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ABSTRACT Water is a natural resource vital for the survival of humanity and all species on earth. However, the quality and 
quantity of water in Iraq is increasingly being threatened due to high demand by humans and other living organisms. 

It is therefore the aim of this research to attempt to study the properties of the water in Al-Najaf province in Iraq, and to evaluate the Latent 
Profile (LP) by means of classifying water quality. It emerged that the quality of the water in our samples varied from average to poor. Thus 
the water in Al-Najaf may be suitable for general domestic use but not for drinking. 

1. Introduction [10], [11]
The Latent Profile model is a latent variable model with a cat-
egorical latent variable and continuous manifest indicators. 
It was introduced in 1968 by Lazarsfeld and Henry [14]. Many 
researchers have studied the Latent Profile and used it in vari-
ous practical applications. Goodman (1974) [7] considered wide 
structure models. These models served as possible explanations 
of the observed relationships among a set of  manifest polyto-
mous variables. Some illustrative applications of the models to 
data were also considered. 

Previous research confirmed the need to take serious action in 
monitoring the Tigris river in Baghdad for proper management 
[3]. Other authors confirmed that the Tigris River did not meet 
the WHO drinking water standard [9].  However, other research 
concluded that samples of water from residential districts in 
Baghdad  may be considered of good quality [5]. Further stud-
ies which evaluated the Euphrates river at Ramadi city and Al-
Dhiban indicate that all the water quality parameters were with-
in the WHO and Iraqi drinking water standard except the total 
hardness [13].  Additional research showed that the water qual-
ity of the Tigris river was better than in the Euphrates river [2].
The present work uses LP analysis which is applied to Al-Najaf ’s 
water using five water quality parameters.

This purpose of this research was to classify the water in Al-Na-
jaf. Latent Gold 5.0 [17] and MATLAB was used to analyze the 
data.

2. Materials and methods 
2.1 Latent Profile Model [12]
The LP analysis assumes that the population  consists of  C un-
observed subgroups that can be referred to as the latent profiles, 
latent classes, or mixture components. Because the indicators 
are continuous variables, it is most natural to assume that their 
conditional distribution is normal. 

Let w denote a vector of r continuous manifest variables. Let µij 
be the meaning of the manifest variable i in class j, be the vari-
ance of the manifest variable i assumed constant across classes, 
(i = 1, …. , r; j = 0, …. , K — 1) and be the prior probability that 
a randomly  chosen  individual is in class  j with  the  constraint  
that  

 

The marginal distribution of the manifest continuous variables 
is:

The conditional distribution  was taken in Bartholomew (1987) 
[4] to be the normal with mean ; and unit variance:

The log-likelihood for a random sample of size n is:

 

The maximum likelihood (ML) estimates are:

 

and , is the posterior probability that an individual with 
response pattern wh will be allocated to class j given by:

 

Equations (3) and (4) can be incorporated into an E-M algo-
rithm to derive the ML estimates. 

2.2 Water Quality
High demand for water can lead to deterioration in water qual-
ity and quantity that impacts not only the marine environment 
but also the availability of safe water for human consump-
tion [16]. The assessment of water quality is very important for 
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knowing its suitability for various purposes. Water quality index 
indicates the quality of water in terms of index number for any 
intended use. These are usually based on scientifically assessed 
acceptable levels of toxicity to either humans or aquatic organ-
isms [14], [6], and [18].  Assessing the quality and quantity of 
water is therefore of crucial importance to identify risks to the 
environment, society and human health. 

2.3 Water Parameters
Water quality is determined by properties of water. These prop-
erties are characterized differently throughout the world.  This 
section lists the common water quality parameters important in 
drinking water used in this research.

(1) Turbidity: the overall water clarity and the main way to 
identify the quality of water. It can affect the color of the water 
and aquatic life [1]. 

(2)The Value of pH: a measure of acidity in the water. It is con-
sidered an important parameter for water usage and aquatic life. 
It ranges from 1 to 14, where a low pH indicates high acidity and 
a pH of 7 refers to an equilibrium concentration which repre-
sents pure or neutral water [1]. 

(3) Magnesium: magnesium (Mg) salts are more soluble than 
calcium and less Mg is found in surface water. The concentra-
tion of this chemical element in natural water is usually low [19]. 

(4) Chloride: the concentration of  chloride  anions (Cl-) deter-
mines the water quality as the quality of water worsens after 
an increase in the concentration of these anions. This limits the 
possibilities of using natural water for different purposes [15].

(5) Total Dissolved Solids (TDS): the term used to describe the 
inorganic salts and small amounts of organic matter present in 
solution in water. The presence of dissolved solids in water may 
affect its taste. Water with extremely low concentrations of TDS 
may be unacceptable because of its flat, insipid taste [8].

2.4 Description of the data
This data consists of 110 drinking water samples that were col-
lected during 2014 from nine water stations and water projects 
located along Al-Najaf city in Iraq.  The data consists of some 
physical and chemical properties of water.  

5. Results
One principle for deciding the number of classes is to look in the 
BIC values, and choose the number of classes which minimizes 
BIC. Using this criteria, the best model is the 3-class model and 
the number of parameters is 32. 

Table 1: shows water quality index for Al-Najaf city according to 
the Al-Najaf and WHO index.

Figure 1 : shows a conventional triangular diagrams (Tri-Plot) 
that are used to represent the LP classification in which the 
three classes represent proportions of whole water sample.

Table 1: Water Quality Index

Parameter WHO Al-Najaf

Turbidity 5 5

PH 6.5-8 6.5-8.5

Magnesium
Chloride
T.D.S.

10-50
250
< 500

100
350
1000

 

Table 2: Profile of Water Classes

Variable Mean Class I    Class II  Class III
Turbidity 11.1**   3.2 4.6
PH 7.4 7.4 7.5
Magnesium
Chloride     
T.D.S.

49.8
144.1     904.9

47.5
163.5    93.9

60.7*
241.20
1438.9**  

 
Table 3: Percent of Water Distribution

    Area Class1 Class II Class III

Al-Hadaria 0 58.3 41.7

Al-Qadisyah 17.6 64.7 17.6

Al-Kufa 35.3  47.1 17.6

Al-Mashkhab 52.2 13.0 34.8

Al-Manthira 100 0 0 

Al-Najaf 100 0 0

Al-Hirah 29.4 41.2 29.4

Al-Jeroah 0 66.7 33.3

Al-Horia 0 100 0 

 
 

Figure 1: Distribution of Classes  
 
Table 2: demonstrate the profile of water quality and quantity 
in Al-Najaf city for each classes. The most significant class is the 
first class which consists of around 45% of the water sample, 
with all variables within both limits except the turbidity which 
exceeds the WHO and the Al-Najaf indexes. The TDS is within 
the limit of Al-Najaf index but exceeds the WHO index.  The next 
most important class is the second class, which holds around 
33% of the water, with all variables within both limits except the 
TDS which is within the Al-Najaf index but exceeds the WHO in-
dex. The third class has around 22% of the water, with magne-
sium within the Al-Najaf limit but over the WHO index, and TDS 
exceeding both limits. All other variables are within both recom-
mended limits. 

and  Al-Najaf (100%), while the second class is dominated by wa-
ter from Al-Horia (100%) and the third class by water from Al-
Hadaria (42%). 

6. Discussion
It is important to note that turbidity offers a validation test of 
the entire water quality, and the LP analysis verifies that the 
turbidity range in the first class is more than double the rec-
ommended value by the Al-Najaf index. This may be alarming 
- since it all depends on the causes of soaring water turbidity 
in this class - because high turbidity levels are often associated 
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with disease.  On the other hand the pH values 7.4, 7.4 and 7.5 
of all

classes respectively are within the WHO and Iraqi limits. Previ-
ous research suggested that any change in pH value from 7 may 
indicate the presence of pollutants in the water. [20]. Other re-
search realizes chlorine becomes more toxic as the pH level of 
the water drops.[15].

7. Conclusion
In conclusion the quality of water of our samples varied from av-
erage to poor. Hence water in Al-Najaf may be suitable for gen-
eral domestic use but not suitable for drinking.


