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Abstract The study was conducted to assessment of two drinking water treatment plants in Baghdad City, Iraq
from December 2016 to July 2017. Three sites for each plant were selected which represent the sedimentation basin,
filtration basin and final stages after chlorination. Seventeen physicochemical parameters of water quality were
analyzed in this assessment. These parameters were temperature, turbidity, electrical conductivity, pH, dissolved
oxygen, biological demand oxygen, total dissolved solids, total hardness, nitrate, phosphate, calcium, magnesium,
residual chlorine and heavy metals (lead, cadmium, Nikel and Chromium). In addition to four bacterial indicators of
drinking water pollution (APC, Total Coliform, Fecal Coliform and Salmonella spp). The results showed variation in
drinking water quality parameter values in both treatment plants. Moreover, the presence of numbers of bacteria
greater than permissible limit, indicating a deficiency in the purification process.
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1. Introduction
The most challenges in most developing countries
preserves the water bodies from the impact of pollution,
save the drinking water and sacristy of water [1].
Monitoring the physicochemical and biological factors of
water bodies and the drinking water plants is important for
life of aquatic organisms and public health [2,3].
The water purification establishments are responsible
for equipping citizens with clean, colorless water, without
a foul taste and bad smell. The use of advanced water
purification and sterilization methods have resulted in
a decrease in the mortality rate from contaminated
drinking water [4,5]. WHO [6] emphasized the importance
to assess the treatment plants from the raw water source to
users. Many countries are interested in setting water
quality guideline and water quality indices for household,
agro-industrial and other use [7,8,9].
The quality of the raw water sources (such as river,
lakes, wells.. etc.) is controlled by its physicochemical and
biological features, in addition to the pollutants from
different sources of pollution [10]. GEMS [8] reported
that it's difficult to use a single scale to identify the water
quality, and prefer to use a composite indices for this
purpose with a number of measurements. Enhancing the
quality of water before used by consumer is depend on the
efficiency of drinking water treatment processes in the
treatment plant which must be safe and within the
standard criteria for public health [12,13].
Sorlini, et al. [14] studied the drinking water treatment

plant in the North of Italy to assess these plants by checking
all treatment processes and measurement of parameters.
The study is outlines the problems in the operations
systems and allowed to identify the possible solutions to
enhance the treatment plant. Collivignareilli [15] reported
that the Water Safety plan (WSP) application is the best
protocol to save and manage of drinking water treatment
plants and to safe the public health. Shanmugasundaram et
al. [16] evaluated the drinking water quality in India
(Coimbatore) by selecting seven parameters. The results
showed that the drinking water is not acceptable and needs
to purification treatment, and some parameters such as:
Alkalinity, TDS, Hardness and turbidity values were
exceeded the permissible limit of drinking water quality.
Hassan et al. [17] used fourteen parameters to assess the
drinking water treatment plant of Jurf Al-Sakar in Babylon
Provence, Iraq. The study revealed that the treatment plant
was not efficient to produce drinking water. Barbooti et al.
[18] evaluated the drinking water quality in Baghdad city.
In this study four parameters, seventeen heavy metals and
eleven trihalmathane were selected for the evaluation. The
results showed high sulphate and aluminium values in the
drinking water.
Tigris river is the ultimate drinking water source for
Baghdad City. The city has population of >5 million
people. In the last few years, It was noticed an increase of
wastewater and direct disposal of Tigris River. Moreover,
the detection of the presence of some antibiotics in the
drinking water beside of other pollutants [19]. The study
was aimed to assess the drinking water quality in two
treatment plants before distribution to the consumer in
Baghdad city.

2

Journal of Applied & Environmental Microbiology

and washed several times with tap water and distilled
water.

2. Materials and Methods
2.1. Description of the Study Treatment Plant
The study was carried out from September 2016 to
July 2017, to examine chemical, physical and microbial
characteristics of two drinking water treatment plants, in
Baghdad city. These plants were AL-Wihda (AW) and
AL-Rasheed (AR) water treatment plants (Table 1, Figure 1).

2.2. Water Sampling
Drinking water samples were collected from AL-Wihda
and AL-Rasheed plants in the district of AL-Rusafa
from three stages within each of the two projects
under study and as follows (Sedimentation basin,
Filtration process basin, and Final chlorination basin). The
following symbols of the selected sites in each treatment
plant were used in this study as follows:

2.3. Physicochemical Tests
Field and laboratory measurements were carried out
according to the standard methods [20], in the laboratory
within 24hrs with three replications per sample.

2.4. Microbial Tests
The membrane filtration methods (MF) were used, after
mixing the sample by inverting its container several times,
a 100 ml of water samples was passed through the filter
cellulose membrane filter (0.45 μ). Then it was transferred
into the isolation selective medium and incubated at the
proper temperature and time according to APAH [20]
(Table 2).

2.5. Statistical Analysis
The Statistical Analysis System (SAS) program was
used for the statistical analysis. The least significant
difference (LSD test) and T-Test was used to compare
between the means of the studied parameters.

3. Results and Discussion

Figure 1. Sampling stations on Tigris River (Map from Google Earth
Pro)

The sampling tools were used according to the standard
methods (APHA, 2012) as follows: glass bottles of 250 ml
with metallic screw caps were used for bacteriological
tests which were pre sterilized by oven at 160 °C for 2 hrs.
A0.2 ml of sodium thiosulfate solution (10%) was added
to offset the effect of residual chlorine, then it was
sterilized by autoclaving at 121°C and 1.5 atmospheres
pressure for 15 min. The second type of bottles is glass
bottles of 1L. These bottles are used for the collection of
water samples for physicochemical tests, and light and
dark bottles (300ml) were used for DO and BOD5 tests,
respectively. All the glass bottles were washed with soap

The water temperature is ranged from the lowest value
(9.57°C (± 0.37)) in the winter at AW3 to the highest
value (36.83°C (± 2.64°)) in the summer at AR1 and AW1
(Figure 2). The water temperature values of drinking
water before distribution to consumers (DWBDC) were
9.57°C (± 0.37) in the winter at AW3 and 34.33°C (± 2.35)
in the summer at AR3. The raised of temperature in dry
seasons than in humid seasons could be due to long
and high sunlight intensity [21]. The climate of Iraq is
characterized by dry desert type and varying temperatures
between day and night, and, among seasons. This
difference affects the metabolic processes, and gases
solubilities such as oxygen, carbon and chlorine, all these
give a clear image of the effect of temperature on all
ecosystems [20,23]. The statistical analysis of water
temperature showed a significant difference between the
season for each site (P<0.05) and did not record any
significant difference between sites for each season except
(LSD=3.09, P<0.05).

Table 1. The symbols of the study sites in both drinking water treatment plants
Site
AL-Wihda- Sedimentation basin
AL-Wihda- Filtration process basin
AL-Wihda- Final chlorination basin

Symbol
AW1
AW2
AW3

Site
AL-Rasheed- Sedimentation basin
AL-Rasheed- Filtration process basin
AL-Rasheed- Final chlorination basin

Symbol
AR1
AR2
AR3

Table 2. The culture media of study bacteria and the circumstances of their growth
Bacteria
Aerobic plate count (APC)
Total coliform (TC)
Feacal coliform (FC)
Feecal Streptococcus (FS)

Media
Nutrient agar
M-Endo agar/lactose
peptone water.
EC broth, agar and
lactose peptone water
Azide broth and Pfizer
agar

Circumstances of growth
10 ml of water sample filtered/ incubated at 35 °C for 24- 48 hrs. calculated by colony counters
100 ml of the sample was filtered/ incubated at 35-37°C for 24 hrs. To confirm the results, it
wascultured on tubes of lactose peptone water then incubated at 35 or 37 °C for48 hrs.
100 ml of the sample was filtered/ incubated at, 44-44.5 °C for 24 hrs. To confirm the result, it
was cultured on a tube of lactose peptone water, then incubated the tubes at 44 °C for 24hrs.
100 ml of the sample was filtered/ incubated at 35 °C for 24 ± 2 hrs. To confirm the results, it
was cultured on a Pfizer agar, incubated at 37°C for 24 – 48 hrs.
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Figure 2. Physicochemical parameters in the study Drinking water treatment plants

The lowest value of pH (7.13 ± 0.42) was recorded at
AW3 in winter, while the highest value was 7.77 (± 0.62)
at AR1 in the summer (Figure 2). Its values of DWBDC
are 7.13 ± (0.42) at AW3 in winter and 7.67 (± 0.51) at
AR3 in the summer. The results revealed that higher pH
value recorded at both studied plants in the summer, this
indicated thatthe decrease of CO2 concentrations in the
water is as a result of high temperature [21]. In addition to
the excessive using of CaCO3 in order to control corrosion
of pipes [25]. The pH values in these plants were agreed
with the high buffer capacity of Iraqi water [1,26], the
statistical analysis showed non-significant differences
among seasons and sites (P<0.05), The pH values were
within the permissible limits (6.5-8.5) of the Iraqi Criteria
and Standards for drinking water chemical limits (5.8-8.5)
[6,27].
The lowest electrical conductivity (EC) value was 671.56
µs/cm (± 37.38) at AW3 in autumn, and the highest value

was 1048.83 µs/cm (± 56.2) at AR3 in winter (Figure 2).
EC values of DWBDC are 671.56 µs/cm (±37.38) at AW3
in autumn and 1045.07 µs/cm (± 67.4) at AR3 in winter.
The results showed a higher concentration of conductivity
in winter than in summer and thus may due to rainfall and
soil erosion of the river or due to river loads of tons of
sand deposits and various elements loaded with salts [28].
The values of EC of Al- Rasheed plant was higher than
AL-Wihda were observed, that may due to ancient age and
inefficiency of the basins of sedimentation and filtration
[29]. The EC values were within the Iraqi permissible
limits (1500 µs/cm) [6,27].
The lowest turbidity value was 2.31 NTU (± 0.18) at
AW3 in autumn, while the highest value was 5.44 NTU
(± 0.17) in winter at AR3 (Figure 2). Its values of
DWBDC are 2.31 NTU (± 0.18) at AW3 in autumn and
5.44 NTU (± 0.17) in winter at AR3. Higher values of
turbidity in the winter may be due to the increase of
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rainfall proportion and rising water levels with the drifting
of these rains which are ended in the river water. Also,
domestic wastes were contributed to increasing the
turbidity [30,31]. The higher turbidity values at Al-Rasheed
plant maybe caused by the impact of the south Baghdad
electrical power station and AL-Rasheed electrical power
station, which lead to the rise in the means of turbidity in
the river due to the rise of cooling and cleaning water. A
significant differences were noticed between seasons at
AW1, AW2 and AR1 and among all sites (P< 0.05). The
maximum turbidity values recorded in this study were not
exceeding the permissible limits (0-5NTU) [6,27].
The lowest value of total dissolved solids (TDS) was
450.17 mg/l (± 26.72) in autumn at AW3, while the highest
value was 828.07 mg/l (± 31.69) in winter at AR3 (Figure 2).
TDS values of DWBDC are 450.17mg/l (± 26.72) in
autumn at AW3 and 828.07mg/l (± 36.13) in winter at
AR3. Higher concentrations of TDS in winter are attributed
to precipitation, especially in densely populated cities and
industrial areas where they carry pollutants in the atmosphere
[32]. The increase in TDS values in the AL-Rasheed plant
in most cases, as the station is affected by the activities
nearby, such as the cooling water disposal of power plants
being located south of Baghdad. LSD values showed
significant differences among seasons and non- significant
differences among the sites. The TDS values recorded in
this study were within the permissible limits (1000 mg/l)
of Iraqi standards for drinking water [27] and [6] (1500mg/l).

The lowest total Hardness value was 220.50 mg/l
(± 14.02) in spring at AW3 while the highest value was
375.10 mg/l (± 15.62) in winter at AR3 (Figure 2). Its
values of DWBDC are 220.50 mg/l (± 14.02) in spring at
AW3 and 375.10 mg/l (± 15.62) in winter at AR3. The
high value of hardness during winter may be due to the
erosion of soil across the river as a result of rainfalls and
reached these pollutants into the river water, especially
calcium salts, also, the agricultural wastes of the nearby
lands, lead to the raising of hardness in the water, while
the relative increase in autumn because of the increase in
salt concentrations especially calcium salts due to the
cleaning The lowest biological oxygen demand (BDO5)
value was 1.68 ± 0.02 mg/l in winter at AW, while the
highest value was 5.26 ± 0.09 mg/l in summer at AR1
(Figure 3). The highest BOD5 values (5.44 mg/l (± 0.09)
of DWBDC recorded in the summer at AR3. The highest
values of BOD5 showed in the summer, maybe due to the
impact of high temperature on metabolic processes and
increasing the pollutant activity that effecting the Oxygen
requirement [37]. The BOD5 results from the AL - Rasheed
plant were higher than AL-Wihda plant because of the
large amounts of sewage discharge [29]. The results
indicate that there is a significant difference between
seasons for all sites except inAW3, but non-significant
differences between sites for all seasons except in spring
(P< 0.05). The BOD5 values were exceeding the allowable
limits (5mg/l) [6,27].

Figure 3. Environmental parameters in the study Drinking water treatment plants
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Nitrate (NO3) concentration is ranged from the lowest
values (1.80 ± 0.01 mg/l) in summer at AW3 to the highest
value (5.22 ± 0.16 mg/l) in winter at AR1 (Figure 3). NO3
values of DWBDC are 1.80 mg/l (± 0.01) in summer at
AW3 and 3.42mg/l (± 0.08) in winter at AR3. The study
showed that the NO3 concentration is increased in winter
and autumn due to the precipitation and erosion of certain
salts rich deposits i, which contains nitrate [38], and the
increase of comes from the predominant non-organic form
of nitrogen because of the abundance of dissolved oxygen
in the surface water that acts on the oxidation of nitrite to
nitrate [39]. The statistical analysis showed a significant
difference (P<0.05) in NO3 among seasons, but no any
significant differences among sites was observed in all
seasons except in winter and autumn The nitrate value
within the allowable limits (less than 50 mg/l) [6,27].
The minimum concentration of phosphate (PO4) was
0.01 mg/l (± 0.002) during the most seasons in many sites,
while the maximum concentration was 0.025 mg/l (± 0.005)
in the winter at AR1 (Figure 3). The highest PO4 values
(0.01mg/l (± 0.02) of DWBDC recorded in the winter at
AR3.The increase of PO4 concentration noticed in winter
is as a result of washing of the river banks into the
river water after the rainfall, in addition to the washing
phosphate fertilizers from the agricultural land [39]. Also,
population density and type of rock layers are the reasons
for high PO4 concentration, while the low concentration in
the summer, due to the consumption of phosphate by
algae and aquatic plants because phosphates is an essential
nutrient for the growth of organisms [40]. A significant
differences (P<0.05) in PO4 values between seasons for all
sites were observed except at AW1 and AR1) but
non- significant differences among sites were observed in
all seasons except in autumn. The values of PO4 exceeded
the permissible limits (0.01 mg/l) [6,27].
The lowest sulfate (SO4) concentration is recorded
(117.58 ± 6.46 mg/l) in summer at AW3 and its highest
concentration was 720.00±37.62 in winter at AR1 While
its highest values of DWBDC are 392.40mg/l (± 29.67) in
the winter at AR3 (Figure 3). The increase of sulphate
concentrations in winter may be due to the increase of
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rains drifting chemical fertilizers, agricultural runoff, and
pesticides that contain sulphate [41]. In addition to the
increase of sulphate values in the drinking water due to the
traditional removing methods or due to adding alum with
irregular doses [42]. A significant differences (P<0.05) is
noticed in the seasons, and non- significant differences among
sites for all seasons is detecyed except in summer The sulphate
values recorded in the present study exceed the limits
(400mg/l) according to ICSDWCL [27] and WHO [6].
The values of residual chlorine are ranged from
1.22mg/l (± 0.06) at AW3 in autumn to 4.35 mg/l (± 0.17)
in summer at AR3 (Figure 3). The results show high
percentages of residual chlorine in drinking water in the
summer, despite the high temperatures which directly
affectthe concentration of chlorine and its evaporation,
thus the largest doses of chlorinewere added to the water
in most of the water purification stations in summer
because of the low water levels and increase of pollution
[43,44]. A significant differences among sites for both AlWihda and Al-Rasheed plants were observed, and nonsignificant differences among seasons (P<0. 05). Its values
within the Iraqi limits (5mg/l) [6,27].
The heavy metals results showed variation in their
concentrations among the seasons and sites. The Lead (Pb)
and Nickel (Ni) concentrations are found in lowest
concentration in the summer (0.0102 mg/l (± 0.001)
and 0.0251mg/l (±0.003) at AR1 and AW3, while for
Cadmium (Cd) and Chromium (Cr) were 0.0060 mg/l
(± 0.0004) at AW2 and 0.0172 mg/l at AW2 in the spring,
respectively (Figure 4). The highest concentrations of Pb,
Ni and Cr (0.0277 mg/l (± 0.003), 0.0251mg/l (± 0.003) at
AR1 and 0.0298mg/l (± 0.005) at AR2, respectively) were
recorded in the winter. Their (Pb, Ni, Cd and Cr) lowest
values of DWBDC are 0.0124 mg/l (± 0.004), 0.0152 mg/l
(± 0.001), 0.0062 mg/l (± 0.0004) and 0.0176 mg/l (± 0.004)
at AW3 in summer for Pb and Ni and for Cd and Cr in
autumn at AW3, respectively. Whereas, the highest
concentrations of Pb and Ni are 0.0263mg/l (± 0.002) and
0.0229 mg/l (± 0.002) in winter at AR3, and for the CD is
0.0077mg/l (± 0.0004) in autumn at AR3 and for Cr is
0.0281mg/l (± 0.005) at AR3 in the winter.

Figure 4. Heavy metals parameters in the study Drinking water treatment plants

6

Journal of Applied & Environmental Microbiology

The wastewater contains a number of toxic heavy
metals such as copper, lead, cadmium, and nickel that
accumulate in the soil and reach to the river and affects
the aquatic life as they aggregate in the bodies of aquatic
organisms [45]. The increasing of lead concentration is
caused by the drift of Tetra ethyl lead and Tetramethyl
into the rivers by the rainfall, in addition to the car
exhausts and its fuel [46]). Also, the treatment processes
in the plants were not effective in removing the lead from
water. The statistical analysis of the data showed a
significant difference (P< 0.05) among seasons for all sites
except (AW1) and non- significant differences among sites
for all seasons except in spring. The lead concentration was
higher than the Iraqi standards for drinking water (0.01mg/l.)
[27]. The Cd concentration has no significant differences
at the level of the treatment plants, this caused by deficiency
of treatment methods in removing the cadmium from
water, the statistical analysis of the data showed no significant
differences among seasons and sites at (P<0. 05). Ni
concentrations recorded non-significant differences in this
study, because of the weak ability of nickel to form stable
complexes with the organic materials in water which may
help to reduce the nickel concentrations in the water. The
results indicate that the means of treatment used in these
two projects are not able to reduce nickel concentrations
and they are incapable to purify water from these elements
non-significant differences of Ni concentration are noticed
among seasons except at AW3 d AR3, and among sites.
Seasonal changes in Cr concentrations showed an increase
in the present study in all seasons. Chromium is found in
wastewater and industrial processes that include tanning,
electroplating and discharge of cooling towers, the
AL-Rasheed plant located nearby the Al-Dorra power
plants which for this reason cause increasing of Cr
concentration in this plant [47]. The statistical analysis
of Cr concentrations revealed a significant difference
(P<0.05) among seasons except for AW1 and AR1 and
non-significant differences among sites. The Pb, Cd, and
Ni concentrations were higher than the Iraqi standards
for drinking water (0.01mg/l, 0.005mg/l and 0.02 mg/l,
respectively) [27]. The Cr concentrations were within the
permissible limits (0.05 mg / l) [6,27].
The total Coliform (TC) showed high content in
summer (5.01 CFU/100 ml, ± 0.12) at AR3 and lowest
mean was 1.32 CFU/100 ml (± 0.04) at AW3 in winter

(Figure 5). The increased TC during the hot seasons may
be the result of favorable temperatures for growth of
bacteria which is associated with increasing temperature
and human activities may increase the reproduction rate of
bacteria. In Al-Wihda plant, the presence of bacteria was
less in drinking water relative to Al-Rasheed plant, this
may be due to the efficiency of the first plant relative
to Al-Rasheed plant, which is characterized by less
efficiency of filtration processes, adjusting the quantities
the alum and chlorine Also, its location in the south of
Baghdad City leads to increasing the entry of pollutants
from both river banks [29]. A significant differences of
TC (P<0.05) are recorded between seasons for all sites
except (AR3) and showed significant difference between
sites. The TC values were exceeded the allowable limit
(Zero CFU /100 ml) [6,27].
Fecal Coliform (FC) contents in winter and summer are
1. 65 CFU/100 ml (± 0.09) and 6.05 CFU/100 ml (± 0.08) at
AW3 and AR3, respectively (Figure 5). The presence
of fecal coli in the treated water is an evidence of
fecal contamination and an indicator that the water
became contaminated. The highest counts of these bacteria
in summer can be attributed to suitable environmental
conditions for growth in this season, also to the domestic
wastewater and random defecation the river banks by both
humans and the animals that graze along the river banks
[20]. A significant differences of FC (P<0.05) are noticed
among seasons for all sites except at AW3 and AR3 and
showed significant difference among sites for all seasons
The FC values were exceeded the allowable limit (Zero
CFU /100 ml) [27].
The Aerobic Plate Count (APC) was recorded 11.9
CFU/ml (± 0.71) and 20.25 CFU/ml (± 1.60) in winter and
summer at AW3 and AR3, respectively (Figure 5). The
increase of APC during summer season in all locations
might be due to the available growth factors and the
activity of microorganism. The increase of nutrients of
organic and inorganic matter and salts in water sources,
also the lack of adequate contact time to ensure the
elimination of the bacteria before the pumping, The lack
of quality of the filtration process is due to of the filters
that are contaminated [48]. A significant differences of
APC (P<0.05) are recorded among all sites and seasons
for all sites except (AW3, AR3). The APC values were
exceeded the allowable limit (1 CFU/ml) [6,27].

Figure 5. Microbial parameters in the study Drinking water treatment plants. TC= total Coliform, FC= Fecal Coliform, APC= Aerobic Plate Count, FS=
Fecal Streptococcus
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The value of Fecal Streptococcus (FS) in winter and
Summer are 3.01 CFU/100ml (± 0.02) at AW3 and 5.06
CFU/100ml (± 0.07) at AR3, respectively (Figure 5). The
high concentration of FS in summer may be due to the
suitable temperature, the high domestic activities near the
river, drifting the soil and the availability of the nutrients,
meanwhile the less efficiency of disinfection processes in
the treatment plant. F is characterized by the ability
to resist the effect of chlorine and withstand high
temperatures reach 44.5. A specific seasons do not
determine the increasing ofbacterial numbers, but related
to the state of the habitat in which they live and the
availability of nutrients [49]. The contamination of FS in
AL-Rasheed plant is higher than AL-Wihda plant due to
the old age of the plant and some operational problems
also, disrupt the chlorine pumps, the irregular addition of
doses, and inadequate contact time with chlorine to ensure
that pathogenic bacteria are eliminated before pumping to
the distribution network and so the consumer receives
unsafe drinking water [29]. Significant differences in
(P<0.05) in FS between seasons for all sites except at
AW3 and AR3 and showed significant difference between
sites for all seasons. The FS values were exceeding the
allowable limit (Zero CFU /100 ml) [6,27].
The results revealed that the drinking water was absent
of Salmonella ships in both plants during the study period,
except in AL-Rasheed plant in spring and summer at AW3
and AR3 (5.5 CFU/100 ml and 6.3 CFU /100 ml,
respectively). Salmonella spp is a dangerous human
pathogen and its presence in the drinking water is danger
to public health [50]. Therefore, it is very important to
detect of this microorganism in order to prevent the
infection from the water. These might be due to the impact
of competitive action between bacteria and short life
period with a high sensitivity for the disinfection,
which helped to remove it from the water [51].
Furthermore, the intermittent detection of Salmonella in
aquatic environments may be due to the period of the
irregular adding of chlorine due to the malfunction of the
chlorination pumps especially in AL - Rasheed plants. The
results of this study agree with [52], while disagreeing
with the studies of [53]. The Salmonella spp values were
exceeded the allowable limit (Zero CFU /100 ml) [6,27].

The results of eleven parameters values were exceeded
the permissible limits of drinking water in both plants
(Table 3). Only BOD5, SO4 and all bacteriological tests at
AL-Rasheed (AR) showed a significantly different from
The AL-Wihda (AW).

Table 3. Comparison of the studied puppeteers' values (not
permissible limits of the drinking water criteria) in the AL-Wihda
(AW) and AL-Rasheed (AR) drinking water treatment plants

[1]

Parameters

Mean ± SE

T-Test

AW

AR

TUR. (NTU)

4.218 ± 0.17

4.598 ± 0.22

BOD5 (mg/l)

3.525 ± 0.09

4.173 ± 0.15

0.469 *

SO4 (mg/l)

310.808 ± 27.92

352.558 ± 31.75

29.633 *

Pb (mg/l)

0.011 ± 0.002

0.020 ± 0.004

0.013 NS

Cd (mg/l)

0.0071 ± 0.0003

0.0078 ± 0.0002

0.002 NS

Ni (mg/l)

0.016 ± 0.004

0.021 ± 0.003

0.006 NS

APC (CFU/ml )

14.608 ± 0.81

18.188 ± 1.05

2.783 *

TC (CFU/ml)

2.323 ± 0.03

5.450 ± 0.32

1.961 *

FC (CFU/ml)

3.903 ± 0.07

4.400 ± 0.16

0.357 *

FS (CFU/ml)
3.485 ± 0.11
Salmonella spp
0.00 ± 0.00
CFU/ml.
* (P<0.05), NS: Non-Significant.

4.760 ± 0.25

0.803 *

2.950 ± 0.06

1.025 *

4. Conclusions
1. Five parameter values (Turbitity, BOD5, Pb, Cd and
Ni) were exceeded the permissible limits, in
addition to the microbial test (APC, TC, FC, FS and
Salmonella spp)
2. The drinking water produced from the AL Rasheed plant have contained more contaminants
than AL-Wihda plant in which the stages of water
treatment were characterized by the old condition
compared to the first project AL-Wihda.
3. Increase the concentration of some physicochemical
parameters (turbidity, BOD, and SO4) in certain
sites that were not removed completely during the
treatment stages and it is exceeding the permissible
limits of Iraqi criteria and standards for drinking
water (IQS 417, 2001).
4. The values of microbial pathogens (APC, TC, and
fecal coliform) exceeded the allowable limit for
drinking water in summer in all Sites of both plants.
5. The results of heavy metals show that the Lead,
Cadmium and Ni were exceeded the allowed limits
in all sites of the study, where they were not
removed completely during the treatment stages for
both plants.

Acknowledgements
The authors thank Amanat Al Asima Baghdad and
Department of Biology, College of Science for WomenUniversity of Baghdad for providing all facilities of this
work.

References

[2]

0.831 NS

[3]
[4]
[5]
[6]
[7]

Abbas, A. A. A. and F. M. Hassan, “Water quality assessment of
Euphrates river in Qadisiyah province (Diwaniyah river), Iraq,”
The Iraqi Journal Agricultural Science, vol. 48, no. 6, pp.
(In press), 2017.
N. Jafarzadeh, M. Ravanbakhsh , K. A. Angali, A. Z. Javid, D. R.
V. Abadi, and S. Ardeshiradeh, “Evaluation of drinking water
quality indices (case study: Bushehr province, Iran),” Environmental
Health Enginnering and Management Journal, vol. 4, no. 2,
pp.73-79, 2017.
B. Kot, R. Baranowski, and A. Rybak, “Analysis of mine waters
using X-ray fluorescence spectroscopy,” Polish Journal of
Environmental Studies, vol. 9, pp. 429-431, 2000.
I. Ali and V. K. Gupta, “Advances in water treatment by
adsorption technology,” Nature Protocols, vol.1, pp. 2661-2667,
2007.
EPA, “US. Environmental Protection Agency, Washington, DC.,
pp. 7, 2000.
WHO “Guidelines for drinking-water quality,” 4th ed. Geneva 27,
Switzerland., 2011.
S. Varol, and A. Davraz, “Evaluation of the groundwater quality
with WQI (water quality index) and multivariate analysis: a case
study of the Tefenni plain (Burdur/ Turkey),” Environmental
Earth Science, vol. 73, pp. 1725-1744, 2015.

8
[8]

[9]
[10]

[11]

[12]

[13]
[14]

[15]
[16]

[17]

[18]

[19]
[20]

[21]
[22]

[23]

[24]

[25]

[26]
[27]

Journal of Applied & Environmental Microbiology

GEMS (The United Nations Environment Programme Global
Environment Monitoring System), “Global drinking water quality
index development and sensitivity analysis report, Canada,” pp. 58,
2007.
Ministry of Health, “Guidelines for drinking –water quality
management for New Zealand (4th edn),” Wellington: Ministry of
Health., 2017.
J. D. Hem, “Study and Interpretation of the Chemical Characteristics
of Natural Water,” U.S. Geological survey, water supply paper
22S4, U.S. Government printing office, Washington, pp. 3-144,
1992.
WHO (World Health Organization), “Potassium in Drinking-water;”
Background document for development of WHO Guidelines
for Drinkingwater Quality. 20 Avenue Appia, 1211 Geneva 27,
Switzerland, 2009.
H. G. Gorchev, “Drinking water Quality and public Health
chemical aspects,” Regional Seminar on Drinking Water Quality
Centre for Environmental Health Activities (CEHA) Nicosia,
pp. 31, 1993.
CEHA, “Procceding of joint WHO/ UNEP first regional
conference on water demand management, conservation and
pollution control,” Amman, Jordan, 7-10, pp 304, 2001.
S. Sorlini, M. C. Collivignarelli, F. Castagnola, B. M. Crotti and
M. Raboni, “Methodological approach for the optimization of
drinking water treatment plants' operation: a case study,” Water
Science and Technology, p. 71, no. 4, pp. 597-604, 2015.
C. Collivignarilli, “Water safety: one of the primary objectives of
our time,” Revista Ambiente and Ȁqua, vol. 12, no. 1, pp. 1-7,
2016.
K. Shanmugasundaram, R. Nikhila, B. Janarthanan, “PhysicoChemical Analysis of Drinking Water from Different Sources
in Coimbatore District,” Tamilnadu and India. International
Journal for Research in Science & Advanced Technologies, vol.1,
pp. 005-0012, 2014.
F. M. Hassan, H. F. Naji, and A. N. Al-Azawey, “The study of
some physical and chemical characteristics in drinking water
treatment plant of Jurf Al- Sakar Subdestric in Babylon
Governorate, Iraq,” Baghdad Science Journal, vol. 4, no. 3,
pp. 338-343, 2007.
M. Barboot, G. Bolzoni, I. A. Mirza, M. Pelosi, L. Barilli, R.
Kadhum, and G. Peterlongo, “Evalution of quality of drinking
water from Baghdad, Iraq,” Science World Journal, vol. 5, no. 2,
pp. 35-46, 2010.
I. A. Razzak and A.H. Sulaymon, “Effects of discharging sewage
of Baghdad to Tigris River on the Water Quality,” Engneering and
Technology Journal, vol. 27, no.16, pp. 2903-2918, 2009.
APHA, AWWA and WEF, “Standard Methods for The
Examination of Water And Wastewater. 22st edition,” Washington,
DC: American Public Health Association, American Water Works
Association, Water Environment Federation, 2012.
A. I. Hart, and N. Zabbey, “Physio-chemistry andbenthic fauna of
Woji Creek in lower Nigeria Delta, Nigeria,” Environtal Ecology,
vol. 23, no.2, pp. 361-368, 2005.
R. R. Lane, J. W. Day, B. D. Marx, E. Reyes, E. Hyfield, and J. N.
Day, “The effects of riverine discharge on temperature, salinity,
suspended sediment and chlorophyll a in a Mississippi delta
estuary measured using a flow–through system,” Estuarine,
Coastal and Shelf Science, 74:145-154, 2007.
A. M. Kahler, T. L. Cromeans, J. M. Roberts and V. R. Hill,
“Effects of Source Water Quality on Chlorine Inactivation of
Adenovirus, Coxsackie virus, Echovirus, and Murine Norovirus,”
Journal of Applied and Environmental Microbiology, vol.76, no.
15, pp. 5159-5164, 2010.
E. O. Lawson, “Physico-chemical parameters and heavy metal
contents of water from the mangrove swamps of Lagos Lagoon,
Lagos, Nigeria,” Advance in Biolological Research, vol. 5, no. 1,
pp. 08-21, 2011.
M. A. Goddard, E. A. Mikhailova, C. J. Post, M. A. Schlautman,
and J.M. Galbraith, “Continental United States atmospheric wet
calcium deposition and soil inorganic carbon stocks,” Soil Science
Society of America Journal, vol. 73, pp. 989-994. 2009.
F. M. Hassan, “Limnological features of Diwanyia River Iraq,”
Journal of Um- Salma for Science, vol. 1, no, 1, pp. 1-6, 2004.
ICSDWCL, “Iraqi Criteria and Standards for drinking water,
chemical limits,” ICS: 13.060.20, IQS: 417, 2nd update 2009 for
chemical and physical limits, 2009.

[28] M. Detay, “Water Wells–Implementation, Maintenance and
Restoration,” John Wiley and Sons, London, pp. 379, 1997.

[29] E. Abdul-Rshman, “Comparison of water quality index at intakes
[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]
[40]
[41]
[42]
[43]

[44]

[45]

[46]

[47]
[48]
[49]

of water treatment plants in Baghdad city,” Tikrit Journal of
Engineering Science, vol. 20, no. 4, pp. 23-34, 2013.
A. H. Al-Obaidi, “Evaluation of Tigris River Quality in Baghdad
for the period between (November 2005- October (2006),”
Engneering and Technology Journal, vol. 27, no. 9, pp. 1736-1746,
2009.
R. K. Gangwara, P. Khareb, J. Singha, and A. P. Singha,
“Assessment of physico-chemical properties of water: River
Ramganga at Bareilly U.P,” Journal of Chemical and
Pharmaceutical Research., vol. 4, no. 9, pp. 4231-4234, 2012.
M.N.V. Prasad and H. Freitas, “Removal of toxic metals from
solution by leaf, stem and root phytomass of Quercus ilex L.
(Holly oak),” Environmental Pollution, vol. 110, pp. 175-284,
2000.
S. Skipton, D. Varner, J. Jasa, B. Dvorak, and J. Kocher,
“Drinking water: hard water,” Neb Guide, University of Nebraska
Lincoln Extension, Institute of Agriculture and Natural Resources,
pp. 4, 2004.
A. A. Mahmood, “Concentrations of pollutants in water,
sediments and aquatic plants in some wetlands in south of Iraq,”
Ph.D. Thesis. College of Science, University of Basrah, Iraq, 2008.
J. Koc, M. Rafalowska, and A. Skwierawski, “Changes in
magnesium concentration and load in runoff water from nitrate
vulnerable zones,”. Journal of Elementology, vol. 3, no. 4,
pp. 559-570, 2008.
O. K. Adeyemo, O. A. Adedokun, R. K. Yusuf, and E. A. Adeleye,
“Seasonal changes in physioco-chemical parameters and nutrient
load of river sediments in Ibadan city, Nigeria”, Global NEST
Journal, vol. 10, no. 3, pp. 326-336, 2008.
M. M. Al-Jebouri, M. H. Edham, “An Assessment of Biological
pollution in certain sector of lower Al - Zab and river Tigris water
using bacterial indicators and related factors in Iraq,” Journal of
water resource and protection, vol. 4, pp. 32-38, 2012.
J. M. McKenzie,. D. I. Siegel, W. Patterson, D. J. A. McKenzie,
“Geochemical survey of spring water from the main Ethiopian Rift
Valley, Southern Ethiopia: Implications for Well-Head Protection,”
Hydrogeology Journal, vol. 9, pp. 265-272, 2001.
R. G. Wetzel, “Limnology: Lake and river ecosystems,” Academic
Press, SA Diego, CA, 2001.
A. C. Klausmeier, E. Litchman, T. Daufresne, and S. A. Lcvin,
“Optimal nitrogen–to-phosphorus stoichiometry of phytoplankton,”
Nature, vol. 429, pp. 171-174. 2004.
B. Malmqvist and S. Rundle, “Threats to the running water
ecosystems of the world,” Environmental Conservation, vol. 29,
no. 2, pp. 134-153, 2002.
Ministry of Health, “Drinking- water standards for New Zealand
2005 (Revised),” Wellington: Ministry of Health.
L. I. Xin, G. U. Da-Ming, Q. I. Jing-Yao, M. Ukita and Z. H. A. O.
Hongbin. “Modeling of residual chlorine in water distribution
system,” Journal of Environmental Science, vol. 15, no. 1,
pp.136-144, 2003.
A.H. M. J. Abobaidy, B. K. Maulood and A. J. Ksdhem,
“Evaluating raw and treated water quality of Tigris river within
Baghdad by index analysis,” Journal of Water resources and
Protection, vol. 2, pp. 629-635, 2010.
C Morlay, M. Cromer, Y. Mouginot, and O. Vittori.,
“Potentiometric study of Cu (II) and Ni (II) complexation with
two high molecular weight poly (acrylic acids),” Talanta. vol. 45,
no. 6, pp. 1177 – 1188, 1998.
O. Akoto, T.N. Bruce, and G. Darko, “Heavy metals pollution
profiles in streams serving the Owabi reservoir,” African
journal of Environmental Science and Technology, vol. 2, no.11,
pp. 354-359, 2008.
J. A. Davis, “Complexation of trace metals by adsorbed natural
organic matter,” Geochimica and Cosmochimica Acta, vol. 48,
pp. 679-691, 1984.
A. M. Aenab and S. K. Singh, “Evaluation drinking water
pollutants and health effects in Baghdad, Iraq,” Journal of
Environmental Protection, vol. 3, pp. 533-537, 2012.
T. M. Scott, J. B. Rose, T. M. Jenkins, S. R. Farrah, J. Kukasik,
“Microbial Source Tracking: Current Methodology and Future
Directions,” Applied and Environmental Microbiology, vol. 68, no.
12, pp. 5796-803. 2002.

Journal of Applied & Environmental Microbiology

9

[50] B. J. Haley, D. J. COLE, E. K.LIPP, “Distribution, diversity, and

[52] Hirsh, H., Coen, M.H., Mozer, M.C., Hasha, R. and Flanagan, J.L,

seasonality of waterborne salmonellae in a rural watershed,”
Applied and Environmental Microbiology, vol. 75, n. 5, p. 1248-55,
2009.
[51] J. M. Santo Domingo, S. Harmon, and J. Bennett, “Survival of
Salmonella species in river water,” Current Microbiology, vol. 40,
no. 6., 409-417, 2000.

“Room service, AI-style,” IEEE intelligent systems, 14 (2). 8-19.
Jul. 2002.
[53] T. Eckes, The Developmental Social Psychology of Gender,
Lawrence Erlbaum, 2000. [E-book] Available: netLibrary e-book.

