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ABSTRACT

Factor and cluster analysis, two multivariate statistical approaches, have been used
to analyze temporal and spatial variations and pollutants sources effecting the water
quality of Tigris River from the north to the south of Baghdad city. From October
2021 to September 2022, 15 water quality parameters (electrical conductivity (EC),
pH, water temperature (WT), turbidity (Tur), total hardness (TH), biochemical
Ooxygen Ddemand (BOD), dissolved oxygen (DO), Mg+, Ca+, SO4, dissolved solids
(TDS), total suspended solids (TSS), total chlorine (TC), Cr, and Al) were tested at
five monitoring sites (Balad, Al-Ghrai’at, Al-Shuhada'a Bridge, Al-Za’franiya, and
Jisr Diyala), along the study area of the river. Results revealed that the major factor
that affects the water quality in the study area is the anthropogenic factor. Spatial
cluster analysis of the monitoring sites revealed three different groups that were
compared to one another where each site suggested a different degree of
contamination in the Tigris river water quality.

Keywords: Multivariate analysis techniques, Tigris River, Factor Analysis, Cluster
Analysis, Water Quality.
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1. Introduction

The problem of pollution of the various components of the environment has aggravated as a
result of neglect, corruption and wars that have spanned for decades, resulting in various types
of solid, liquid and gaseous pollutants of chemical, biological and nuclear nature by getting
accumulated in the Iragi environment. Most of them have entered various ecosystems
threatening their sustainability and the safety of their resources [1]. The water resources in Iraq
suffer from many different factors resulting due to external factors in the water policies and the
sources of the Tigris and Euphrates rivers and the dams on them and their tributaries without
taking into account Iraq's water needs as well as the internal factors that are present by throwing
industrial, agricultural, and municipal waste into the rivers [2], [3]. In addition to the lack of
application of laws and legislations, preventing water pollution and preserving the ecosystem
of the rivers healthy have also contributed to the problem [4]. Tigris River flows through the
major cities of the country with Baghdad being one of the cities that splits it into sides (Al-
Ressaffa and Al-Karkh) [5] which has the highest population and industrial density in the
country. Due to the lack of environmental monitoring and majority of the pollutants thrown into
the river, there has been continuous deterioration in the environmental ecosystem. The
assessment of Tigris River water quality became necessary to be investigated to ensure its
suitability for human uses and the aquatic environment. Assessment of water quality is done by
using valuable techniques such as water quality indexes where water quality data is summarized
for reporting to the public in a consistent such as the Canadian Council of Ministers of the
Environment Water Quality Index (CCME WQI), Biological Water Quality Index (BWQI) etc.
[6], [7] and multivariate statistical techniques [8], [9].

Using various multivariate statistical techniques like factor (FA) and cluster analysis (CA)
implemented to facilitate the explanation of complex data matrices to best assessment for
ground and surface water quality and ecosystem status studies, as well as, these techniques
enable the identification of potential factors or sources that affect the quality of water systems,
and provide useful tools for the reliable management of water resources and a quick resolution
of pollution issues [10].

In hydrochemistry, Factor Analysis (FA) and Correspondence Analysis (CA) have been
successfully utilized for assessing quality of surface water and environmental studies. Using
these methods is well-presented in the literature. Group of Iranian researchers studied the water
quality of Gorgan Rod River. From 1984 through 2008, water samples collected from 18
sampling locations along the river were evaluated by using these techniques. The results of the
findings showed that PCA (principal component analysis) linked anthropogenic and natural
changes in the various stations; and that the locations of the various stations under study were
compatible with their outward appearances. In addition, due to the anthropogenic effects, water
quality in some stations was among the worst. However, no changes were recorded in other
stations because there were no changes to the land uses [11]. Ismail and Robescu in 2019
adopted multivariate statistical methods to discover the main factors causing pollution in the
water quality in Danube River. Fourteen parameters were assessed to monitor spatial and
temporal similarities and differences among the sampling locations for one year. The results
showed three significant distinctions found were industrial waste discharge, home wastewater
and agricultural activity in agricultural areas. As well as the sampling sites' differences were
revealed by hierarchical spatial CA as two distinct groups, each indicating a different degree of
river water contamination [12]. In a study at Damascus University, a five-year data, from 2015
to 2019, examined the Orontes River's water quality using multivariate statistical approaches.
Cluster analysis was utilized in order to recognize the pollution areas along the river. Five main
factors were found to have been responsible for explaining 92.86% of the total variance. It
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included 7 basic parameters: Electrical conductivity (EC), turbidity (TUR), NOs, Na, pH, NHa,
chemical oxygen demand(COD) that were recorded by using factor analysis (13). A separate
study presented validity of utilizing of FA and CA methods to assess the Tigris River's water
quality within Baghdad City from February 2017 to February 2018. The findings demonstrated
that changes in all parameters throughout both wet and dry seasons resulted in a decline in water
quality [14].

The current study aimed to employ same multivariate analysis techniques for determining
the main parameters that affect the water quality and the most significant variables that cause
the difference in water quality of the Tigris River in the extension of the study area.

2. Materials and Methods:
2.1 Study Area

One of the longest rivers in the Middle East, the Tigris River, has a catchment area of
235,000 km? and a length of about 1,900 km, passing through Iraqi land for nearly 1415 km.
The river shares this role with the Euphrates River as a primary source of water for human
consumption, particularly for water supply since they pass through the main cities in the region
[4]. The Tigris River flows from the Toros Mountains in southeast Turkey through Syria, Iraq
and Turkey. This river is the principal source of water supply for Baghdad, the capital of Irag.
It has numerous tributaries, including the Botmanse, Kessora, Al-Khabur, the Greater Zabs,
Lesser Zabs, the Al-Adhaim and Diyala Rivers (14). From Al-Tarmiyahm District in the north
to Al-Madaain District in the south, the Baghdad stretch of the Tigris River is located in the
Mesopotamian alluvial plain with geographical coordinates 33°14'-33°25' N, 44°31'-44°17' E
and an altitude between 30.5 and 34.85 m above sea level (Figure 1). From the north to the
south flow, the river splits the city of Baghdad into two sections: the right side (Al-Karkh) and
the left side (Al-Risafa). The region has a dry, hot and semi-arid environment with cold winters
and a mean annual rainfall of about 151.8 mm [15]. More than eight million residents live in
Baghdad which is regarded as the most populous and developed metropolis in Irag. Most
industrial and municipal waste is dumped into the stream without being properly treated

2.2 Sampling and Analysis

Five locations were selected for sampling on the reach of the Tigris river, namely: Balad
(S1) which is in the north of Baghdad; Al-Ghrai'at (S2) which is 116 kilometers south of S1
along the river's length; Al-Shuhada'a Bridge (S3) which is 13.5 km to the south from S2;
Za'franiya (S4) which is about 27 km south from S3; and Jisr Diyala (S5) which is nearly 7
kilometers south of S4 along the Tigris reach in southern region of Baghdad (Figure 2). Data
for five water quality monitoring locations for fifteen water quality parameters, was collected
by using polypropylene bottles at seasonal intervals from sampling locations from October
2021 to September 2022. For several water quality parameters analysis, sampling was used
following the recommended standard methods [18]. Bottles were utilized to collect and examine
water quality parameters, and for biochemical oxygen demand (BOD) analysis of the samples
to prevent unanticipated changes. Water samples analysis begun as soon as was feasible
following collection. Samples of microorganisms were collected in sterile, opaque glass
containers. Within around 24 hours, the bottles were examined while being stored at 4°C. The
analysis of the collected samples were done in the biological and chemical laboratory |,
Department of Water Resource Techniques, biological and chemical laboratory, Institute of
Technology-Baghdad Middle Technical University, and in thecentral laboratory, Department
of Biology College of Science, University of Baghdad.

The tested parameters included were EC, water (pH), water temperature(WT), turbidity,
total hardness (TH), (BOD, dissolved oxygen (DO), magnesium ion (Mg+), calcium ion (Ca+),
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sulphate (SO4), total dissolved solids (TDS), total suspended solids (TSS), total chlorine (TC),
chromium (Cr) and aluminum (Al).

2.3 Data Treatment and Multivariate Analysis

Prior to adopting multivariate statistical techniques, Shapiro-Wilk (W) test was used to
verify that each variable distribution was normal [17]. Water quality variables must fit the
normal distribution in order to be used in factor and cluster analysis. All of the variables, with
the exception of WT, turbidity, DO, and TSS, were found to be normally distributed using the
Shapiro-Wilk (W) test. As a result, the initial non-normal distribution variable data was
transformed using the formula x'=log10(x) [18]. After log transformation and the Shapiro-Wilk
(W) test, the extra variables DO, WT and TSS were taken out, leaving only the normalized
turbidity.

The water quality Tigris River was studied using FA that is used to define the primary
contributing factors and the most significant variables. All variables were passed in three main
stages, first was correlation matrices produced, then an initial set of factors was extracted using
the PCA approach, and lastly the factors that were extracted were subsequently rotated using
the Varimax rotation [14]. The fundamental concept behind factor analysis can be stated as
follows:

zi = ajaf1+aj2f2+ ..+ ajffm+eij; ] =1,2,...,p 1)

Where Z: value that is being measured, f: the score of factor, a: the loading of factor, e: the
residual term accounting for errors or other sources of variation, i: number of samples, j: number
of variables, m: total number of factors.

CA was similarly utilized to categorize objects with comparable qualities, which divides large
amounts of objects into lesser number of homogenous clusters depending on the high
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similarity [19]. The most popular method used in this study was hierarchical agglomerate
grouping using Ward's algorithm [20] which establishes similarity correlations between any
one sample and the complete dataset and is often depicted by a dendrogram (tree diagram). One
of the most widely used measures of distance is the Euclidean distance approach. The
multidimensional space's geometric separation was calculated using the formula [21].

Distance (X,Y) = {3 i(Xi-Yi)?
IBM SPSS25 software was used to analyze the statistical data, FA and CA.

)

4. Results and Discussion

Five stations in the research regions were used to monitor the water quality over the course
of the period (Oct 2021 to Sep 2022) (Figure 1). pH, EC, BOD5, TH, TBR, SO4, Mg+, Ca+,
TDS, TSS, TC, Cr and Al) parameters were chosen to assess surface water quality
characteristics. Table 1 provides a descriptive statistical summary of the Tigris River's
measured water quality data during the period of study.

4.1 Factor Analysis (FA)

Using IBM SPSS 25, factor analysis was conducted on all 15 parameters of water quality at
all monitoring stations through the body of Tigris River during the study period [24], [25].
Centroid approach was used to create the correlation matrix of variables, and factors were then
removed and rotated using Varimax rotation [26]. The factor with the highest eigenvalue is the
most significant as it provides a measure of the significance for the component. Significant
eigenvalues are those with values of 1.0 or above [27]. As shown in the Figure 2, first four
factors were retrieved and the the rest of the factors were deleted after interpreting the factor
loadings. This indicated that the first four factors accounted for most of the total variation of
the original data. Then, factor rotation (\Varimax) was utilized to create factor loadings that were
simple to understand [28]. Table 2 displays the percentage of total variance that can be
explained by the first four factors.

Table 1: Summary of the descriptive statistical data on Tigris River water quality in the area of
study and Iragi and world standards [22], [23]
Iragi Standard WHO Standards

Parameters Minimum Maximum Mean Std. Deviation

(2009) (2011)

pH 6.5-8.5 6.5-8.5 6.54 8.85 7.82 0.73

WT - - 12.60 32.50 20.49 6.96
EC 1500 1500 40700 101200  755.50 183.98
Turbidity 5 5 6.35 96.20 34.48 28.53
TH 500 500 210.00 490.00 374.50 81.52
DO 5 4 2.00 8.50 6.31 1.90

BOD 5 <5 1.00 6.00 3.00 1.62
Mg+ 50 150 7.20 81.60 33.12 16.85
Ca+ 50 200 44.00 136.00 94.60 24.42
S04 400 250 13.44 65.28 31.58 12.03
TDS 500 1000 137.00 384.00 258.90 71.21
TSS 120 25 200.00  1000.00  490.00 255.26
T. chloride 250 250 177.00 540.00 336.04 91.57

cr 0.05 0.05 0.02 0.04 0.02 0.01

Al 0.2 0.2 2.75 7.17 478 1.44
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Figure 2: Scree plot of eigenvalues versus components for the observed water quality

Table 2: Explanation of total variance before and after Varimax rotation

Total Variance Explained

Extraction Sums of Squared

Rotation Sums of Squared

5 Initial Eigenvalues Loadings Loadings
o 0, [0)
g 00T cumulati Tota 20T cumulati % of  Cumulative
& Total  Varian o Varianc o Total . o
o ce ve % I e ve % Variance Yo
1 6.475 53.960 53.960 6'54 ! 53.960 53.960 4.827 40.228 40.228
2 | 1721 14341 68301 /° 14341 68301 2253 18776  59.005
3 1.333 11.111 79.412 1'333 11.111 79.412 2.112 17.600 76.605
4 1.109 9.245 88.657 1'30 9.245 88.657 1.446 12.052 88.657
) 574 4,784 93.441
6 .367 3.061 96.502
7 .185 1.544 98.046
8 116 .968 99.014
9 .083 .688 99.701
10 .030 251 99.952
11 .006 .048 100.000
12 | 4510E- 3.759E-  100.000
17 16

Extraction Method: Principal Component Analysis.

It is apparent that the first, second, third and fourth components, in that sequence,
represented 40.228%, 18.776%, 17.600%, and 12.052% of the total variance of the data on the
observed water quality. The first four components represented about 88.656% of the overall
variation, but the following eight only account for 11.344%. Table 3 shows the factor loadings
for the first four components of the factor analysis of the observed water quality data.

The first factor (F1) had positively significant loads for EC, TH, BOD, Ca+, SO4, TDS,
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and Cr; low positive loading for Mg+ and Al; and negative loading for turbidity. It also
explained 40.228% of the total variance. Anthropogenic pressures included domestic
wastewater discharge and industrial activities that transport households and industrial effluents
of the city, which might have contributed to many factors. The latter can be connected to distinct
sources based on the existence of various ingredients in the factors extracted. The first factor
(F1) was influenced by sources that included point-source pollutants from household and
industrial trash. The presence of heavy metals in home and industrial waste can be seen from
the greater Ca+ loadings in factor 1. This element also consistently demonstrated that the TDS
inside this river was primarily caused by the TH. For obvious reasons, the connection to EC is
well known. T. chloride had strongly positive loads of F1 (0.828). According to Arzu et. al.,
the rubbish from cities raises the amount of feces inside the water, suggesting that F1 may have
originated from a city.

The second factor, F2, had modest positive loading from other factors and substantial
negative loading from turbidity which accounted for 18.776% of the total variation. This factor
represented the total TSS in the river water. The third factor (F3) showed high positive loadings
on Mg+ and Cr gradually and explained 17.600% of the overall variation. The fourth factor
(F4) exhibited high positive loadings on Al and SO4 gradually, accounting for the least amount
of the total variance (12.052%). Agriculture, municipal wastewater, the erosion effect of soil
cultivation and high rains from upland areas are all related to this component [16].

The results of the factor analysis led to the conclusion that there were four components, each
of which represented a different process: anthropogenic, erosional, rainfall, and TSS factors.

Table 3: Factor loading matrix and total variance explained after Varimax rotation.

Parameters Factor 1 Factor 2 Factor 3 Factor 4
EC 0.858 0.363 0.235 0.139
TH 0.734 0.186 0.595 0.202
BOD 0.728 -0.380 0.210 0.256
Mg+ 0.066 0.058 0.966 0.180
Ca+ 0.904 0.182 -0.316 0.062
S04 0.607 0.254 0.201 0.565
TDS 0.871 0.372 0.249 0.083

T. chloride 0.828 0.270 0.398 0.161
Cr 0.532 0.049 0.595 -0.349
Al 0.141 0.132 0.060 0.882

Turbidity -0.249 -0.875 -0.068 -0.160

4.2 Cluster Analysis (CA)

In this research, to identify the similarities between the monitoring sites, sampling site
categorization was carried out using cluster analysis (squared Euclidean distance as measure of
similarity and Ward's method of linking). Dendrogram below displays the cluster analysis (CA)
results. In cluster analysis, dendograms are a helpful graphical tool to calculate the number of
clusters that describe the underlying mechanisms causing regional differences [29].

CA outputs have been revealed as dendograms for every season below. Figure 4 shows the
spatial clustering of monitoring sites during autumn season. It can be seen that there are two
main groups agglomerated (Group A and Group B). Group A includes stations Balad, Al-
Ghrai'at and Al-Shuhada'a Bridge whereas Group B includes Al-Za'franiya and Jisr Diyala
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stations. In this season, 2 levels of pollution were identified in which stations located south of
Baghdad such as Al-Za'franiya and Jisr Diyala reflected the highly polluted sites. Other stations
reflected the moderate pollution.

In winter season, 2 groups were agglomerated (Figure 5). Group A included 4 stations
namely Al-Ghrai‘at and Al-Shuhada'a Bridge, Al-Za'franiya and Jisr Diyala. While group B
included Balad station only. Figure 6 shows the spatial clustering of monitoring sites during
spring season. In this season, 2 agglomerated groups were A and B. Group A further included
2 sub-groups: Al and A2. CA outputs of summer and winter seasons were very close (Figure
7). Balad station was agglomerated in group B reflecting relatively good water quality whereas
group A agglomerating sites were polluted.

Generally, it can be concluded that three levels of pollution were seen from CA. Balad
referred to a less polluted site, Al-Ghrai'at and Al-Shuhada'a Bridge revealed to be moderately
polluted sites, and Al-Za'franiya and Jisr Diyala represented highly polluted sites. These
stations are located south of Baghdad and the river in this area receives pollution load from
wastewater treatment plant, as well as a group of industries also disposing off their wastewater
without adequate treatment [30], [31].

Dendrogram using Ward Linkage
Fni shedd Dbt anien Chistos Comibiin Dengrogram ysing Ward Linkage
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Figure 4: Dendrogram showing spatial Figure 5: Dendrogram showing spatial
clustering of monitoring sites during clustering of monitoring sites during winter
autumn season. season.
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Figure 6: Dendogram showing spatial
clustering of monitoring sites during spring
season.

Figure 7: Dendrogram showing spatial
clustering of monitoring sites during
summer season.
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5. Conclusion

Factor and cluster analysis were applied on a water quality dataset of Tigris River for a
period of 1 year. Four variables were found to be responsible for the data structure by FA
accounting for 88.656% of the dataset's overall variation. Nearly 40%, 19%, 18% and 12% of
the total variations were explained by the first, second, third and fourth factors respectively.
Anthropogenic, erosion, rainfall and TSS variables were found to be the primary determinants
of the river water quality. Spatial CA identified three statistically significant clusters among the
five riverside monitoring locations. Al-Ghrai'at and Al-Shuhada‘a bridges were examples of
generally moderately contaminated places, whereas Balad Station turned out to be an example
of a comparatively less polluted site. The third group (Za'franiya and Jisr Diyala) relates to
locations that were found to be comparatively heavily polluted. The use of FA and CA
approaches are useful tools for managing water resources effectively and explained complicated
datasets of the studied river water quality.
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