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a b s t r a c t
The objectives of this research were to assess the chemical and microbial quality of drinking water in 
Maku, Iran, and compare it with the national standard, as well as determine the spatial distribution of 
the chemical quality parameters of drinking water for warm and cold seasons using the geographical 
information system software. In this study, 136 drinking water samples were collected from 36 points 
of the distribution network in two successive years of 2016 and 2017 in warm and cold seasons. 
Paired-samples and Pearson correlation tests were used to examine the correlation between residual 
chlorine values and microbial parameters. Based on the findings of this study, the average concen-
tration of all parameters in Maku distribution network falls within the national standard, except for 
turbidity. According to the zoning maps of drinking water, turbidity and hardness concentration are 
greater in warm than cold seasons. Results revealed that the mean heterotrophic bacteria (HPC) of 
samples in cold and warm seasons equaled 7 ± 11 cfu/ml and 29 ± 61 cfu/ml, respectively. According 
to the results of the paired-samples test, there was a significant correlation between the HPC values 
measured in two cold seasons and years for the samples (p-value = 0.012). It is recommended that 
respective agencies ensure the availability of chlorine residual at the consumer end.

Keywords:  Temporal and spatial variation; Hardness; Total dissolved solid; Geographic information 
system (GIS); Distribution network; Maku

1. Introduction

Most of the Earth’s surface is covered with water, and 
aquatic environments provide a good setting for microor-
ganism growth. The entry of organic matter contaminates 
water, making the environment more suitable for the growth 
of microorganisms [1,2]. Different types of bacteria, viruses, 
and parasites can easily enter hydrated networks and cause 
intestinal diseases [3]. The presence of some salts and 
chemicals in water is essential for human health, while some 
of these agents may be toxic at low concentrations, causing 
various diseases in the long run [4,5]. Currently, drinking 

water quality control in distribution networks means the 
determination of physical, chemical, and microbial char-
acteristics of water [6–8] which is extensively researched 
worldwide.

Yidana et al. [9] conducted a study in Ghana on ground-
water quality using multivariate and spatial analyses in the 
Keta basin. Results showed that, during dry seasons when 
the water table has a low level, saline water intrusion ele-
vates the content of sodium in groundwater as reflected by 
sodium adsorption rate values in some of the wells sampled. 
In the Northern Arabian Sea along the Indian coast, Vase [10] 
reported that the values of physical and chemical variables 
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are higher during summer, whereas nutrient concentrations 
are high during winter due to the maturity of intake nutrients 
post-monsoon and during winter convective mixing during 
the Northeast monsoon. Kumari et al. [11] also assessed the 
spatial distribution of groundwater quality in industrial 
areas of Ghaziabad, India, and concluded that the groundwa-
ter in the two blocks is unfit for drinking as per world health 
organization (WHO) guidelines. The presence of elements 
such as arsenic (As), selenium (Se), and uranium (U) in 
toxic amounts is a matter of serious concern. In India, the 
physicochemical parameters of the drinking water of Bhopal 
were investigated with reference to health impacts [12].

In Iran, Maleki et al. [13] examined the chemical quality 
of drinking water in rural areas of Qorveh. They showed 
that all the studied parameters have lower concentrations 
than the permitted limits, except for As and Se in some 
water resources. The As concentration was higher than the 
recommended standard in 20% of the studied resources. 
Moreover, in 2007–2008, Rajaei et al. [14] investigated the 
chemical quality of rural drinking water in Birjand and Cain 
plains and concluded that, due to the non-conformity of the 
remaining amounts of solids, hardness, sulfate, sodium, 
chloride, electrical conductivity, and fluoride to relevant 
standards, it is essential to plan for continuous monitoring 
of water resources. Furthermore, Sarposhi et al. [15] studied 
the microbial and chemical quality of drinking water in the 
villages covered by the Robot Sarposhi and concluded that 
sampling should be performed periodically from the end of 
the network due to the non-compliance of some parameters, 
such as hardness (11%), sulfate (39%), and chlorine (0.05%) in 
the samples with the relevant standards. Source of pollutant 
emissions in the distribution network for various reasons 
cause quality decline in water distribution lines including; 
transportation of organic materials to water supply lines due 
to fractures, reverse siphon, small leaks, or lack of disinfec-
tant, creation and growth of biological layer (biofilm) in the 
wall pipes, water drainage, action and reaction to water and 
pipe and existence microorganisms and organic ingredients 
that are passed from treatment processes and factors like 

that, all of the conditions for the growth of microbial popula-
tion changes in the chemical composition of water in distri-
bution networks that is why water pollution in distribution 
networks with parabola 29% is the most important factor in 
the incidence of water borne diseases It is known [18,19]. In 
this regard, recognizing the physicochemical and microbial 
quality of drinking water and the possible sources of pollu-
tion is an issue requiring further attention.

The city of Maku is located 39°17’ to 39°18’ North latitude 
and 44°26’ to 44°31’ East along the Northern West Azerbaijan 
Province and lies in the main link between Iran and Turkey. 
The source of drinking water in Maku is surface water sup-
plied from the Baron Dam [18]. The geographical location and 
map of the distribution network of drinking water in Maku 
are presented in Fig. 1. Regarding the role of water quality in 
residents’ health and the necessity of constant measurement of 
its various parameters, this study was conducted to determine 
the physical, chemical, and bacteriological quality of drinking 
water in Maku during warm and cold seasons in 2016–2017.

2. Materials and methods

The present study was a cross-sectional descriptive study 
conducted in warm and cold season of 2016–2017 on the 
drinking water network of Maku. The sampling sites in the 
distribution network and their number were selected based 
on the population density covered by the city water map and 
after scientific and statistical consultation. Fig. 1 depicts the 
sampling points.

In this cross-sectional study, 136 drinking water samples 
were collected from 34 points of the distribution network in 
two successive years of 2016–2017 in warm and cold seasons. 
The number and location of sampling points were deter-
mined based on the population covered by the water mains 
and the extension of pipes. The number of samples was cal-

culated based on formula N Z S
d

=
2 2

2
 and the final number 

of samples equaled 136 samples taking into account repeat 
sampling from each location in two seasons.

Fig. 1. Sampling points of drinking water distribution network.
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Samples were taken from the distribution network in 
accordance with the guidelines in the reference book ‘Standard 
Methods for the Examination of Water and Wastewater’ 
using a standard volume of 2–3 L and analyzed according to 
the methods described in the book ‘Standard Method’ [19].

2.1. Physicochemical experiments

For physicochemical experiments, the parameters of 
pH, temperature, turbidity, hardness, alkalinity, total sol-
uble solids, electrical conductivity, sodium, potassium, 
sulfate, chloride, and dissolved oxygen were analyzed. 
Weights were measured to determine the soluble solids and 
the titration method was employed to determine hardness, 
alkalinity, and chloride. The concentration of sulfate ion was 
measured by the turbidity method at 420 nm using a 5000 
DR Spectrophotometer. A flame photometer was utilized 
to measure sodium and potassium in water. Also, residual 
chlorine was measured via a laboratory kit, temperature, 
and pH at the sampling site. The dissolved oxygen content 
was measured using a 340i/SET OXi portable DO meter, and 
turbidity was modeled with an IR 550 Turb Turbidity Sensor. 
All the chemicals were purchased from Merck Company 
(Germany) [19–23].

2.2. Microbial tests

In this study, samples were examined for microbial 
contamination by microbial indices of total coliforms as well 
as the plate count of heterotrophic bacteria (HPC) by the 
standard method.

2.3. GIS

Geochemical analysis using the geochemical quality of 
water is one of the best approaches for defining water con-
centrations and is essential for a comprehensive chemical 
survey of spatial and temporal quality of water. One of the 
most common methodologies for assessing variations in 
water geochemistry is geographic information system (GIS) 
which is a computer system for managing spatial data. The 
geographical term indicates that the position of the data is 
known or can be known in terms of geographical coordinates 

(latitude and longitude), with the capability of collecting, 
logging, processing, transforming, illustrating, typing, 
searching, analyzing, modeling, and outputting data. An 
important aspect of GIS is that it simplifies the information 
and makes the real world easier [24,25].

2.4. Determination of HPC

In order to determine the HPC of the samples, water 
was first diluted to 0.001. Then, the R2 agar culture medium 
was used to culture the samples; 0.2 cc of diluted samples was 
cultured on the medium near the flame, incubated at 35°C for 
3 d, and then counted [18].

2.5. Determination of MPN

The determination of most probable number (MPN) was 
performed using microbial culture combined with possible, 
confirmatory, and complementary steps. The determina-
tion of the coliform according to the type of drinking water 
was conducted using a 10-pipe method. All chemicals used 
in chemical and microbiological experiments were manu-
factured by Merck Company (Germany) [18]. Finally, the 
data were analyzed in Microsoft Office Excel and statistical 
package for the social sciences.

2.6. Statistical methods

Data are presented as mean, standard deviation, median, 
and range. Paired-samples t-test and Pearson correlation 
were employed to compare the results between two and 
determine the correlation between residual chlorine values 
and microbial parameters, respectively.

3. Results and discussion

A summary of the physical and chemical parameters for 
the collected drinking water samples is presented in Table 1. 
After entering the concentrations of chemical parameters, the 
layers were prepared in ArcGIS based on field information. 
Figs. 2–6 illustrate the spatial changes of the distribution net-
work of drinking water in Maku in cold and warm seasons 
of 2016–2017.

 

Fig. 2. The amount of TDS in the samples studied in cold and warm seasons.
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Fig. 3. The amount of EC in the samples studied in cold and warm seasons.

Fig. 4. The amount of Cl– in the samples studied in cold and warm seasons.

 
Fig. 5. The amount of hardness in the samples studied in cold and warm seasons.

 
Fig. 6. The amount of SO4

2– in the samples studied in cold and warm seasons.
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3.1. Turbidity

In Iranian drinking water standards, the optimum and 
maximum permissible levels for turbidity are 1 and 5 NTU, 
respectively [26]. Results revealed that minimum and maxi-
mum turbidity levels in the drinking water of the distribu-
tion network in cold and warm seasons fell in the range of 
0.07–4.5 and 0.7–6.1 NTU, respectively (Table 1). The results 
indicated that turbidity is higher in warm than cold seasons. 
Since turbidity protects microorganisms, the amount of 
residual chlorine in warm seasons should be higher than 
its value in cold seasons. A research conducted by Lehtola 
et al. [27] indicated that turbidity removal and soft deposits 
from water distribution network decrease microbial growth 
in the distribution system during warm seasons when there 
are favorable conditions, such as temperatures for microbial 
growth. A similar study conducted by the National Water 
Quality Program [28] reported that the range of turbidity 
falls between 1.10 and 6.40 NTU. The deterioration of drink-
ing water quality in distribution networks is probably due to 
an increase in microbial number [28].

3.2. Total dissolved solids

The maximum and minimum Total dissolved solids 
(TDS) values for drinking water in the distribution network 
in cold and warm seasons were in the range of 471.1–373.8 
and 322–426.3, respectively (Table 1). According to drinking 
water quality standards set by the Institute of Standards and 
Industrial Research of Iran and WHO, 100% of the samples 
had total dissolved solid concentrations within the per-
missible limit (500 mg/l) in warm and cold seasons. These 
results are in agreement with the findings reported by other 
researchers [29]. In a study conducted by Singh et al. [30] 
on groundwater quality assessment of Dhankawadi Ward 
of Pune using GIS, results equaled 16–559.97 mg/l, which 
are different from the findings of the present study.

3.3. pH

The pH value measured for drinking water in the distri-
bution network in cold and warm seasons was in the range 
of 7.7–8.1 and 7.8–8, respectively (Table 1) which is within 
the desirable limit, i.e. 6.5–8.5, as specified by the Iranian 
National Standard. These results are also in accordance with 
earlier studies conducted by Hashmi et al. [29] and Singh 
et al. [30] in which the pH values varied from 7.41 to 7.73 
and 7.15 to 7.8, respectively.

3.4. Total hardness

The total hardness values of samples in cold and warm 
seasons equaled 244–352 mg/l and 240–280 mg/l, respec-
tively (Table 1). By comparison with the Iranian standards, 
it can be concluded that all samples fall within the per-
mitted range and can be classified as hard water. The TDS 
concentration is categorized as the secondary drinking 
water standard, which means that it is not a health hazard 
but is problematic for industrial use. These findings are in 
agreement with those reported by Mohammadi et al. and 
Farooq et al. [31,32].Ta
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3.5. Chlorine residual

Results show that residual chlorine contents in drinking 
water in the distribution network in cold and warm seasons 
were in the range of 0.63–1.2 mg/l and 0.68–1 mg/l, respec-
tively (Table 2). These results are in line with the findings 
of Hashmi et al. [29] and Ghaderpoori et al. [33]. Olivieri 
et al. [34] reported free and combined chlorine to be in the 
range of 0.2–1.0 mg/l in the drinking water distribution sys-
tem. The availability of a disinfectant residual is especially 
important in developing countries because of poor sanitary 
conditions and the high risk of recontamination during 
distribution.

3.6. Heterotrophic bacteria

Results revealed that HPC in drinking water samples in 
Maku was in the range of 25–60 and 30–360 (MPN/100 ml) in 
cold and warm seasons, respectively. Also, results suggested 
that fecal coliforms in 100% of drinking water samples were 
in the range of 1.1–2.2 (MPN/100 ml) (Table 2). The mean 
total coliforms of 71% of samples in cold seasons and mean 
total coliforms of 54% of samples in warm seasons were 
less than 1/1, and the amount of thermophilic coliform of 
the samples in each season equaled 100 ml. According to 
the paired- samples test, a significant correlation was found 
between the HPC measured in cold and warm seasons 
(p-value = 0.012). In this study, based on the Pearson cor-
relation test, there was no significant difference between the 
measured chemical parameters and HPC (Table 2). The study 
conducted by Hashmi et al. [29] on chlorination and water 
quality monitoring within a public drinking water supply 
in Rawalpindi Cantt showed that the total coliforms varied 
from 1.1 to 3.6 (MPN/100 ml) with the presence of Escherichia 
coli in all samples. This report recommended that agencies 
ensure the availability of chlorine residual at the standard 
level at consumer end [29].

Based on a study conducted by Agard et al. [35] in 
Trinidad, as the chlorine residual decreased from 4.6 ppm 
at the plant to 0.2 ppm at the household, a statistically 
significant increase was observed in total and thermotol-
erant coliforms. The results of this study differ from those 
presented here. Similarly, in Pietermaritzburg, South Africa, 
coliforms were found to be associated with a low chlorine 
residual; as the distance from the water plant increased, 
the level of free chlorine decreased, thereby increasing the 
coliforms [36].

Monitoring the quality of drinking water based on phys-
ical, chemical, and bacteriological standards can be defined 
as the assessment of public health and the appropriateness 
of drinking water. Prevention of microbial and chemical con-
tamination of water sources is the first barrier to drinking 
water pollution in order to maintain health, and the key to it 
is familiarity with drinking water quality standards and cri-
teria. The results of the present study revealed that drinking 
water in the city of Maku is acceptable for drinking in terms 
of physical, chemical, and bacteriological quality compared 
to the WHO standards and the change of seasons does not 
have a significant effect on test results. The color, turbidity, 
and pH of samples were in the normal range and the limits 
recommended by WHO. Ta
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Studies suggest that, in cold seasons, consumers complain 
less about the taste and color of water, indicating a low level 
of chemical interactions in cold water. Of the total samples 
collected for chemical testing, the average annual calcium, 
sulfate, and chlorine parameters have been desirable in terms 
of national and global standards. The water hardness param-
eter of the city of Maku, with the amount of about 266 mg/l 
calcium carbonate, indicates that the water is hard water and, 
given its permissibility of up to 500 mg/l, its consumption 
will cause no health and medical problem [19,26].

Studies report that the major sediments formed in water 
distribution systems include calcium carbonate, magnesium 
carbonate, calcium sulfate, and magnesium chloride, so that 
in some cases the sedimentation of the above factors leads to 
the blockage of tubes and increased cost of utilizing water 
supply facilities [37]. According to the results of microbial 
tests performed on coliform bacteria, and since 100% of the 
samples lacked thermophilic coliform, the drinking water in 
Maku is healthy when compared against national standards 
[19,26]. Moreover, since the residual chlorine level in most 
cases was at the optimal level (6.0 mg/l average annual), this 
also contributes to the reduction of water pollution and con-
firms the results [38]. Finally, it is recommended that water 
quality status be systematically and periodically reviewed 
so that in case of changes, appropriate interventions can be 
taken. Furthermore, the maintenance of chlorine is suggested 
in view of increasing the probability of water contamination 
with types of pollutants originating from human and indus-
trial activities. Maintaining the standard level and repairing 
network defects will keep microbial indices in check.

4. Conclusion

The findings of this study indicated that the chemi-
cal and microbial parameters are compatible with Iranian 
national standards and W.H.O guideline, in terms of health 
considerations, desirable. The quality of water in the distri-
bution network is good. According to the zoning maps of 
drinking water, turbidity is higher than the standard level 
in warm seasons. Therefore, more attention must be paid 
to water quality in summer. Operation management and 
groundwater conservation must be a basic principle of urban 
planning to maintain the desired quality of the groundwater 
resources of Maku city.
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