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Abstract -The study was conducted to explain the variations of ten variables of

Article info. WQI in four stations at Al-Hilla River which is the major branch of the Euphrates
v’ Received: 11February 2020 | River, and located in the middle of Babylon Province. It extends for 101 km long.
v Accepted: 10 May 2020 Water samples were collected from the river from June 2016 to May 2017. Ten
v Published: 29 June2020 of the physicochemical parameters were analyzed; dissolved oxygen, total
dissolved solids, electrical conductivity, the potential of hydrogen, calcium,
magnesium, nitrates, phosphates, turbidity and total alkalinity. The range of water
quality index values of Al-Hilla River is 48.63 was recorded at station 1, the
values indicate good water quality to very poor (85.67) at station 4, according to

Key Word.s: weighted arithmetic. The results indicated that there were significant differences
Al-Hilla River between the first and fourth stations. The results values of WQI were 56.61 and
Spatial variation 82.81 at stations 2 and 3 which indicate poor at station 2 and very poor status at
Water quality station 3, respectively. The values of water quality index within turbidity ranged

from 133.7 at station 1 to 192.04 at station 4 and the results values of WQI were
206.39 and 156.30 at stations 2 and 3. Significant (P<0.05) relationships were
noted in the water quality index among the stations.
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Introduction

Rivers are one of the most disturbing ecosystems that caused by different human activities,
such as drinking, cooking, industry, agriculture and recreation, these have significant effects in
the river fauna activities (Jayalakshmi et al., 2011). River water usually is of the highest quality
in its headwater reaches, becoming dirtier along its length as it passes through different land
uses and used for a diversity of purposes (Kotti ez al., 2005).

., ©Authors, Marine Science Centre, University of Basrah.
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Deterioration of river water quality is caused by various points and unknown sources
(Carpenter et al., 1998). For a long time, as a result of regard to watercourses as a mere physical
way of taking water and not a biological system, only river structure was restored and not the
river function (Swanson and Sparks, 1990). Nowadays this situation seems to be changing with
an increasing interest in river restoration studies (Oscoz et al., 2005).

The nature and level of water pollution are characterized by several physicals, chemical and
biological parameters (Chitmanat and Traichaiyaporn, 2010). Human discharges represent a
constant polluting source, whereas surface runoff is a seasonal phenomenon, largely affected
by different climatic conditions (Divya Raj and Mophin Kani, 2018). The information on water
quality is an important target for the implementation of sustainable water usage for management
strategies (Bu et al., 2010). The problem of particular in the case of water quality monitoring is
the complexity associated with analyzing a large number of measured variables and high
variability due to anthropogenic and natural influences in ecology (Simeonov et al., 2002).

In some cases, water quality index values allow for identifying pollution variables,
consequently for recommending preventive action in the aquatic ecosystem (Srivastava et al.,
2011). Many of researchers have studied the water bodies of Iraq, such as Abdullah ef al.
(2019a) in their study on the Euphrates River, Al-Janabi ef al. (2012) during the evaluation of
the water in the Tigris River and Iraqi southern marshes by Al-Saad et al. (2010), as well as the
study of Abdullah ef al. (2019b) on the Al-Kahlaa River. The objective of the study is to assess
the water quality based on physiochemical parameters as well as monitoring it during 12 months
for the year 2016 to 2017.

Materials and Methods

The study was conducted at Al-Hilla River, the main branch of the Euphrates River in the
middle of Al-Hilla province, which is 101 km in length (Al-Hasnawi and Maitham, 2018). Four
stations were selected to evaluate the suitability of the water for drinking purposes according to
the Standard Specification of Iraq (2001), Standard Specification of Iraq (2009) and WHO
(2008). A GPS manufactured in Taiwan was used to define the study area in Al-Hilla River
(Table 1, Fig. 1).

Table 1. Sampling stations coordinates at Al-Hilla River.

Sampling Latitude Longitude
station code (N) (E)

St. 1 32°35'13" 44°22'02"

St. 2 32°33'59" 44°23'47"

St. 3 32°28'31" 44°26"23"

St. 4 32°23'19" 44°32'36"
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Figure 1. Map of the sampling stations location in Al-Hilla River.

Water samples were collected from the middle of the river from June 2016 to May 2017, one
sample per station. Ten parameters were measured; dissolved oxygen (DO) was determined
according to Welch (1964) and the results are expressed in (mg/1), total dissolved solids (TDS)
in (mg/l) and electrical conductivity (EC) in (uS/cm) and potential of hydrogen (pH) are
reported in pH units were measured with a Hanna instrument (a waterproof HI-9146
pH/EC/TDS and temperature). The values of calcium (Ca*?) and magnesium (Mg™?) were
estimated by Ethylenediaminetetraacetic acid (EDTA) titration and the results are expressed in
(mg/1) (Lind, 1979). Nitrates (NOs3) and phosphates (PO4) were measured according to Parsons
et al. (1984) and are reported in (mg/l). Turbidity was estimated with a turbidity meter HI-
93703C and reported in nephelometric turbidity units (NTU). Total alkalinity was determined
according to APHA (2005), and the results are expressed in (mg/1).

Calculation of the WQI:
The water quality index for Al-Hilla River was calculated according to the following
Equation (Horton, 1965 ; Cude, 2001):

Where the weightage unit (Wi) of each variable was calculated as a value inversely
proportional to the water quality limit of the WHO, and (Qi) is the sub index of the variables,
and (li) is the ideal value and (Si) is the standard limit of the parameter. The ideal value of pH
=17, dissolved oxygen (DO)=14.6 mg/1 and for other parameters, it is equal to zero (Chowdhury
et al., 2012; Ewaid and Abed, 2017). The values of WQI were listed in Table (2).
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Table 2. WQ status level according to Horton (1965) and Cude (2001).

The range of Water quality
water quality status
0-25 Excellent
26-50 Good
51-75 Poor
76-100 Very poor
>100 Unsuitable

Results
Physicochemical Properties:

The monthly and seasonal variations of the parameters features for WQI were examined in
the four stations during the duration of the study are shown in Tables (3, 4 and 5). The range
values of dissolved oxygen (DO) was from 5.7 mg/l in July at station 4 to 10.5 mg/l in December
at station 1, with annual mean of 7.7 mg/l, the results showed that there were no significant
differences (P>0.05) in the DO rates of the stations but it differed between seasons. The
dissolved oxygen (DO) was negatively correlated with TDS and EC (r =- 0.623, r=- 0.900) at
the levels of 0.05 and 0.01, respectively. The total dissolved solids (TDS) values varied from
401 mg/l in February at station 1 to 998 mg/l in August at station 4 with an average 554.95 mg/1
during the study period, the results indicated that there were significant differences (P<0.05)
between station 4 and the rest of stations. In the seasons, the rate of values ranged from 505.17
in Winter to the 614.17 in summer, on the other hand, there was a difference in the values
between the seasons at three stations.

The lowest values of electrical conductivity (EC) and hydrogen ion (pH) (690 uS/cm, 6.8)
occurred in March and July at station 1, whereas the highest (1700 uS/cm, 8.9) was recorded in
August and February at stations 4 and 3 with a mean value of 929.5 and 7.87 pS/cm,
respectively. The seasonal values of EC varied from 890 uS/cm in Winter to 990 pS/cm in
Summer, on the other hand, the values of pH ranged from 7.60 in summer to 8.30 in Spring.
Significant differences (P<0.05) in the values were observed between the seasons both for EC
and the pH.

Hydrogen ion was weakly positively correlated with DO (r = 0.356) and negatively with
TDS and EC (r = -0.702, r = -0.700). The minimum values of Calcium (Ca*?) and Magnesium
(Mg™?) (98 mg/l, 10.4 mg/l) were recorded at station 1 during January and November. The
present results showed high concentrations of Ca*? and Mg (210 mg/I, 142 mg/1) at stations 4
and 1 in August and April with average values of 198.9 mg/l and 108.9 mg/1, respectively, Ca™
and Mg™ were negatively correlated with DO (r = -0.634, r = -0.418), whereas positively
correlations were observed with TDS (r = 0.848, r = 0.442) and EC (r = 0.378, r = 465) at the
level 0.05 and 0.01, respectively. Seasonally, the lowest Ca™ and Mg*? values (101.33 mg/I,
27.24 mg/l) were recorded in Winter and Autumn at station 1 and the highest (206.67 mg/I,
116.93 mg/l) in Summer and Spring at station 4, respectively. The values of Ca*? in the study
area varied from 153.88 mg/l in Spring to 184.42 mg/l in Summer. The range of Mg*? from
73.31 mg/l in Winter to 112.88 mg/l in Spring (Table 4), there were significant differences
(P<0.05) in the values at different seasons among stations 1, 2 and the other stations.

The concentrations of nitrates (NO3) and phosphate (PO4) varied from the lowest values
(0.68 mg/1, 0.029 mg/1) at station 3 and 2 during October and August to the highest values (17.8
mg/l, 1.98 mg/l) were recorded at station 4 in February and December with mean value of all
the stations (5.87 mg/l, 0.58 mg/1) (Table 3), on the other hand, the seasonal values of NO3 and
POy varied from 1.7 mg/l, 0.08 mg/l in Summer at stations 3 and 2 to 14.7 mg/l, 2.95 mg/l in
Winter and Spring at station 4, respectively. Moreover, the values of NO; ranged from 2 mg/1
in Summer to 14 mg/l in Winter and the values of PO4 varied from 0.11 mg/l in Summer to 1.25
mg/l in winter (Table 4). There were significant differences in the values of all stations, while
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the results of total nitrate (NOs) and phosphate (PO4) were exhibited a strong positive
correlation with dissolved oxygen (r = 0.784, r = 0.937) and negatively correlated with TDS
and EC (Table 5) at the level 0.05 and 0.01, respectively.

Alkalinity values were always within the alkaline direction ranged from 96 mg/I at station 2
in February to 197 mg/1 at station 4 in March with an annual mean value of 129.88 mg/l. The
seasonal values of alkalinity was ranging from 123.16 mg/l in Winter to 159.20 mg/l in Summer.
The results showed significant negative correlations (= -0.779, r = -0.633, r = -0.779, r = -
0.504, r = -0.689) among alkalinity and turbidity, phosphates, nitrate, hydrogen ion and
dissolved oxygen, whereas positive correlations with Calcium and total dissolved solids (r =

0.772, r = 0.657), respectively were obtained in Table (5).
Table 3. Statistical analysis of ten parameters at Al-Hilla River from June 2016 to May 2017.

St. 1 St. 2 St. 3 St. 4 Annual
Variables| Range | Mean Range Mean Range | Mean| Range | Mean| Mean
DO 7-10.5 8.6 6.2-8.7 7.5 6-9.5 7.6 5.7-9.3 7.4 7.7
TDS 401-595 | 486.8 | 422-568 521 525-657 | 575 | 558-998 | 637 | 554.95
EC 690-860 | 751 740-890 811 830-970 | 898 | 1000-1700 1258 | 929.5
pH 6.8-8.3 7.4 7.4-8.9 8 7.5-8.8 8 7.2-8.7 8 7.85
Ca®? 98-180 | 137.33| 110-190 | 149.83| 170-201 | 190.16] 185-210 | 198.9 | 169.05
Mg*? 10.4-142| 63.7 | 61.9-134.9] 86.31 | 54.7-133.7 103 | 59.20-130] 108.93] 90.48
NO3 1.1-15.11] 5.2 1.3-14.8 5.88 | 0.68-16.9| 5.86 | 0.99-17.8| 6.55 | 5.87
PO4 0.06-1.32| 0.506| 0.029-0.84| 0.327 | 0.059-1.85 0.65 | 0.03-1.98| 0.873 | 0.58
Turbidity | 3.24-43.5| 19 4.1-75.7 32 | 3.44-57.87| 18.53 | 6.5-31.5 25 23.62
Alkalinity| 110-182| 138 96-175 131 100-170 | 135.54] 153-197 | 115 | 129.88

Table 4. Seasonal variations of parameters at Al-Hilla River from 2016 to 2017.

Variables | Summer | Autumn | Winter | Spring
DO 6.28 7.94 9.10 7.49
TDS 614.17 | 579.67 | 505.17 | 522.58
EC 990.00 | 920.00 | 890.00 | 920.00
pH 7.60 7.80 8.10 8.30
Ca'? 184.42 181.50 | 153.08 | 156.30
Mg*? 94.40 81.84 73.31 | 112.88
NOs 2.00 7.00 14.00 4.00
PO4 0.11 0.71 1.28 1.22

Turbidity 11.38 17.14 21.90 | 15.65

Alkalinity | 159.20 141.66 | 123.16 | 136.58

Table 5. Correlation coefficients of the physicochemical parameters at Al-Hilla River from June 2016 to May

2017.

Variables DO TDS EC pH Ca™ Mg*™ NO; PO; |Turbidity |Alkalinity

DO 1

TDS -0.623 1

EC -0.900** | 0.987** 1

pH 0.356 -0.702 | -0.700%* 1

Ca™ -0.634* | 0.848%* 0.378 -0.637* 1

Mg* -0.418 0.442 0.465 -0.390 | 0.281 1

NO; 0.784** | -0.667* | -0.286 0.464 |-0.730* | -0.641%* 1

PO, 0.937** | -0.469 -0.251 0.253 -0.528 | -0.541 | 0.831** 1
Turbidity | 0.557 1.000 -0.246 0.573 -0.581 | -0.482 0.736 0.648 1
Alkalinity | -0.689* 0.657 0.241 -0.504 0.722 0.214 |-0.779%* [-0.633* | -0.779** 1

* Correlation is significant at the level of 0.05.
** Correlation is significant at the level of 0.01

Water Quality Index (WQI):

Water quality properties at the four stations were shown in Table (6). According to the
classification of water quality of weighted arithmetic (Table 2). The range of water quality index
values of Al-Hilla River is 48.63, was recorded at station 1, the values indicates good water
quality to very poor (85.67) at station 4, accordingly weighted arithmetic were applied to assess
water quality in Al-Hilla River.
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Table 6. Water Quality Index values and related factors at Al-Hilla River stations from June 2016 to May 2017.

Stand. Ideal Monitored Weigh.
Station Variables value Value values Sub-Ipdex Unfigt Wi * Qi Wl
s | (Mi) Q) (Wi) value
DO 5 14.6 8.6 62.50 0.2 12.50
TDS 1000 0 486.8 48.68 0. 0.05
EC 250 0 751 300.4 0.004 1.20 133.70%*
pH 7.5 7 7.4 80 0.133 10.64 48.63*
Ca'? 150 0 137.33 91.55 0.006 0.55
St. 1 Mg*? 100 0 63.7 63.70 0.01 0.64
NO; 50 0 5.2 10.40 0.02 0.21
POs 5 0 0.506 10.12 0.2 2.02
Turbidity 5 0 19 380.00 0.2 76.00
Alkalinity 200 0 138 69.00 0.005 0.35
Total 0.779 79.34
DO 5 14.6 7.5 73.96 0.2 14.79
TDS 1000 0 521 52.10 0.001 0.05
EC 250 0 811 324.40 0.004 1.30
pH 7.5 7 8 100.00 0.133 13.30 206.39%*
Ca'? 150 0 149.83 99.89 0.006 0.60 56.61*
St. 2 Mg*? 100 0 86.31 86.31 0.01 0.86
NO;3 50 0 5.88 11.76 0.02 0.24
POy 5 0 0.327 6.54 0.2 1.31
Turbidity 5 0 32 640 0.2 128
Alkalinity 200 0 131 65.50 0.005 0.33
Total 0.779 114.01
DO 5 14.6 7.6 72.91 0.2 14.58
TDS 1000 0 575 57.5 0.001 0.06
EC 250 0 898 359.2 0.004 1.44 156.30**
pH 7.5 7 8 200 0.133 26.60
Ca®? 150 0 190.16 126.77 0.006 0.76 82.28*
St. 3 Mg*? 100 0 103 103 0.01 1.03
NO; 50 0 5.86 11.72 0.02 0.23
POy 5 0 0.65 13 0.2 2.60
Turbidity 5 0 18.53 370.6 0.2 74.12
Alkalinity 200 0 135.54 67.77 0.005 0.34
Total 0.779 121.76
DO 5 14.6 7.4 75 0.2 15.00
TDS 1000 0 637 63.7 0.001 0.06
EC 250 0 1258 503.2 0.004 2.01
pH 7.5 7 8 200 0.133 26.60 192.04**
Ca®? 150 0 198.9 132.6 0.006 0.80
St 4 Mg 100 0 108.93 108.93 0.01 1.09 85.67*
NO3 50 0 6.55 13.1 0.02 0.26
POs 5 0 0.873 17.46 0.2 3.49
Turbidity 5 0 25 500 0.2 100
Alkalinity 200 0 115 57.5 0.005 0.29
Total 0.779 149.6

With turbidity (*¥*), without turbidity (*)
Significant (P<0.05) relationships were found in the water quality index between the stations.

Values of WQI were 56.61 and 82.81 at stations 2 and 3, respectively. The turbidity values of
water quality index ranged from 133.7 at station 1 to 192.04 at station 4. The values of WQI
were 206.39 and 156.30 at stations 2 and 3, respectively. Significant (P<0.05) relationships
were found in the water quality index between the stations.

Discussion
Physicochemical Properties:

Spatial variations within an aquatic system occur, during the use of water for different
purposes and this impact on the aquatic environment. The values of dissolved oxygen were
above that of the quality standard >5 mg/l, and within the permissible levels of the WHO and
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Standard Specification for drinking water of Iraq at all the stations and all seasons. DO was
negatively correlated with TDS and EC at the levels of 0.05 and 0.01, respectively, this is
coincided with finding of Hussein et al. (2015). TDS values at stations 3 and 4 were more than
that of the WHO (2008), but the rate of values of total dissolved solids (TDS) and EC at all
stations were within the limit of the Standard Specification (2009). On the other hand, the TDS
which was positively correlated with electric conductivity, agreed well with the finding of
Rubio-Arias et al. (2013).

The seasonal pH values of the water at the study stations were in the direction of average
values of the Iraqi inland water (Abdullah ef al., 2019a). The Calcium (Ca*?) and Magnesium
(Mg*?) were negatively correlated with DO and positively correlated with TDS at the levels
0.05 and 0.01, respectively. Calcium and Magnesium ions refer to the state of equilibrium of
water bodies. In some times, the monthly and seasonal values of Calcium and Magnesium were
above the levels of WHO for drinking waters, this is may be due to effect of the activities of
drainage water of agriculture land (Amteghy, 2014). The rates of NO3 and PO4 in Al-Hilla River
confirmed by Ewaid and Abed (2017), when studying Al-Gharraf river, while the results of total
nitrate (NO;3) and phosphate (PO4) exhibited strong positive correlation with dissolved oxygen
and negatively so with TDS and EC at the levels 0.05 and 0.01, respectively.

The runoff and organic matter decomposition in surface water bodies also produced
inorganic nutrients such as ammonia, nitrate and phosphates with resultant effects of
eutrophication and other serious ecological impairments of such water body (Adesuyi et al.,
2015). The rates of turbidity values were found above than 5 NTU at all the stations, this result
of turbidity rates indicated higher values than the guidelines of WHO (2011). Total alkalinity
is affected by the bicarbonates and these values are within the level of the Iraqi inland waters
of all months and seasons (Hussein ef al., 2008; Abdullah, 2017). These values were found
within the range of natural waters (APHA, 2005) as the range was from 20 to 200 mg/1.

Water Quality Index (WQI):

The range of water quality values of Al-Hilla River which was good at station 1 and very
poor at station 4 because some of parameters such as electric conductivity, calcium and
magnesium were above the upper limit of Standard Specification (2009) according to the
standard of the Iraqi drinking water and World Health Origination (2011), this could be
attributed to the presence of human activates, agriculture waste, and organic matter pollution
(Chauhan and Singh, 2010), and is in accordance with the findings of Ewaid and abed (2017)
in some parameters. The results showed that the turbidity values obtained at the four stations
were above the standard limits of CCME (2001), in addition, the EC, Ca* and Mg
concentrations swerved off the standard specification of the river maintenance system, and this
is may be attributed to domestic effluent discharges anthropogenic activities, run-off with high
suspended matter contents and lower water levels (UNESCO/WHO/ UNEP, 2001).

Conclusions

In the light of the present study, and by comparing it with studies conducted on the lower
approaches of Iraqi rivers as an example of which the Euphrates River, a clear difference is
observed in the values of environments variables in the present study compared with the
previous results.
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