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Introduction

Water is well known as the main 
constituent of Earth’s streams, lakes, and 
oceans, and the fl uids of most of earth 
organisms. It is essential for all known 
forms of life. During the last decades 
of the 20th century polluted water has 
started to become a universal grave issue 
and surface water quality is becoming 
a real global concern (Witek & Jarosie-
wicz, 2009). Human existence, develop-
ment and well-being have always been 
linked to water (Eulisse, 2010; Reza & 
Singh, 2010). Over two thirds of Earth’s 

surface are covered by water, which rep-
resent about 71% of the Earth’s surface, 
and more than 96% of this water is sa-
line. Over 68% of freshwater is in ice 
and glaciers and 30% is confi ned in the 
ground. The rest (about 1.2%) represent 
the fresh surface-water sources, such as 
rivers and lakes (Shiklomanov, 1993). 
Rivers are considered the most impor-
tant sources of surface water on Earth. 
They are play a signifi cant role in all hu-
man activities, like agriculture, drinking, 
irrigation, industry, and domestic work. 
Many industries rely in their processes 
on water, and about 40% of food supply 
around the world is grown under irriga-
tion (BCAS, 2000). However, all these 
activities have posed a major threat to 
the quality of the river’s water in many 
countries around the world particularly 
in developing countries and some drink-
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ing water supplies have become con-
taminated (Akoto & Adiyiah, 2007). The 
United Nations reports pointed that a 
child dies every 8 second as a result of 
a water-related illness (Al-Adawi, 2005). 
As noted by the World Health Organiza-
tion (WHO), 3.4 million people, mostly 
children, die annually from water-related 
diseases (WHO, 2001). Beside the an-
thropogenic infl uences such as urban, in-
dustrial, and agricultural activities, there 
are many factors that affect water qual-
ity characteristics such as natural proc-
esses like climate, precipitation inputs 
and catchment area, tectonic, erosion of 
crustal materials and bedrock geology, in 
combine with the infl uence of the envi-
ronment (Glińska-Lewczuk, 2006; Nas, 
Bayram, Nas & Bulut, 2008; Kašiarová 
& Feszterová, 2010).

 Therefore, many studies conducted 
to evaluate water quality index in dif-
ferent rivers and water bodies around 
the world. The importance of the water 
quality index is emerged through provid-
ing data base about quality of the water 
source, and explain the change in the 
water quality over a period of time, as 
well as fi nding the degree of pollution 
of a water body (Al-Heety, Turki & Al-
-Othman, 2011; Phadatare & Gawande, 
2016). The pollution of Iraqi waters 
is one of the major problems that have 
started to appear and have increased. 
This necessitates serious thinking to fi nd 
ways to combat and minimize the water 
pollution, especially as the rivers and 
lakes attract human communities and of-
ten most of the villages and cities in Iraq 
are located on the edges of rivers and 
lakes (Shahin, 2007). As the river was 
a source of all the requirements of peo-
ple from water in return were dumping 

waste and wastewater to this river, which 
led to pollution of river.

Thus, the current study involved de-
termination of physicochemical and bio-
logical parameters of Lower Zab river 
in Kirkuk city at different points. This 
study aims to evaluate the water quality 
of Lower Zab river by analyzing of some 
selected water quality parameters like: 
pH, total dissolved solids, biochemical 
oxygen demand, dissolved oxygen, tur-
bidity, electrical conductivity, alkalinity, 
and salinity etc., and compare the results 
with the Canadian Council of Ministers 
of the Environment (CCME) and the Na-
tional Sanitation Foundation (NSF) wa-
ter quality index (CCME, 2001).

Material and methods

Study area

In Iraq there are two main rivers con-
sidered the lifeline of the country. Tigris 
is the eastern of the two great rivers that 
defi ne Mesopotamia, the other being 
the Euphrates (Frenken, 2009). Flowing 
into the Tigris river, within the borders 
of Iraq, a large group of tributaries sup-
plying more than half of the Tigris in the 
fl ood season, scattered in the territory of 
Turkey, Iran and Iraq, the most impor-
tant Khabur, Great Zab, Lower Zab, Al-
-Adhaim, and Diyala. Lower Zab river 
(also named as Little Zab) is one of the 
fi ve main catchments in Northern Iraq 
(Frenken, 2009; Saeedrashed & Guven, 
2013). The Lower Zab begins in Iran in 
a mountainous range which is part of the 
Zagros mountains (Kliot, 2005; Frenk-
en, 2009). Its equipped with the Dukan 
Dam (6.8 km3) in Sulaymaniyah city in 
Iraq (Frenken, 2009). The river basin of 
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21,475 km2 generates about 7.17 km3, of 
which 5.07 km3 of annual safe yield af-
ter buildup Dokan Dam (Frenken, 2009). 
The total length of the river is 400 km 
(Kassim, Sabri & Salman, 2007; Shahin, 
2007; Jabar, 2008). The Lower Zab river 
is lying between the geographic coor-
dinates of SN latitude 35.16° to 36.79° 
and WE longitude 43.39° to 46.26°, and 
it is going over within the administrative 
boundaries of the governorates: Erbil, 
Sulaymaniyah, and Kirkuk (Saeedrashed 
& Guven, 2013). About 30 km north of 
Fatha, the Lower Zab joins the river Ti-
gris (Al-Ansari, 2016). The river water 
depends on the melting of snow in the 
mountains and the amount of rainfall, 
which fl uctuates from year to year ac-
cording to climatic conditions, where 
the water level is the highest level in the 
spring because of melting snow and less 
in the summer. The Lower Zab river is 
the major source for drinking water in 
Kirkuk Governorate, as well as for agri-
culture and irrigation in the region.

The study of the water quality in-
dex of the Lower Zab river within the 
administrative boundaries of Kirkuk 
Governorate, where two monitoring 
points are adopted for the purpose of 
modeling. These points approved by 
the Ministry of health and environment 
in Iraq – Directorate of Protection and 
Improvement of the Environment of the 
Northern Region. The monitoring sta-
tions were adopted within the geographi-
cal area of the province of Kirkuk, which 
is LZ2 (Lower Zab station 2) and LZ3 
(Lower Zab station 3). The fi rst monitor-
ing point (LZ2) is located in Alton Kobri 
(GPS coordinates 35.76053 N, 44.14189 
E) which is a small town located north-
west of Kirkuk city and it is about 

40-kilometer distance. The second 
monitoring point (LZ3) located in Dibs 
District (GPS coordinates 35.68447 N, 
44.07072 E) about 35 km northwestern 
Kirkuk city (Fig. 1). 

Many human and industrial activities 
taking place near the Lower Zab river and 
along the riverbed, like the discharges of 
the power plant of Dibs and the residues 
of stone quarries and block factories are 
considered threats to the quality of wa-
ter in the Zab river. Also, the existence 
of agricultural fi elds near the riverbed 
which affects the increase of pollution 
by returning the water used for irriga-
tion to the riverbed, which is loaded with 
pollutants of fertilizers and salts. In ad-
dition, there is a discharge of Karwanchi 
Beverage Factory (Soft drink factory), 
which is disposed to the Lower Zab river 
in the area confi ned between LZ2 and 
LZ3. The main problem that cause pollu-
tion in the Lower Zab river are from the 

 
FIGURE 1. Location of stations on the Lower Zab 
river



158 S.M. Ahmed et al.

discharging the sewage water of Hawija, 
Debs, Alton Kubri and Zab areas directly 
into the river body. All these places do 
not have sanitation projects. All the pol-
luting activity between the LZ2 and LZ3 
are listed in Table 1.

Sample collection

Raw water samples were collected 
from the Lower Zab river twice a month by 
one sample every 15 days from each sta-
tion. The samples collected from January 
2013 to March 2019. Water samples were 
taken from about 3 to 4 m from the edge of 
the river at a depth of 20–30 cm from the 
water surface of the river. The water qual-
ity data include 16 parameters: pH, dis-
solved oxygen (DO), biochemical oxygen 
demand (BOD), phosphates (PO4), nitrate 
(NO3), calcium (Ca), magnesium (Mg), 
total hardness (TH), potassium (K), so-
dium (Na), sulfates (SO4), chlorides (Cl), 
total dissolved solids (TDS), electrical 
conductivity (EC), alkalinity (ALK), and 
turbidity (TRUB). The data of the sixteen 
parameters included in this study was ob-
tained from Directorate of Protection and 
Improvement of the Environment – North-
ern Region (Kirkuk, Iraq). The standard 
used here was the Canadian Drinking Wa-
ter Guidelines and if there was no Cana-
dian standard, Iraqi standard for drinking 
water or the World Health Organization 
guidelines are used (IQS 417, 2009; WHO, 
2017). Collected samples were taken by 

sterilized bottles from the middle of the 
stream. Tests were carried out following 
the American Public Health Association 
(APHA, 1995) standard methods.

Water quality indices calculations

A number of water quality indices 
have been formulated over the last fi ve 
decades. First formulated of WQI was 
by Horton (1965). It is commonly used 
for the detection and estimating of water 
pollution based on several quality param-
eters (Horton, 1965). This index provides 
a single number which expresses overall 
water quality at a certain location and 
time by simplify complex data into sim-
ple information that is easy to understand 
and usable by the public (Schultz, 2001). 
Many WQI studies have been conducted 
all over the world in different countries, 
they were reported in literature by many 
researchers (Brown, McClelland, Dein-
inger & Tozer, 1970; Fulazzaky, 2009; 
Tyagi, Sharma, Singh & Dobhal, 2013; 
Gupta, Pandey & Hussain, 2017). Many 
studies developed numerous water qual-
ity indicators to provide a convenient 
way to summarize water quality data, 
each using different group of analytes 
(House & Ellis, 1987). In this study two 
water quality methods used to assess the 
quality of Lower Zab river (NFS Method 
and CCME Method).

TABLE 1. Location and name of the polluting activity of the Lower Zab river

Location Waste type Symbol
Kirkuk – Alton Kubri untreated sewage water of residential houses A
Kirkuk – Dibs untreated sewage water of residential houses B
Kirkuk – Karwanchi Group Company 
for Soft Drink Juices Water

− treated sewage water
− untreated industrial wastewater C
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National Sanitation Foundation 
(NFS)

The NFS WQI is a commonly-used 
water quality index developed by the Na-
tional Sanitation Foundation in 1970 to 
provide a standardized way to compare 
the water quality of different water bod-
ies. In this method, weight was assigned 
for each parameter where the sum of the 
weights is equal to one (Brown et al., 
1970). The water quality results can be 
reported using descriptive words to sum-
marize the data into one of fi ve classes, 
ranging from “very bad” to “excellent” 
(Ott, 1978). This type of WQI ignores 
the type of water consumption, therefore 
it can be used for various water bodies 
types (Ott, 1978). It is useful for estimat-
ing spatial and temporal changes and 
classify the quality of river water (Reza 
& Singh, 2010), and groundwater source 
(Rajankar, Gulhane, Tambekar, Ramteke 
& Wate, 2009). 

The NFS WQI is designed to include 
nine parameters, they are dissolved oxy-
gen (DO), fi ve-day biochemical oxygen 
demand (BOD5), nitrate, total phosphate, 
temperature, turbidity, fecal coliform, 
and total solids (Brown et al., 1970). It 
can still be calculated if there are some 
missing parameters (Srivastava & Ku-
mar, 2013), or further parameters more 
than nine (Kumar & Alappat, 2009; 
Ewaid, Abed & Kadhum, 2018). When 
it is diffi cult to fi nd the concentration of 
all nine quality parameters, the weight of 
the missing parameters will be distrib-
uted over other parameters based on the 
weight of each parameter in the index.

The result of WQI with missing pa-
rameters will be different from the real re-
sult if all the nine parameters adopted, but 

the difference is very low that made the 
classifi cation of quality index still in the 
same class (Srivastava & Kumar, 2013). 
However, it is clear that choosing a small 
number of water quality parameters are 
not met the objectives well, while if a large 
number of parameters are used a different 
picture will be provide (CCME, 2001). In 
the literature some researchers used fewer 
than nine variables in water quality stud-
ies (Al-Mutairi, Abahussain & El-Bat-
tay, 2014; Gupta et al., 2017; Ebuete & 
Ebuete, 2018). While others used more 
variables to obtain a more comprehensive 
picture of water quality (Alobaidy, Abid 
& Maulood, 2010; Ewaid et al., 2018). 
The parameters and their corresponding 
weights are listed in Table 2 (Kumar & 
Alappat, 2009; Ewaid et al., 2018).

The mathematical equations for WQI 
are given as follows:

actual ideal

standard ideal
100i

Q QQ
Q Q

−
=

−
 (1)

1
n

i iiNSF WQI W Q==  (2)

where:
Qi – sub-index for ith water quality 
parameter,
n – number of water quality parameter,
Wi – weight (in terms of importance) asso-
ciated with ith water quality parameter.

The Canadian Council 
of Ministers of the Environment 
(CCME)

The CCME WAI Method is a widely 
used and globally accepted model for 
assessing the water quality (Khan, Pa-
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terson & Khan, 2004). It is based on a 
formula developed by the British Co-
lumbia Ministry of Environment, Lands 
and Parks and modifi ed by Alberta Envi-
ronment (CCME, 2001). This index has 

been extensively used in water quality 
studies because its fl exibility in terms 
of the type and number of variables se-
lected for testing quality of water and the 
type of water body, also the time period 
of application. Another advantage of this 
model is enabling the researchers to use 
the national standards for water quality 
(A.A. Khan, Tobin, Paterson, Khan & 
Warren, 2005). Many studies have been 
conducted to determine water quality in 
different countries (Khan et al., 2004; 
Lumb, Halliwell & Sharma, 2006; Damo 
& Icka, 2013; Munna, Chowdhury, 
Ahmed, Chowdhury & Alom, 2013; Ma-
hagamage & Manage, 2014; Gupta et al., 

TABLE 2. NSF WQI parameters and weights (Ott, 1978; Kumar & Alappat, 2009; Batabyal & Chakra-
borty, 2015; Ewaid et al., 2018)

Parameter Unit
Assigned 

weight 
(wi)

Relative 
weight 

Standard Reference

pH – 4.33 0.0894 6.5–8.5 –
Dissolved oxygen (DO) 

mg·l–1

4.59 0.0947 4.0–6.5 –
Five-day biochemical oxygen 
demand (BOD5) 3.88 0.0801 3 WHO, 2017

Phosphates (PO4) concentration 3.89 0.0803 0.4 IQS 417, 2009
Nitrate (NO3) concentration 3.8 0.0784 1 –
Calcium (Ca) concentration 1.96 0.0405 25 –
Magnesium (Mg) concentration 1.76 0.0363 50 –
Total hardness (TH) 2.84 0.0586 250 –
Potassium (K) concentration 0.94 0.0194 8 –
Sodium (Na) concentration 0.94 0.0194 20 –
Sulfates (SO4) concentration 2.64 0.0545 250 IQS 417, 2009
Chlorides (Cl) concentration 3.43 0.0708 250 –
Total dissolved solids (TDS) 3.63 0.0749 450 –
Electrical conductivity (EC) μS·cm–1 3.22 0.0665 1 600 –
Alkalinity (ALK) mg·l–1 3.13 0.0646 250 WHO, 2017
Turbidity (TRUB) NTU 3.47 0.0716 5 –

1

i
i n

i

wW
w

=

TABLE 3. Water Quality Index (WQI) ranges 
(Batabyal & Chakraborty, 2015)

Criteria WQI range
Excellent 0–50
Good 50–100
Poor 100–200

Very poor 200–300
Unsuitable for drinking > 300
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2017). The CCME WQI model consists 
of three factors: 

Scope: represents the number of 
variables that do not meet their 
objectives.
Frequency: represents the number of 
times these objectives are not met.
Amplitude: represents the amount by 
which the objectives are not met.
These factors produce a number 

value (from 0 to 100) refers to the total 
water quality for the water body, where 
0 represents the “worst” and 100 repre-
sents the “best” value for water quality 
(CCME, 2001; H. Khan, Khan & Hall, 
2005; Lumb et al., 2006; Panduranga 
Murthy & Hosmani, 2009). The for-
mulation of the WQI as described in 
the Canadian Water Quality Index 1.0 
– Technical Report, is shown in the fol-
lowing equations (Munna et al., 2013): 
The measure for scope is F1. This rep-
resents the number of variables whose 
value does not match the objectives over 
the study time period.

1 100number of failed variablesF
total number of variables

=

  

 (3)
The measure for frequency is F2. 

This represents the failed tests which is 
the percentage of individual tests that do 
not meet objectives.

2 100number of failed testsF
total number of tests

=  (4)

The measure for amplitude is F3. This 
represents the number of failed test val-
ues that do not meet their objectives. This 
step consists of several phases. Initially 
calculation of Excursion, the number of 

1.

2.

3.

times by which the test value is greater 
than the objective, the excursion calcu-
lated from the following equation

100failed test valueexcursion
guidelinevalue

=  (5)

For the cases in which the test value is 
less than the objective, formula (6) is used

1guidelinevalueexcursion
failed test value

= −  (6)

The normalized sum of excursions 
(nse) can be calcalated by equation (7)

1
n
i excursionnse

number of tests
 (7)

Finally, the amplitude (F3) can be 
found from equation (8)

3 0.01 0.01
nseF

nse
=

+
 (8)

The CCME WQI is then calculated 
as shown in the following equation

2 2 2
1 2 3100

1.732
F F F

WQI
+ +

= −  (9)

then the value of water quality can be 
ranked by relating it to one of the fi ve 
categories set out in Table 4.

The main pollution parameters 
that considered for surface water qual-
ity management in this work include 16 
parameters: turbidity (TRUB), pH, dis-
solved oxygen (DO), fi ve-day biochemi-
cal oxygen demand (BOD5), total dis-
solved solids (TDS), total hardness (TH), 
electrical conductivity (EC), alkalinity 
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(ALK), concentration of: nitrate (NO3), 
phosphorus (PO4), calcium (Ca), mag-
nesium (Mg), sulfates (SO4), potassium 
(K), sodium (Na), and chlorides (Cl).

Result and discussion

The results for the descriptive data of 
the 16 water quality variables (pH, DO, 
BOD, TDS, EC, ALK, TH, TRUB, con-
centration of PO4, NO3, Ca, Mg, K, Na, 
SO4, Cl), which were measured twice a 
month during sampling period of seven 
years (from 2013 to 2019) at two sta-
tions on the Lower Zab river, were ana-
lyzed and presented in Figures 2, 3, 4, 
and 5. The investigation of the physical 
and chemical parameters results gives 
a broad understanding for water quality 

TABLE 4. CCME WQI categorization schema 
(CCME, 2001; H. Khan et al., 2005)

Category WQI Status
1 95–100 excellent
2 80–94 good
3 65–79 fair
4 45–64 marginal
5 0–44 poor

FIGURE 2. Trend of calcium, magnesium, total hardness, sulfates, TDS, EC, alkalinity, and turbidity 
for LZ2 station

FIGURE 3. Trend of pH, dissolved oxygen, BOD, phosphates, nitrate, potassium, sodium, and chlori-
des for LZ2 station
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of the river by fi nding out the parame-
ters responsible for detraction the water 
quality. 

The results show that all parameters 
values were within the standards of drink-
ing water proposed by the CCME stand-
ards (2001), Iraqi standards (IQS 417, 
2009), and the WHO standards (WHO, 
2017) for drinking purpose, except tur-
bidity, dissolved oxygen, concentra-
tion of nitrate and calcium, which were 

mostly higher than the standards and oc-
casionally biochemical oxygen demand 
and concentration of potassium.

The pH measure refl ects the acid 
content of the water source. According 
to the standards produced by the CCME, 
the WHO, and Iraq standards for drinking 
water (IQS 417, 2009), the range of pH 
lies between 6.5 and 8.5. Alkaline water 
with pH level higher than 8.5 is produce 
salty taste for water and caused eye ir-

FIGURE 4. Trend of calcium, magnesium, total hardness, sulfates, TDS, EC, alkalinity, and turbidity 
LZ3 station

FIGURE 5. Trend of pH, dissolved oxygen, BOD, phosphates, nitrate, potassium, sodium, and chlori-
des for LZ3 station
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ritation. If the pH is less than 6.5 water 
produce sour taste and classifi ed as acidic 
water. Acidity water does not have useful 
minerals for human body (Nollet, 2004; 
Kumari, Sudhakar, Sri, & Sree, 2011). In 
this study, the pH values ranged from 7.7 
to 8.38 which follow the standards given 
by the CCME, the WHO, and the Cen-
tral Organization for Standardization and 
Quality Control (COSQC). That narrow 
range of pH variation of pH indicates a 
slightly alkaline water (Rabee, Abdul-
-Kareem & Al-Dhamin, 2011).

Dissolved oxygen is an important 
parameter in calculation of water quality, 
it reveals the amount of free oxygen (O2) 
dissolved in water which is necessary for 
sustaining and support aquatic life, so is 
human life (Chang, 2005). The dissolve 
oxygen standard requisites for aquatic 
life is 4 mg·l–1, and for drinking pur-
poses it is 6 mg·l–1 (Alam, Islam, Muy-
en, Mamun & Islam, 2007). The maxi-
mum and minimum values for DO in 
the current study were between 7.57 and 
10.8 mg·l–1, which means that all values 
of DO in water samples are above the 
recommended permissible limits. Gener-
ally, a higher DO level indicates better 
water quality.

Biochemical oxygen demand levels 
measured were between 0.33 and 8.37 
mg·l–1. BOD is the amount of oxygen re-
quired to dismantle domestic and indus-
trial pollutants present in the water source 
(De, 2003). According to WHO drinking 
water standard, BOD level of 3 mg·l–1 is 
accepted and should not exceed 6 mg·l–1. 
In the current study all the values of BOD 
were within the standards except in July 
(2013) were 8.37 and 8.22 for both moni-
toring stations (LZ2 and LZ3). Also, in 
November the BOD value was 4.3 for 

LZ3 for the same year. The high values of 
BOD attributed to the existence of untreat-
ed wastewater fl owing into river body.

Total hardness values were all in 
the range of the permissible limits, the 
minimum value of (150 mg·l–1) recorded 
in December (2013) and the maximum 
(235 mg·l–1) was in March (2018). 

Total dissolved solids is the measure 
of the solid materials dissolved in the 
water sample. High levels of TDS causes 
harm effect to the public health as well 
as fi sh and aquatic plants. A serious dan-
ger can infect the nervous system of the 
human body by causing paralysis of the 
tongue, lips, face (Chang, 2005). In this 
study the range of TDS falls between 
292 and 151 mg·l–1, which is within the 
recommended value of 500 mg·l–1 by 
the CCME (2001) and the WHO (2017) 
standards for water quality and specifi ca-
tion limit for drinking water. 

The electrical conductivity varies 
from 221.5 to 432 μS·cm–1; and it is lies 
within the standards of drinking water. 

The total alkalinity of water in this 
study ranged from 117 to 210 mg·l–1, 
which is within the CCME (2001) stand-
ards of drinking water quality. 

The TDS, TH, TA and EC parameters 
indicate the status of inorganic pollution, 
and represent the concentration of sol-
uble salts in water (Turner & Rabalais, 
2003; Gupta, Vishvakarma & Rawtani, 
2009).

The minimum and maximum turbid-
ity values of water in Lower Zab river 
were 4.9 NTU and 4,000 NTU, respec-
tively. The maximum value for turbid-
ity (4,000 and 1,100 NTU) recorded in 
November 2013 at the both stations LZ2 
and LZ3. The reason for the high value 
of turbidity due to the end of the dry sea-
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sons (summer and autumn) and rainfall 
in the beginning of the rainy season. The 
increase of turbidity values results due 
to the high concentration of suspended 
matter in the water column, and sub-
sequently increase dispersion of light. 
Which in turn causes in deterioration of 
the water quality, also will damage the 
aquatic life (Verma et al., 1984). For this 
purpose, the WHO, the CCME, and the 
IQS proposed a maximum range for tur-
bidity of 5 NTU based on the processes 
used to treat wastewater (De, 2003). 

The nitrate results obtained from the 
two sampled stations were higher than 
the maximum permissible limits pro-
posed by the CCME (2001) for drink-
ing water. The minimum and maximum 
values for nitrate were 0.147 and 16.44 
mg·l–1. High nitrate levels in drinking 
water can be harmful to humans and 
cause serious illnesses such as “blue 
baby syndrome”, cancer risks, and he-
morrhaging of the spleen (Michalski & 
Kurzyca, 2006; Aydin, 2007; Gupta et 
al., 2009; Yang & Wang, 2010). Nitrites 
can also affect the aquatic life, plants and 
algae by decreased oxygen level when 
its concentrations rise in water (Davie & 
Quinn, 2019). 

Calcium concentrations in water 
samples were varying between 30 to 57 
mg·l–1. All the data does not within the 
objective values suggested by the CCME 
(2001) for drinking water which is 25 
mg·l–1. Approach results were obtained 
by Ewaid et al. (2018) in a study to as-
sess the quality of water for the Tigris 
river. These results are due to the nature 
of the surrounding soil.

The potassium levels varying across 
the range of 1.02–40.8 mg·l–1. In gener-
al, all the potassium levels were found to 

be within the accepted limits for drink-
ing water quality standards. Except one 
value (40.8 mg·l–1) recorded higher than 
the standards during winter in January 
2017.

The results of the water quality index 
(WQI) at LZ2 station are shown in Fig-
ure 6. Both Canadian and NSF methods 
were used to calculate the WQI. It was 
noted that the WQI from 2013 to 2019 
between marginal and fair status accord-
ing to the CCME (Table 5). While the 
WQI are classifi ed for the years 2013, 
2015, 2016 as unsuitable for drinking 
and for 2014, 2019 as poor water and for 
2017, 2018 as a good water according to 
Table 4.

For LZ3 station, the results showed 
that the WQI from 2013 to 2019 are be-
tween marginal and fair status according 
to the CCME (Table 5). The results are 
same as the LZ2 station with some mar-
ginal decrease in the WQI. The decrease 
in the WQI possibly due to the polluting 
activity of the Lower Zab river mentioned 
in Table 2. In accordance to Table 4,
the results showed that the WQI for 
2013, 2015, 2016 years are unsuitable 
for drinking and for 2014, 2018, 2019 
years are poor water and for the year of 
2017 is good water. Also, it was noting 
that some marginal increase in the WQI 
value in which decreases the subtility of 
the water for drinking use (Fig. 7).

For the years 2014, 2015, and 2016, 
the water quality was degraded due to the 
ISIS war. Moreover, it was noted in the 
2013 year that the water quality almost 
stable and have a constant value during 
spring and summer. A high decease in 
the water quality (high increase in WQI 
according to NSF Method) in the fall 
and winter seasons. This degradation in 
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the water quality is due to that the earth 
has exposed to the long-dried season and 
then suddenly exposed to a high rainfall 
season which in turns leads to increase 
some parameters very high, i.e. turbid-
ity (Fig. 8). Finally, the Lower Zab river 
water cannot be use for drinking directly. 
However, a pretreatment is needed be-
fore drinking use.

However, a recent research was not-
ed that the quality of water are highly 
affected by seasons (Mena-Rivera, Sal-
gado-Silva, Benavides-Benavides, Coto-
-Campos & Swinscoe, 2017). Also it was 

noted previosuly that the quality of wa-
ter in the spring is more better than other 
seasons (Ameen, 2019). Especially when 
the turbidity parameter is not included 
which gave good drinking water (Ewaid 
& Abed, 2017). And this interpreted the 
varation in the WQI during seasons.

Conclusions 

This research focused on the assess-
ment of Lower Zab river water quality 
using both methods – Canadian Water 

FIGURE 6. Water Quality Index (WQI) at LZ2 station

FIGURE 7. Water Quality Index (WQI) at LZ3 station
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Quality Index and NSF Water Quality 
Index. Two different stations LZ2 and 
LZ3 were selected for this study. The 
results show that all parameters values 
were within the standards of drinking 
water proposed by the CCME stand-
ards (2001), Iraqi standards (IQS 417, 
2009), and the WHO standards (2017) 
for drinking purpose, except turbidity, 
DO, nitrate, calcium, which were mostly 
higher than the standards and occasion-
ally BOD and potassium. Also, the re-
sults of WQI showed that the quality of 
water at LZ3 station is lower than the 
quality of water in the LZ2 station. This 
degradation in the quality of water is due 
to the polluting activity of the Lower Zab 
river (Table 2). Moreover, for the years 
2014, 2015, and 2016, the water quality 
was degraded due to the ISIS war. How-
ever, the quality of the water is degraded 
in winter season more than summer sea-
son due to that the earth has exposed to 
the long-dried season and then suddenly 
exposed to a high rainfall season which 
in turns leads to increase some parame-
ters very high (i.e. turbidity). Finally, the 
Lower Zab river water cannot be use for 

drinking directly. However, a pre-treat-
ment is needed before the drinking use.
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Summary

Assessment of Lower Zab river water 
quality using both Canadian Water Qual-
ity Index Method and NSF Water Qual-
ity Index Method. Rivers are considered 
the most important sources of surface water 
on Earth. They are play a signifi cant role in 
all human activities and the quality of river 
water is needed. Therefore, the importance 
of the water quality index is arising through 
providing data base about quality of the 
water source, and explain the change in the 
water quality over a period of time continu-
ally. This study involved determination of 
physicochemical and biological parameters 
of Lower Zab river in Kirkuk city at two dif-
ferent points. The objectives of the study are 
to assess the present water quality, through 
analysis of some selected water quality pa-
rameters like pH, TDS, BOD, dissolved oxy-
gen, turbidity, EC, alkalinity, and salinity etc. 
and to compare the results with the Canadian 
Council of Ministers of the Environment 
and National Sanitation Foundation Water 
Quality Indices. Raw water samples were 
collected from the Lower Zab river twice a 
month by one sample every 15 days from 
each station. The water quality data include 
16 different parameters. Tests were carried 
out following the American Public Health 
Association standard methods. The results 
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show that all parameters values were within 
the standards of drinking water proposed by 
the CCME standards and Iraqi standards or 
the World Health Organization standards 
for drinking purpose, except turbidity, DO, 
nitrate, calcium, which were mostly higher 
than the standards and sometimes BOD and 
potassium. The results of WQI showed that 
the water quality at LZ3 station is lower than 
LZ2 station due to the polluting activity of 
the Lower Zab river. Furthermore, for the 
years 2014, 2015, and 2016, the water qual-
ity was degraded due to the ISIS war. Also, 
it was noted in the 2013 year that the water 
quality degraded more in fall and winter sea-
sons due to that the earth has exposed to the 
long-dried season and then suddenly exposed 
to a high rainfall season which in turns leads 
to increase some parameters very high (i.e. 

turbidity). Finally, the Lower Zab river water 
cannot be use for drinking directly. However, 
a pretreatment is needed before the drinking 
use.
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