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Abstract

In Erbil city; more than 30% of the water supply is derived from
wells. Since the wells are located through the city, the quality of their
waters may have widely variation.

Principal components analysis technique (PCA) was used to
processing the physical, chemical and biological data of several wells at
different parts of Erbil city to define the components or factors that
responsible to the main variance in Erbil ground water quality. The
correlation matrix also adopted in data analysis to determine the
relationships of each parameter with the others.

The results of PCA showed the domination of three factors that
responsible of about 68% of the ground water variation these factors are:
change of the rock nature with 31%, human activities impact with 20.9%,
and 16.8% of variation is according to the agricultural and storm water
effects.

The correlation matrix had shown that there are two strong direct
correlation between TDS and TH with 0.73, and opposite correlation
between pH and Coliform bacteria with 0.53 the correlation between
other water quality parameters is weak and less than 0.40.

Keywords: Ground water quality, Principal component analysis, Factor
analysis, Erbil.

تفسیر تغایر بیانات نوعیة المیاه الجوفیة في آبار مدینة أربیل، شمال العراق
مصعب عبد الجبار التمر

جامعة الموصل/ قسم الھندسة المدنیة

الخلاصة



نة أربیل مصدرھا میاه الآبار المنتشرة من میاه الإسالة المستخدمة في مدی% 30أكثر من
.فإن نوعیتھا تتغایر بشكل واسعوبما أن الآبار موجودة داخل المدینة . ھناك بكثرة

استخدمت تقنیة تحلیل المركبات الأساسیة في معاملة البیانات الفیزیائیة والكیمیائیة
تعریف العوامل المسؤولة لمجموعة من الآبار في مناطق متفرقة من مدینة أربیل لةوالبیولوجی

عن التغیرات الرئیسة في نوعیة الماء الجوفي للمنطقة، ھذا فضلاً عن استخدام مصفوفة الارتباط 
.لتحدید علاقة كل متغیر مع بقیة المتغیرات

بینت نتائج تحلیل المركبات الأساسیة وجود ثلاث عوامل رئیسة مسؤولة عن حوالي 
التباین في طبیعة صخور المنطقة:ھذه العواملالجوفیةمن التغایر في نوعیة المیاه% 68

من التغایر في المیاه الجوفیة % 16.8،%20.9بنسبة الأنشطة البشریة في المدینة، %31بنسبة
.للمنطقة یعزى إلى عامل النشاطات الزراعیة ومیاه السیح

ذائبة الكلیة كما أظھرت مصفوفة الارتباط وجود ترابط طردي قوي بین المواد الصلبة ال
، وترابط أخر عكسي قوي بین الأس الھیدروجیني وبكتریا 0.73والعسرة الكلیة بمقدار 

%.0.4أما الترابط بین بقیة المتغیرات فكان ضعیفاً ولا یتجاوز 0.53الكولیفورم بمقدار 

.یلنوعیة المیاه الجوفیة، تحلیل المركبات الأساسیة، التحلیل العاملي، أرب: الكلمات الدالة

Introduction

The history of ground water utilization in northern Iraq begins in
the antiquity (about 7000 year B.C.). In the mountain regions springs
were exploited for water supply, Irrigation or orchards and for animals.
Wells were mainly utilized for water supply and at times used as strategic
war tool. Underground tunnels locally called Kahreez were also
developed to fulfill the needs of water, the remains of which are still
found in the region[1].

The ground water quantity can play an important role in satisfying
the different water uses and importance social and economic
circumstances of the people. Yet the quality of such water resources may
be of equal importance to its quantity if not exceeding it[2].

As water quality involves many parameters, the monitoring produces a
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large number of variables. To identify a set of dimensions and the major
sources of quality variation, statistical analysis methods may be applied
to reach to these points[3].

Habib et al., (1990)[4] use a correlation matrix, trilinear diagram
and several comparing methods for interpretation the ground water
quality in Erbil city north of Iraq. Mahmoud And Zangana, (l990)[5] made
a simple comparison of their data with the water quality criteria to state
the suitability of the ground water quality for human drinking use. Many
researches in the world have used principal components analysis (PCA)
in ground water quality management, Jayakumar and Siraz (1997)[6] in
India, Eraifej and Abu-jaber (1999)[7] in Jordan, Suk and Lee (1999)[8] in
Koria, Khatttab (2004)[9] in Hit-Cubaisa area west of Iraq, Olobaniyi and
Owoyemi (2006)[10] in western Niger delta in Nigeria, Sarkar et al.,
(2006)[11] in India.

Many factors contribute to the variation in ground water quality, in
Erbil city these include the geological formation, agricultural activities
percolation of runoff to the geological stratification, and human activities
and so forth in interaction between them by different percentages.

This paper try to identify the sources of water quality variation and
pollution and the relationship for each water quality parameter with the
others for the ground water quality in Erbil city, the correlation matrix
and principal components analysis loading matrix were adopted to
achievement this goal.

Geology of the area

Fig.1 show the geological map of Erbil basin [4], Geologically Erbil area
is part of the low folded bet of northern Iraq. It lies within a structural
trough with a NW-SE axial trend. The area extension of this basin corers
a wide syncline bounded by the Perman Dagh anticline in the NE and by
Kirkuk anticlinal structure in the SW.

The oldest outcrop cock in the area is of an upper Miocene age. More
than 80% of the area is covered by the Quaternary deposits, composed
mainly of soils, which is underlain by the Bakhtiari formation of Pliocene
age[12]. This formation is composed mainly of gravels and conglomerates
with an intercalation of sands, clay and silt. It is exposed at the eastern
and western parts of the basin near the recharge and discharge zones [4].



Hydrogeologically the basin is bordered by the greater Zab and lesser Zab
from NW and SE respectively. The basin is divided into three sub-basins,
these are; Kapran at the north, central (includes Erbil city), and Bash
Tepa in the south. The greater Zab river drains both the Kapran and
central sub-basin, while the lesser Zab river drains the Bash Tepa sub-
basin[4].

The Bakhtiari sediments make up the aquifer system in Erbil basin. The
productive thickness of these sediments may reach up to 200m at the
central and bash Tepa sub-basins, while it is in the range of 100m at the
Kaprn sub-basin, also the ground water flow follows the topography of
the region.

Figure 1: Geological map of Erbil basin.[4]



Methodology

To define the interaction between the water quality parameters and
to identify the sources of pollution or the main sources of the ground
water quality variation in Erbil city principle components analysis (PCA)
applied on the water quality data obtained from references [4] and [5] for
Erbil city northern Iraq that its location showed in Fig.2 [4],[5]. The data
includes the following physical, chemical and biological properties: pH,
Total Hardness (TH), Turbidity (Turb.), Total Dissolved Solids (TDS),
Nitrate (NO3

-1), Sulfate (SO4
-2), Chlorides (Cl-1), and most probable

number for Coliform bacteria MPN/100ml. Table 1 presented the
descriptive statistics of these data set.

Table 1: The descriptive statistics of the data.

Parame
ter

Descript
ive

pH

Unit

Turb
.

Unit

TDS

mg/ℓ

TH

mg/ℓ

NO3
-

1

mg/ℓ

SO4
-2

mg/ℓ

Cl-1

mg/ℓ

MPN
/

100
ml

Mean 7.38 2.79 674 251.1 4.7 171.3 157.4 42.6

Median 7.35 2.7 625 225 4.7 122.5 124.5 41

Mode 7.3 2.7 580 220 5.4 30 140 40

Standar
d
Deviatio
n

0.45 1.38 270.7 98.7 2.8 129.2 111.9 17.8

Varianc
e

0.20 1.91
7327
7.9

9732.
6

7.8
1669

5
1252

4
315.7

Kurtosi
s

-0.86 -1.09 -0.72 0.65 0.6 -0.5 3.2 0.4
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Figure 2: Erbil city map with Wells positions. [4], [5]

Skewne
ss

0.17 0.29 0.57 1.0 0.7 0.8 1.8 0.6

Range 1.5 4.3 870 367 10.5 420 440 70

Minimu
m

6.7 0.8 330 113 0.7 30 50 15

Maximu
m

8.2 5.1 1200 480 11.2 450 490 85



The data were statistically analyzed using the software SPSS
program, the raw data were standardized as water quality parameters have
different magnitudes and scales of measurement as in the formula [13]:

set theofdivationStandar
set theofmean- valueoriginal valueedStandirdiz  …………….1

The PCA procedure transforms an original set of variables into a
new set of principal components, which are at right angles (i.e.
uncorrelated) to each other. Specifically, it decomposes a 2-D matrix
X(I,J), consisting of I measurements of J variables into scores and
loadings matrices, as given by:

X=TP'+E…………………………….…………………………..2

Where each column of the matrix X is men centered (mean =0) and
variance scaled (Standard deviation=1); T(I,J) represents the matrix of J
principal components scores (each column of matrix T refers to a
principal components); P' denotes the transpose of original data. In
general, first R principal components are sufficient to describe a large
amount of variance in the original matrix, X, and thus equ.2 Can be recast
as:

'Etr(Pr)X
R

1R

T


 ………………………………………….……3

Where tr represents the rth I dimensional score vector; (Pr)T denotes the
transpose of rth J dimensional loading vector (Pr) and E', the residual
matrix. As can be seen from equ.3, the original matrix X can be
represented in terms of only R score vectors (R<J) and thus data



reduction is achieved. The sum of squares of elements of score vector (tr)
relates to the Eigenvalue (also termed as "Trace") associated with that
score vector and is a measure of the variance captured by that principal
component [14].

The principal components with Eigenvalues equal or greater than one are
rotated using Kaiser criterion varimax rotation to yield a simpler
components structure [15].

Discussion

Principal components analysis (PCA) extracted three factors with
Eigenvalues greater than 1 that account 68.86% of the variance of water
quality, (i.e. the 8 variables were concentrated into 3 components).
Eigenvalues their loadings after rotation, percentage of variances and
communalities showed in table 2.

Communalities provide an index to the efficiency of degree of
contribution of each variable in the selected three components, the lower
communality was for sulfate (0.579).

For components loadings the values which are greater than the radius of
the equilibrium circle of contribution radius =(no. of extracted
components/ no. of variables)0.5=(3/8)0.5=0.612, So the loaded greater
than 0.612 are considered significant see table 2 and Fig. 2.

Table 2: Rotated principal components loadings.

Parameters
Components Communalit

iesI II III

TH 0.89
3

-
0.02

8

0.15
9

0.633

TDS 0.86
8

0.00 -
0.04

0.736



7

Cl-1 0.61
3

-
0.38

8

-
0.24

3
0.755

pH
0.11

6

-
0.79

2

0.35
6

0.824

Turbidity
-

0.31
9

0.72
9

0.00
9

0.628

Coliform
Bacteria

0.38
2

0.72
7

0.24
8 0.579

NO3
-1 0.27

9

-
0.01

9

-
0.74

2
0.586

SO4
-2 0.21

5

-
0.06

0

0.72
7

0.768

Eigenvalues
2.48

3
1.67

5
1.35

2
-

% of
Variance

31.0
3

20.9
4

16.8
9

-

%
Cumulative

31.0
3

51.9
7

68.8
6

-
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Principle component I account 31.032% of the variance in ground
water quality of Erbil city within the study area; has high loading of TH,
TDS and Cl-1, as seen from Fig. 2a all of the three dominated variables in
PC1 are in the positive pole of the component that mean the positive
correlated with each other. As its well known the hardness of the water on
the region is Ca and Mg hardness (Habib et al., 1990); So this component
represents the dissolution of rocks composed from marine minerals as
CaCl2 and MgCl2 during the deposition of Bakhtari formation [16].

Principal component II account 20.94% of the total variance in
water quality. It is dominated by Coliform bacteria and turbidity on its
positive pole and pH on its negative pole Fig. 2a., as it is known that
coliform bacteria represent an indication to the fresh domestic pollution,
and the turbidity it expect to be colloidal particles (as dissolved) that
come from domestic wastewater that drains into deep vertical pits or
septic tanks from home and industries within study area these pits have
been dugged to more than 20m until reaching a sandstone layer, once the
wastewater reaches the sandstone layer, they may inter the flow system



and migrate to the water table [4]. therefore this component indicate to the
domestic and industrial pollution effects on the Erbil city. Principal
component III account for 16.89% of the variance in water quality. It is
dominated by NO3

-1 on its negative side and SO4
-2 on its positive side Fig.

2b, the fertilizer and storm water that percolating with the irrigation and
rain water to the ground water can effect to the variation of NO3

-1 and
SO4

-2 concentrations, therefore this component can reflect the agricultural
and storm water effects on the ground water on the region. The
relationships between the water quality variables are shown from the
correlation matrix given in Table 3. It is seen in general that there is no
relationships between most of the variables. However there is a strong
direct relationship between TH and TDS (r=0.731) this may suggest that
the TDS is from mineral origin that derived from the geology of the
regions. Also there is a strong opposite relationship between coliform
bacteria and pH (r=0.508), this indicate to the fresh pollution of ground
water with the domestic waste from the region. The lack of the strong
relationship between the other analyzed properties is most probably due
to contamination [4].

Table 3: Below side of Correlation matrix.

Paramete
rs

pH

Unit

Turb
.

mg/ℓ

TDS

mg/ℓ

TH

mg/ℓ

NO3
-1

mg/ℓ

SO4
-

2

mg/ℓ

Cl-1

mg/ℓ

MPN/100
ml

pH (unit) 1

Turb.(uni
t)

0.21
9 1

TDS
(mg/ℓ)

-
0.25

5

0.22
1 1

TH (mg/ℓ)
-

0.27
9

0.29
6

0.73
1 1

NO3
-1 0.05 - 0.17 0.12 1



(mg/ℓ) 1 0.09
7

5 7

SO4
-2

(mg/ℓ)
0.09

0.09
6

0.05
4

0.23
1

-
0.19

2
1

Cl-1 (mg/ℓ)
-

0.40
1

-
0.10

7

0.40
4

0.39
5

0.30
2

0.14
2 1

Coliform
Bacteria

-
0.50

8

-
0.36

6

0.09
3

0.20
9

-
0.07

7

0.28
2

0.15
6 1

Conclusion

Principle components analysis gives effective identification of the
main sources of water quality variations in the study area. Such variation
cannot be easily detected with its percent effect. This shows the
importance of such technique for water quality management
agencies.Principal components analysis explain 63% of variation in water
quality in three components, from the results of analysis, it is seen that
rock dissolution, human effectiveness, and agricultural wastes with storm
percolation to ground water are the main factors contribute at different
degrees to such variation.

From the results of the correlation matrix it appears that there are direct
significant correlation between TH and TSD with 0.731 and indirect
significant correlation between coliform bacteria and pH with 0.508.
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