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Abstract

The study aims to build a water quality index that fits the Iragi aquatic systems and reflects the
environmental reality of Iragi water. The developed Iragi Water Quality Index (IQWQI) includes
physical and chemical components. To build the IQWQI, Delphi method was used to communicate with
local and global experts in water quality indices for their opinion regarding the best and most important
parameter we can use in building the index and the established weight of each parameter. From the data
obtained in this study, 70% were used for building the model and 30% for evaluating the model. Multiple
scenarios were applied to the model inputs to study the effects of increasing parameters. The model was
built 4 by 4 until it reached 17 parameters for 10 sampling times. Obviously, with the increasing number
of parameters, the value of the index will change. To minimize the effect of eclipse that arises in WQI
and to solve the problem of overlapping quality and pollution, this study has created another index linked
with IQWQI, which included both the quality and the degree of pollution. The second index is called
the Environmental Risk Index (ERI), where only the variables that exceed the permissible environmental
limits were included. Sensitivity Analysis was done to predicate IQWQI and to determine the most
influential parameters in the IQWQI score; two types of models were chosen for the run of the sensitivity
test, which are the Artificial Neural Network Regression (ANNR) and Backward Linear Regression
(BLR). The results of IWQOI and ERI for freshwater use during the dry season were very poor water
quality with a high degree of risk. While in the wet season, both indices' values ranged from poor water
quality to very poor water quality with a high degree of risk.

Keywords: ANNR, BLR, IQWQI, Iraq, Tigris River, Surface Water, Water Quality.

Introduction

When using WQIs to assess water quality monitoring
data, results can be significantly interpreted,
especially when pollutant concentrations are below
the water quality criteria. In general, WQI can totally
disregard the significance of sampling frequency in
assessing water quality!. WQIs enable administrative
decision-makers to evaluate the efficacy of
regulatory programs and present information on
water quality to the audience in an understandable
and straightforward manner. They also assist

professionals in separating monitoring data into a
larger framework??2. Indices were used for almost all
monitoring programs, including environmental
planning, water quality monitoring, assessment,
treatment, and public awareness*.

The establishment of a scientific approach for
selecting a numerical index for identifying chemical
water contamination was encouraged, according to a
panel of the president's science consultative
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committee on environmental pollution®. The panel
stated that different chemical contaminants must be
detected by the method used. Its outcome is
essentially ~ proportionate to  the  harmful
consequences that water pollution has on people or
aquatic life. The index enabled many changes in
water quality that followed. In response to this claim,
Horton released the first water quality indicator
(WQI) the same year®. Since then, WQIs have
developed into a common and useful tool for
evaluating the water quality of various water bodies
all over the world”°, Following Horton, Brown et al.
11 developed a WQI with a structure that is
comparable to Horton's index®. Still, with much
rigidity in selecting parameters, the National
Sanitation Foundation (NSF) provided funding for
the research conducted by Brown et al. 1. Because of
this, Brown's index is sometimes known as
NSFWQI.

A WQI*2 was developed in 2020 by a team of Iraqi
experts to assess the suitability of rivers for drinking.
Using the Delphi method, a survey of 44 water
guality management experts asked them to select and
rate only 10 from 27 water quality parameters.
According to the panel’s recommendation, only Six
parameters were chosen for the index: TDS, COD,
DO, Total Hardness, TC and Cl, and based on their
opinions, weights were given for each parameter.
The subindex for each parameter was taken by the

Materials and Methods

Sites Description

Climate

The Iragi climate is arid to semi-arid, with dry, hot
summer and cold winter. Moreover, it has low
humidity and low precipitation’, and the mean annual
rainfall is about 11.02 mm. Climate elements affect
the hydrological characteristics of the river, as
temperature affects the amount of evaporation.
Temperature increases in summer, which leads to the
evaporation of water and an increase in salinity in the
surface water. The rise in water temperature affects

average curve representing the variation in water
quality level on a scale of 0-100. The next step
included the aggregation of all subindices by
weighted average. The final formula for the WQI is
as follows: IraqiWwQI= [(- 0.019 TDS + 84.587) x
0.2] + [(-0.006 TC + 86.231) x 0.2]+[10 DOx 0.2] +
[(-0.119 TH + 113.68) x 0.15] + [-5.886 COD+
99.846) x 0.1] + [(-0.12 CI + 106.58 x0.15] . This
index has a fixed system of parameters that cannot
allow for a new parameter. Also, elements and toxic
substances were not included and are restricted to
only drinking water use.

Due to the depletion of water supplies, expansion of
agriculture, an increase in drainage, and high
temperatures, the quality of the water is declining
toward the middle and southern regions of Irag. As a
result, there are more salts and pollutants in this
water, which is seen in the areas' drinking water
quality®®. In light of these factors, it is essential to
regularly evaluate the river's water quality in order to
determine its suitability for various uses and to detect
pollution as soon as possible so that the appropriate
authorities can take the necessary action®,

Because of the absence of water quality models that
mimic the environmental reality of Iragi water, this
study aims to develop a water quality index that fits
the Iragi aquatic system consisting of physical and
chemical factors.

aquatic organisms by, for example, decreasing
oxygen, accelerating the organic dissolution of
polluted organic materials, and increasing the
toxicity of some chemical pollutants®®. In addition,
Intergovernmental Panel on Climate Change (IPCC)
has identified Irag as highly vulnerable to climate
change®®. According to the two main seasons (Wet
and Dry) in Iraqg are based on the relative humidity
RH% Table 1, in which above 50 RH% is considered
a wet season, while less than 50 RH% is considered
a dry season'.

Table 1. Climate rate during the study period (source; Ministry of Transport/Iragi Meteorological and
Seismology 2020-2021))

Months

Ju. 2020 Au.2020 Se.2020 0Oc.2020 No0.2020 De.2020 Ja.2021 Fe.2021 Ma.2021 Ap.2021

RH% 21.0 24.0 27.0 34.0 60.0

69.0 55.0 59.0 41.0 31.0
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Study site

Five sites were chosen for conducting the study along
the Tigris River within Baghdad City during 2020-
2021, starting from Al-Muthana Bridge (north of
Baghdad) and ending before the confluence between
the Tigris and Diyala Rivers to the south of Baghdad
City (Fig. 1), Table 2, represents the Global
Positioning System for the sites. The first site (Al-
Muthanna Bridge) is located at the entrance of the
Tigris River into Baghdad city, this site represents
the northern part of the Tigris River, a natural area
influenced mainly by fisheries and agricultural
activity and didn't have industrial activities. The
second site (Al-Greaat Area) is located under a
floating Bridge for pedestrian crossing, this site is
about 7.99 km away from the first site, the area's
nature is agricultural and rich, with palm groves and
submerged plants on both edges and people visit this
place to relax and go to restaurants, therefore, a lot of
food scraps and plastic waste can be found near the
river in this site. Site three (Al-Sarrafia Bridge) has a
lot of human activity like restaurants, fisheries,

residential buildings, etc, the distance between this
site and the second site is about 7.52 km and it is
located in the middle of Baghdad city. The fourth site
(Al-Jadriyah Bridge) is predominantly urban with
little agricultural activity on the campus of the
University of Baghdad, the western part of this area
has been converted into an artificial pool (Al-
Jadriyah Lake for tourism), where water is pumped
from the Tigris River into this lake, the distance
between the third and fourth site is about 7.99 km.
The Fifth site (Al Za'franiya Area) is located
southeast of Baghdad, before the mouth of the Diyala
River, this site is influenced by many industrial
activities which are located on the bank of the river,
part of which belongs to the government sector and
other parts to the private sector, like the vegetable oil
plant under the Al-Dora Bridge and Al-Rasheed
Power Station south of Baghdad (gas and thermal
station) and various sources of water are brought to
the river from these sectors, today this site is crowded
with population due to urban development and an
increase in municipal services.

Baghdad

Figure 1. Sampling sites across Tigris River, Baghdad City (google earth, 2022) (green boxes represent
the sites and the orange boxes represent the distance between each two sites).
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Table 2. The geographical positions (GPS) of the study site

Position Longitude Latitude
St. 1 Al-Fahamah area 44°20'43.30"E 33°25'42.19"N
St.2 Al-Greaat area 44°20'55.54"E 33°23'26.41"N
St. 3 Al-Sarrafia Bridge 44°22'22.84"E 33°21'11.55"N
St. 4 Al-Jadriyah Area 44°22'27.69"E 33°17'1.39"N
St.5 Al-Za'franiya Area 44°27'18.95"E 33°14'0.08"N

Water Samples

Three water samples were taken from each site:
one from each bank of the River and one from the
middle. The average sampling time was between
7:00 AM to 6:30 PM. Each sample was collected
from the subsurface (about 20-30 cm below the
surface) in clean stopper-fitted polyethylene bottles.
Before filling the bottles with the required sample,
they were rinsed in river water several times. The
samples were preserved in an ice-cool box until they
were taken to the laboratory and subjected to
physical and chemical analyses. Laboratory
measurements were conducted 24 hours after
sampling at the Environmental Research Center-
University of Technology-Irag. Field and laboratory
measurements represented in Table 3 were carried
out according to APHA’,

Iraqi WQI (IQWQI) Model Development
Questionnaires

Delphi method was used to determine the final
weight. Delphi technique can be defined as a
communication method aimed at forming standards
and guidelines and predicting trends*®. A typical step
was followed when using the Delphi method started
with:

A- In developing the initial Delphi questionnaire, 55
parameters were selected for 4 water usages
(freshwater, aquatic life protection, agriculture,
and raw drinking water) to prepare the
questionnaire, including the parameters plus

reasons and justifications for including them in
the WQI. In the questionnaire, the respondents
were asked to choose the most important
parameters from their point of view and
experience to evaluate the uses referred to above,
giving a weight value for each parameter (from
1 to 5) (unconditional Integers), where the
weight value (1) represents the least important
and the weight value (5) is the most important
(Supplement 1).

B- Selecting the expert panel; 76 experts from
academics and engineers with expertise in water
quality management, starting with experts with
Assistant Professor titles and above.

C- Distributing the questionnaire; it was sent to the
experts to collect the information and their
opinions; the questionnaire will help identify the
most appropriate parameters used to develop the
Iragi Water Quality Indices and assign a weight
for each parameter.

D- Collecting and analyzing the questionnaire, from
the 76-expert panel, 32 responded, 4 refused to
participate, and 40 did not respond. Eight
respondents have been excluded from the 32
respondents due to a lack of information.

Parameters selection

Based on the purpose of the water uses, the
parameters were chosen for the freshwater purposes
for IQWQI, and the value of the standard for each
parameter is shown in Table 3.

Table 3. Parameters chosen for calculation of WQI for Freshwater (Natural) uses with their
guidelines arranged in descending order according to wights, Turbidity in NTU, other parameters in

mg. L
Paramet Observed Value Standard Reference
ers Dry Wet value
Mean +SD Min-Max Mean +SD Min-Max

1. DO 6.4+0.2 6.1-6.5 8.1+0.2 7.8-8.3 5 8
2. BODs 1.22+0.20 1.01-1.47 1.41+0.19 1.15-1.70 Less 5 8
3. pH 7.9+£0.0 7.9-8.0 8.1+0.1 8.1-8.3 6.5-8.5 8
4, CN 0.024+0.003 0.020-0.030 0.016+0.001 0.014-0.017 0.02 8
5. TDS 595.4+26.5 562.3-630 678.7+22.7 639.3-695 500 20
6. PO, 0.33+0.02 0.31-0.35 0.76%0.03 0.74-0.80 0.40 1
7. Cr 0.058+0.022 0.020-0.070 0.0£0.0 0.0-0.0 0.05 1
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8.  NOgz 5.92+0.97 4.30-6.55 5.34+1.04 3.99-6.25 15 1
9. Ni 0.039+0.046 0.010-0.120 0.084+0.123 0.01-0.3 0.10 1
10. CI 185.5+18.9 163.2-207.2 193.4+5.5 184.1-198.5 200 1
11. Pb 0.201+0.038 0.140-0.250 0.121+0.053 0.07-0.21 0.05 1
12. SO42 192.8+6.7 184.4-201.5 232.7£19.7 202.3-252.2 200 1
13. Zn 0.017+0.004 0.010-0.020 0.025+0.019 0.0-0.05 0.50 1
14.  Turb. 34.4+1.2 33.3-36.4 22.4+2.7 20.1-25.9 50 2
15. Al 0.019+0.003 0.010-0.020 0.017+0.007 0.010-0.030 0.10 19
16. Fe 0.212+0.079 0.130-0.310 0.077+0.03 0.04-0.12 0.30 19
17. F 0.16+0.014 0.14-0.18 0.13+0.014 0.1-0.16 0.20 19

Weight Assignment

Parameter weighting help to assign relative
importance to each parameter and illustrate
interrelations between different parameters??. Based
on the expert opinion, each parameter was assigned
a weight (AW) from 1-5, and the main values of the
weight were used. Then the temporary weight (tW)
was calculated where a temporary weight of 5 was
assigned to the parameter which gained the highest
rating. All other temporary weights of the parameters
were obtained by dividing the highest significance
rating by the individual mean rating. Each temporary
weight was then divided by the sum of all the
temporary weights to arrive at the final weight, as
shown in the following equation (Eq. 1).

finalWi=7y thV;/ ....................... Eq. 1

Where tW= temporary weight. It should be
considered that the total final weight (the summation
of all weights of parameters) is 1.0 for WQlIs.

Sub-indices Formation and Aggregation of
Functions

After assigning weights, index aggregation is
performed to obtain the final index score.
Aggregation occurs in sequential stages where the

index aggregates sub-indices. The sub-index (SI) is
determined for each parameter (Eg. 2), and the
quality rating is calculated as in Egs. 3 and 4. The
additive (arithmetic) method reached the final index

(Eq. 5).

SI; = final wight X Q; .................. Eq. 2

Qi = SSdedt 100 for pHand DO ... Eq.3
i~ Cideal

Qi = % %100 for other parameters............. Eq. 4

Si

Sli= the sub-index of ith parameter; Qi= quality
rating based on the concentration of ith parameter;
Ci= is the observed value of the nth parameter; Si= is
the standard value of the nth parameter; Cigea foOr
DO= 14.6; Cigear for pH=7; Wi= final wight.
IraqiwQI=Y. SI; /Wi.......... Eq.5

Water Quality Rating

According to Tyagi et al. 2% the best rating
compatible with the Weighted Arithmetic Water
Quality Index model is the NSFWQI model. It is
given in Table 4, where WQI = 0 is the best value
and WQI > 100 is unsuitable for use where the sub-
indices qi are not restricted to the range 0 — 100.
Consequently, it is possible that WQI > 100.

Table 4. Water quality rating as per weight arithmetic water quality index method?®

ya?ule Rating of Water Quality

0-25 Excellent water quality ‘Blue
26- 50 Good water quality Green
51-75 Poor water quality Yellow
76 — 100 Very Poor water quality Orange

> 100 Unsuitable

Environmental Risk Index

WQI, raises the problem of the eclipse, which is
a term used to describe how the final WQI score
hides the effects of the parameters that exceed the
allowed levels and eventually masks the true nature

of WQ, this situation occurs while applying the
mathematical formula?, where lowly weighted sub-
indices may be dominated by highly weighted sub-
indices, or vice versa, putting the overall water
quality rating in a questionable situation. Some
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researchers mentioned the eclipsing problem??. Ott
was the first author that pointed to eclipsing and
described it as "poor environmental quality exists for
at least one pollutant variable, but the overall index
does not reflect this" the problems of eclipsing
worsen as the number of parameters increase.
Swamee and Tyagi 2 and Smith #’ referred to the
eclipsing problem as "the index score hides the
parameter responsible for limiting that water's
suitability for the particular use and the degree by
which it does this". The eclipsing can occur by one

of the following; (i) inappropriate sub-indexing, (ii)
parameter weightings that do not accurately reflect
the relative importance of the parameters (iii)
aggregation functions that are not appropriate?,
Example of eclipsing: in 4 virtual environmental
parameters result, the observed value of one of them
is beyond the permissible limit Table 5. The final
index score might indicate good water quality, even
though one of the parameters does not meet its
permissible limit, so the parameter failure is hidden
or eclipsed by the aggregation function.

Table 5. Example of eclipsing

Parameters (mg. L?)

Nitrate Cadmium Phosphorus Chromium

observed Value 7.1583  0.0001 0.344 0.095
Permissible limit 15 0.0005 0.4 0.05
Sub-index 16.626  1.0727 5.7109 3.9921
Final WQlI 85 = Good Water Quality
So, it was thought that there would be another ~ ERI = YT"RL ............ Eq. 6.1
index linked with the water quality index to be R, G Eq. 6.2

included in its calculation called Environmental Risk
Index (ERI), where only the variables that exceed the
permissible environmental limits are included.

The calculation depends on the concentration of
each parameter that exceeded the permissible limit
(Egs. 6.1, 6.2.).

id= S
Ci=is the observed value of the nth parameter
Si= is the standard value of the nth parameter
Based on the degree of contamination categories
mentioned in?°, the ERI was built with some
modifications to be compatible with this study Table
6.

Table 6. Categories of the Environmental Risk Index modified from?

Categories ERI classes
no risk 0
low degree of risk 0-<8 Green
medium degree of risk 8 <Cd>16 Yellow
considerable degree of risk 16 < Cd>32 Orange
high degree of risk Cd>32
The final calculation of the IQWQI was madeby = CCMEWQI is a mathematical approach for

Microsoft Excel ver. 19, where the fixed cell contains
the component of the WQI; parameter, mean of
respondents, temporary weights, final weight,
observed value, standard value, and sub-index. All
these cells are linked with the final WQI equation to
generate the final score.

Canadian Council of Ministers of the

Environment Water quality index (CCMEWQI)
The Canadian WQI was calculated in this study

to be compared with the results of IQWQI. The

evaluating surface water for various purposes
following specific criteria®®. The index is computed
by summing the three factors according to Eq. 7. As
indicated in Table 7. The index is based on three
factors.

[F2+f2+12
CCMEWQI =100 — Y“— . Eq. 7

1.732
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Table 7. Calculation of the factors of CCMEWOQI

Factors Equations

F1 (Scope) f ;

_number of parameters that do not comply with standard or objective

X100

2

total number of parameters

F2 (FrequenCY) f _number of tests that do not meet objectives (failed tests) %

100

F3 (Amplitude)

. Failed test value i
Excursion = (————
Objective i
. Objective i
Excursion =

objective.

Failed test value i

total number of parameters

) — 1. When the test value must not exceed the objective.

) — 1. When the test value must not fall below the

nse = (Z Excursion)/(number of tests)

f3 = (nse/(0.01nse + 0.01))

Statistical Analyses

Jeffrey's Amazing Statistics Program (JASP) for
statistical analysis based on R programming
language was used to conduct the sensitivity analysis

Results and Discussion

IQWQI Calculation
Parameters selection

70% of the data obtained from this study was
used for developing the model. Water quality
parameters are chosen based on the most concerned
and available standards Table 3. The parameters set
are selected based on Iragi and international water
maintenance standards. The first set for building the
IQWQI was for freshwater use. This set contains 17
parameters Table 3. These parameters were used to
identify the overall health of the Tigris River.

Weight assignment

The Delphi process obtained the parameter
weight values. The parameter weight values are
estimated based on the relative importance of the
water quality parameter and/or the appropriate water
quality guidelines®*. The subindices were calculated
for each parameter (for four water uses based on the
expert panel drift from the Delphi method, first of all,

for IQWQI for freshwater use (17 parameters). The
dataset used in the calculations consisted of 108
values for each parameter. The data is split into 70%
for training the network and 30% for testing.

it must take the average rating returned by
respondents and then transform each parameter to
temporary weights by dividing the parameter with
the highest rate by the other parameters Table 8, first
red box, and the parameter with the highest rating is
given a full rating value which is 5, then, to
determine the final weight for each parameter
included in the model each temporary weight is
divided by the sum of all temporary weights of
parameters  example 1, individual parameter
concentrations is transformed to the same scale.
Weighting aims to assign relative importance to each
parameter and elucidate interrelations between
different parameters. To ensure that the final wights
are correct, the sum of all final wights must be 1, as
reported by?, where the majority of WQI models
applied unequal weighting techniques where the sum
of all of the parameter weight values was equal to 1
Table 8, last red box.

Table 8. Weight Assignment for Studied Parameters

mean of rating tW= temporary

Parameters returned by .
wight
respondents

DO | 4.170 | 5.000
BOD® 3.880 1.075
pH 3.880 1.075
CN- 3.890 1.072
TDS 3.760 1.109
PO 3.700 1.127
Cr* 3.680 1.133
NOs" 3.650 1.142
Ni* 3.470 1.202
CI 3.460 1.205

Wi=final weight  Qi=[Ci/Si]*100 SiEFRW*QI
0.203 78.642 15.980
0.044 25.320 1.106
0.044 200.053 8.738
0.044 102.823 4.480

0.0451 124.738 5.622
0.046 58.442 2.677
0.046 64.490 2.970
0.046 39.867 1.851
0.049 56.287 2.749
0.049 94.664 4.637
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Pb* 3.380 1.234
SO42 3.260 1.279
Zn* 3.220 1.295
Turb. 3.060 1.363
ARt 3.060 1.363
Fe? 2.980 1.399
F 2.720 1.533
sum - 24.6059

A linear scaling function was applied to convert
parameter values to the sub-index (equation), where
sub-index values were assigned based on the
pollution condition? (example 2). It can be noticed
from Table 8 that DO, Pb. pH and SO, have a high
value of sub-index, which correlates with the high
the values of these parameters in the guidelines as

0.050 325.144 16.303
0.052 103.527 5.382
0.053 3.946 0.208
0.055 59.811 3.313
0.055 18.367 1.017
0.057 63.943 3.636
0.062 73.257 4.564

| 1.00000 | - , -

previously explained and it must be kept in mind that
the calculation of DO and pH differ from the rest
where both of them must approach ideal values
which are 14.6 for DO and 7 for pH. For a more
detailed explanation of the calculation of IQWQI, see
examples 1 and 2.

Example 1. Calculation of temporary weights.
parameter mean of rating returned temporary weights
by respondents

DO 4.170 5 5.000

BOD?® 3.880 =4.17/3.88 1.075

pH 3.880 =4.17/3.88 1.075

CN- 3.890 =4.17/3.890 1.072

POs* 3.700 =4.17/3.70 1.127

Crt 3.680 =4.17/3.680 1.133

NOs 3.650 =4.17/3.650 1.142

Ni* 3.470 =4.17/3.470 1.202

CI 3.460 =4.17/3.460 1.205

Pb* 3.380 =4.17/3.380 1.234

SO, 3.260 =4.17/3.260 1.279

Zn* 3.220 =4.17/3.220 1.295

Al3* 3.060 =4.17/3.060 1.363

Fe2* 2.980 =4.17/2.980 1.399

F 2.720 =4.17/2.720 1.533

TDS 3.760 =4.17/3.760 1.109

Turb. 3.060 =4.17/3.060 1.363

(Sum) 24.6059

Example 2. Final weight Wi and quality rating formation.
et Sfew:t Qi=[Ci/Si]*100 ;ef;“

DO =5.000/24.6059 0.203 =((7.05-14.6)/(5-14.6))*100 78.642
BOD? =1.075/24.6059 0.044 =(1.27/5) *100 25.320
pH =1.075/24.6059 0.044 = ((8-7)/(7.5-7)) *100 200.053
CN- =1.072/24.6059 0.044 =(0.02/0.02) *100 102.823
PO4* =1.127/24.6059 0.046 =(0.23/0.4) *100 58.442
Cr* =1.133/24.6059 0.046 =(0.03/0.05) *100 64.490
NOs =1.142/24.6059 0.046 = (5.98/15) *100 39.867
Ni* =1.202/24.6059 0.049 = (0.06/0.1) *100 56.287
CI =1.205/24.6059 0.049 = (189.33/15) *100 94.664
Pb* =1.234/24.6059 0.050 =(0.16/0.05) *100 325.144
S04 =1.279/24.6059 0.052 = (207.05/200) *100 103.527
Zn* =1.295/24.6059 0.053 = (0.02/0.5) *100 3.946
Al =1.363/24.6059 0.055 =(0.02/0.1) *100 18.367
Fe?* =1.399/24.6059 0.057 =(0.19/0.3) *100 63.943
F =1.533/24.6059 0.062 =(0.15/0.2) *100 73.257
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= (623.69/500) *100
= (29.91/50) *100

TDS =1.109/24.6059 0.0451
Turb. =1.363/24.6059 0.055
(Sum) | 1.00000 I

124.738
59.811

Aggregation

The aggregate parameters collection process
consolidates all parameters' quality scores obtained
from subindices into a single water quality index
score. A simple additive aggregation function was

used to aggregate sub-indices. This final step is
essential to produce a single unitless number
representing overall water quality relative to the
chosen guideline (Example 3).

SIi=RW*QI Result of Sl;
DO =0.203*78.642 15.980
BOD® =0.044*25.320 1.106
pH =0.044*200.053 8.738
CN- =0.044*102.823 4.480
PO4* =0.046*58.442 2.677
Cr* =0.046*64.490 2.970
NOs =0.046*39.867 1.851
Ni* =0.049*56.287 2.749
CI =0.049*94.664 4.637
Pb* =0.050*325.144 16.303
S0, =0.052*103.527 5.382
Zn* =0.053*3.946 0.208
ARt =0.055*18.367 1.017
Fe?* =0.057*63.943 3.636
F =0.062*73.257 4.564
TDS =0.0451*124.738 5.622
Turb. =0.055*59.811 15.980

Example 3. Subindices Formation and Aggregation

IQWQI=YSIi/ Wi IQWQI

=[15.980 + 1.106 + 8.738 + 85.23
448 + 2677 + 2970 +

1.851 + 2.74 + 4.637 +

16.303 + 5.382 + 0.208 +

1.017 + 3.636 + 4.564 +

5.622 + 15.980]/ 1.0000

IQWQI and ERI test

Sutadian % reported that CCME could work
using four parameters for four sampled times. From
this fact, Multiple scenarios were applied to the
model inputs to see the effect of the increasing
number of parameters. The model started to be built
from 4 by 4 until it reached 17 parameters for 10
sampling times. With the increasing number of
parameters, the index's value will change, which
appears whenever the number of parameters and the
sampling time increase, as proven in the cases below
Table 9.

Scenario 1: 4 parameters (DO, BODs, pH, CN)
by 4 sampled times, the result of the IQWQI was
30.3, and the ERI was 3.57, indicating a good water
quality with a low degree of risk in the same time
the IQWQI was compared with CCME to confirm
that the new model was compatible with others
models. The CCME result was 81.84 (good water
guality) and was calculated for the same parameters
used for IQWQI. The result of both indices came in
the same category.

Scenario 2: 5 by 5 (DO, BODs, pH, CN-, PO4*),
the resulting rank of both the indices IQWQI and ERI
are still the same (a good water quality with a low
degree of risk) with the change in the values 32.98
and 6.2, respectively. The CCMEWQI rank was in
the good category.

Scenario 3: 6 by 6 (DO, BODs, pH, CN-, PO.*,
Cr*) with the increase of parameters and the sample
times, the value of water quality started to change,
where IQWQI was 35.95 as shown in Table 9, the
water quality is still within the good category, but the
effect of eclipsing starts to rise which couldn’t be
indicated with IQWQI only, here the value of using
the ERI appears as its value was 12.65 because the
effect of the Cr* where its concentration was way
beyond the limits where its concentration reach to
0.33 mg/l while the limits were 0.05 mg/I*8, where
this index focus on the effect of only the parameters
exceeded the permissible limits, and it could be said
that the water quality is good, but there is a medium
degree of risk. The CCMEWQI rank has a fair
category. It could be said it's compatible with IQWQI
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because the rank of CCMEWQI, in this case, didn't
go far from the good Categories of IQWQI. It does
not skip to other categories like marginal or poor.

Scenario 4: 7 by 7 (DO, BODs, pH, CN-, POs*,
Cr*, NOg3); in this case, water quality index value
was 37.8, and the value of ERI was 14.85, both
values (IQWI and ERI) increased, and still with the
rank of good water quality with a medium degree
of risk, the increase came from the of PO4* where its
mean concentration was 0.594 mg/l which is above
the limit 0.4 mg/I*®. CCME is still within the Fair
categories.

Scenario 5: 8 by 8 (DO, BODs, pH, CN-, PO.*,
Cr*, NOs', Ni*), the result of IQWQI was 40.55, and
ERI was 19.89. In this case, the ERI values
increased, and the categories shifted to the next level
(considerable degree of risk) because of the effect of
Ni* concentration®®. Here, the importance of ERI can
be seen because only it can detect the effect of
dangerous parameters. IQWQI and CCMEWQI
categories are still good and fair, they couldn’t track
this problem because they deal with total parameters,
and in the end, the effect of the particular dangerous
parameters will be lost. So, in this case, the final
result of WQ was good water with considerable
risk.

Scenario 6: 9 by 9 (DO, BODs, pH, CN, PO+
, Cr*, NOs, Ni*, CI"), as the parameters and the
sampled increased over time, the results of the three
indices changed. The value of IQWI and ERI were
45.18 and 24.26, respectively. This was increasingly
caused by the entrance of ClI to the calculations, but
still with categories of good water with a
considerable degree of risk, in addition to CCME
in fair rank.

Scenario 7: 10 by 10 (DO, BODs, pH, CN-,
PO.,*, Cr*, NOs, Ni*, CI, Pb*). In this study, the
concentrations of Pb were mostly out of the limit in
all sites. This situation was demonstrated by many
researchers that worked on the Tigris River. The
mean concentration of Pb* was 0.163 mg/I, and the
limit was 0.05 mg/l (Law25, 1967), which is
threefold the limit. The concentration of this
parameter shifted the three indices' rank to a worse
situation. IWQ, ERI and CCME results were 61.48,
60.43 and 55.4, respectively. With the presence of
Pb, the water quality became poor, and the ERI value
doubled, jumping from 24.26 to 55.4 and shifting the
index to the worst Scenario. Finally, this case
resulted in poor water quality and high risk. The
CCME category was marginal but still compatible

with IQWI, where both scaled down by one step, as
mentioned in Scenario 2.

Scenario 8: 11by 10 (DO, BODs, pH, CN-, PO,*
, Cr*, NOg, Ni*, CI,, Pb*, SO4*). SO, With the
combination of other parameters, the IQWQI and
ERI values increased and became 66.87 and 63.32,
respectively, and water quality was Poor water
quality with a high degree of risk.

Scenario 9: 12 by 10 (DO, BODs, pH, CN,
PO.*, Cr*, NOg, Ni*, CI,, Pb*, SOs%, Zn*). As in the
previous case, the water quality is still the same
(Poor water quality with a high degree of risk).
Where the value of IQWQI was 67.07 and ERI was
63.32. CCME rank still agreed with IQWQI.

Scenario 10: 13 by 10 (DO, BODs, pH, CN-,
PO.*, Cr*, NOs, Ni*, Cl, Pb*, SO4%, Zn*, AI**). The
water quality was Poor water quality with a high
degree of risk. Where the value of IQWQI was
68.09 and ERI was 63.32. The value of ERI in cases
9 and 10 was the same because no additional
exceeded parameters were entered into the index, in
contrast to the IQWI and CCME, where their values
changed because they considered the total number of
parameters. CCME rank still agreed with IQWQI.

Scenario 11: 14 by 10 (DO, BODs, pH, CN-,
PO.*, Cr*, NOg, Ni*, CI,, Pb*, SO4*, Zn*, AI**, Fe?").
With the entrance of Iron, the IQWQI increased to
71.33. Fe only exceeded the limit once, causing an
increase in the ERI value of 66.51. However, the
water quality was Poor water quality with a high
degree of risk.

Scenario 12: 15 by 10 (DO, BODs, pH, CN-,
PO.*, Cr*, NOg, Ni*, CI, Pb*, SO4*, Zn*, AP, Fe?,
F) The water quality was Poor water quality with a
high degree of risk. The value of IQWQI was 73.4
and ERI was 66.58.

Scenario 13: 16 by 10 (DO, BODs, pH, CN-,
PO, Cr*, NOg, Ni*, CI-, Pb*, SO,%, Zn*, AP, Fe?,
F-, TDS): with increasing the number of parameters,
the values of IQWQI increased, and its rank lay in
very Poor water quality. The mean concentration of
TDS was above the limit at 657.81 and influenced
the values of both indices, where the value of IQWQI
was 81.91 and ERI was 77.24. Therefore, in this case,
the water quality was very poor, with high risk.

Scenario 14: 16 by 10 (DO, BODs, pH, CN-,
PO, Cr*, NOg, Ni*, CI-, Pb*, SO,%, Zn*, AP, Fe?,
F-, TDS, Turbi.): even with the entrance of turbidity,
the water quality status remain the same “very Poor
water quality with a high degree of risk,” but the
values of the indices changed a little, the value of
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IQWQI was 85.23, and the value of ERI 78.21 where
the turbidity exceeds the limit once.

Table 9. Scenarios of IQWQI development for the present study

Scenarios  N. of 1QWQI WOQI Environmental Risk Index (ERI)
Parameters CCME Only parameter exceeded
30.30 81.848 3.570 CN-
. Good water Good low degree of
Scenariol 4 . :
quality water risk
quality
32.981 84.483 6.217 CN-
. Good water Good low degree of
Scenario2 5 - .
quality water risk
quality
35.950 76.822 12.657 CN-+Cr*
Scenario3 6 Good water Fair medium degree
quality of risk
37.802 72.790 14.856 CN- + Cr+P0O*
Scenario4 7 Good water Fair medium degree
quality of risk
40.551 69.081 19.893 CN- + Cr+P0O*
Scenario5 8 Good water Fair considerable +Ni*
quality degree of risk
45.187 65.876 24.267 CN- + Cr+POs*
Scenario6 9 Good water Fair considerable +Ni*+ CI
quality degree of risk
: 61.490 60.430 55.432 CN- + Cr'+PO;*
?CGH&I’IOS 10 Poor water quality ~ Marginal _ +Ni*+ ClI+ Pb*
66.872 58.013 63.322 CN- + Cr+P0O*
Scenario8 11 Poor water quality ~ Marginal _ +Ni*+ Cl+
Pb*+S04*
67.079 61.423 63.322 CN- + Cr'+PO;*
Scenario9 12 Poor water quality = Marginal _ +Ni*+ Cl+
Pb*+S04?
Scenario 68.096 . 64.3_16 63.322 CN_- + Cr+P0O,*
13 Poor water quality =~ Marginal +Ni*+ Cl+ Pb* +
. 71.733 62.840 66.581 CN- + Cr+PO*
Scenario - : - )
1 14 Poor water quality ~ Marginal _ +Ni*+ CI'+
Pb*+S04? + Fe*
Scenario 73.30 . 64.2_64 66.581 CN-+ Cr+PO+
12 15 Poor water quality ~ Marginal _ Ni*+ Cl+ Pb*+
SO, + Fe?
Scenario 81.919 63.0_35 77.240 CN_' + Cr+PO4*
13 16 very Poor water ~ Marginal _ +Ni*+ Cl'+ Pb* +
quality SO+ Fe2+TDS
85.232 62.039 78.241 CN- + Cr'+PO;*
Scenario 17 very Poor water Marginal +Ni*+ Cl+ Pb* +
14 quality SO+ Fe2+TDS
+Turbi

Sensitivity Analysis for IQWQI

This study used the sensitivity analysis based on
Artificial Neural Network Regression (ANNR) and
Backward Linear Regression (BLR) to determine
which water quality parameter most influences the

score of IQWQI. Sensitivity analysis studies an
output parameter's response concerning input
parameter variations®. A model performance R?
RMSE and SSE were used for model performance
evaluation for both ANNR and BLR and to make a
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comparison with them to see which will give the
more accurate results, where these three criteria
significantly affect the fitness and residual
measurement of the ANNR and BLR models in WQI
prediction. The comparison was made by removing
one parameter each time from the calculation of
IQWQI and comparing the results with the result of
IQWQI, which includes all parameters (IQWQI-
Ref.). High R? values and low RMSE and SSE values
indicate non-influencing parameters in calculating
water quality. In contrast, low R? and higher RMSE
and SSE values indicate influencing factors in
calculating water quality.

The dataset used as input data (108 values for
each parameter) was subjected to Standardized to
ensure a fair representation of parameters in the value

of IQWQI. 17 parameters (from WQI calculation)
were selected as input and IQWQI as the output for
ANNR-IQWQI and BLR-IQWQI models.

The first model includes all parameters and
represents the input parameters called IQWQI-Ref,
which serve as a reference model for ANNR and
BLR. To assess the significance of the input
parameters of IQWQI-Ref, the sensitivity analysis
for each model was done by excluding one parameter
from the 17 parameters. The ANNR performance
model was evaluated using R?, RMSE and SSE, as
shown in Table 10 and Table 11. The results show
that the water quality index predicted with the ANNR
model brings better and more reliable output
(R?=0.957, RMSE =0.265) compared with the BLR-
IQWQI (R?=0.901, RMSE = 0.504).

Table 10. Result of sensitivity analysis for IQWQI prediction (BLR-IQWQI) for freshwater use

Model R2 RMSE SSE

BLR-IQWQI-Ref 0.901 0.504 23.618
BLR-IQWQI-Turb. 0.901 0.503 23.798
BLR-IQWQI-BODs 0.901 0.502 23.641
BLR-IQWQI-CI- 0.901 0.502 23.682
BLR-IQWQI-SOs* 0.901 0.502 23.685
BLR-IQWQI-TDS 0.901 0.501 23.622
BLR-IQWQI-F- 0.900 0.505 23.990
BLR-IQWQI-Zn* 0.898 0511 24.526
BLR-IQWQI-Fe?* 0.897 0.533 24.782
BLR-IQWQI-Cr+ 0.895 0.518 25.201
BLR-IQWQI-POs* 0.895 0.518 25.249
BLR-IQWQI-AI* 0.890 0.530 26.441
BLR-IQWQI-NO5 0.886 0.540 27.415
BLR-IQWQI-Ni* 0.886 0.539 27.297
BLR-IQWQI-DO 0.881 0.550 28.444
BLR-IQWQI-CN- 0.876 0.562 29.722
BLR-IQWQI-pH 0.837 0.645 39.049
BLR-IQWQI-Pb* £ 0.789 0733 - 50.496

ANNR consists of three layers, input layer,
hidden layer and output layer. There are layers and
nodes at each layer. Each node at the input and inner
layers receives input values (parameters values)
which are then processed and passed to the next
layer. This process is conducted by weights
representing the connection strength between two
nodes. The model is shown in Fig. 2, where the input
layer consists of 17 parameters and the hidden layer
consists of 10 nodes. Output is the value of IQWQI
predicted.  Table 10, illustrates the sensitivity

analysis result for IQWQI prediction by ANNR. The
model was run 18 times, in each time, one parameter
was excluded, ANNR-IQWQI-DO means the test
calculated the IQWQI without the DO, and ANNR-
IQWQI-BOD means the IQWQI was calculated
without BOD, etc. By comparing the lowest R? and
highest RMSE from Table 10, the most significant
and influential parameters on IQWQI are Pb*, Ni*,
Cr*, CN-, pH, POs*, Zn*, DO, NOg, AI**, and Fe?*.
The residual error of the 18 models developed for
IQWQI prediction is represented in. Fig. 3.
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Figure 2. ANNR architecture for ANNR-1IQWQI-Ref. model for freshwater use

Table 11. Result of sensitivity analysis for IQWQI prediction (ANNR-IQWQI) for freshwater use

Model R2 RMSE SSE
ANNR-IQWQI-Ref 0.957 0.265 99.21459
ANNR-IQWQI-CI- 0.954 0.297 98.971729
ANNR-IQWQI-SO* 0.951 0.211 99.249828
ANNR-IQWQI-F- 0.95 0.279 98.085531
ANNR-IQWQI-TDS 0.949 0.285 96.59481
ANNR-IQWQI-Turb. 0.942 0.245 99.50127
ANNR-IQWQI-BODs 0.940 0.231 96.15614
ANNR-IQWQI-DO 0.919 0.342 155.2715
ANNR-IQWQI-Cr* 0.916 0.342 158.46723
ANNR-IQWQI-Zn* 0.912 0.363 132.433632
ANNR-IQWQI-NO3 0.904 0.335 124.87653
ANNR-IQWQI-AIR* 0.885 0.466 196.34126
ANNR-IQWQI-CN- 0.882 0.457 179.87326
ANNR-IQWQI-Fe?* 0.870 0.431 176.25412
ANNR-IQWQI-pH 0.866 0.491 198.76341
ANNR-IQWQI-PO* 0.864 0.462 185.05594
ANNR-IQWQI-Pb* 0.52 0.537 231.72659
ANNR-IQWQI-Ni* 0.504 0.425 160.75261

Predicted Test Values

Observed Test Values

Predicted Test Values

T T 1 T I T
2 -1 0 1 2 3 4

Observed Test Values

1
5

Predicted Test Values

-0.5 -
-1.0
-1.5 —

25~
2.0 -
1.6 -
1.0

0.5 -
0.0 —

T T T T T 1

T T
0-05 00 05 10 15 20 25

r
-1.5 -1

Observed Test Values

ANNR-IQWQI-Ref

ANNR-IQWQI-DO

ANNR-IQWQI- BOD

Page | 2407


https://dx.doi.org/10.21123/bsj.2023.9348

2023, 20(6 Suppl.): 2395-2413

https://dx.doi.org/10.21123/bsj.2023.9348

P-ISSN: 2078-8665 - E-ISSN: 2411-7986

S

Baghdad Science Journal

1.5 - 5 - 5
g 10- g 4 g 4-
3 2 =
2 05- T s T 34
% @ 0 7@ 2
€ 00- e e
3 3 31 R
S -0.5 — 2 2 4
3 g ° 5°
& -1.0 - a1 a1
J 2- 2 -
-1.5 I T I I T | [ I I T I I 1 [ T T I I T I 1
15 -10 -05 00 05 10 1= -2 1 0 1 2 3 4 5 -2 -1 0 1 2 3 4 5
Observed Test Values Observed Test Values
Observed Test Values ' '
ANNR-IQWQI- TDS | ANNR-IQWQI-CI- | ANNR-IQWQI- F-
25— 5~ 5+
g 20° g 4 g 4 g
3 15 5 % 3- 3 3
s 2 P
N g 2- g2
= 0.5- = =
2 o 1- 5 1
£ 00— £ 2
=l o o
g 05~ 1 g0
T qp- [ [
-1.5 - -2 - -2 -
i T T T T I T 1 T T T T T T T 1 [ T T T T T 1
-15-10-05 00 05 10 15 20 25 -2 1 0 1 2 3 4 5 -2 1 0 1 2 3 4 5
Observed Test Values Observed Test Values Observed Test Values
ANNR-IQWOQI- Turb. | ANNR-IQWOQI- pH | ANNR-IQWQI- CN
654 25
g 4- 8 ® 20—
= = =
g 3 g g 15-
& 2" & g 107
3 3 g 0°
© ° 8 il
3 %7 3. g °¢
T 1- T & -05-
d -1.0 -
-2 X ' | : | | ! I T I I [ I 1
2 4 0 1 2 3 4 s -1.0 05 00 05 10 15 20 25
Observed Test Values Observed Test Values
Observed Test Values ! !
ANNR-IQWQI-PO4 | ANNR-IQWQI- Cr | ANNR-IQWQI- NO3
5 - 4 -
g 4 i 8 3-
= 2 =
3 3 o Z 2
= o % o
8 2 © &
317 2 3
ke ° g 50
5 04 o B k=]
o = B
o -1 o a -1-
-2 - 2 -
[ | | I I I 1 [ T T T
-2 1 0 1 2 3 4 5 -2 1 0 1 2 3 4
Observed Test Values Observed Test Values Observed Test Values
ANNR-IQWQI- Ni | ANNR-IQWQI- Pb ANNR-IQWOQI- SO4
25— 2.5 5+
g 2.0 - 8 ?: - g 4
2 15— g 15 3z
2 10 Z o £ %7
= 05~ 05+ 2
2 o00- £ 00- 31
K 2 L o ]
E -0.5 - g -0.5 - E 0
o 10— & 40— & .1
-5 . , . ' ‘ ' . s [ [ — T | 2 - ‘ . | | | |
-15-10-05 00 05 10 15 20 25 -1.5-10-05 00 05 10 15 2.0 25 2 4 0 1 2 3 4 5
Observed Test Values Observed Test Values L Observed Test Values
ANNR-IQWQI- Zn | ANNR-IQWQI- Al | ANNR-IQWQI- Fe |

Figure 3. Residual error of the 18 models developed for IQWQI estimation for freshwater use based

on sensitivity analysis.
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Result of IQWQI and ERI for this study

The results of IQWQI and ERI for the
freshwater at different sites and seasons are
represented in Figs. 4 and 5; 17 parameters were used
in calculating the two indices. Table 2. During the
dry season, all sites fall under the very poor water
quality category with a high degree of risk (94.99 and
75.89 t0 98.49 and 92.58, respectively). While in the
wet season, the values of both indices were lower
than in the dry season but still in the same categories

Dry season

except for site 2, where the IQWQI ranking was poor
water quality but also with a high degree of risk
(71.56-88.90 and 57.14-82.88, respectively). The
parameters exceeding the Irag rivers maintenance
system in the dry and wet seasons are represented in
Table 12. Pb*, SO.* and TDS concentrations were
beyond the limits continuously, and Pb*
concentration in this study was far beyond the limits.
For this reason, the water quality falls into the very
poor category.

125
100
\/__-_ Very Poor Water Quality
75 —

Poor Water Quality

Good Water Quality
Excellent Water Quality

Site 1 Site 2
97.75 94.99
81.61 75.87

Site 3
98.46
90.21

IWQI

Site 4
97.49
90.96

Site 5
97.49
92.85

Figure 4. The result of IQWQI and ERI for the freshwater of Tigris River during the dry season

‘Wet season

125
100

75—\

N

Very Poor Water Quality

Poor Water Quality

Good Water Quality
Excellent Water Quality

Site 1 Site 2
81.21 71.65
82.88 57.14

Site 3
88.90
94.96

IWQI

Site 4
78.14
69.76

Site 5
75.91
67.75

Figure 5. The result of IQWQI and ERI for the freshwater of Tigris River during the wet season

Table 12. Parameters that exceed the Iraq rivers maintenance system during the study period

Dry season Wet season
Sites Parameters Parameters
Numb Name Numbers Name
ers
Site 1 9 CN-, PO4%, CI, Crt, Pb*, SO4%, Fe?*, 7 CN-, PO4*, Ni, CI, Pb*, SO4%,
TDS, Turb. TDS
Site 2 9 CN-, PO%, CI, Cr*, Pb, SO4%, Fe?*, 6 CN-, PO%, CI, Pb*, SO4*, TDS
TDS, Turb.
Site 3 10 CN-, POs%, Ni, CI, Cr*, Pb*, SO4%, 7 CN-, POs%, Ni, CI, Pb*, SO4, TDS

Fe*, TDS, Turb.
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Site 4 10 CN-, PO, Ni, CI, Cr, Pb*, SO4Z,
FeZ*, TDS, Turb.
Site 5 11 CN-, PO/, Ni*, CI, Cr, NOg, Pb*,

SO4%, Fe?*, TDS, Turb.

6 CN-, PO, CI, Pb*, SO4%, TDS

6 CN-, PO, CI, Pb*, SO4%, TDS

In general, according to IQWQI and ERI, the
water quality of Tigris River in Baghdad city for
different uses was ranked between good to unsuitable
and never had an excellent ranking in any of the four
water purposes. This situation is related to the
increasing pollution in Tigris River due to
discharging of effluent from wvarious and
uncontrolled sources such as industries, domestic
waste, and agricultural activities, as confirmed by
different researchers like the study of Fadhel®,
which found increasing salinity content in Tigris
River water in the Mosul city comparable with the
past forty years, in addition to study of Al-Obaidy et
al.3* on Tigris river in Baghdad city where recorded

Conclusion

Several water quality indices were used to assess
the water situation in lraq, and they showed a
discrepancy in the WQI results due to the different
variables used and the weights adopted in each index.
The results of the new IQWQI showed high
efficiency with the possibility of relying on a specific
number of parameters that were chosen by water
guality experts. Also, the index merges the quality
and pollution indices, where IQWQI is linked with
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