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Abstract

This study aims to examine the levels of heavy metals in Al-Diwaniyah River to investigate pollution levels and identify
their possible sources. Eight heavy metals (i.e., Mn, Ni, Pb, Zn, Cr, Cu, As, and Cd) were measured on the surface water
and river bed sediments of three stations in 2020-2021. Results showed low concentrations and uniform distribution of
the majority of heavy metals (except Pb) in the river water. Despite the high levels of heavy metals in the sediments, they
were within permissible levels, except for Ni, Pb, and As. On the surface water and bed sediments, Pb mainly came from a
textile factory, traffic pollution, and agricultural drainage water. Mn, Ni, and As in sediments may have been derived from a
combination of sources, such as atmospheric deposition, resulting from fossil fuel combustion, and waste water influx from
agricultural, industrial, and residential activities. However, the sources of Zn, Cu, Cr, and Cd were unclear owing to the
drastic decrease in their concentrations, whether in the water or sediments. Physicochemical parameters played important
roles in the concentration and accumulation of heavy metals in the river’s water and sediments.
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Introduction

Concerns about heavy metal contamination are prevalent
worldwide owing to their adverse risks to humans, animals,
plants, and the entire ecosystem (Khan and Ghouri 2011;
Das et al. 2014; Wu et al. 2014). Heavy metals are among
the most common environmental pollutants because of their
toxicity, persistence, and non-degradability in the environ-
ment (Raulinaitis et al. 2012; Majhi and Biswal 2016). Given
such concerns, numerous studies have focused on water
scarcity and the deterioration of congenial water quality
(Al-Asadi 2016; Odukoya et al. 2017; Al-Asadi et al. 2019;
Al-Asadi et al. 2020; Shafiuddin Ahmed et al. 2021). The
majority of heavy metals in the aquatic environment of riv-
ers are solid and remain insoluble for a long time (Kabata-
Pendias and Pendias 2001; Guo and He 2013; Algul and
Beyhan 2020). Therefore, these metals tend to deposit on the
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river bed, where sediments have the ability to absorb metals
into their particles (Edokpayi et al. 2016; Al-Asadi et al.
2019). Sediment quality has been identified as an important
indicator or geo-marker of water pollution (Meng Chuan and
Yunus 2019). In particular, concentrations of heavy met-
als in water are occasionally below the detected limits (Jain
et al. 2004; Salati and Moore 2010). However, these metals
are not permanently bound to the particles of benthic sedi-
ments because they are redistributed into the sediments and
water column owing to changes in environmental conditions
(Li et al. 2000; Aradpour et al. 2020). The release of heavy
metals from contaminated bed sediments can act as second-
ary non-point sources of these metals to the water column,
and can cause significant damage to the aquatic system
(Thevenon et al. 2011; Varol et al. 2012; Niu et al. 2015).
Heavy metals mainly enter the aquatic environment of
rivers as a result of several sources, including natural and
anthropogenic. The main natural sources of metals in riv-
ers are chemical weathering of rocks, soil leaching, and
atmospheric depositions. However, metals with the highest
concentrations were from anthropogenic sources, such as
untreated industrial effluents, agricultural chemical wastes,
and domestic sewage (He et al. 2005; Singh et al. 2011;
Tylmann et al. 2011; Tchounwou et al. 2012). Accordingly,
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understanding the distribution of metals and sources of pol-
lutants in the aquatic environment of rivers is important for
pollution control.

Given the dominant dry desert climate, Al-Diwaniyah
River is the most important source of freshwater of Al-
Qadisiyah province and has been used for various purposes,
including domestic water supply, irrigation, and indus-
trial uses. Apart from the river water, there is an influx of
untreated wastewater as a result of various human activities.
Hence, pollution levels in the river water and its sediments
should be monitored and assessed to manage the contami-
nant input into the river course. Doing so will contribute
in minimizing harmful concentrations and preventing them
from reaching toxic levels. Only a few studies have investi-
gated heavy metals in Al- Diwaniyah River, such as Alkam
et al. (2014) and Kadhum et al. (2020), which provided
appropriate understanding of the spatial variation of metal
levels in the surface sediment of the river. However, some
important metals have not been examined. Therefore, the
available data on heavy metals in the river are extremely
limited, and the examination of water quality can constitute
a challenge. To fill in this research gap, concentrations of
heavy metals in the River environment must be measured to
reveal their different sources. Therefore, the elements Man-
ganese (Mn), Nickel (Ni), Lead (Pb), Zinc (Zn), Chromium
(Cr), Copper (Cu), Arsenic (As), and Cadmium (Cd) were
measured; heavy metals spatial variation levels in the River
was analayzed; and the factors affecting their variation were
evaluated.

Limits in water and sediment quality based on interna-
tional guidelines were used to evaluate the possible toxic-
ity of the River. Pearson correlation analysis was also per-
formed to uncover pollution sources in the bed sediments
of the River.

The main goals of this study are as follows: (1) determine
the spatial and temporal variations of eight heavy metals in
Al-Diwaniyah River, (2) investigate the possible sources of
heavy metals, and (3) assess the River water and bed sedi-
ment pollution with heavy metals and its suitability for dif-
ferent purposes.

Materials and methods
Site description

Al-Diwaniyah River is located in central Iraq within the
borders of the Al- Qadisiyah governorate, between 31°
30'-32° 14' N and 44° 42'-45° 16' E (Fig. 1). The River
is approximately 121 km long within the Al- Qadisiyah
governorate, and passes through four main administrative
units: Al-Saniyah sub-district, central Al- Qadisiyah gover-
norate (Al-Diwaniyah), Al-Sader sub-district, and Al-Hamza
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district. The river also enters the borders of Al-Muthanna
governorate. The river’s width ranges between 45 and 50 m
and increases substantially to approximately 70 m in some
areas. The river’s depth varies between 2 and 4 m (Ministry
of Water Resources 2020). A group of channels branch off
from both sides of the River course; the River has 6 main
streams and 19 secondary channels (Hassan 2004).

Al-Diwaniyah River’s water feeding depends primarily on
rain fall and snow melting in the headwaters of the Euphra-
tes River in Turkey and Syria, representing 98% of running
water in the Euphrates River. Iraq’s contribution decreases
to approximately 2% of the total water flow in the River (Al-
Asadi 2017). River water discharge rate is approximately 50
m?/s in 2010-2020 (Ministry of Water Resources 2020). The
river course area is located within a desert climate region,
which is characterized by high temperature and drought dur-
ing summer and moderate heat and rainfall during winter.

Al-Diwaniyah River is the main source of fresh water
for the 696,701 population of the Al-Qadisiyah governorate,
representing 51.24% of the governorate’s total population
of 1,359,642 (Ministry of Planning 2020). However, central
Al-Diwaniyah is the largest beneficiary of water, and the
people depend on the river completely for all their daily uses
because there is no other water source in the study area. The
river water is also used for agricultural purposes because it
spreads along the River. Extensive agricultural land is esti-
mated at 33,859 ha (Ministry of Agriculture 2020).

The study area includes some factories, such as textile,
rubber and dairy, as well as an electric power plant. All
domestic, agricultural, and industrial wastes are disposed
directly into the River without treatment.

Sample collection and analysis

Water samples were collected from three important stations
with different conditions (Table 1; Fig. 1). Station No. 1 was
considered the control because of its relative clean water.
Station No. 2 is located in the center of Al-Diwaniyah gover-
norate, which represents population density, where domestic
sewage influx is a possible source of pollution. The impact
of agricultural activities is considerably prevalent in Station
No. 3.

Water samplings were carried out during the summer
(August) and fall (November) in 2020 and winter (Febru-
ary) and spring (May) in 2021. Water samples were col-
lected from the three selected sites from the middle course
of the River at about 10-15 cm below the water surface by
the hand. Similarly, Sediment samples from the same sites
were also collected using a Van Veen Grab. Three wastewa-
ter samples were collected from an electric station, domestic
sewers, and agricultural drainage, which discharged into the
River. Physicochemical properties, such as total dissolved
solids (TDS), pH, and water temperature, were measured
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Fig.1 Map of Al-Diwaniyah 47450
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Table 1 Geographic locations of sampling stations in the Al-Diwan-
iyah River

Sampling stations Stations name Longitude Latitude

No.1(S1) Al-Saniyya 44° 46' 31" 32°03' 16
No.2(S2) Al-Diwaniyah 44° 56' 53" 31° 57" 39"
No.3 (S 3) Al-Hamza 44° 59" 10" 31°42' 33’

in the field using a Horiba U-10 device (APHA 2017). In
particular, 1-L surface water samples were collected (using
clean bottles) for each season at the measuring stations and
acidifed with nitric acid (0.5%). Moreover, 1 kg of bed-sed-
iment samples were placed in plastic bags. All samples were

45°00"E 45°15'0°E 45300"E

stored at 10-15 °C and sent thereafter to the US Science Lab
for analysis using an atomic absorption spectrophotometer
(Model AA-7000, SHIMADZU, Japan) to determine heavy
metals levels.

Results and discussion

Factors affecting heavy metals concentrations

Physical and chemical properties of water and sediments

The physicochemical properties of river waters should be
studied to detect heavy metal levels and their spatial and
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temporal variations. Because of the effect of these param-
eters in leading the behavior of the aquatic environment on
activating the processes of dissolving and transporting heavy
metals in the running water or activating the processes of
deposition of that metal at the river bed (Ferati et al. 2015).
Thus, the physicochemical properties of the water and sedi-
ments of Al-Diwaniyah River can determine the extent of
pollution in the River.

Table 2 and Fig. 2 show the physical and chemical param-
eters of the Al-Diwaniyah River water samples. The river’s
water temperatures showed minor variations in the selected

stations, with a low coefficient of variation (CV) value of
1.528. The average water temperature recorded at the Al-
Diwaniyah station was 28.5 °C during the study period,
the lowest was 17.4 °C in the winter, and the highest was
35.7 °C in the summer.

The average pH value of the water was 7.62, indicating
that the river water tends to be slightly alkaline. A minor dis-
crepancy was observed between the stations’ measurements
and study seasons regarding the pH values because the high-
est value recorded in the spring at Al-Saniyya station was
8.23, whereas the lowest value was recorded at 7.03 in the

Table 2 Physicochemical

. . Stations Season pH Temp.(C°) TDS Water Particle size (%)
parameters of the Al-Diwaniyah velocity
River water (m/s) Clay Sand Silt
Summer  8.07 33.5 634.24
Autumn  7.81 31.8 650.88
Winter 7.30 19.5 51712 0.714 433 8941 6.26
Spring 8.23 30.8 665.6
Al-Saniyya Mean 7.85 28.9 616.96
Summer  7.68 35.7 661.76
Autumn 7.75 339 671.36
Winter 7.44 17.4 662.72  0.666 8.73  80.44 10.83
Spring 7.99 25.2 700.16
Al-Diwaniyah ~ Mean 7.71 28.05 674
Summer  7.33 34.3 688.64
Autumn 7.03 34.1 730.24
Winter 7.05 19 538.24  0.625 4.16  91.87 3.97
Spring 7.69 27.2 771.2
Al- Hamza Mean 7.3 28.65 682.08
Total average 7.62 28.533 657.68  0.668 574 87.24 7.02
S.D 0.285 0.436 35495  0.044 2.590 6.016 3.492
C.V 3740  1.528 5.397 6.586 45.12 6.895 49.74
Fig.2 Values of TDS, pH, 1000
temperature, and particle size 800
at three Al-Diwaniyah River S
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autumn at Al-Hamza station. Apparently, there is a gradual
decrease in pH values by descending toward the south of the
River, where the mean pH values at Al-Saniyya station was
the highest at 7.85 and decreased to 7.71 at Al-Diwaniyah
station. Al-Hamza station recorded the lowest average value
in the study season at 7.3. The CV value for the pH values
was recorded at 3.740 at the selected stations.

The average concentration of TDS in the river water
was approximately 657.68 mg/L, with minor spatial vari-
ation between 616.96 and 682.08 mg/L at Al-Saniyya
and Al-Hamza stations, respectively. For temporal varia-
tion, note that the value of TDS decreased in the winter to
517.12 mg/L, and concentrations increased to 771.2 mg/L in
the spring. The pattern of TDS values increased from north
to south along the River, in which CV value was recorded at
5.397 between the selected stations.

Table 3 Heavy metals levels in wastewater (mg/L) draining into the
Al-Diwaniyah River course

For the river bed texture, discrepancy was substantial
between the sand content and the clay and silt contents. Sand
constituted the largest proportion, which is approximately
87.24% of the total particles of the river bed sediments. Clay
and silt have 5.74 and 7.02%, respectively, of the total sedi-
ments. A minor discrepancy was noted in the distribution of
particle size between the stations. In particular, Al-Hamza
station recorded the highest percentage of sand content at
91.87% of the total particles (Table 2).

Waste water

Table 3 shows the levels of heavy metals in the most impor-
tant sources of waste water. Such heavy metals as As and
Mn in the wastewater of various human activities in the
Al-Qadisiyah governate have low concentrations, ranging
between 0.007 and 0.2319 mg/L, respectively. Meanwhile,
some heavy metals, such as Cr, Cd, and Pb, were not present.
Low levels of heavy metals in the waste water indicate scar-
city of factories and that fertilizers, pesticides, and chemicals
are not used in the study area.

Determination of metals concentrations in the river
water

The results of laboratory analysis of heavy metal levels in
the Al-Diwaniyah River are summarized in Table 4 and
Fig. 3. Table 3 shows that the average total concentrations
of heavy metals in the water course vary between 0.0006
and 0.0661 mg/L for Cd and Pb, respectively. Several of the
studied heavy metals may be absent in some seasons, par-
ticularly Ni, Cd, Zn, and Cu. With the exception of Pb, all

Heavy metals Household sewer  Agricultural drains  Power
station
sewers

Mn 0.2296 0.2319 0.0628

Ni 0.088 0.0396 0.0884

Pb ND 0.1922 0.0549

Zn 0.04 0.0012 0.0089

Cr 0.0594 0.0483 ND

Cu 0.0304 0.0107 0.0071

Cd 0.0054 ND 0.0040

As 0.0041 0.0095 0.0007

ND not detected

Table 4 Concentrations of Stations Season

heavy metals (mg/L) in the

Metals

Al-Diwaniyah River water for Pb

the three stations

Al- Saniyya

Al- Diwaniyah

Al- Hamza
Total average

Summer
Autumn
Winter
Spring
Mean
Summer
Autumn
Winter
Spring
Mean
Summer
Autumn
Winter
Spring
Mean

0.0011
0.0960
0.0230
ND

0.0300
0.0130
ND

0.0140
0.1050
0.0330
0.3670
0.1280
0.0470
ND

0.1355
0.0661

Mn Ni Cr Zn Cu As Cd
0.0360 ND ND ND 0.0350 0.0010 ND
0.0170  0.0820 0.0610 ND ND 0.0076 ND
0.0230 ND ND 0.0007 ND 0.0021 ND
0.0071 0.0491 ND ND 0.0101 0.0024 ND
0.0207 0.0327 0.0152 0.0001 0.0112 0.0032 ND
ND 0.0080 ND ND 0.0012  0.0010 0.0030
ND ND 0.0920 0.0650 ND 0.0085  0.0020
0.0460 ND 0.0306 0.0001 ND 0.0035 0.0013
0.0560 ND ND 0.0188 0.0128 0.0026 ND
0.0255 0.0020 0.0306 0.0209 0.0035 0.0039 0.0015
0.0140 0.0105 ND ND 0.0044 0.0017 ND
ND ND ND 0.0160 0.0010 0.0076 0.0010
0.0517 ND ND 0.0009 0.0083 0.0047 0.0004
0.0216  0.0398 ND ND ND 0.0029 ND
0.0218 0.0125 ND 0.0042 0.0034 0.0042 0.0003
0.0226  0.0157 0.0152 0.0084 0.0060 0.0037 0.0006
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heavy metals dissolved in water are of low concentrations.
The reason for the low concentrations of heavy metals can
be attributed to the limited human and industrial activities
(except for textile and rubber factories) in the study area.
The low solubility of heavy metals in water and the tendency
to adsorb with the suspended particles lead to an increase
in the deposition process at the river bed. Moreover, river
water alkalinity contributes to a decrease in the solubility
of heavy metals and increase in the adsorption process (Al-
Asadi 2016; Al-Asadi et al. 2019; Al-Asadi et al. 2020).

The relative high concentration of Pb (i.e.,
0.0011-0.3670 mg/L) in the river water, particularly at Al-
Hamza station, may be caused by the increase use of gaso-
line and agricultural drainage water. Textile factories dump
untreated pollutants in the River, which are considered a
possible source of heavy metals (Shafiuddin Ahmed et al.
2021). Despite the strong adsorption of Pb on sediment par-
ticles (Hejabi et al. 2011), its high levels in Al-Diwaniyah
River may indicate that Pb was more mobile than the major-
ity of other heavy metals. This result reflects the intensity of
lead pollution sources in the River.

The velocity of water current and water discharge play
an important role in the variations of heavy metal concen-
trations. An increase in discharges contributes to a dilution
of metal levels, while an increase in the current velocity
leads to turbulence of the water column. It contributes to an
increase in the heavy metal concentrations of water owing
to the mixing process with the metal content of the bottom
sediments (Al-Asadi et al. 2019).

Despite the non-uniform random variation of metal levels
of the river water in the four seasons, the spatial variation
of their levels generally tends to increase at Al-Diwaniyah
station. The reason can be attributed to the relative increase
in anthropogenic activities and presence of textile and rub-
ber factories in the city of Al-Diwaniyah. Variations in the
heavy metal levels have taken the following pattern: Pb >M
n>Ni>Cr>Zn>Cu> As>Cd.

@ Springer

Winter ® Spring

This study observed that the levels of the majority of the
heavy metals of water at the three stations are still within the
permissible levels, and suitable for drinking (WHO 2017),
irrigation (Ayers and Westcot 1994), and aquatic life (Sch-
neider 1971; Shanbehzadeh et al. 2014) (Table 5). How-
ever, the mean of the Pb concentration at Al-Diwaniyah and
Al-Hamza stations exceeded the standard limits for drink-
ing. The excess level of heavy metals can pose significantly
adverse consequences on the environment and aquatic organ-
isms, and then on plants. The toxic effect of metal contents
in water directly links human health through drinking water
and the food chain. Table 6 illustrates the most important
negative impacts of heavy metals on living organisms.

Concentration of heavy metals in sediments

Table 7 and Fig. 4 show the heavy metal levels in the bottom
sediments of the Al-Diwaniyah River and CV values. Given
the results of the laboratory analyses of the three stations
within the study area, note that there is a clear and signifi-
cant discrepancy among the concentrations of heavy metals
in the river sediments. As the heavy metal levels ranged
from 0.011 to 976.76 mg/L for CD and Mn, respectively, the

Table 5 Comparison of heavy metals level (mg/L) in the Al-Diwani-
yah River water with international standard values

Heavy metals  Present study  Drinking  Irrigation  Aquatic
Pb 0.0661 0.01 0.5 0.10
Mn 0.0226 0.4 2 0.1

Ni 0.0157 0.07 0.20 0.15
Cr 0.0152 0.05 0.10 0.05

Zn 0.0084 0.02 0.20 0.15

Cu 0.0060 2 0.2 -

As 0.0037 0.01 0.10 1

Cd 0.0006 0.003 0.01 0.05
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Table7 Concentr atiops of Stations Season Heavy metals
heavy metals (mg/L) in the
sediments of Al- Diwaniyah Mn Ni Pb Zn Cr Cu As Cd
Kiver Summer  324.00 134.00 42.80 50.50 21.50 3180 21.70 0.73
Autumn  536.88  137.80 52.20 4870 5290  33.15 30.33 0.01
Winter 700.56 40.10  50.10 2049 1238 2438 2591 040
Spring 221.00 50.38 2.82 15.32 0.0 2.28 4.10 0.33
Al-Saniyya Mean 445.61 90.57  36.98 3375 21.69 2290 2051 0.36
Summer  313.00 104.00 31.11 2250  19.80  13.60 390 0.50
Autumn  506.64 12190 60.28 100.90 20.80 49.15 4041 0.01
Winter 976.76 73.00  58.25 4986 9143 3559 3781 0.32
Spring 585.00 20.25 9.87 53.66 3342 4387 8.18 0.52
Al-Diwaniyah ~ Mean 595.35 79.78  39.87 56.73 4136 3555 2257 033
Summer  543.00 104.00 27.50 27.70 820 17.10 540 0.10
Autumn  376.18 82.60 91.30 65.70 5290 48.05 3745 ND
Winter 524.14 29.30  86.80 1535 4333 25,66 33.62 0.22
Spring 128.00 31.04 12.68 10.70 247  20.14 31.00 0.38
Al-Hamza Mean 392.83 61.73  54.57 29.86 26.72 2773 2686 0.17
Total average 477.93 77.36  43.80 40.11 2992 28.72 2331 0.28
S.D 105.05 14.56 9.43 1452 10.21 6.38 324  0.10
CcCvV 21.981 18.83  21.52 36.19  34.13 2221 13.89  35.71
Fig.4 Levels of heavy metals 800 1500
(mg/L) in the Al-Diwaniyah 600 Al- Saniyya Al- Diwaniyah

River sediments at the three
stations

Concentration
mg/L

Mn Ni

B Summer B Autumn

Concentration
mg/L

Mn Ni

o Summer M Autumn

distribution pattern of heavy metals in the river sediments
at the different measurement stations was in the following
order: Mn>Ni>Pb>Zn> Cr>Cu> As>Cd.

Note that the heavy metal concentrations in the bed sedi-
ments are significantly higher than the levels in the River
water. These high levels can indicate an increased accu-
mulation of heavy metals in the river bed compared with
solubility and mobility. This result is due to several factors,
including the physicochemical properties of water, current
velocity, and sediment grain size.

Geographical distribution shows that heavy metal levels
in the sediment samples were significantly varied among the
three stations as CV of the metal levels increased between
13.89 and 36.196 for As and Zn, respectively. This increase
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could be caused by variations in physicochemical proper-
ties in water and sediments of different stations, and/or as
a result of receiving different discharges of pollutants. In
general, the majority of the metal levels tend to increase at
Al-Diwaniyah station owing to an increase in the number of
households and industrial pollutants. However, Al-Saniyya
station represents the lowest concentrations of the studied
metals, except for Ni. The reason is that the station repre-
sents the upstream of the river cores. Thus, levels of heavy
pollutants are reduced.

The availability of heavy metals in the benthic sedi-
ments of the Al-Diwaniyah River course vary along the
four seasons. However, there is a general tendency for the
concentrations of the majority of metals to increase and
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decrease in autumn and spring, respectively. The reason
for this seasonal variation may be the physicochemical
properties of water, which influence levels of reaction,
adsorption, solubilization, mobilization, and deposition;
and ejections amount vary of human waste, especially the
residues of agricultural production.

Mn concentrations in the sediments were significantly
high because its average concentration varied between
392.83 and 595.35 mg/L at Al-Hamza and Al-Diwaniyah
stations, respectively. The reason for this diverse Mn level
may be the presence of blacksmithing workshops along
the River and municipal wastewater discharges. Moreover,
fossil fuel waste in the atmosphere increases the adsorp-
tion of Mn with the surfaces of solid particles, thereby
contributing to an increase in its deposition (Chan et al.
2002.) Runoff generated by rainfall can drive these pollut-
ants toward both sides of the River.

The average levels of Ni varied between 61.735 and
90.57 mg/L at Al-Hamza and Al-Saniyya stations, respec-
tively. Apparently, the presence of Ni in anthropogenic
wastes of 0.088 and 0.0396 mg/L contributed to the high
levels of its presence in the river, as well as atmospheric
deposition, because fossil fuel combustion is a major
source of Ni (90%). Ni is one of the most traceable met-
als resulting from oil pollution, second only to vanadium
(Kabata-Pendias and Pacyna 2001).

The average concentration of Pb varies from 36.98 to
54.57 mg/L in the bottom sediments of the River. The
highest and lowest concentrations of metal were recorded
at Al-Hamza and Al-Saniyya stations, respectively.

Average Zn concentration varied between 29.862 and
56.73 mg/L at Al-Hamza and Al-Diwaniyah stations,
respectively. Waste influx from the nearby rubber factory
was likely responsible for the presence of high Zn content
at Al-Diwaniyah station. Non-solid waste from the rub-
ber factory is one of the most important sources of zinc
and copper in the aquatic environment (Kurian 2012). The
average levels of Cr in the river sediments varied between
21.695 and 41.362 mg/L at Al-Saniyya and Al-Diwaniyah
stations, respectively. The reason for the high concentra-
tion at Al- Diwaniyah station may be the increase in burn-
ing of wastes in areas near the River, particularly in the
Sayed Mubhail area, as well as blacksmiths and corrosion
of steel bridge columns in the River.

Average Cu concentration ranged from 22.902 to
35.552 mg/L in the sediment samples. The highest mean
concentration of Cu was observed at Al-Diwaniyah station,
possibly owing to the discharge from the rubber factory.
The mean levels of As ranged from 20.512 to 26.869 mg/L
in the River sediments. The maximum concentration of As
was observed at Al-Hamza station. The possible reason for
the high concentration at Al-Hamza station was the influx
of pollutants from agricultural drains of fertilization and
agricultural pesticides, thereby promoting As availability in
the study area (Aide et al. 2016). Cd levels in the river bed
sediments decreased by 0.17 and 0.36 mg/L at Al-Hamza
and Al-Saniyya stations, respectively. These values are the
lowest concentrations of heavy metals studied in the river
sediments. The reason for the low level can be attributed to
the scarcity of Cd from human sources in the study area,
which lacks mining and battery factories.

The study of heavy metals in the benthic sediments of
Al-Diwaniyah River indicated that the levels of Pb, Zn, Cu,
and Cd were significantly lower than the levels reported by
Kadhum et al. (2020). However, these findings (except for
Cd) were higher than the findings of Alkam et al. (2014)
(Table 8). The levels of Ni, Pb, and As exceeded the permis-
sible limits of sediment quality guidelines by CCME (2001)
(Table 8). High concentrations of these metals caused dam-
age to the water environment and various activities, while
the remainder of the metals were within the permissible
levels.

Sources of contamination

Pearson correlation coefficient was used to explore the lin-
ear relationship among the distributions of heavy metals in
the surface sediments of Al-Diwaniyah River to identify the
factors controlling the transport and accumulation of these
metals (Table 9). The results showed that pH plays a major
role in the accumulation of heavy metals in the river bed in
all seasons except spring (i.e., correlation coefficients were
positively correlated between 0.785 and 0.994). Meanwhile,
water temperature was negatively correlated with the major-
ity of the heavy metals (r= —0.197 to—0.992).

The relationship between TDS and levels of heavy metals
is seasonally varied (positive and negative) and the power
of r varied between —0.071 and 0.998. In general, the rela-
tionship between the majority of heavy metals and the

Table 8 Comparison of heavy

metal concentrations (mg/L)

in the Al-Diwaniyah River
sediments with previous studies
and international standards

Heavy metals Mn Ni Pb Zn Cr Cu As Cd
Present study 477.93 77.36 43.80 40.11 29.92 28.72 23.31 0.28
Alkam et al. (2014) - - 9.74 23.18 - 15.71 - 1.67
Kadhum et al. (2020) - - 63.23 156.15 - 67.52 - 1.29
Guidelines for aquatic 500 50 35 123 37.3 35.7 59 0.6
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current velocity tends to be varied negatively (r= —0.022
to—0.950), while the relationship between water discharge
(Q) and heavy metal concentrations is generally positive
(r=0.024-0.999). In addition, there is a significant linear
correlation between clay and silt particles with the majority
of the heavy metals in three seasons, except summer. By
contrast, the relationship between sand and the majority of
the heavy metals was negative in all seasons, except summer
(r=from—0.037 to —0.998).

Correlation analysis between the majority of the physical
and chemical parameters with heavy metal levels in the sedi-
ments of Al-Diwaniyah River indicated that the correlation
was positive or negative varied strong or weak. This result
indicated that human activities may be the main contributor
for the accumulation of heavy metals in river sediments.

Conclusions

The current study revealed that the concentrations of Mn, Ni,
Cr, Zn, Cu, As, and Cd in the waters of Al- Diwaniyah River
were low (with the exception of Pb). Heavy metal contents
in the bed sediments were higher than that of the river water.
This discrepancy in levels indicates an increased accumula-
tion of heavy metals in the river bed compared with disso-
lution and transport. Mn, Ni, Pb, and As concentrations in
the sediments were high, while Zn, Cu, Cr, and Cd had no
environmental concern. Despite the existence of residential
neighborhoods, spread of irrigated lands, and presence of
some industrial activities, all of which dispose their wastes
directly into the River without treatment, the low concentra-
tions of the majority of the studied heavy metals in the river
water reflect the limited role of these activities in polluting
the quality of river water.

However, uncontrolled urban development in the region
is likely to increase water pollution level in the future. Water
quality in the River reflects the combined effects of natural
and human factors. In the surface water and bed sediments,
Pb mainly came from the textile factory, traffic pollution,
and agricultural drainage water. In addition, Mn, Ni, and
As in sediments may have been derived from a combina-
tion of sources, such as atmospheric deposition resulting
from fossil fuel combustion and waste water influx from
agricultural, industrial, and residential activities. Moreover,
the sources of Zn, Cu, Cr, and Cd were unclear owing to the
drastic decrease in their concentrations, whether in water or
sediments. Note also that the physical and chemical prop-
erties of water play important roles in the absorption and
accumulation of heavy metals in the River. The results of
the current study provide beneficial information on water
quality along the studied river, whether in the Al-Qadisiyah
governorate or adjacent areas. However, the diversity and
interaction of natural and human factors affecting the levels

@ Springer

of heavy metals in the River requires extensive monitoring
to determine a wide range of pollution sources.
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