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Abstract Water quality of Al-Gharraf river, the largest
branch of Tigris River south of Iraq, was evaluated by the
National Sanitation Foundation Water Quality Index (NFS
WQI) and the Heavy Metal Pollution Index (HPI)
depending on 13 physical, chemical, and biological
parameters of water quality measured monthly at ten sta-
tions on the river during 2015. The NSF-WQI range
obtained for the sampling sites was 61-70 indicating a
medium water quality. The HPI value was 98.6 slightly
below the critical value for drinking water of 100, and the
water quality in the upstream stations is better than
downstream due to decrease in water and the accumulation
of contaminants along the river. This study explains the
significance of applying the water quality indices that show
the aggregate impact of ecological factors in charge of
water pollution of surface water and which permits trans-
lation of the monitoring data to assist the decision makers.

Keywords NSF-WQI - HPI - Water quality index -
Al-Gharraf river

Introduction

Water is a substance of great environmental importance. It
is described as ‘the liquid of life’ and has two measure-
ments that are firmly connected, amount and quality. Water
quality is a network of physical, chemical, and biological
variables affect each other (Akanda et al. 2007).
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In Iraq like other countries, rivers pollution levels are no
longer within the safe limits for consumption, and the
distribution and availability of water does not coincide with
the requirements. The decay of water quality became a
serious threat beside the lack of effective monitoring net-
work, especially in Al-Gharraf basin, which was charac-
terized by a mainly agricultural land use of about 700,000
hectares (Saleh 2010; Al-Ansari 2011).

Iraqi rivers water is under growing threats because of the
increasing of industrial and agricultural pollution, salinity,
hardness, water to decrease caused by climate change (lim-
ited rains in the north), also the many dams which had been
built in Turkey, Syria, Iran, and the bad planning used in
irrigation (Al-Ansari 2013). Water Quality Indices (WQIs) is
methods by which water quality information is condensed
for reporting to the public in a reliable way (Abbasi and
Abbasi 2012). WQIs are widely used to assess water quality
and each WQI use a different collection of water quality
parameters (Bharti and Katyal 2011). By comparing the
monitored values with the regulatory standards, it combines
data into a single number that describes the nature of the
water source (Rai et al. 2012). There are many WQIs which
had been developed and validated by researchers worldwide
(Prasad and Kumari 2008; Reza and Singh 2010). The
National Sanitation Foundation’s Water Quality Index
(NSF-WQI), the Canadian Council of Ministers of the
Environment’s Water Quality Index (CCME-WQI), the
Oregon Water Quality Index (OWQI), and Heavy Metal
Pollution Index (HPI) are well-known examples; the differ-
ences among WQIs are the statistical integration and inter-
pretation of the resulting values (Alobaidy et al. 2010; Lumb
et al. 2011; Abbasi and Abbasi 2012).

The aim of this research is to evaluate the water quality
status of Al-Gharraf River based on NSF-WQI and HPI
indices.
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Materials and methods
The study area

Al-Gharraf is the main branch of Tigris River; it flows from
the right bank of Tigris at Al-Kut Dam to the Euphrates
basin passing Wasit and Dhi-Qar governorates and ends in
Al-Hammar marsh north of Nassyria City. Its maximum
capacity, in the beginning, is about 622 m%/s, with the
length of about 230 km, and the drainage area is
435,052 x 106 m”. Fifty-two canals and 968 irrigation
ditches branched from it and irrigate an area of
700,000 hectares (Al-Sahaf 1965; US Department of
Agriculture 2009). The river geographical position is:
longitude 45°47'25"E, and latitude 32°31’55”"N which
gives the river valley semi-arid climate characteristics,
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Fig. 1 Map of the study area and the sampling stations locations.
Modified from (Al-Abadi 2014)
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such as high temperature in summer, low moisture, few
annual rainfall of about 150 mm, high rate of sun radiation,
and high rate of evaporation (Saleh 2010; Atiaa 2015).

The river suffers from human and natural problems like
reduction of water, the growth of plants, pollution, and
accumulation of clay (Ewaid 2011). Ten sampling stations
were chosen along the river (Fig. 1). The first two stations, in
the beginning of the river, have the same features of the Tigris,
with no cities and little pollution sources for 200 km, there are
many agricultural fields on both banks, but the third station is
affected by domestic wastewater from Al-Hay town. The
fourth-to-seventh stations have salt areas on the left side and
agricultural fields on the right. The urban waste water from
Qalaat Sekar, Rifai, and Nasr towns affect the river. The
eighth-to-tenth stations begin near Al-Bada’a head regulator
have low water level and narrow width, but they are important,
because there are four refinery stations on the right side before
Shatra town, which provide drinking water to Dhi-Qar and
Basrah governorates. The urban waste water from Shatra and
Gharraf towns affected the last two stations, Fig. 1.

Water samples collection and analysis

The physical, chemical, and microbiological parameters:
biochemical oxygen demand (BOD), dissolved oxygen
(DO), nitrates (NO3), total phosphates (PO,), temperature
(T), turbidity (Tur.), total solids (TS), pH, fecal coliform
(FC), and the four heavy metals (Cd, Ni, Pb, and Zn) were
determined by standard methods and procedures as pre-
sented in Table 1.

Water samples were taken monthly from the ten sam-
pling stations during 2015 and analyzed in the laboratory of
the Environmental Pollution Unit of the Shatra Technical
Institute and the heavy metals were analyzed in The Cen-
tral Organization for Standardizations and Quality Control,
Baghdad.

Collection, stabilization, transportation, storage, and analy-
sis of samples were done according to the standard methods in
[American Public Health Association (APHA) 2012].

The national sanitation foundation’s water quality
index (NSF-WQI)

It is a scale with 100 points that represent the results from
nine variables, such as BOD, DO, NOs, PO,, T, Tur., TS,
pH, and FC, it was developed by Brown et al. 1970 [Abbasi
and Abbasi 2012; American Public Health Association
(APHA) 2012]; the index calculator is available online:
http://www.water-research.net/index.php/water-treatment/
water-monitoring/monitoring-the-quality-of-surfacewaters.
This index represents general water quality and does not
perceive particular water use capacities. Some of the index
parameters have different importance, so a weighted mean
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Table 1 Measurement methods for the water quality parameters
Parameters Unit Method Site
1 DO mg/1 Portable multi-meter 340i. WTW/Germany In situ
2 pH
3 Temperature °C
4 Turbidity NTU TURB 355 IR/T. Portable turbidity meter, WTW/Germany In situ
5 FC CFU/100 ml SM 9215, membrane filtration Laboratory
6 BOD mg/1 SM 5210, azide modification at 20 °C (5 D) Laboratory
7 Total PO, mg/1 SM 4500-P, spectrophotometric, molybdate-ascorbic acid method. Laboratory
8 Nitrate mg/1 Spectrophotometric, SM 4500 NO; E cadmium reduction Laboratory
9 Total solids mg/1 SM 2540, dried at 103-105 °C Laboratory
10 Heavy metals Cd, Ni, Pb, Zn ug/l Atomic absorption Phoenix—986 Spectrophotometer. Biotech Eng. Laboratory
Management CO., LTD. (UK)
is useful to calculate the index, Table 2. The temperature = Table 3 NSF-WQI categories
change refers to the different in temperature between Range Quality
upstream and downstream control sites (Abbasi and Abbasi
2012; Rai et al. 2012). 0-25 Very bad
The oxygen percent saturation (Sa%) was calculated ~ 26-50 Bad
depending on the equation in (American Public Health  51-70 Medium
Association (APHA) 2012). Where DO (mg/l at 100% 71-90 Good
saturation) = 8.73 mg/l: 91-100 Excellent

Measured DO (mg/1)
DO (mg/1 at 100% saturation)

DO (Sa.%) = 100.

The weighted score (Wi) must be multiplied by the sub-
index value (Li) of the parameter obtained by the NSF-
WQI, then it will be summed by the index equation
(Abbasi and Abbasi 2012).

NSF WQI = ZWi x Li
1=0

where NSF-WQI is the score of the water quality index; Wi
is the weighted score; and Li is the sub-index value (all
calculated by the index calculator available online).

The number obtained from applying the index is clas-
sified in five scale categories as in Table 3 (USGS 2015;
Brown et al. 1970).

Table 2 Weight scores of the nine NSF-WQI parameters

Parameters Weighted mean
DO 0.17

FC 0.16

pH 0.11

BOD 0.11

T 0.1

NO; 0.1

PO, 0.1

Tur. 0.08

TS 0.07

Heavy metal pollution index (HPI)

It is a method that rates the total influence of a heavy metal
and a composite influence of all metals on the nature of
water and contamination (House and Ellis 1987). The metal
weighted factor is equal to the inverse of the standard value
and the weighted factors summation is less than one.
Higher values of HPI indicate decayed water quality as for
metals utilizing both the ideal and the standard values
(Prasanna et al. 2012).

In this study, cadmium, nickel, lead, and zinc have been
measured for the index utilizing which had been designed
by Dede et al. (2013) and can be calculated by these two
equations:

Qi = ;% x 100 (1)
HPI = Zg—,l,l ]Wv;?l (2)

where Qi is the sub-index of the ith metal, Wi is the unit
weightage of ith metal, n is the number of metals
included, Mi is the monitored value of the heavy metal,
Ii is the ideal value, and Si is the standard value of the
ith metal ignoring the sign (—) which indicates the dif-
ference between the two values, and the maximum HPI
threshold value is 100 for drinking water (Mohan et al.
1996; Prasad and Bose 2001).
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Results and discussion
Water quality parameters

Overall, annual water quality data of Al-Gharraf river at the
ten stations during 2015 comparing with the World Health
Organization standard (Edet and Offiong 2002), Iraqi stan-
dard for drinking water [World Health Organization (WHO)
2011], and with Iraqi standard for maintenance of rivers and
public water (IQS 2009) are presented in Table 4.

pH is a scale used to quantify the acidity or alkalinity of
water. Most aquatic creatures have a restricted pH range
around 6-8 units [Ministry of Environment (MOEN)
1998]. The pH in this study ranged 7-7.9, within the Iraqi
standard, and each station has almost the same pH. River
water tends to be alkaline, because the natural existence of
the carbonates and bicarbonates, and that is typical for Iraqi
rivers (Naubi et al. 2016).

DO is essential to aquatic life for respiration and most
organisms have an ideal scope of DO. It maintains the
effect of organic materials wastes by water self-purification
(Al-Shujairi 2013). The results showed that the concen-
tration of DO in Al-Gharraf river water rises in winter and

decreases in summer and the ten stations have almost the
same DO amount. In healthy water, DO must be >4 mg/I
(Prasad and Bose 2001), and the DO of the river is still in
good criteria and ranged 6-10 mg/l.

Temperature can decide the rate of biochemical
responses in the aquatic ecosystem (Simon et al. 2011).
Water temperature of Al-Gharraf river ranges 17-33 °C
during the year of the study and there was a slight differ-
ence among stations but large among seasons reflecting the
weather condition of the area.

Turbidity is a measure of the water’s absence of clarity.
Turbid water decreases light infiltration, and affects pho-
tosynthesis and aquatic life. High total solid can raise water
temperature, since solid materials get heat from daylight
(Fulazzaky 2010). The upper part of the river is wide with
the fast flow which makes the turbidity high compared to
the downstream river by the range of 40-98 NTU and
always it was out of all standards. The TS level fluctuated
from 620 to 870 mg/l within the river water during the
study and there was no difference among stations but
among seasons. Water containing more than 500 mg/l of
total dissolved solid is not comfortable for drinking water
supply (Smitha and Shivashankar 2013).

Table 4 Annual mean water quality parameters values of Al-Gharraf river water

Edet and Offiong (2002) World Health Organization 1QS 2009 S. 1 S.2 S.3 S. 4 S.5 S.6
(WHO) 2011
T - - <35 24.5 23.8 24 24.5 242 23
pH 8.2-8.8 6.5-8.5 6-9.5 74 7.3 7.5 74 7.2 7.55
TS 500 1000 - 731 717 700 722 712 727
DO 4 - - 8.2 8.62 7.95 7.47 7.3 7.85
Sa% - - - 97 95 95 90 85 93
Tur. <1.5 <5 - 81 78.3 753 73.3 68 68.3
PO, 0.2 - 3 0.13 0.27 0.2 0.23 0.3 0.44
NO; 10 50 50 4.1 3.85 4.5 4.5 4.7 4.55
BOD 3 - - 1.7 1.95 2.8 35 3.8 3.58
FC 0 - - 520 527 652 510 660 587
Edet and Offiong (Edet World Health Organization  IQS 2009  S.7 S. 8 S.9 S.10 Min. value  Max. value
and Offiong 2002) (WHO) 2011
T - - <35 238 24 252 253 17 33
pH 8.2-8.8 6.5-8.5 6-9.5 7.5 7.6 7.5 7.8 7 7.9
TS 500 1000 - 720 710 700 710 620 870
DO 4 - - 683 698 712 174 6 10
Sa% - - - 83 95 85 85 75 110
Tur. <1l.5 <5 - 67 673 585 59 40 98
PO, 0.2 - 3 0.59 056 0.6 0.32 0.1 0.66
NO; 10 50 50 478 455 468 325 2.5 7.5
BOD 3 - - 355 37 6.12 542 0.8 10.1
FC 0 - - 652 660 795 828 115 1900

T in °C, pH in pH unit, FC in CFU/100 ml, Tur. in NTU, and the rest in mg/l
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Table 5 NSF-WQI values of Al-Gharraf river stations

Stations NSF-WQI value Class

1 70 Medium
2 67 Medium
3 67 Medium
4 66 Medium
5 64 Medium
6 63 Medium
7 61 Medium
8 62 Medium
9 60 Medium
10 64 Medium

BOD is the quantity of oxygen used by bacteria and
fungi to break down water organic compounds during 5
days (Naubi et al. 2016). In Al-Gharraf River, it ranged
from 0.8 to 10.1 mg/l and it was relatively low. The quality
standard of WHO is <3 mg/l (Edet and Offiong 2002);
therefore, BOD of the first three stations reached the cri-
teria, but at the last, seven stations did not, especially in
summer and early autumn.

Nitrate is a key supplement for water plants and crea-
tures to use nitrogen. Its source is domestic sewage, agri-
cultural waste, and soil erosion (EIl 2008). Nitrate
concentration in the study stations is relatively low and
ranged 2.5-7.5 mg/l. WHO quality standard for nitrate
content must be <10 mg/l, (Edet and Offiong 2002); in this
manner, nitrate was inside the quality standard for drinking
water and river water.

Phosphate is a key supplement for plants and creature’s
growth, but high phosphorus in water can increase eutroph-
ication. Sewage, detergent, and fertilizers are basic sources
(Viessman and Hammer 2005). Total phosphate concentra-
tion in Al-Gharraf River extended 0.1-0.66 mg/l. All out
phosphate in every station was not much different and within
Iraqi standard for rivers maintenance, but it was not meet the
WHO quality standard of 0.2 mg/1 (Edet and Offiong 2002).

Fecal coliform bacteria existence in water is an indicator
of the sewage contamination and the possible presence of
other pathogenic organisms; the results showed that the
river water exceeds (do not meet) the water quality criteria
for fecal coliform bacteria.

Application of NSF-WQI

In light of the application of NSF-WQI, the river has
medium water quality according to the categories in
Table 3 above, as presented in Table 5.

There are some parameters reaching out of the Iraqi
standard for drinking water [World Health Organization
(WHO) 2011], WHO for drinking water (Naubi et al.
2016), and Iraqi standard for rivers maintaining (IQS
2009); those parameters were temperature (in summer and
early autumn), turbidity, total phosphate, BOD, and FC,
Table 4. The NSF-WQI values ranged 61-70 demonstrated
that the exercises of the general population had no huge
negative impact on the water quality particularly on the
upper part of the waterway and the nature of the water at
each station was verging on same.

Heavy metal contents

The metals studied were: zinc which is as an essential for
the metabolism in biota, lead which has no known function
in biota, and nickel and cadmium which are micronutrients
needed in a few organisms [Edet and Offiong 2002;
Chemical Society of Ethiopia (CSE) 2008; World Health
Organization (WHO) 1996; Agostino et al. 2009]. These
four metals have been selected for their importance to the
health and availability of laboratory testing capability. The
annual mean of the dissolved four heavy metals in pg/l
was: Cd (0.32), Ni (2.25), Pb (20), and Zn (29.8), Table 6.
These results showed that the average concentration of the
four metals for the ten sites was within the permissible
limit of WHO and Iraqi standard for drinking water and
Iraqi standard for rivers and public water maintenance.

Heavy metal pollution index application

For calculating the HPI, Cd, Ni, Pb, and Zn were used. The
weightage (Wi) was taken as the inverse of Si which is the
WHO standard for drinking water (Prasad and Bose 2001),
Ii is the Iraqi standard (Edet and Offiong 2002), and M is
the measured value of metal concentration and all in pg/l.

Since the weightages given to Ni and Zn are very less,
these metals do not contribute much to the evaluation of

Table 6 Annual concentration mean of the dissolved four heavy metals in filtered water of Al-Gharraf river by pg/l unit

Prasad and Bose S. 1 S.2 S.3 S. 4 S.5 S. 6 S.7 S. 8 S.9 S. 10 Min Max

(2001); Edet and

Offiong (2002)
Cd 3 0.03 0.32 0.4 0.42 0.4 0.33 0.17 0.25 0.3 0.37 ND 0.9
Ni 20 1.7 2.1 2 2.3 2 2.6 3.5 2.4 1.8 2.1 ND 4
Pb 10 9 11 9 8 10 12 11.7 8 9.5 13 2.4 20
Zn 3000 29 31 32 37 33 25 14 22 35 40 12 48
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Table 7 Standards used for the HPI index computation

HM M Si Ti Wi Qi Wi.Qi
cd 0.32 5 0.3 134 40.2
Ni 2.25 70 0.014 355 0.497
Pb 20 100 0.1 0.46 0.322
Zn 29.8 5000 3000 0.000 148.5 0.029
STWi = 0.414

> Wi Qi = 40.848
HPI value = 98.6

HPI of the river water, but Pb and Cd have been given high
weightages and have much contribution, Table 7.

The HPI value calculated by these standards and the two
equations mentioned above for Al-Gharraf river water
considering every one of the seasons and stations was 98.6
utilizing the mean concentrations, and there were little
variations among sampling stations and seasons.

This HPI value is less than the maximum threshold
value of 100 as proposed by Dede et al. (2013). This result
indicates that the influence of the four studied metals on the
river water quality is alarming because of the domestic
sewage discharge, soil erosion, and some industrial activ-
ities while evaluating the HPI index.

The concentrations of the four heavy metals in Al-
Gharraf river water at all stations were found to be low and
within guideline levels recommended. Results of this study
can serve as baseline environmental data benchmark for
monitoring build-up of heavy metals in streams and rivers.

Conclusions

This study presents the advantages of using WQIs in
evaluating the general quality of water and sums up
numerous data in a single value. Al-Gharraf river water can
be used for public consumption after the traditional treat-
ment; however, the results reveal that the river is polluted
by anthropogenic activities and the NFS WQI values were
61-70 indicating a medium water quality. Utilizing WQIs
is more systematic and gives comparative evaluation of the
water quality of sampling stations. It is also helpful for
public to understand the quality of water and being a useful
tool in the field of water quality administration.
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