EEET ECOLOGICAL ENGINEERING
——— & ENVIRONMENTAL TECHNOLOGY

Ecological Engineering & Environmental Technology 2023, 24(5), 177-184

https://doi.org/10.12912/27197050/165901
ISSN 2719-7050, License CC-BY 4.0

Received: 2023.04.02
Accepted: 2023.05.20
Published: 2023.06.01

Application of the Water Quality and Water Pollution Indexes
for Assessing Changes in Water Quality of the Tigris River
in the South Part of Iraq

Idrees A.A. Al-Bahathy™, Zahraa Zahraw Al-Janabi?, Rana R. Al-Ani?, Afrah A. Maktoof?

! College of Environmental Science, Al-Qasim Green University, Babil, Iraq
2 Environment Research Center, University of Technology, Baghdad, Iraq

w

Biology Department, College of Science, University of Thi-Qar, Thi-Qar, Iraq
* Corresponding author’s e-mail: idrees@environ.ugasim.edu.iq

ABSTRACT

Two water quality indices (WQI) were applied in the Tigris River using thirteen water quality parameters (pH,
chlorides, sulfate, nitrate, salts, BODS, iron, boron, zinc, lead, cadmium, copper, and chromium) in this study.
They were calculated for the six years from 2008 to 2013 and then compared with sets of standard values of river
maintaining systems. The results indicated that the water quality of the Tigris River for CCME-WQI was generally
“Fair” to “Good” in 2008, 2009, and 2010 (CCME WQI range: 69.67-88.46) for all sites. CCME WQI values fell
from “Marginal” to “Fair” in all sites over the last two years (2012 and 2013). WPI was “ pure” to “ Moderately
polluted “ from 2008-2011 (WPI range: 0.63—1.55) for all sites. Whereas, WPI values dropped to ranging from
“ Moderately polluted “ to “polluted” (WPI range: 1.15-2.39) in all sites in 2012 and 2013. The effect of various
human activities and dryness were evident on some parameters such as the heavy metals, Sulfate, Chlorides, Salts
and Nitrate. Where their concentrations exceeded the permissible limits of the river maintaining system in most of
the sites, and thus were the reason for the decline in the values of the indices. So, the monitoring of the Tigris River
is important for proper management and for preserving this important water source.
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INTRODUCTION

Freshwater resources are the most important
things on earth and are fundamental for all forms
of life [Ayat et al., 2021]. Distinguishing the ef-
fects and fluctuations of biogeochemical pro-
cesses as well as understanding the fluctuations in
physicochemical parameter values of water qual-
ity is important for water management [Abed et
al., 2018].

The quality of surface water plays a main role
in the biological processes of aquatic biota. Sur-
face water quality is very sensitive to anthropo-
genic activities and is critical for economic devel-
opment and the sustainability of the environment
[Ewaid et al., 2018].

Rivers are our historical, natural heritage
and most important wealth. Rivers are important
sources of freshwater for achieving various ser-
vices for humans, such as daily use, irrigation,
and industrial needs. The majority of a river’s wa-
ter is contaminated by significant pollutant loads
from all around the world due to river systems’
transferring pollutants, and other materials by the
river current [Galib, 2017]. Urbanization is an
important cause of water pollution [Bdyut, 2017].
Direct disposal of wastewater, which contains
heavy metals, detergents, acids, alkalis, dyes, and
other pollutants, has an impact on water quality
[Roy and Shamin, 2020]. In recent years, there
has been an increase in public awareness regard-
ing water pollution. As a result, new techniques
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for implementing long-term water management
were considered. As a result, continual monitor-
ing of water resources is critical for determin-
ing water quality for different uses [Ewaid et al.,
2020]. Many water quality indices were used to
evaluate the water quality over space and time.
A water quality index is a single numerical value
that represents the status of the quality of water
and indicates unfavourable or undesirable water
quality conditions [Galib et al., 2018, Li and Liu,
2018]. WQIs function by combining a set of vari-
ables into a single value, unitless score, allowing
for comparisons between various water bodies
or the observation of changes in water over time
[Aljanabi et al., 2021]. WQI has also proven to
be a simple method for giving information to the
public and decision-makers [Banda and Kuma-
rasamy, 2020].

Many studies covered the limnology and
water quality of the Tigris and other Iraqi water
bodies. Many researchers have reported in dif-
ferent areas within Iraqi waters, such as [Mirza
and Nashaat, 2018, Al-Azawii et al., 2018, Zah-
raa et al., 2019, Al-janabi et al., 2019, Al-Bahathy
and Nashaat, 2021, Majeed et al., 2022, Aljana-
bi et al., 2022, Nashaat and Al-Bahathy, a2022,
Nashaat and Al-Bahathy, b2022, Majeed et al.,
2023]. Many water quality indices are used in
order to evaluate the quality status of any river.
Our study surveyed the water quality at different
points in the southern part of the Tigris River by
applying two indices: the Water Pollution Water
Index (PWI) and the Canadian Council of Min-
isters of the Environment (CCME) to get an ac-
curate view of water quality in the studied area.

MATERIALS AND METHODS

Study area

The Tigris River is one of the main rivers in
Iraqg whose length is 1,900 km, 20% of which is in
Turkey, 78% in Iraq, and 2% is located in Syria,
and meets with the Euphrates at Al-Qurna to form
the Shatt al-Arab [Van der, 1975]. The study on
the Tigris River was conducted by collecting
samples from the following five sites for six years
from 2008 to 2013 (Figure 1):

1. Al-Aziziyah/ site 1 (32°54°4.62”N) (45°
3°54.00”E): It is situated in a town which is
located on the Tigris River about 80 km north-
west of Kut governorate.

2. Al-Kut/ site 2 (32°31°36.36”N)
(45°47°13.14”E): the sampling site is a city lo-
cated on the Tigris River, about 160 km south-
east of Baghdad.

3. Ali  al-Gharbi/site 3 (32°28’16.26”"N)
(46°41°8.16”E): this site was located in one of
the districts of the Amara Governorate in Iraq,
about 100 km north of the governorate between
Amara and Kut city.

4. Amara/site4(31°51°23.88”N)(47°8°36.90”E):
this sampling site was situated in a city in south-
eastern Iraq, about 320 km south of Baghdad.
It lies on the right bank of the Tigris River.

5. Al-Qurnah/ site 5 (31° 0’43.68”N)
(47°26°15.96”E): the site was sampled near a
town in the south of Iraq, about 74 km north
of Al-Basra city. Qurna is situated where the
Tigris and Euphrates Rivers join to form the
Shatt al-Arab River.

Figure 1. Sampling sites of the study area
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Water quality parameters

Thirteen parameters were selected based
on both the availability and importance of data.
These parameters are: pH, chlorides, sulfate, ni-
trate, salts, iron, boron, zinc, lead, cadmium, cop-
per, chromium, and BOD; were calculated for the
five sites in the Tigris River for six years from
2008 to 2013, then compared with sets of standard
values of rivers’ maintaining systems and general
water pollution mentioned in [Law 25, 1967].
The data was taken from the National Center for
Water Resources Management/Ministry of Water
Resources/Iraq and the parameters were analysed
according to methods of [APHA, 19].

Application of the Canadian Council of
Ministers of the Environment CCME

The CCME WQI was calculated by testing
the thirteen parameters. The CCMEWQIs were
calculated for the five sites from 2008 to 2013
using data from the thirteen parameters and then
compared with sets of standard values (Table 1).

The CCMEWQI model includes three mea-
sures of variance; F , F, and F..

F1 = (Number of faild variables/
Total number of variables) x 100

(M

where: F, — represents the tests that exceed the
water quality guideline,
F, — represents the percentage of failed
tests that do not meet the objective.

F1 = (Number of faild tests/

Total number of tests) x 100 @)

F, (Amplitude) calculated by:

(1) Calculation of excursion refers to an individu-
al concentration that does not meet the objective:

Excursion =

= (Faild Test Value / Objective) - 1 )

Eq. 3 applied when the value of a failed test
exceeds the objective)
or

Excursion = 4)
= (Objective / (Faild Test Value) - 1

Eq. 4 applied when the failed test value is less
than the objective value),

(i1) Calculation of the normalized sum of excur-
sions (nse):

n
nse = z excursion /Number of tests  (5)
i=1

(i11) Calculation of F.:
F3 = (nse/(0.01nse + 0.01)) (6)

The final WQI is calculated as (Eq. 7):

WQI = 100 — V(FE + F2 + F2)/1.732  (7)

The CCME has been established to classify
water quality as Excellent (95-100), Good (80—
94), Fair (65-79), Marginal (45-64), Poor (0—45)
[Karen et al., 2001].

Application of the water pollution index (WPI)

The water pollution index was calculated us-
ing equation 8. The average value of each param-
eter (Ai) was divided by the maximum value al-
lowed (T) based on Rivers’ maintaining system
as shown in Table 1 [Law 25, 1967] and [Moran,
2018] for TDS. Then, the sum of the (Ai/T)
was divided by the total number of parameters
(n = 13). According to WPI, The quality of the

Table 1. Standard values of parameters according to
Rivers maintaining system [Law 25, 1967]

Parameters values Standers
pH 6.5-8.5
TDS 500*
Chlorides 200
Sulfate 200
Nitrate 15
BOD, 5
Iron 0.3
Boron 1
Zinc 5
Lead 0.05
Cadmium 0.005
Copper 0.05
Chromium 0.05

Note: *Standard values of TDS according to
[Moran, 2018].
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water is classified as follows: Very pure (<0.3),
pure (0.3-1.0), moderately polluted (1.0-2.0),
polluted (2.0—4.0), impure (4.0-6.0), heavily im-
pure (>6.0) [Maktoof et al., 2020].

WPI=—5 — ®)

RESULTS AND DISCUSSION

CCME and WPI calculation

For this study, CCME and WPI were selected
for the evaluation of water quality. For these in-
dices, 13 parameters, viz. pH, chlorides, sulfate,
nitrate, salts, iron, boron, zinc, lead, cadmium,
copper, chromium, and BOD, were used to test
the Tigris River quality at five selected sites. The
summary of the CCME and WPI index values of
water samples is shown in Figures 2 and 3.

As for the temporal trend, Figure 2 showed
that the range of CCME WQI for the Tigris Riv-
er at sites 1 (Al-Aziziyah) and 2 (Al-Kut) falls
under the “good” category (CMME WQI range:
82.7-88.4) except for 2012 and 2013, where it
descended to become under the “fair” category
mainly (CMME WQI range: 66.08-74.2).

100
90

CCMEWQI
&3 & 3 S

=

SITE.1
85,22
83,86
88,46
82,70
67,04
66,46

SITE.2
85,33
86,68
87,48
83,42
66,08
74,29

m2008
m2009
=2010
m2011
m2012
m2013

Site 3 (Ali Al-Gharbi), Site 4 (Amara) and
Site 5 (Al-Qurnah) fell under the “fair” category,
mainly for 2008, 2009, 2010 and 2011. Whereas,
water quality ranged between “marginal” and
“fair” categories for 2012 and 2013.

However, Figure 3 detected the water status
of the Tigris River by WPI values was “pure” to
“moderately polluted” in 2008, 2009, 2010, and
2011 (WPI range: 0.63—1.55) for all sites. Where-
as, WPI values dropped from “moderately pol-
luted” to “polluted” (WPI range: 1.15-2.39) in all
sites in 2012 and 2013. This particular case is be-
cause 8 of the 13 analyzed parameters (Chlorides,
Sulfate, Nitrate, salts, Boron, Copper, Chromium,
and BOD,) exceeded the maximum allowed con-
centrations for some tests according to standards
of river maintenance from pollution shown in
Law 25 [Law25, 1967], It may be due to there
being high intervention between the effects of dry
conditions causing high rates of salts in water and
human activities, leading to increasing chlorides,
sulfates, nitrates, boron, and copper. Chromium,
BOD,, which might be the main reason behind
the depletion of WQI throughout this period, es-
pecially in the downstream sites where this result
affected Factor 1 (F1) It indicates that a higher
percentage of variables did not achieve their ob-
jectives. These results agreed with [Al-Obaid
et al., 2010] when studying the Tigris River in
Baghdad (2002-2008).

80
7
6
5
4
3
2
1

SITE.3 SITE.4 SITE.5
77,46 72,25 69,68
80,47 71,43 77,32
78,41 73,13 76,02
76,91 76,72 76,02
67,40 59,75 59,43
68,03 67,31 67,32

Figure 2. CCME WQI values of various sampling sites of the Tigris River
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3,00
2,50
2,00
1,50

= 1,00

? 0,50 I I
0,00 -

SITE.1 SITE2 | SITE3 | SITE4 | SITES |

2008 1,08 1,09 1,28 1,35 1,55
"2009 1,00 0,99 1,15 1,24 1,27
=2010] 098 0,63 1,07 1,16 1,19
m2011 1,02 1,08 1,16 1,18 122
w2012 1,52 1,49 2,39 1,39 143
%2013 1,18 1,15 129 2,10 1,34

Figure 3. WPI values of various sampling sites of the Tigris River

The finding was consistence with the result
of Al-Hussaini et al [Al-Hussaini et al, 2018] in-
vestigated environmental pollution of the Diyala
River, one of the Tigris tributaries within Bagh-
dad City (1999-2015).

However, for spatial profiles of water quality,
the results in Figure 2 showed “fair” to “good”
quality in upstream sites, Al-Aziziyah (Site 1),
Al-Kut Site (Site 2), and Ali al-Gharbi (Site 3)
throughout the study period (CCME WQI range:
66.08-88.40). However, the results in down-
stream sites Amara (Site 4) and Al-Qurnah (site 5)
were “fair” to “marginal.”

Figure (3) showed that WPI ranged from
“pure” to “moderately polluted” in upstream
sites: Al-Aziziyah (Site 1), Al-Kut site (Site 2),
and Ali al-Gharbi (Site 3) and in downstream
sites in Amara (Site 4) and Al-Qurnah (Site 5), the
WPI results ranged from “moderately polluted”
to “polluted” (1.18-2.39).

The main reasons for the lower water quality
in downstream sampling sites (Sites 4 and 5) may
be increased parameter numbers that exceed the
allowed standards, such as heavy metals, sulfates,
and chlorides, which resulted from the discharge
of city wastewater and salts from drainage tribu-
taries. Whereas nitrate and sulfate were caused by
agricultural effluents, which increased from north
to south. These findings agreed with the findings
of [Al-Mayah et al., 2021], which found that in-
tensive communities and city wastewater along
the Tigris River deteriorated the quality of the Ti-
gris River from north to south. Similarly, Abed et
al [Abed et 1., 2021] found the same results when

assessing the Tigris River within Baghdad City,
which confirms that the city has a great impact on
the WQ of the Tigris River.

Cluster analysis

Figure 4a shows the temporal variation den-
drogram of three clusters during the study period
for CCME. The first cluster consists of two sub-
clusters; (1) triple of 2008, 2010, and 2011 years,
where the results were referred to the closest av-
erage values of CCME, which included “good
and Fair” (Canadian Council of Ministers of the
Environment 2001) 77.988, 80.7, and 79.154 for
2008, 2010, and 2011, respectively. (2) A single
sub-cluster of the 2009 year. This year, the CCME
value was recorded as 79.95 “good”. The second
cluster is characterized by a single sub-cluster;
the 2012 year, which the result referred to as the
“marginal” value of CCME (63.94). The third
cluster shows a single sub-cluster; the 2013 year
was recorded as a “fair” value of CCME (68.68)
(Table 2).

The dendrogram of temporal variation for
WPI during the study period was illustrated in
Figure 4-b. The results show three clusters. The
first cluster consists of two sub-clusters: (1) pair
of 2009-2011 years in which the values of WPI
1.05 and 1.13 “moderately polluted” were record-
ed. (2) A single sub-cluster in the 2008 year where
the value of WPI (1.27) “moderately polluted”
was recorded. The second cluster shows pair
of sub-cluster 2010-2013 years, in these years
the values of WPI (1.01 and 1.41) “moderately
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Figure 4. Dendrogram of temporal variations (a) CCME values of Tigris (b) WPI values of Tigris

polluted” was observed. The third cluster includ-
ed only a single sub-cluster in 2012, and the result
was referred to as 1.65 “moderately polluted” for
WPI value (Table 2).

The dendrogram of spatial variation in
Figure 5a shows three clusters during the study
period. The first cluster is characterized by two
sub-clusters: (1) pair of Site 1-Site 3, in which the
results are referred to as the “fair” value of CCME
(78.96 and 74.78). (2) a single sub-cluster, Site 2,
in which the value of CCME 80.55 “Good” was
obtained. The second cluster shows a single sub-
cluster, Site 4. At this site, the value of CCME
(70.10) “fair” was observed. The third cluster il-
lustrates only a single sub-cluster, Site 5, and the
result is referred to as 70.97 “fair” for the CCME
value (Table 3).

Figure 5b shows the spatial variation dendro-
gram of three clusters during the study period for
WPI. The first cluster consists of two sub-clus-
ters; (1) a pair of Site 2-Sit 3, which the results
referred to 1.07 and 1.39 values of CCME that
included “moderately polluted”. (2) A single sub-
cluster of Site 1. On this site, the value of WPI
1.06 “moderately polluted” was recorded. The
second cluster is characterized by a single sub-
cluster, Site 5, which the result referred to as a
“moderately polluted” value of WPI (1.33). The

Table 2. The temporal variation of average values for
CCME and WPI from 2008 to 2013 years

third cluster showed a single sub-cluster; Site 4
recorded a “moderately polluted” value of WPI
(1.40) (Table 3).

CONCLUSIONS

The Canadian Council of Ministers of the En-
vironment Water Quality Index and Water Pollu-
tion Index were used in this study to determine
the water quality of the Tigris River. They are
good tools for this purpose. Water quality scores
descended in all sites in the last two years (2012
and 2013) compared with 2008, 2009, 2010 and
2011 due to the effects of dryness and human
activities. On the other hand, water quality may
become lower from Site 1 to Site 5 due to the dis-
charge of city wastewater, drainage tributaries,
and agricultural effluents, which are higher from
north to south.

Based on the results obtained, the Tigris wa-
ter quality was evaluated differently concerning
the two indices. According to the CCME WQI
index, 63% of sampling stations were classified
as “fair”, 30% were classified as “good”, and 6%
were classified as “marginal”. Compared to the
WQI, the WPI gave a score of 84% for water that
was “moderately polluted”, 10% for water that
was “pure”, and 6% polluted.

Table 3. The spatial variation of average values for

Year CCME WPI CCME and WPI for 2008 to 2013 years

2008 77.98 1.27 Year CCME WPI
2009 79.95 1.05 Site 1 78.96 1.06
2010 80.7 1.01 Site 2 80.55 1.07
201 79.15 1.13 Site 3 74.78 1.39
2012 63.94 1.65 Site 4 70.10 1.40
2013 68.68 1.41 Site 5 70.97 1.33
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Figure 5. Dendrogram of spatial variations (a) CCME values of Tigris (b) WPI values of Tigris

The differences between the two indices
were due to the weight of each parameter in the
formula. Thus, the CCME-WQI will be applied
when assessing water quality in areas where there
are permanent sources of pollution. As regards
the WPI, its low sensitivity to certain parameters
makes it appropriate for a general characteriza-
tion of watercourses. Therefore, a suitable index
must be selected for the type of pollution source.
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