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Abstract 

Article History:  The water quality of the Shatt Al-Arab River has worsened as a result of fast 

population expansion as well as industrial and agricultural activities. As a 

result, water purification services are a significant source of supply for the 

densely populated Basra area in Iraq. To analyze the geographical and 

temporal impacts of Basrah water quality, a two-way MANOVA analysis of the 

main components was performed using imbalance cell sizes and imbalance cell 

of covariance matrices. Factor A represents the spatial level, which has eight 

levels, while factor B represents the temporal level, which has two levels (dry 

and wet season). This study sampled water quality parameters (pH, Turbidity, 

Electrical Conductivity (EC), Total Dissolved Solids (TDS), Calcium (Ca+2), 

Magnesium (Mg+2), Total Hardness (TH), Potassium (K+), Sodium (Na+), 

Sulphates (SO4-2), Chloride (Cl-), and Alkalinity) from the influence of eight 

water treating sites for the years from (2017 - 2019). The statistical results of 

the suggested model demonstrate significant geographical differences across 

stations. A significant difference was observed between stations with no source 

of pollution (Al- Shaebah and Al-Abbas) and stations located near sewage 

discharge outfalls (Al- Bradhiah, Al- Jubailah, and Garmmat Ali) and stations 

primarily affected by salinity intrusion from the Arabian Gulf into the Shatt Al-

Arab River (Al- Bradhiah, Al- Jubailah, and Garmmat Ali) (Al- Labanie, 

Mhejran, Maheilah). 
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1. Introduction  
All humans and other organisms may continue to survive for ages on river water [1]. Water 

quality is a significant determinant of environmental change and is directly linked to social and 

economic growth [2 - 4]. Global attention is now being paid to surface water contamination. The 

principal factors of surface water quality decline include natural and human activities such as 

hydrological features, climate change, precipitation, agricultural operations, and wastewater 

discharges from industry [5 - 7]. In recent decades, as a consequence of these human activities, the 

water quality of several big rivers in a variety of nations has worsened significantly [9]. In the last 

several decades, a number of studies have been done to determine the type and origins of pollution 

in many rivers [10 - 12]. Various physical, chemical, and biological technologies, including 

coagulation and membrane filtration (micro and ultrafiltration), adsorption, advanced oxidation, 

photo catalysis, and others, have been used to address river surface water pollution  [13 - 15]. The 

selection of the treating procedure is dependent on the kind and concentration of the discovered 

contaminants. However, in the management of  water index quality, a cost of treatment may be as 

significant as achieving index quality objectives. Consequently, knowledge regarding the variability 

of river and surface water quality is necessary for the proper management of water resources [16, 

mailto:huda.naji@uobasrah.edu.iq
mailto:huda.naji@uobasrah.edu.iq
https://doi.org/10.55562/jrucs.v54i1.571


Dr. Huda Z. Naji A Modified MANOVA Model to Assess Water Quality  

 

463 
 

17]. It is essential to do a spatial study of the water quality of a river in order to determine  a black 

sites of pollution, when the contamination are centered, and so optimize the cost of water index. 

However, temporal variables, such as temperature and deposition, impact the river's water index 

and cause seasonal differences in its properties. Thus, the examination of samples from various 

locations (spatial studies) at different times of the year improves river and surface water treatment 

management. 

Research into surface and groundwater quality has been more prominent in the last several 

decades, and it has been a growing subject of study over the previous century. Statistical analysis is 

a crucial method for studying correlations, trends, and other patterns between different categories of 

information. It's useful in a wide range of academic disciplines, from linguistics to sociology to 

environmental science, where statistical analysis has been essential in assessing water quality in a 

variety of places. Multivariate statistical analysis methods, as shown by a case study of the Fuji 

River Basin in Japan [18], are useful for analyzing and making sense of large datasets and judging 

water quality. The author carried out a discriminant analysis in order to lessen the dimensionality of 

the massive dataset and to narrow down the number of indicator factors that are to blame for the 

significant shifts in water quality. The data on the quality of the surface water in the Tahtali Basin 

in Turkey were also subjected to factor, principal component, and cluster analysis [19]. In order to 

understand a huge and complicated data matrix acquired during a monitoring program of surface 

waters in Northern Greece, Simeonov et al. [20] used several multivariate statistical methodologies. 

Cluster analysis (CA), principal component analysis, and multiple regression on principal 

components were used to process the dataset. In order to evaluate the database, Rahmat, at el. [21], 

used a multivariate statistical analysis technique. In this method, multiple linear regression (MLR) 

was used to predict the performance of the wastewater quality index and principal component 

analysis (PCA) was utilized to minimize the dimensionality of datasets acquired from the field 

wastewater treatment facility. 

In light of the information presented above, the purpose of this research is to propose an 

imbalanced multivariate analysis of variance (MANOVA) two-way model with interactions so that 

an investigation can be conducted into the impact that spatial and temporal characterizations water 

quality in the Basra district. 

The remaining parts of this work are structured as follows. In Section 2, we discussed the 

methods used in this investigation. Materials and methods for the experiment were described in 

Section 3. Part Four discusses the Evaluation of Water Pollution Using an Unbalanced Two-Way 

MANOVA; Part Five discusses the Analysis of the Results. Concluding remarks were offered in 

Section 6. 

2. Materials and Methods  

 Proposed Model Under Heteroscedastic and Unbalance Cell Size 

In this part, an unbalanced and heteroscedastic MANOVA two-way Interactional model was 

provided. The primary purpose of the model that has been proposed is to determine the influence 

that the interaction of the two primary elements A (spatial factor) and B (temporal factor) have on 

the water quality index. The structure and notation should be represented as follows: 

             (  )        (1) 

Where, µ represent an overall mean, i is the experiment with different amounts of factor A 

(indexed by a) and  j is the experiment with different amounts of factor B (indexed by b) while, the  

experimental unit level index (i,j) represents by k (indexed by nij).    is i
th

 

main1effect1of1factor1A,    represents  j
th

 main1effect1of1fact or1B and      is (i, j )
th

 

interaction1effect1between1factor1A1and1factor1B. 

To ensure that the parameterization is of full rank, we apply the following conditions: 

∑  
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 Model Estimation and Hypothesis Testing 

The estimator of effects of unbalanced MANOVA models is influenced by the fact that the set 

of factors of unequal lengths in weights A two-way MANCOVA with interaction, which is of 

interest in this study, belongs to a class of fixed effects models. In the proposed paradigm (2), 

these talents may be expressed as: 
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 (5) 

The following are the null hypotheses for an imbalanced proposed model of Type III (When a 

main factor (i.e., A and B) is analyzed after each other factors (lines with interactional) have been 

respected: 

With respect to factor  A (there being no primary impact): 

                 
With respect to factor  B (there being no primary impact): 

                 
Without A  effects: 

   
( | )

                                                 

Without B  effects: 

   
( | )

                                                 

For no mutual influences of factors. A. and B.: 

                                               

       Because the homogeneity requirement is broken in the cell covariance matrices, the standard 

statistical tests cannot be employed to assess the assumptions stated above [22]. The sum of squares 

for cross product (SSCP) matrices for the unbalanced proposed model are defined as follows [23]: 
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The SSCP matrixes for the above hypotheses with respect to factor  no primary impact of 

A, B and the interaction. In contrast to the normal statistical examinations, a modified 

examinations are dependent on strange variables:   ,  fH  and  fG. To get  fH  and  fG  for imbalanced 

proposed model based H and G, respectively by substituting the initial values of H and G with 

(                        ⁄       
   ⁄                    ⁄          ⁄  ), such that [16]:  

        (  
    ⁄       

   ⁄

   
)  then obtain:   

    
  (   )

(  )  ∑ (     )  
    (   )  *    ([       ]

 
     [       ])+

 (11) 

    
  (   )

∑ ∑
      

 

      
         {    ([     

          ]
 
     [     

  ])    [     
  ])+

 
(12) 

 

3. The Components and Procedures of the Experiment 

 Location of the Study Area 

Basra is Iraq's third largest city and the most southern governorate, located 542 kilometers south 

of Baghdad, and has a population of 4,700,000 people in 2019. The Tigris and Euphrates rivers 

form the Shatt Al-Arab water stream, which flows into the Persian Gulf and has various small lakes 

and marshlands. Basra is very hot and arid. because of Basra's world-class summer heat. The Arab 

Gulf increases humidity and precipitation. Between October and May, Basra receives 152 mm of 

rain. Abu AlKhaseeb, Al Midaina, Al-Qurna, Al-Zubair, Basrah, Fao, and Shatt Al-Arab are the 

seven cities of Basra. [24] Capital. Previously, Iraqi governments were unable to manage and 

regulate water supplies, particularly in Basra, where four million people relied on the Shatt al-Arab 

river for safe drinking water for humans, animals, and plants. Since the 1980s, Iraq has failed to 

control upstream sources, treat pollutants and sewage, and maintain water streams, resulting in poor 

water purity. In 2018, over 100,000 individuals were hospitalized with water-related ailments 

including; rashes, stomach discomfort, vomiting, and diarrhea due to Basra water deterioration. 

Basra Health Directorate advised citizens to boil all water in August due to water pollution. Similar 

pollution disasters occurred in many other nations [25]. 

 Compilation of Data 

This research focused on eight of Basra's most important water treatment facilities: the Al-

Bradhiah (S1), Al-Jubailah (S2), Garmmat Ali (S3), Al-Shaebah (S4), Al-Labanie (S5), Al-Abbas 

(S6), Mhejran (S7), and Maheilah (S8). These treatment facilities are located at strategic points 

around the Basra Governorate, allowing them to service the majority of the urban core of Basra. 

Table 1: Quality parameter of drinking water 

Parameters Iraqi guideline standard  

PH 8.5 – 6.5 

Turbidity 5 

EC 2000 

TDS 1000 

Ca
+2

 50 

Mg
+2

 50 

TH 500 

K
+
 12 

SO4
-2 

250 

Na
+ 

200 

Cl
- 

250 

Alkalinity 120 

*all values in mg/L except EC in  m/cm and Turbidity in NTU. PH has no unit. 
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This information was gathered from the end of the dry season (2017) to the beginning of the 

rainy season (2019). In this study, twelve physicochemical parameters are chosen for analysis: pH, 

Turbidity, Electrical Conductivity (EC), Total Dissolved Solids (TDS), Calcium (Ca
+2

), Magnesium 

(Mg+2), Total Hardness (TH), Potassium (K
+
), Sodium (Na

+
), Sulphates (SO4

-2
), Chloride (Cl

-
), and 

Alkalinity. Table 1 outlines the quality characteristics of drinking water [26]. 

4. Water Pollution Assessment Using Unbalanced Two-Way  MANOVA 
The proposed two-way MANOVA model was utilized to assess effect of spatial and temporal 

on Basrah water quality. Factor A represents the spatial level, which has 8 locations, while factor B 

represents the temporal level, which has two levels (dry and wet season). Univariate and 

multivariate quality tests for response variables in the MANOVA model conducted using SPSS 

programming version 26. The Shapiro-Wilk goodness-of-t test that utilized to determine univariate 

normality, while the Mardia-test that utilized to determine multivariate normality in a given sample. 

Furthermore, QQ-plots of the calculated MANOVA model are generated. The low p-values of the 

quality test statistics obtained show that both the univariate and multivariate normality of the data 

have been violated in both cases. In addition, the findings of Box's M test for samples are 

summarized below in Table 2, which uses a significance level of  5 %. 

Table 2: Box's M test at 5% 

Sample    p- value 

 69.43 0.0004 

5. Observation of the Results 
The results of the tests for the Wilks' (WL), Hotelling-Lawley (HLT), and Pillai's trace (PT) for 

all water quality parameters, as produced in SAS for heteroscedastic covariance matrix and 

unbalance cell size are shown in Table 3. The SSCP matrices used in the tests are Type III 

partitioned.  At a 5% level of significance, the two-way MANOVA model tests the spatial (factor 

A) and temporal (factor B) variations of the water quality parameters as well as the interaction 

effect between A and B. 

 Spatial Data Analysis 

Table 3 displays the results of a two-way unbalanced MANOVA model of Spatial data. As a 

result of the consequences on human life, pH is an essential measure of water quality. The pH of the 

sites varies significantly as a consequence of being impacted by industrial and household 

wastewater from the city, with the lowest value being 7.02 in S7 and the highest value being 8.24 in 

S6. Turbidity is an indicator of water clarity; Iraqi regulations establish the value of Turbidity equal 

to 5 NTU. Turbidity two-way MANOVA shows a significant variation between locations. S7 had 

the lowest value of 2.5 NTU while S4 had the highest value of 48.1 NTU. Ca
+2

 is found naturally in 

water and may dissolve in rocks such as limestone, dolomite, gypsum, and fluorite. Because 

calcium exists in water as a Ca
+2

 ion, it is a determinant of water hardness. The findings revealed 

that the variance between S4, and S6 was not statistically significant, but it was different across all 

sites; nevertheless, there is no significant variation between S1, S2, S3, and S8, and no significant 

variation between S5, S1, and S8. 

When water travels through soil and rock, it dissolves and holds minuscule quantities of 

minerals in solution (Mg
+2 

as Ca
+2

). The Mg
+2 

data demonstrate that there is no statistically 

significant difference between S4 and S6, however there is a statistically significant difference 

between S7 and the remainder sites. The TH data reveal that the S4 had the lowest concentration of 

293 mg/l and the highest concentration of 1078 mg/l. 

On the other hand, the lowest K
+
 concentration was 3 mg/l in S4 and the highest concentration 

was 15 mg/l in S7. Also, the concentrations of Na
+
, Cl

-
, TDS, EC, and Alkalinity in S4 were the 

lowest (58 mg/l - 128 mg/l - 520 mg/l - 840 mg/l - 110 mg/l), respectively  and the highest (1645 

mg/l - 2450 mg/l - 6590 mg/l - 10035 mg/l - 204 mg/l) in S7, respectively. 
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Table 3: Results of a two-way unbalanced MANOVA model of Spatial data 
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 Temporal Data Analysis  
Temperature and pressure in particular have an impact on the physicochemical qualities of 

water. The samples were divided into two groups (dry and wet season) based on the month's 

average temperature and amount of precipitation in order to evaluate the seasonal evolution of 

physicochemical parameters. The outcomes demonstrated that during the rainy season, total 

dissolved oxygen levels increased at all sites owing to new water entering the Shatt Al-Arab via 

water runoff. The identical observation was made about TDS, electrical conductivity, and salinity at 

all eight locations at the same time period. This is due to the fact that runoff accelerates erosion and 

then transports several ions, including magnesium, sodium, potassium, carbonate, and chloride, to 

the riverbed, so increasing the turbidity of the water [27]. Figure 1 summarizes the water quality 

index of raw water generated from eight sites throughout the research period. 

 

Figure 1: Water quality index of eight sites throughout the research period 

6. CONCLUSION 
This work provided the unbalanced MANOVA two-way model based on kind III summed 

squares of an influence are calculated that adjusted for all other effects for recommended two way 

MANOVA model, regardless of order. Data was collected from eight places along the Shatt Al-

Arab River throughout the dry and rainy seasons. Different analytical techniques were used to 

determine the physicochemical parameters of the treated water. A two-way MANOVA analysis of 

the various factors was carried out under imbalance cell sizes and imbalance cell of covariance 

matrices. The statistical approaches were useful in analyzing the particular and seasonal changes in 

water quality. The statistical data demonstrate that there is a significant disparity in water quality 

across the eight locations. The statistical findings of the proposed model show large geographical 

variances between stations. Where the effect of sewage discharge and salinity intrusion from the 

Arabian Gulf was very clear, a significant difference was observed between stations with no source 

of pollution (Al- Shaebah and Al-Abbas) and stations located near sewage discharge outfalls (Al- 

Bradhiah, Al- Jubailah, and Garmmat Ali) and stations primarily affected by salinity intrusion from 

the Arabian Gulf into the Shatt Al-Arab River (Al- Labanie, Mhejran, Maheilah). Furthermore, it 

can be determined that the Mhejran plant differs significantly from all other stations owing to a very 

high quantity of ions in the source. 

Climate conditions, particularly temperature and precipitation, have a significant impact on all 

metrics. During the rainy season, TDS, salinity, electrical conductivity, and the concentrations of all 

contaminants rise. Thus, during a dry season when the temperature is pleasant, bacterial activity 

raise. River water quality may be impacted by many factors, including local topography and 

seasonal human activities like tourism. 
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 المستخلص  معلومات البحث

تذهىسخ رىدج يُاِ َهش شط انعشب َتُزح انتىسع انسكاٍَ انسشَع والأَشطح انصُاعُح   تواريخ البحث:

ا لإيذاد يُطقح انثصشج  ًً وانضساعُح. َتُزح نزنك، تعذ خذياخ تُقُح انًُاِ يصذسًا يه

وانضيُُح نُىعُح يُاِ انثصشج، انًكتظح تانسكاٌ فٍ انعشاق. نتحهُم انتأحُشاخ انزغشافُح 

حُائٍ الاتزاِ نهًكىَاخ انشئُسُح تاستخذاو أحزاو خلاَا  MANOVA تى إرشاء تحهُم

انًستىي انًكاٍَ،  A غُش يتىاصَح وخهُح عذو تىاصٌ نًصفىفاخ انتغاَش. ًَخم انعايم

تىٌ انًستىي انضيٍُ، وانزٌ َح B انزٌ َحتىٌ عهً حًاَُح يستىَاخ، تًُُا ًَخم انعايم

عهً يستىٍَُ )يىسى راف ويىسى سطة(. أخزخ هزِ انذساسح عُُاخ يٍ يعاَُش رىدج 

، إرًانٍ انًىاد انصهثح  (EC)انًُاِ )الأط انهُذسورٍُُ، انعكاسج، انتىصُم انكهشتائٍ

Ca)، انكانسُىو (TDS)انزائثح
+2

Mg)، انًغُُسُىو (
+2

،  (TH) ، انصلاتح انكهُح (

K) انثىتاسُىو
+
Na) ، انصىدَىو (

+
SO4) ، انكثشَتاخ (

-2
Cl) ، انكهىسَذ (

-
، وانقهىَح(  (

(. تظهش انُتائذ 2012 - 2012يٍ تأحُش حًاَُح يىاقع نًعانزح انًُاِ نلأعىاو يٍ )

الإحصائُح نهًُىرد انًقتشس اختلافاخ رغشافُح يهًح عثش انًحطاخ. نىحظ فشق يعُىٌ 

وانعثاط( وانًحطاخ انىاقعح  تٍُ انًحطاخ انتٍ لا َىرذ تها يصذس نهتهىث )انشُثح

عهٍ( وانًحطاخ  و كشيحوانزثُهح  شاضعُحتانقشب يٍ يصثاخ انصشف انصحٍ )انث

انتٍ تأحشخ تشكم سئُسٍ يٍ تسشب انًهىحح يٍ انخهُذ انعشتٍ فٍ َهش شط انعشب 

 (.هحشاٌ، يحُُز)انثشدَح، انزثُهح، كشياخ عهٍ( )انهثاٍَ، يه
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