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With a focus on the impact of the Rustumiya sewage treatment facility, the
physio-chemical and indicator bacterial contamination pollution of the Diyala
River (Irag) was examined. The Diyala River in Baghdad was sampled on a
monthly basis from March 2022 to February 2023 for surface water and sediment.
The findings demonstrated seasonal and geographical variation in physio-
chemical parameters (pH, EC, salinity, and TDS) and bacteriological markers
(TC, FC, E. coli, and FS). The research procedures and methods showed that
some physicochemical parameters (pH, EC, TDS) in sediment exceeded their
standard limits concerning aquatic life protection in spring and summer. The level
of bacteriological pollution in the water and sediments, evaluated by tracking of
faecal indicator bacteria (E. coli and Enterococci), during the autumn and winter
seasons had the largest concentration of bacterial contaminants. In this study, the
main finding was the majority of the studied stations had water classified as not
recommended or unacceptable and sediment classified as acceptable or
conservatively accepted. The source of contamination, determined by the ratio
value of faecal coliform bacteria to faecal Streptococcus, was from human origin
in the majority of studied stations, and from mixed origin during the spring and
summer. Bacterial indicators in this research exhibited both quantitative and
qualitative fluctuation, suggesting their potential utility as a bio-indicator for
contamination of water and sediment in the Diyala River.

1. INTRODUCTION

The majority of cases where the faecal
contamination factor (FC:FS ratio) was greater than 4
showed that the area was predominately affected by
human-borne faecal contamination. The release of
untreated wastewater into rivers or rivers that have
received inadequate treatment from water treatment
facilities is a major contributor to the detriment of the
aquatic ecosystem. This is due to the fact that heavy
water is discharged into rivers without treatment.
Since man began storing the earth, water systems have
been the most heavily used natural resource (Yehia
and Sabae, 2011; Khaled, 2016; Hawraa and Mrooj,
2018; Humudat et al., 2020). Human and animal
waste, as well as temperature, oxides, salt, and
pesticides are examples of biological pollutants that
have deleterious effects on microbial populations in
water and sediments (Filimon et al., 2010; Diwan et
al., 2018; Abdus et al., 2019).

Due to their quick adaptation to new conditions,
bacteria provide excellent sensors for monitoring
microbiological contamination of surface water
(Gunda and Mitra, 2016; Kirschner et al., 2017; Chen
et al., 2019). Bacteria may be used as indicators of
water quality from two perspectives: either they
indicate fecal pollution of the water supply or they
pose a health concern (Baghed et al., 2005).

Although there is no consensus on how best to
measure microbial contamination in water systems,
total coliform bacteria (TCB) and fecal coliform
bacteria (FCB) have historically been used as microbial
indicators of water (APHA, 2005). While FCB are not
directly harmful to humans or animals, their presence in
water systems is a sign that waste from humans and
other warm-blooded species has made its way there
(Yehia and Sabae, 2011; Sudip et al., 2021).

Commonly used indicators include coliform
bacteria, which may have been reduced from total
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coliform to fecal coliform and faecal Streptococci
(Kistemann et al., 2002). Commonly used indicators
include coliforms, which may have been reduced from
total coliforms to faecal coliforms and faecal
Streptococci (Messner et al., 2017; Ramos-Ramirez et
al., 2020).

The removal and degradation of pollutants and
their conversion into lower risk compounds through
sedimentation, aeration, filtration, chlorination and
other processes at treatment plants such as the Al-
Rustamiya Wastewater Treatment Plant are important
steps in the process of reducing pollutant levels. Water
Spill Hazard (RSTP). Pollution of most of the rivers
and streams in Baghdad governorate is increasing
exponentially due to a combination of factors
including the carelessness of citizens and the
irregularities of many authorities dumping waste
directly into the rivers. The Diyala River is considered
to be one of the largest rivers in the province,
stretching for more than 150 km. Early roads in Iran,
considered one of the most important tributaries of the
Tigris. Several writers have examined the Diyala
River, focusing on water quality (Al-Lami etal., 1996;
Ayad, 2017; Abd Alkhder et al., 2019).

Bacterial pollution in the water body is one of
the major issues concerning the sanitary quality of
drinking and recreational water. The pollution of water
samples by bacteria might become the cause of a
severe epidemic of enteric diseases. So, the purpose of
this research was to study the prevalence of the
bacterial indicator in the Diyala River in Iraq, both in
its water and in its sediments.

2. METHODOLOGY
2.1 Area of study

The objective of this research was to investigate
the degree to which the bacterial indicator was
prevalent in the Diyala River in Iraq, both in the water
and the sediment. At Sanandaj in lran’s Zagros
Mountains, the Diyala River begins its journey. This
river serves as the border between Iran and Iraq for
more than 30 km. The river drains an area that is
32,600 km?, and its length is 574 km (UN-ESCWA
and BGR, 2013). The objective of this research was to
investigate the degree to which the bacterial indicator
was prevalent in the Diyala River in Irag, both in the
water and the sediment.

The three main tributaries of the river are Don
Lo, Sarawang and Vander. It crosses the Hemreen
Mountains before branching into many other streams
including Diyala, Al-Khalis, Rose, Haronia,
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Shahraban, Mahrute and Khraisan. Three dams were
built on the river; their numbers are as follows:
Darbandekhan (three times 109 md®), Diyala (a
controlled dam), and Hemreen (four times 109 m?3).

One of the most important projects is the Al-
Rustumiya treatment facility, which provides services
to the Rusafa neighborhood in the eastern part of
Baghdad. The community’s sewage is discharged into
the Diyala River, which eventually flows into the Tigris
River. The former Al-Rustmiya Sewage Treatment
Plant consists of two stations, the first being the Al-
Rustmiya South Station. This station has been in
operation since 1963 and is comprised of the integrated
projects three zeros (FO) and expansion | (F1),
respectively. Since 1984, the Extension Il (F2), also
known as the Al-Rustumiya north station, has been in
service. The Diyala River will ultimately become the
site of the plant’s discharge (Al-Sakini, 2016). Four
sites along the Diyala River were chosen. Site (1) was
about 800 meters north of the Rustamiya Wastewater
Treatment Plant. Site (2) was located at the new Diyala
Bridge after the outflow of the north Rustamiya into the
Diyala River, which was approximately 1.8 km away
from the first site. The site (3) was located on the army
channel after the outlet south of Rustamiya in the Diyala
River, which was approximately 3 km away from the
second site. The fourth site is located near the AL-
Rasool Bridge, which is about 3 km away from the third
site (Figure 1).

2.2 Sample collection

Water and sediment samples will be collected
monthly at four different locations from March 2022
to February 2023. The water was sampled from mid-
stream, from the surface layer (25-35 cm deep)
directly into sterile flasks. These samples are analysed
at the environmental laboratory as soon as practicable
after collection. Sediment samples were collected
using a van veen scoop sampler; from which the
samples were aseptically transferred into sterile glass
containers. The samples were then placed in thermo
insulated bags, and transported to the environmental
laboratory for analyses.

2.3 Physicochemical analysis

Use a pH meter as a sample, and measure the
pH value of the river water after calibration with a
standard solution (buffer solution). EC conductivity
was analyzed using the HANNA-type electrical
conductivity meter and the results were expressed in
units of microsiemens/cm (ps/cm). Total dissolved
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solids (TDS) were measured using a multimeter
(manufactured by Hanna) and expressed in mg/L. The
salinity was measured according to (APHA, 2017)

based on the conductivity measurement and the
following equation were uses to calculate the salinity.

)

Salinity% = EC — 14.78/1589.08

Figure 1. Study area with sampling stations

2.4 Bacterial identification

Total bacterial count (TCB) and fecal coliform
bacteria (FCB) were determined using the most
probable number (MPN) method. Incubate for 48 h at
37°C for total coliforms and 24 h for fecal coliforms
at 44°C (in a water bath), and a positive result is
indicated by an increase due to gas evolution in the
tubes, and the identification was finalized by
microscopic inspection and biochemical tests. Using
the MPN technique, positive tubes showed severe
turbidity and purple color after incubation in azide-
dextrose broth at 37°C for 48 h (APHA, 2005; Filimon
et al., 2010). There were three tubes used for each of
the three decimal dilutions of each sample. Use of
MacConkey broth for inferential TC and FC testing
next, a gram stain is used to validate the results of the
TC test using vivid green bile. The EC medium was
tested at 44.5+0.5°C to confirm cases of FC (by water
bath). The MPN technique was employed to identify
faecal Streptococci, with azide-dextrose broth serving
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as the presumptive test and ethylvioletazide broth
serving as the confirmatory test.

3. RESULTS AND DISCUSSION
3.1 Grain size analysis

Soil physicochemical characteristics at the
locations of the different sediments of the Diyala River
are listed in Table 1. According to Table 1, this kind
of soil is called sandy loam. A grain size study showed
that sand ranged from 612 to 712 mg/kg of soil, silt
from 140 to 260 mg/kg of soil, and clay from 108 to
148 mg/kg of soil.

3.2 Sediment composition analysis

The Diyala River deposition site was
characterized using scanning electron microscopy
(SEM) and energy-dispersive X-ray spectroscopy
(EDS) of sediment grain and pore structure. The
sediment from site 1, site 2, site 3 and site 4 was
magnified at a magnification scale of 20 um according
to (Wang et al., 2017).
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Tablel. Grain size analysis of different sediment sites in the Diyala River at Baghdad city

Locations Grain size analysis (g kg/soil)

Sand Clay Silt Tissue class
Site 1 632 108 260 Sandy loam
Site 2 612 128 260 Sandy loam
Site 3 692 108 200 Sandy loam
Site 4 712 148 140 Sandy loam

Figure 2 (al-a4) shows the energy dispersive X-
ray spectroscopy (EDS) curve for sediments, showing
that (SE, C, Si, Ca, Al, Mg, K, Fe) for site 1, (SE, C,
Si, Ca, Al, Mg, K, Fe, O, Na) for site 2, (SE, C, Si, Ca,
Al, Mg, K, Fe, O, na) for site 3 and (SE, Si, C, Ca, Al,
Fe, In, O, Mg, Ba, Co, P, S) for site 4 are present in
relatively high amounts.

Figure 2 (b1-b4) shows that the scanning
electron microscope (SEM) has been curved upwards
to describe the comparisons showing the surface
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shape, particle distribution, contaminant distribution
and the morphological properties according to (Rashid
and Faisal, 2018; Safia et al., 2021).

3.3 Water and sediment analysis

The distribution and seasonal changes of the
physical and chemical properties of the Diyala River
water and sediments and bacterial pollution indicators
are shown in Figures 3 and 4.
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Figure 2. EDS for the composition and SEM images for the sediment samples: (a) EDS, (b) SEM
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Figure 2. EDS for the composition and SEM images for the sediment samples: (a) EDS, (b) SEM (cont.)

pH values were consistent throughout the
duration of the study period in all the studied stations,
which is common in waters and sediment (Hashim and
Rabee, 2014; Muhanned et al., 2020). High pH values
were recorded in the summer at water site 4 and
sediment site 1, while lower values were recorded in
the winter at water site 1 and in the autumn at sediment
site 4. This may be due to the decomposition of
organic matter, which can be felt in large quantities at
these stations. This value was within the Iraqi Water
Standards (1967), as shown in Figure 3 (a-b).

Within a period, the study recorded the highest
values of the EC and salinity (2,900 S/cm, 1.86%) in
water, respectively, at sites 1, 2, and 3 during the
summer and (2,600 S/cm, 1.66%) in sediment,
respectively, at site 2 in the spring. while the lowest
values were 1,900 S/cm and 1.22% in water,
respectively, at site 4 during autumn and 1,180 S/cm
and 0.76% in sediment, respectively, at site 4 in
winter, as shown in Figure 3 (c-f). Higher value
readings of conductivity and salinity may be due to the
rainfall, which will cause the salts to drift from the area
surrounding the river and the discharge of the
Rustumiya sewage treatment plant (RSTP), increasing
salt concentrations as well as many other pollutants
(Ghayda et al., 2022). These values are close to those
measured in other studies of this river (AL-Khaledy,
2003; AL-Sarraf, 2006).

The total dissolved solids (TDS) values showed
a high value (1,856, 3,260) mg/L at water site 2 during
spring and sediment site 2 in summer, The lower
values (902, 770) mg/L were measured in water
sample point 3 in autumn and sediment sample point
4 in winter. A high value may be due to the rainy
season and a period of high discharge. These values in
sediment exceeded the Iragi Water Standards (1967),
as shown in Figure 3 (g-h).
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In this research, the total coliform bacteria
(TCB) concentrations in the water samples varied
between 3.6 and 2,300 MPN/100 mL from site 4 to site
2, and the TCB concentrations in the sediment samples
varied between 3.6 and 1,100 MPN/100 mL from site
4 to site 2. According to these findings, the highest
values were seen throughout the winter and autumn
seasons. Increased bacterial activity led to a higher
concentration of organic matter (as seen in Figure 4 (a-
b)) (Othman et al., 2012). High concentrations of TCB
were found across all research locations and time
periods. High levels of suspended solids and nutrients
in runoff water may lead to a decline in aquatic
microflora and increased incidence of TCB in winter
and autumn (Ankit et al., 2019).

Figure 4 (c-d) show that the total number of
faecal E. coli found in water and sediment varied
widely across all study sites, ranging from 3 to 1,150
MPN/100 mL in water and from 2 to 150 MPN/100
mL in sediment. (Kirschner et al., 2017) note that fecal
coliforms are the greatest markers for gauging recent
fecal contamination, which comes mostly from raw
and processed sewage as well as dispersed influences
from agricultural land and pasture.

In this study, the prevalence of faecal indicator
bacteria was determined in samples collected from a
large river in a rural area. According to studies
(Quattare et al., 2011), this river was more polluted
than others since it flowed through fields. In water, the
MPNs for E. coli and S. faecalis range from 0.5 to 35
MPN/100 mL and 3 to 75 MPN/100 mL, respectively,
and in sediment 0.5 to 20 MPN/100 mL, 0.5 and 6 per
100 mL, respectively the number of cells. Faecal
Streptococci are appraised to have certain benefits
over the coliform bacteria as indicators as they are
more resistant to environmental pressure and
chlorination than coliforms (Gerba et al., 2019).
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Figure 3. Seasonal variation of some physicochemical parameters (pH, EC, Salinity, TDS)
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As illustrated in Figure 4 (e-f), the river’s land
and RSTP sediments affect these microorganisms. The
results showed that insolation, turbidity, temperature,
salinity, dissolved oxygen, and organic matter may all
have effects on the variation of bacterial index values
and counts in different seasons and locations in the
Diyala River (Yehia and Sabae, 2011). High levels of
sun radiation and high temperatures may hasten the
demise of the indicator bacteria, which may explain
why summer months have the lowest numbers (El-
Shenawy, 2005).

As predicted from heavy, untreated water, the
investigation found a rise in pollution factors in the
water entering the station. Discharging this water to
the Diyala River without treatment will worsen the
river’s low level, lack of flow, and dry conditions.

3.4 FC:FS ratio in water and sediments

Surface and groundwater samples were
analyzed for the presence of bacteria by comparing the
levels of faecal E. coli and faecal Streptococci
(Baudisova, 2009). A ratio of 4 or more indicates
pollution from humans, a ratio of 0.7 to 4 indicates
contamination from a combination of sources, and a
ratio of less than 0.7 indicates pollution from wild
animals. The seasonal variation of this percentage
indicates that the source of pollution at most stations
is anthropogenic pollution in spring and summer.
While it was of mixed origin during the winter, as

shown in Table 2. These results can be attributed to
human activities and sewage waste in most seasons of
the year. While the source of mixed pollution can be
attributed to the waste of animal farms in addition to
precipitation during this period. These results agree
with other studies (Donderski and Wilkk, 2002;
Shawky and Saleh, 2007; Raji et al., 2015).

3.5 Water and sediment quality evaluation

Due to the high level of bacterial contamination
of the river's water and sediments (WHO, 1989), it is
questionable whether the use of Diyala River water for
irrigation would increase the risk of infection
transmission (Obasohan et al., 2010). WHO proposes
an average value of 1,000 MPN/100 mL for fecal
coliforms in vegetable irrigation wastewater.

Table 3 provides practical guidance for
planning and implementing a freshwater quality
research and monitoring program (UNEP and WHO,
1996). Therefore, the water quality of the Diyala River
was assessed according to the approved test limits for
bacterial indicators (TC, FC and FS) in water and
sediment (UNEP and WHO, 1996). By applying the
World Health Organization's criteria for assessing
water quality based on bacterial indicators, it was
observed that most of the surveyed sites were rated as
not recommended or unacceptable in water, and
acceptable or conservatively acceptable in sediment,
as shown Table 4 and Table 5.

Table 2. Indicate the source of bacterial contamination as a ratio (FC/FS)

Locations (FCIFS) Water (FC/FS) Sediment
Site 1 Site 2 Site 3 Site 4 Site 1 Site 2 Site 3 Site 4

Spring Mixed Mixed Mixed Mixed Human Human Human Human

Summer Mixed Mixed Human Mixed Human Human Mixed Human

Autumn Mixed Human Human Mixed Human Human Human Mixed

Winter Human Human Human Human Human Human Mixed Human

Table 3. Evaluation of water and sediment quality in Diyala River (UNEP and WHO, 1996)

Bacterial Number of cells/100 mL (Water) ~ Number of cells/100 mL (Sediment) Water quality Symbol

indicator

(TC) 50> 50,000> Acceptable A
51-500 51,000-500,000 Conservatively accepted CA
501-1,000 501,000-1,000,000 Not recommended NR
1,000-10,000 1,000,000-10,000,000 Unacceptable UA
10,000< 10,000,000> Contaminated C

(FC)or (FS) 10> 10,000> Acceptable A
11-100 11000-100000 Conservatively accepted CA
101-1,000 101000-1000000 Not recommended NR
1000-10000 1000000-10000000 Unacceptable UA
10,000< 10,000,000< Contaminated C
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Table 4. Water quality evaluation according to the approved limits for testing water (TC, FC, FS) MPN/100 mL

Locations (TC) (FC) (FS)

Sitel Site2 Site3 Site4 Sitel Site2 Site3 Site4 Sitel Site2 Site3 Site4
Spring A UA CA A A CA CA A A CA CA A
Summer A UA CA CA A NR CA A A CA A A
Autumn UA UA UA UA CA UA UA CA CA CA A A
Winter CA UA UA CA NR UA UA NR CA CA CA CA

Table 5. Sediment quality evaluation according to the approved limits for testing sediment (TC, FC, FS) *10° MPN/100 mL

Locations (TC) (FC) (FS)

Sitel Site2 Site3 Site4 Sitel Site2 Site3 Site4 Sitel Site2 Site3 Site4
Spring A CA A A CA CA A A A A A A
Summer A CA A A CA CA A A A A A A
Autumn A UA A A CA CA CA A A A A A
Winter A CA CA A CA NR A A A A A A

4, CONCLUSION

e The physico-chemical parameters (pH, EC,
TDS) in sediment were exceeded their standard limits
concerning of aquatic life protection at spring and
summer.

e Bacterial contamination levels in Diyala River
water and sediments were assessed by tracing faecal
indicator bacteria (Escherichia coli and Enterococci).
The concentrations of E. coli and fecal bacteria in the
river water were highest in autumn and w inter.

e Fecal coliform, faecal Streptococcus and
Escherichia coli were detected in all water samples,
indicating the seriousness of the pollution of Diyala
River to human health.

e The index factor FC:FS values of most samples
were greater than 4, indicating the dominance of
human fecal contamination.

e The water quality of the Diyala River in the
study area was deteriorated by the Rustumia sewage
treatment plant.
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