu-
tions. Activate the role of the local environment department
and involve it in the relevant decisions.
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