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ABSTRACT

Drinking water of safe quality is a critical issue for human survival and health. Water pollution by heavy metals is very
crucial because of their toxicity. This study assesses the potential of heavy metal pollution in drinking water in the three
districts of Garmian Region, East Iraq. Water samples were investigated for 23 heavy metals and 6 chemical contaminants
collected from 16 locations between January 1 and October 31 in 2017. The analysis was performed using inductively
coupled plasma optical emission spectroscopy (ICPOES, Spectro Arcos). High levels of Al, Se, Sr, and Fe have been
detected at certain locations in the study area. Statistical analysis techniques of the correlation matrix and cluster
hierarchical analysis were conducted. The heavy metals pollution index (HPI), heavy metals evaluation index (HEI), and
contamination index (C,) were applied. These indices linked with the statistical analysis to interpret relationships among
tested parameters in water samples and to investigate pollution sources over the study region. Even with the significant
correlations between the HPI, C,, and HEI, they showed a dissimilar impact of examined heavy metals on the water
quality. It was found that concentrations of heavy metals such as Al, Fe, and Se are in elevation (0.550, 0.736, and
0.044) mg/l, respectively, at certain locations depending on the last update of the WHO guidelines for drinking water.
The most reliable pollution evaluation index of HEI for drinking water showed that 44 % of the water samples is critically
polluted. Sources of the contamination are most likely coming from natural geological sources. The anthropogenic impact
was only noticed at several sites in the study area.

Index Terms: Drinking Water, Environmental Risk Assessment, Garmian Region, Heavy Metals, Multivariate Statistical
Analysis

1. INTRODUCTION

Drinking water pollution is becoming an increasing problem
in the entire wotld for its severity and toxic effects on human
health. The continuous development of significant changes
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such as population growth, industrialization, expanding
urbanization, and diminishing water resources made the issue
much worst [1]. Awareness of the quality of drinking water is
expanding steadily in many countries in the world [2]. Heavy
metals play a reasoned approach to the classifying of drinking
water quality due to their toxicity and poisonousness even at
low quantities |3]. Heavy metals are the most damaging and
dangerous contaminants in water due to non-biodegradable
nature and their accumulation in a biological system [4].
Drinking water may contain essential and toxic heavy metals.
The essential metals are Co, Cr, Fe, Mn, Mo, Ni, Se, Sn, V,
Cu, and Zn, these metals are critical for sustain biological life,
but still, their accumulation in the body may cause dangerous
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effects [5]. The toxic and non-essential heavy metals such as
contamination index (C)), Pb, Al, As, Ba, Hg, Be, and Ti are
toxic can cause critical or chronic poisoning [6], [7]. For the
past years, various works have been performed to identify
heavy metals pollution in drinking water [8]-[11]. Any reliable
assessment for water quality needs to take into account more
chemical parameters such as Ca, Na, Mg, PO4, NO3, SO4,
and total hardness. To obtain a total view on drinking water
quality condition, as the chemical parameters in drinking
water may cause important environmental and sanitary
consequences [12]. Assessment of drinking water quality
requires to recognize regional geogenic and anthropogenic
characteristics for an area to be studied. Naturally, heavy
metals reach water resources by leaching from contacting
the soil and underlying rocks. Heavy metals may come from
anthropogenic activities such as agricultural run-off, effluents
discharged from cities, industrial plants, and mining sites of
heavy metals [13]-[15].

Evaluating heavy metals traces in drinking water have been
performed by generating pollution indices. These indices
refer to the overall water quality in terms of heavy metals
contamination. Many indices are used for the purpose
concerned, such as heavy metals pollution index (HPI),
heavy metals evaluation index (HEI), and the degree of
C, [16] [18]. C, is distinguished by the fact that it implicates
heavy metals and other coexisting contaminants in water
quality evaluation [19].

Many parts of Iraq, including the Garmian Region, are
suffering from the low quality and pollution of their drinking
water sources [20]-[22]. As a result, several attempts to have
been made to define the potential risk of drinking water
quality in the area concerned [23]. However, up until now,
no extensive analysis has been performed to identify heavy
metals levels in drinking water at Garmian Region.

The current study tests the heavy metal concentration levels in
drinking water of Garmian Region, East Iraq by establishing
a reliable dataset that aids further investigations to develop
remediation strategies, to enhance the environment of the
region, and to protect people health. This work investigates
23 heavy metals and six chemical parameters in drinking water
samples from 16 different locations in Garmian Region. HPI,
HEIL C,, with statistical analysis approaches of ANOVA,
the correlation matrix (CM), and cluster analysis cluster
hierarchical analysis (CA) have been carried out to detect the
possible pollution sources.
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2. MATERIALS AND METHODS

2.1. Study Area

Garmian Region is located between latitudes (34° 17° 157-
35° 10’ 35”) North and longitudes (44° 31° 30”-45° 47° 10”)
East. (Fig. 1), the study area has a total area of 6716.5 km?
in three districts Kalar, Kifri, and Khanaqin. The region
has a population of 300,000 inhabitants, with no major
industrial constructions. The physicographic feature of the
area is an alluvial plain in the south and west; while the area
lies within foothill in the north and east. The major river
systems draining the area include Alwand, Diyala-Sirwan,
and Awaspi Rivers. A climate of the study area is continental
semiarid by potential evaporation [24]. Soil order of the area
is mainly aridisols [25]. The land surface is covered by sand,
silt, and clay, while periodically several areas are covered by
gravel [26]. Many parts of the study area are rich with gypsum
minerals [27]. The area is underlain by the outcropping
formations of Tertiary (Pliocene), and the Quaternary
deposits (Pleistocene—Holocene) consist in the alternation
of sandstone, siltstone, and claystone [28].

2.2. Collection of Water Samples

Water samples (surface and groundwater) were collected
from the study area and sampling locations from 16 locations
in Garmian districts between January 1 and October 31 in
2017, three samples were collected from each location. Water
sample was collected from selected sites, where including

different water systems and an area covered a stretch of
about 60-70 km.

In the field a clean pre-washed (250 ml.) polyethylene
bucket, which had been connected with a long rope used for
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Fig. 1. Map of study area, and locations of water sampling (The
first map of Garmian Region Topography is Courtesy of Garmian
Region Directorate 2017, the second map of Garmian Region location
according to Kurdistan Region, and Iraq was modified by the authors).
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collection of water samples from different sampling sites.
The water sample was allowed to pass through the bucket
for a while.

Samples were identified in Table I. All samples were acidified
with 2% nitric acid (pH-2), and refrigerated and transferred
to the instrumental research laboratory to analyze them.
All samples were analyzed within 2 days from the time of
collection by inductively coupled plasma optical emission
spectroscopy (ICPOES) (Spectro across Germany) at
University of Garmian. The standard solutions were
prepared by serial dilutions of the 1000 mg/L. Distilled
deionized water was used for the dilutions and the washing
all glassware [4].

2.3. Heavy Metals Analysis

Various accurate analytical methods are applied to determine
heavy metals concentrations in water samples such as
the atomic absorption spectrometry AAS [29], [30], the
ICPOES [31]-[33], and the inductively coupled plasma mass
spectrometry ICP-MS [34].

All water samples were stored in polyethylene containers
and returned to the laboratory under dark conditions within
1-2 h of collection time. The water samples were acidified
by adding concentrated nitric acid HNO, and sored at 25°C
for trace metal determination purposes.

ICP-OES: Spectro Arcos was used to analyze the 23 heavy
metals. The instrument conditions used were: Spray chamber
is Scott spray; Nebulizer: Crossflow; RF power/W: 1400,
pump speed: 30 RPM; Coolant flow (L/min): 14; Auxiliary
flow (L/min): 0.9; nebulizer gas flow (L/min): 0.8; Preflush

TABLE I: The description of sources of water samples

(s): 40; Measure time (s): 28; replicate measurement: 3;
argon gas (purity = 99.99); multi-elements stock solutions
containing 1000 mg/L were obtained from Bernd Kraft
(Bernd Kraft GmbH, Duisburg, Germany); and standard
solutions were diluted by several dilution into 0.1, 0.5, and
2 ppm in 0.5% nitric acid as diluent [2].

2.4. Statistical Analysis

Water pollution indices and statistical approaches were
implemented to evaluate the potential sources and levels
of heavy metals. Typically, evaluation of water quality by
pollution indices depends on a massive dataset collected for
various relevant contamination parameters in water samples
at different locations. Application of water pollution indices
is associated with various statistical analytical techniques
to interpret and classify the obtained water quality data
sets. However, among the numerous available statistical
techniques, the univariate ANOVA, the bivariate correlation
coefficient matrix CM, and the multivariate cluster analysis CA
are used for heavy metals impact on water quality [35], [36].
Sometimes, these statistical become helpful as water quality
results may require additional explanations to identify source
and way of the contamination.

The obtained data sets from water samples were subjected to
statistical analysis using Excel 2013 software. Two statistical
analysis that performed to deduce the sources of heavy metals
were; ANOVA and CM interpretations, and cluster analysis
CA. Using ANOVA aids to find out the significance of the
variation between sampling locations while a CM was used to
reveal the relationships between the examined heavy metals
and chemical contaminants. Cluster analysis was applied in
this work to classify water samples according to their spatial

Sampling Symbol Samples Location Site coordinate Source

S1 Mineral water Bani-khailan, Kalar district 35.07, 45.67 Spring water

S2 Drilled well 1 Kifri district 34.91, 44.82 Groundwater

S3 Drilled well 2 Kifri district 35.02, 44.63 Groundwater

S4 Water project Kifri district 34.70, 44.96 Surface water - Awaspi river

S5 Drilled well 3 Kifri district 34.91, 45.07 Groundwater

S6 Drilled well 4 Kifri district 34.87, 44.85 Groundwater

S7 Drilled well 5 Kalar district 34.64, 45.30 Groundwater

S8 Water project Kalar district 34.65, 45.36 Surface water - Sirwan River

S9 Drilled well 6 Kalar district 34.83, 45.51 Groundwater

S10 Drilled well 7 Sarqala, Kifri district 34.74, 45.06 Groundwater

S11 Drilled well 8 Sarqala, Kifri district 34.74, 45.08 Groundwater

S12 Drilled well 9 Rizgari, Kalar district 34.66, 45.26 Groundwater

S13 Drilled well 10 Rizgari, Kalar district 34.67,45.18 Groundwater

S14 Drilled well 11 Khanagqin district 34.57,45.35 Groundwater

S15 Drilled well 12 Khanagqin district 34.39, 45.35 Groundwater

S16 Water project Khanagqin district 34.35, 45.39 Surface water - Alwand River and Balaju-Canal
42 UHD Journal of Science and Technology | May 2018 | Vol 2 | Issue 2
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variation of heavy metal and chemical parameters of water
samples. Ward-algorithmic linkage method and Euclidean
distance are the basis to conduct statistical cluster analysis.
Agglomerative hierarchical clustering is the used statistical

cluster analysis. Cluster analysis of water samples was made
using XLSTAT (version 2017 for Excel 2013 software).

2.5. Heavy Metals Pollution Assessment
2.5.1. Heavy metal pollution index (HPI)
In this study, the heavy metal pollution index (HPI) was used
with the formula that proposed by Mohan ¢f a/. [37]. Where
the water quality is assessed according to existence and
importance of heavy metals in water samples. Many works
have used this index to acquire information on heavy metal
pollution potential in tested waters [38]-[41].

HPI is an arithmetical tool that computed on the basis of the
arithmetic mean method to transform various water existing
data into a single derived number in terms of relevant heavy
metals presence effect on water quality.

n
L W.0.
HPI:ZF;}—’Q’ (1)

Zi=1Vi
Where Q,is the subindex of i-parameter, W, is the weight
of i-parameter, and n is the total number of parameters
that included in test. W, for each parameters is inversely
proportional to the recommended standard for the
corresponding parameter. The i* parameter subindex is
calculated as follows.

M. (=)I.
Q=¥ — X100 @

Where M, S, and I, are monitored, standard, and ideal values
of i-parameter for the investigated heavy metals.

2.5.2.HEI
HEI is another pollution index related to heavy metals.
Usually, it is applied to get a whole idea on potential water
contamination caused by heavy metals. HEI is calculated as
following equation [42], [43].

"
HEI =y He 3)

=1 H

Where, H and H__are the observed and maximum
permissible level concentrations for each i-parameter,
respectively.
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2.5.3.C,

The C, is computed to evaluate the contamination of
water quality, C, is a sum of contamination factors of
individual parameters those have values above the upper
allowable limits [44]. C, takes into consideration the number
of parameters exceeding permissible limits and their
concentrations [45]. Many works have used this index to
reveal any potential contamination and the combined effects
of harmful quality parameters in various water resources such
as [46] and [47]. Cis calculated as the following two steps.

n

Ci=3Cy Q)
i=1
C -

C ; — A -1 (5)
CNi

Where, C, C,, and C_, are concentration factor, analytical
value, and the upper allowable concentration of the
i-parameter, respectively.

2.6. Methods Evaluation

Before going any further, it was very necessary to evaluate the
performance method applied in this study. The performance
evaluation is usually made according to limits of detection
(LOD), limit of quantification (LOQ), and linearity [38], [48].
For elements measured by ICPOES, the calibration curves
were found depending on the standard addition method. The
linearity of the analyzed elements was tested and approved.
The LOD and LOQ were estimated per their relations
with standard deviation. The accuracy and reproducibility
of elements analyzed and measured by ICPOES were
determined by spiking and homogenizing three replicates of
each of the three samples collected randomly from sampling
locations.

3. RESULTS AND DISCUSSION

3.1. Heavy Metals in Drinking Water Samples
Presence of heavy metals in drinking water samples
(groundwater and surface water) from the 16 different sites
in Garmian region is illustrated in Tables 11 and III. In this
study, 23 metals of Cr, Cu, Fe, Mn, Mo, Al, St, Zn, Ba, Se, Li,
V, Ni, Cd, As, Pb, Co, T, Ag, Be, Hg, Sb, and Sn have been
analyzed. Descriptive statics including maximum permissible
limit MPL and LOD with the wavelength for the investigated
heavy metals at all water sampling locations are presented
in Table II.
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As stated in Table I most MPL for the tested parameters are
according to the WHO [49] except that MPL for Be, Fe, Mn,
St, Li, V, Ca, P, Be, Co, T1, Sn, and T. hardness were adapted
from other standards as demonstrated in Table II. From the
results obtained, a part of the examined metals of Ni, Cd,
As, Pb, Co, T, Ag, Be, Hg, Sb, and Sn are not detected due
to their concentrations which are below the LOD as shown
in Table 1I. The pH ranges were from 6.5 to 8.0 for all water
samples, with no great difference in pH values among the
sampling locations in which this weak influence could be
ignored on the heavy metals presence in tested samples.

From Table II of descriptive statistics, it can be seen from
the obtained results that heavy metals characteristics of
drinking water quality in Garmian region are generally within
acceptable ranges except for Fe, Al St, Li, and Se at certain
locations such as S2, S8, and S14.

The distribution of the measured heavy metals shows that
the mean and median values for the metal of aluminum (Al)

concentration in water samples 0.3 mg/L are higher than
maximum permissible limits MPL 0.2 mg/L this reveals the
significance of the Al metal impact on drinking water at those
locations in the region. Mean value of lithium Li is 0.037
which is exceeded MPL at most locations in the study area.
Strontium Sr and selenium Se mean values in water samples
are 3.838 and 0.038 mg/L that is close to the maximum
permissible limits MPL of 4, and 0.04 mg/L, respectively,
hence this reveals the contribution of Srand Se in the drop of
drinking water quality of the area. The rest of the parameters
showed lower concentrations in tested samples.

Table III illustrates more details on heavy metals
concentrations among the analyzed drinking water samples
that collected from various locations in Garmian Region.
The obtained results showed a sign of pollution hazards of
certain heavy metals. For Cr high level it was determined to
be 0.021 mg/I. for water samples collected from location
$10 and was low or BDL in the other locations. Cr was only
found in groundwater samples (0.001-0.021 mg/L). In all

TABLE II: Descriptive statistics for heavy metal and chemical parameters in tested water samples

Parameter Min Max Mean Median Standard deviation LOD (mg/L) MPL (mg/L) Wavelength (A)
Cr 0.000 0.021 0.003 0.000 0.006 0.0010 0.05 267.7
Cu 0.011 0.028 0.018 0.016 0.005 0.0010 1 324.8
Fe 0.009 0.736 0.074 0.0155 0.179 0.0020 0.22 259.9
Mn 0.001 0.020 0.004 0.001 0.006 0.0010 0.052 257.6
Mo 0.001 0.006 0.003 0.002 0.001 0.0010 0.07° 2021
Al 0.000 0.550 0.038 0.000 0.137 0.0040 0.1° 396.2
Sr 1.046 11.94 3.838 3.9865 2.900 0.0020 44 407.7
Zn 0.001 0.386 0.055 0.0175 0.095 0.0010 3 213.9
Ba 0.006 0.094 0.034 0.0165 0.027 0.0044 0.7 455.4
Se 0.027 0.044 0.038 0.038 0.004 0.0020 0.04 196.1
Li 0.004 0.078 0.037 0.034 0.021 0.0010 0.01¢ 670.8
\Y 0.001 0.008 0.005 0.0045 0.002 0.0025 0.015f 292.4
As BDL BDL BDL BDL - 0.0026 0.01 189.0
Ag BDL BDL BDL BDL - 0.0012 0.05 3281
Be BDL BDL BDL BDL - 0.0010 0.004¢ 3131
Cd BDL BDL BDL BDL - 0.0010 0.003 214.4
Co BDL BDL BDL BDL - 0.0010 0.1f 228.6
Hg BDL BDL BDL BDL - 0.0040 0.006 184.9
Ni BDL BDL BDL BDL - 0.0010 0.07 231.6
Pb BDL BDL BDL BDL - 0.0035 0.01 220.4
Sb BDL BDL BDL BDL - 0.0068 0.02 206.8
Sn BDL BDL BDL BDL - 0.0010 0.001% 190.0
Tl BDL BDL BDL BDL - 0.0040 0.0072¢ 190.9
Ca 36.48 175.41 103.55 114.54 49.22 0.004 750 315.9
K 0.78 5.04 2.24 2.16 1.24 0.031 120 766.5
Mg 9.91 69.76 37.76 47.95 20.32 0.005 50° 279.1
Na 5.34 125.53 50.59 50.09 39.86 0.066 50 330.2
P 0.03 0.07 0.04 0.04 0.01 0.002 0.16™ 177.5
T. Hardness 139.17 724.40 413.57 470.67 203.75 - 200" -

LOD: Limit of detection, BDL: Below detection limit, MPL: Maximum permissible limit, *adapted from [50], ® (WHO, 2011) adapted from [51], < (USEPA, 2008) adapted from [51],
9 (USEPA, 2008) *dapted from [52], cadapted from [53], ‘adapted from [54], F (USEPA, 008) adapted from [55], %adapted from [56], " (WHO, 2006) adapted from [57], “adapted

from [58], "adapted from [59]

a4
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TABLE lll: Concentrations of heavy metals in drinking water samples detected by ICPOES

Sample location

Concentration (mg/L)

Cr Cu Fe Mn Mo Al Sr Zn Ba Se Li \')
S1 BDL 0.021 0.009 0.001 0.002 BDL 1.241 0.001 0.014 0.027 0.004 0.001
S2 0.009 0.012 0.071 0.009 0.005 BDL 11.940 0.386 0.006 0.042 0.075 0.005
S3 0.008 0.011 0.067 0.004 0.006 BDL 6.713 0.065 0.016 0.042 0.078 0.005
S4 BDL 0.015 0.011 0.001 0.002 BDL 4.398 0.020 0.015 0.038 0.047 0.004
S5 BDL 0.015 0.011 0.001 0.002 BDL 4.971 0.015 0.013 0.040 0.049 0.005
S6 BDL 0.013 0.013 0.001 0.001 BDL 5.804 0.037 0.015 0.038 0.055 0.005
S7 BDL 0.019 0.011 0.001 0.001 BDL 1.738 0.001 0.062 0.040 0.026 0.003
S8 BDL 0.021 0.736 0.018 0.003 0.55 1.190 0.006 0.094 0.035 0.033 0.004
S9 BDL 0.022 0.012 0.001 0.001 BDL 1.143 0.015 0.065 0.034 0.027 0.003
S10 0.021 0.016 0.034 0.003 0.002 BDL 3.884 0.103 0.017 0.039 0.040 0.008
S11 BDL 0.023 0.014 0.001 0.004 BDL 1.555 0.093 0.042 0.038 0.023 0.006
S12 0.001 0.024 0.015 0.001 0.003 BDL 1.601 0.006 0.045 0.034 0.019 0.007
S13 0.002 0.028 0.016 0.001 0.002 BDL 1.046 0.001 0.056 0.034 0.011 0.008
S14 BDL 0.016 0.017 0.001 0.004 BDL 4.631 0.091 0.012 0.044 0.035 0.003
S15 BDL 0.014 0.034 0.001 0.002 BDL 4.089 0.034 0.015 0.038 0.027 0.003
S16 BDL 0.013 0.112 0.020 0.004 0.05 5.466 0.004 0.063 0.037 0.043 0.003

sampling locations, low levels of Cu were detected ranging of
0.011-0.028 mg/L. However, in one location S8 a high level
of Fe 0.736 mg/L exceeding the MPL. It was found that the
concentrations of Mn, Mo, Zn, Ba, and V were lower than
MPL of 0.05, 0.07, 3.0, 0.7, and 0.015 mg/L, respectively,
in all sampling locations that considered in this study. Zn
showed critical concentrations at locations S2 and S10 with
the range of 0.386 and 0.103 mg/L. It was noticed at some
locations that Al, St, and Li concentrations are higher than
MPL specified by this work. Some heavy metals were not
detected in this study in all sampling locations due to their
low concentrations levels such as As, Ag, Be, Cd, Co, Hg,
Ni, Pb, Sb, Sn, and T Samples from Diyala-Sirwan River
downstream location S8 (Kalar drinking water project was
established to provide potable water to Kalar city residents)
looks like having higher concentrations than MPL values of
Al and Fe when compared to groundwater and surface water
samples from other locations.

This elevation in Fe and Al levels is due to the fact that
Diyala-Sirwan River flows through small building materials
manufactures. Therefore, the high contamination in this
location may come from effluents discharged by these
sites and also from aluminum-rich materials used in water
treatment. Considerable contaminations of Sr were observed
in various locations S1 to S6 and S14 to S16 for both surface
and groundwater sources at Khanaqin and Kifri districts.
According to USEPA 2008 standards of MPL is 4.0 mg/1
[52], many water samples contain a high level of St parameter.
These levels are generally related with environmental
contamination generated by a natural occurrence of
alkaline earth metal. This could be relatively distributed in
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groundwater as well as in surface water and that is common
in such systems and crustal materials [52], [60]. Se and Li
levels are high in water samples S2, S3, and S14 for Se and
S2, 83 while the concentration of Li is 0.055 mg/L for S6.
High Se and Li levels in certain groundwater samples are
occurring due to geogenic sources such as weathering and
leaching of rocks, dissolution of soluble salts in soils, and it
might occur due to anthropogenic activities [61], [62]. Several
chemical parameters of the water quality were investigated
in this study. According to their levels and roles in the
anthropological life that called macro essential elements,
five cations chemical elements were analyzed include Ca, K,
Mg, Na, and P. The statistical description for these chemical
parameters of maximum, minimum, mean, median, and
standard deviation for all water samples is summarized in
Table I1. In many locations, statistics show that the mean and
median concentrations are close to or even exceed the MPL.
From Tables II and 1V, it can be noticed that the ranges of
the studied cations of the water samples (mg/L) were Ca,
36.48-175.4; K, 0.777-5.042; Mg, 9.914-69.757; Na, 5.34—
125.53; and P, 0.029-0.68; T. Hardness, and 139.171-724.4.
Ca and Na and T. hardness are in the first class. Magnesium
has shown high concentrations in water samples from most
locations and exceeded the MPL. High concentrations of Ca
and Mg exist in water samples of Khanagin district (S14 to
S10), Kifri district (S2, S3, S4, S5, S6, and S10), and in one
location at Kalar district S7. Accordingly, at these locations,
the total hardness is high also. Sources of elevated Ca, Na,
and Mg ions are more likely to be geogenic, like natural
hydro-geochemical processes of soil leaching and chemical
weathering of rocks from the adjoining basement complex
that causes salinized groundwater and river water [63].
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Especially in rural areas in the study region, the agricultural
runoff has happened on a limited scale. Other anthropogenic
activities consequences such as wastewater mixing or leakage
have not considerable effects on the groundwater quality.
This comes from the fact that no significant human actions
present considerable accumulations of chemical elements like
cations in water resources at these areas. These variations in
cations concentrations are well-known phenomenon, and it
has been observed by previous works [64], [65].

3.2. Statistical Analysis

A one-way analysis of variance ANOVA function of
Excel 2013 was used in this work to validate the significant
differences among sampling locations. Statistically analyzed
results of water samples using ANOVA were at 95 %
confidence level [2].

The variance analysis results showed that all tested heavy
metals and chemicals were substantially different at P < 0.05.
P=0.00722, F value was 2.187,and F__ was 1.7058. One-way
ANOVA technique was applied in this work because there
is only one variable is tested which is the spatial variance of
the study area without replication for each sample.

Fig. 2 illustrates the most significant variance of the
investigated heavy metals and chemicals in drinking water
samples. Fe and Al levels showed an interesting deviation
at location S8 as mentioned before. Location S8 is a water
treatment plant at Kalar City that takes raw water from the
nearby Diyala-Sirwan River. This distinction refers to the
impact of discharge by the existed construction materials
plants situated along the river bank. Similarly, it refers to

potential contamination by aluminum-rich material used in
water treatment.

Fig. 2 shows high concentrations of particular heavy metals
such as Se and Sr in most water samples in the study area. As
there is no significant anthropogenic activity can cause these
elevations in the region. It is assumed that heavy metals come
from natural geogenic sources. Ca and Mglevels are high almost
all over the study region as presented in Fig. 2. These high levels
of Ca and Mg are typically caused by geological properties
of the region [42]. The CM analysis was performed to figure
out the relationships among the water sample contaminants.
A correlation coefficient nearer to 1.0 means perfect linear
relation between the related parameters. Normally, a correlation
coetficient of 1.0 is achieved for parameters related with
itself. Table V illustrates the correlation coefficients matrix
between heavy metals and other parameters. Relationships of
coefficients >0.5 between two investigated parameters at 5%
level of significance and P < 0.05 are considered significant.
Such coefficients were generated between certain pairs of
heavy metals or chemical parameters in the water samples.

Strong positive relationships (>0.7) between heavy metals
were observed for example (Fe with Al), (Li with Sr and Se).
At the same time, strong negative relationships (<0.8) were
found such as (St with Cu), and (Cu with Li). Correlations
at P < 0.05 were obtained for the tested heavy metals
and chemical parameters. There were significant positive
correlations between Se, Li, and Sr with all tested chemical
parameters in this study except P. Furthermore, significant
negative correlations exist between Cu with all tested
chemical parameters in this study except P.

Table IV: Concentrations of chemical parameters in water samples

Sample location

Concentration (mg/L)

Ca K Mg Na P T. Hardness
S1 36.484 0.777 14.811 5.340 0.043 151.816
S2 141.971 2.649 47.825 79.775 0.029 551.01
S3 139.498 4.640 48.077 125.530 0.032 545.86
S4 135.276 2.591 48.693 59.302 0.037 537.712
S5 138.011 2.661 48.867 58.618 0.036 545.263
S6 157.008 2.998 61.069 66.198 0.034 642.784
S7 93.794 1.461 23.024 15.805 0.040 328.765
S8 59.108 2.396 17.636 14.340 0.054 219.959
S9 60.182 1.244 16.340 9.985 0.048 217.330
S10 81.322 1.932 48.889 112.068 0.039 403.631
SN 48.927 1.054 18.055 15.993 0.049 196.224
S$12 50.530 1.081 16.222 17.907 0.065 192.716
S13 39.457 1.028 9.914 15.094 0.068 139.171
S14 139.603 1.765 52.928 41.571 0.039 565.893
S15 160.174 2.528 62.035 64.985 0.036 654.660
S16 175.406 5.042 69.757 106.877 0.045 724.400
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Fig. 2. Mean concentrations spatial distribution for some heavy metals and chemical parameters with indicating MPL limit; (a) for iron, (b) for
strontium, (c) for aluminum, (d) for selenium, (e) for calcium, and (f) for magnesium.

These significant correlations confirm the source of the heavy
metals and chemical parameters in water samples are the
geological structure or composition of rocks, soil. Heavy metals
enrichment of Al and Fe in the water sample S8 is attributed
to small projects constructed beside Diyala-Sirwan River, as
most the effluents are washed by surface runoff and goes into
the river. Aluminum-rich materials utilized on the site of the
water treatment plant could be the second source of Al [60].

3.2.1. Cluster analysis

The CA analysis can identify any similarity that exists
among clustered results. By showing considerable internal
clusters homogeneity and significant external heterogeneity
concerning clusters. Hierarchical agglomerative clustering is
applied to find any spatial similarity between water samples
regarding their locations in the study area.

UHD Journal of Science and Technology | May 2018 | Vol 2 | Issue 2

From the results illustrated in Fig. 3, the dendrogram of
hierarchical cluster analysis has generated three distinct
clusters. A similarity of water samples in term of sampling
locations are classified into three principal cluster groups.

The main groups of sample locations are Cluster 1, contains
sampling locations of S2, 83, and $4, S5, S6, S10, S14, S15,
and S16. Cluster 2, includes one sampling location of S8.
Cluster 3, combines sampling locations of S1, §7, §9, S11,
S12, and S13.

It can be deduced from the cluster analysis that the spatial
division was based principally on the type of heavy metals
contamination. As the location S8 in Cluster 2 is a water
treatment plant constructed at downstream of a river, this
sample showed different contamination (high levels of Fe and
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TABLE V: Correlation matrix between heavy metals and chemical parameters in analyzed water samples

Parameters CT Cu Fe Mn Mo Al Sr Zn Ba Se Li \' Ca K Mg Na P T Hard.
Cr 1

Cu -0.27 1.00

Fe -0.07 0.09 1.00

Mn 0.02 -0.22 0.71 1.00

Mo 0.23 -0.34 0.15 0.39 1.00

Al -0.13 0.15 0.99 0.66 0.07 1.00

Sr 0.36 -0.81 -0.14 0.22 0.53 -0.23 1.00

Zn 0.48 -0.39 -0.08 0.11 0.52 -0.15 0.78 1.00

Ba -0.31 0.56 0.60 050 -0.17 0.62 -0.59 -0.43 1.00

Se 0.28 -0.62 -0.12 0.00 043 -0.17 0.63 0.48 -0.34 1.00

Li 0.38 -0.82 0.04 0.25 0.52 -0.04 0.87 0.56 -0.40 0.71 1.00

\Y 0.53 0.26 -0.08 -0.15 0.10 -0.10 0.02 0.17 -0.01 0.17 0.10 1.00

Ca 0.00 -0.90 -0.15 0.21 0.24 -0.21 0.74 0.24 -0.45 0.66 0.70 -0.25 1.00

K 0.12 -0.79 0.16 0.57 048 0.09 0.61 0.09 -0.11 044 0.74 -0.12 0.79 1.00

Mg 0.19 -0.90 -0.17 0.21 0.22 -0.23 0.70 0.23 -0.52 0.59 0.64 -0.14 095 0.76 1.00

Na 0.60 -0.82 -0.12 0.28 046 -0.21 0.71 0.33 -045 055 0.77 0.18 0.71 082 0.81 1.00

P -0.25 0.89 0.21 0.05 -0.17 0.26 -0.71 -045 0.66 -0.57 -0.70 0.38 -0.72 -0.49 -0.70 -0.60 1.00
T.Hard. 0.08 -0.91 -0.16 0.22 0.24 -0.22 0.73 0.24 -0.48 064 069 -0.21 099 0.79 098 0.76 -0.72 1

Correlations are significant at a level of (P<0.05)
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Fig. 3. Hierarchical cluster analysis dendrogram of water samples
locations.

Al) from other locations. In Cluster 3, groundwater samples
were of low concentrations of heavy metals.

3.2.2. Contamination evaluation indices

Contamination evaluation indices HPI, HEL, and C in this work
based on the WHO guidelines for drinking water and other
standards taken from the literature. Mean values of the heavy
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metals were used to calculate contamination evaluation indices
HPI and HEI while mean values of heavy metals and chemical
parameters were used to calculate contamination degree index C ”

Table VI illustrates the values of HPI, HEIL, and C,. HPI
for the heavy metals in water samples ranges from 54.986
to 24.564 with a mean value of 25.48. Location S8 has the
highest HPI value. HPI value equals 100 is considered as
a critical potential pollution with respect to heavy metals
concentrations [41].

No location in the study area has exceeded this limit.
Nevertheless, as stated by Herojeet e a/. [67] HPI results
were classified as low (<15), medium (15-30), or high (>30)
pollution. In this case, only two locations (S1 and S16) are
not highly contaminated by heavy metals.

It is worth mentioning here; highest HPI value comes from
water treatment plant at Kalar City that takes raw water
from Diyala - Sirwan River. The elevated HPI at this site is
in accord with the statistical analysis results. High HPI is due
to the impact of the building material plants at a river bank.

Otherwise, it caused by materials used in water treatment.
Other groundwater samples have also registered high HPI
values at locations S10 and S13, where the heavy metal
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pollution comes from natural sources and much less from  VII, itis noticed that eight locations (83, S5, S6, S8, S10, S11,
domestic waste and agricultural runoff. S12, and S13) have HPI values above the HPI mean value.
In other words, it can be said that 50% of the study area is
significantly affected by heavy metals pollution in drinking
water sources according to the HPI index.

The lowest HPI recorded in the study region was for the
water sample S1, S1 which is a spring water located at north
of the region and no anthropogenic pollution exist.

The classification of overall drinking water quality per
HEI is low (<1.24), medium (1.24-2.48) and high (>2.48)
polluted [68]. The quality of drinking water in regard to
HEI at the majority of sampling locations (82, S3, S4, S5,
S6, S8, S10, A14, and S10) is in the high class (HEI >2.45).

Table VII depicts the deviation and percentage deviation
from mean values for HPI, HEI, and C indices. From Table

TABLE VI: Values of pollution indices

Sample location HPI HEI Cd The water resources in these locations are surface water

St 24.564 1.179 —14.839 and groundwater. Elevated heavy metals concentrations are

S2 39.425 5.298 -5.100 b di . |

s3 41324 3817 5534 observed in certain water samples.

S4 37.348 2.485 -8.416

S5 40.949 2.743 -8.095 The maximum HEI value is 8.441 for the location S8.

S6 40.009 2.907 -6.778 . : .

a7 35.160 1840 12117 Loca.tlo.n S8 he}s also the.hlghest HPI V'fllue, the reason for

s8 54.986 8.441 -6.495 the rise is mentioned previously. Substantially, the lowest HEI

S9 32.750 1.556 -13.625 value of 1.179 for surface water sample from the location

S10 52622 3.238 ~8.035 S1, considering all sampling locations. Water source at this

S 43015 1.992 -13.300 > considering ping locations. _

s12 44.334 1.965 -13.218 location is spring water; hence, it is the less contaminated

S14 36.981 2.687 —-8.341

S15 33.811 2.445 -7.170 .

s16 29678 3.886 -3.920 Table VII shows that only five locations (82, S3, S8, S10, and

Mean 39.635 3.023 -9.302 S16) have HEI values above the mean value. Their percentage

Standard deviation 7.916 1.773 3.593 o 0

Vin, 24 564 1179 14839 of deviation from HEI mean Yalu? ranges from 7.07% at

Max. 54.986 8.441 -3.920 S8 to 179.07% at S10. By considering HEI results, among
HPI: Heavy metals pollution index, HEI: Heavy metals evaluation index, the highest five polluted locations; two of them are surface
C,: Contamination index water of S8 and S16.

TABLE VII: Mean deviation values of contamination indices

Sample HPI HEI Cd
location Mean % Mean Mean % Mean Mean % Mean
deviation deviation deviation deviation deviation deviation
S1 -15.071 -38.025 -1.846 -61.022 -5.537 59.522
S2 -0.211 -0.531 2.274 75.171 4.202 -45.177
S3 1.688 4.260 0.793 26.213 3.768 -40.503
S4 -2.288 -5.771 -0.540 -17.838 0.887 -9.531
S5 1.314 3.315 -0.282 -9.327 1.208 -12.982
S6 0.374 0.943 -0.118 -3.893 2.524 -27.134
S7 -4.475 -11.291 -1.185 -39.166 -2.815 30.263
S8 15.351 38.730 5.416 179.069 2.808 -30.181
S9 -6.885 -17.371 -1.469 -48.572 -4.323 46.474
S10 12.986 32.765 0.214 7.067 1.267 -13.619
S11 3.379 8.526 -1.033 -34.145 -3.997 42.973
S12 4.698 11.854 -1.059 -35.021 -3.916 42.100
S13 7.574 19.110 -1.109 -36.680 -4.550 48.912
S14 -2.654 -6.697 -0.337 -11.150 0.961 -10.333
S15 -5.824 -14.694 -0.580 -19.174 2.132 -22.918
S16 -9.957 -25.122 0.861 28.466 5.383 -57.864

HPI: Heavy metals pollution index, HEI: Heavy metals evaluation index, C;: Contamination index
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A difference between HPI and HEI results appears pursuant
to divergence in results at several locations see Fig. 4. This
great variation was increased by taking in account ideal values
of permissible limits of heavy metals with HPI calculations.
These permissible limits are subject to variations according
to different accredited authorities.

All measured parameters were implied: The heavy metals
and chemical parameters. Characterizing C, values were
made as previous works. C, was classified into three
groups: Low (C, <1), medium (C, = 1-3), and high (C,
>3) [44], [69], [70]. C, results range between —14.839
and —3.920. The mean value is —9.302, with >60% of
water samples falling above the mean value. Percentage
of deviation from mean value ranges from 57.86% at
S16 to 9.53% at S4 (Table VII). The previously proposed
classification of C, consider all water samples (surface
water and groundwater) are low; as they did not exceed 1.0.
Therefore, the study area is considered as slightly polluted
with respect to all pollutants (heavy metals and chemical).
From Fig. 4, the results of C,show a convergence with
HEI results. The two indices did not take into account the
ideal limits for tested parameters. Different evaluations
were observed between HEI and C . The differences were
rising from the fact that C, is combining the chemical
parameters in the pollution assessment calculations. The
obtained results led to figuring out the impact of the heavy
metals on the drinking water quality in Garmian Region.
The contamination is due to the nature of the soil and
underlying rocks compositions. Weathering and leaching of
soluble salts from the soil and underlying rocks may reach
the water resource in the region. Anthropogenic activities
impact was observed in water quality in the results of HPI,
HEIL and C, for the location S8 particularly the minor
industrial activities near Diyala-Sirwan River.

10 1
- w —
T T T T T

|81 82794 -6 S7_S8 SS9 §40S11 S12 513 §44 Sé5-516

T

«9=HP] «=g=HE] —o—Cd

F

Fig. 4. Spatial distribution of heavy metals pollution index, heavy
metals evaluation index, and contamination index on sampling
locations of study area.
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4. CONCLUSION

* In this work, the used statistical methods were: CM and
cluster analysis CA. The obtained results showed that
the drinking water quality in most locations of the study
area is polluted at different levels.

*  Concentrations of some heavy metals such as Fe, Al, Li,
Sr, and Se are considerably high at certain locations in the
study area. For example location S8, which is the water
treatment plant of Kalar City recorded the highest levels
of Al and Fe. Correspondingly, chemical parameters
concentrations of Caand Mg are high in most the tested
water samples in the study area.

e In general, water pollution indices, HPI, HEI, and
Cd have provided an overview of the extent of
contamination at all locations in the Garmian area.
For most of these locations, pollution indices have
made a convergent evaluation and their values showed
considerable correlation. Nevertheless, three extreme
results have appeared in the locations S14, S15, and
S16 of HPI with HEI and Cd. The variances in these
locations are most likely due to differences in the heavy
metals concentrations assessment schemes used by HPL
According to HPI contamination evaluation level, all the
investigated locations are not critically polluted in view
of the fact that HPI is <100 as proposed by Prasad and
Bose [41]. Where the HPI is between 24.564 and 54.986.
According to Cd, all study locations are occurred within
low polluted level Cd index places all the locations within
low polluted levels (Cd >3 for all the study area). The
third pollution evaluation index HEI has a more reliable
pollution categorization for water samples, in which
low (<1.24), medium (1.24-2.48), and high (>2.48). As
per HEI evaluation levels, 44% of location is critically
polluted and 38% of the locations are moderately
polluted. All surface water samples S4, S8, and S16 are
classified as critically polluted, where the highest level
of contamination was observed at location S8 (HEI =
8.441). Hence, HEI proved to be more appropriate for
heavy metal pollution evaluation, as the unwieldy way
of calculation processed by Cd and HPI.

e Statistical analysis by correlation coefficient matrix and
cluster analysis CA was applied in the study. These methods
detected that heavy metals and other contaminants in
drinking water are mostly released from natural geological
sources. Especially, weathering and leaching of soils and
underlain rocks. While anthropogenic activities sources
were only found in the locations S8 and §16. The CA and
CM analytical results gave a concrete agreement between
them for all the data sets investigated.
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Drinking water samples studied in this work are the main
source for residents living in rural and urban locations
of Garmian Region. Detection of high or critical levels
in collected samples means there is a significant potential
for drinking water contamination by heavy metals in
the area. Hence, this study leads to establish a reliable
database on heavy metals and their potential sources
that leaching into the water resources of Garmian
Region. These findings give a rigid base for any further
studies performed on the drinking water quality in
same area to reach a broad understanding of natural
and anthropogenic impacts on drinking water quality
in Garmian region. The importance of comparative
evaluation by HPI and statistical methods is proved to
be significant in such water quality studies.
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