¢! Desalination and Water Treatment

February
www.deswater.com

o doi: 10.5004/dwt.2017.20320

Microbial, chemical and physical properties of drinking water
in Bushehr distribution network system

Alireza Raeisi?, Farshid Soleimani®, Sina Dobaradaran#*, Mozhgan Keshtkar®,
Vahid Noroozi Karbasdehi®

“The Persian Gulf Tropical Medicine Research Center, The Persian Gulf Biomedical Sciences Research Institute,

Bushehr University of Medical Sciences, Bushehr, Iran, email: darman719@yahoo.com

"Department of Environmental Health Engineering, Faculty of Health, Bushehr University of Medical Sciences, Bushehr, Iran,
emails: sina_dobaradaran@yahoo.com (S. Dobaradaran), f.soleimani72@yahoo.com (F. Soleimani), keshtkar_m88@yahoo.com
(M. Keshtkar), noroozivahid66@yahoo.com (N. Karbasdehi)

“The Persian Gulf Marine Biotechnology Research Centre, The Persian Gulf Biomedical Sciences Research Institute,

Bushehr University of Medical Sciences, Boostan 19 Alley, Imam Khomeini Street, Bushehr, Iran, Tel./Fax: +98 7514763448,

email: s.dobaradaran@bpums.ac.ir

1Systems Environmental Health, Oil, Gas and Energy Research Center, The Persian Gulf Biomedical Sciences Research Institute,
Bushehr University of Medical Sciences, Bushehr, Iran

Received 12 June 2016; Accepted 28 October 2016

65 (2017) 208-214

ABSTRACT

Due to importance of drinking water quality in distribution network, this study was carried out to
give a clear view of physical, chemical and microbial quality of drinking water of distribution net-
work in Bushehr. In this cross-sectional descriptive study, 50 samples were taken from 10 stations of
drinking water distribution network (5 times from every station). The mean values of physical, chem-
ical and microbial parameters of drinking water in distribution network were as follows: turbidity
(0.274 NTU), electrical conductivity (1,149.3 uS/cm), pH (7.12), total hardness (458), calcium hardness
(390.9), magnesium hardness (68), alkalinity (171.5) mg/L CaCO,, magnesium (16.95), calcium (156),
residual chlorine (0.63), chloride (83.26), fluoride (0.48), iron (0.11), phosphate (0.053), nitrite (0.0026),
nitrate (3.08), sulfate (728.4), TDS (577.66) mg/L, heterotrophic plate counts (HPC; 299.8 CFU/mL),
total coliform (0) and fecal coliform (0). Results of the present study revealed that except TDS, sulfate,
and HPC (14% of samples) the mean concentration levels of all examined parameters in drinking water
of distribution network in Bushehr generally complied with the Iranian National Regulation (INR),
EPA and WHO drinking water guidelines.
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1. Introduction

Availability of safe drinking water is a basic need for
human health and health conservation [1-3]. Many human
illnesses are pertinent to deficiency of secure and hygienic
water. Today, it is estimated that about 450 million people suf-
fer from water shortages worldwide [4]. The gradual increase

* Corresponding author.

of pollution, changing nature of water resources pollutants,
moving sources from consumption points, extent of water
transmission lines and water distribution networks is followed
by a gradual decrease in water quality [5]. Supply of drinking
water is important for the development of any country, but
when polluted it may become the source of undesirable mate-
rials hazardous to human health [6]. Drinkable water supports
public health and ensures economic growth [7]. About 80% of
infant mortality worldwide occurs due to gastrointestinal dis-
eases such as diarrhea following drinking of unsafe water [8].
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Physical, chemical and microbial parameters of drinking
water may affect its safety and consumer’s consent [1,9,10].
The main requirements for drinking water are that it should
be free from pathogenic organisms, containing no com-
pounds that have a harmful effect in the short or long term
on human health [3]. Due to the WHO and European Council
guidance, a concentration of microorganisms, parasites or
substances sparking a conceivable risk to human health has
to be prevented [9,11]. Drinking water contaminated with
animal and human fecal is the major way of transmitting
pathogens to human beings. Alternative water supply, short-
age of chlorination and sewer flooding seem to be associ-
ated with self-reported illness [12,13]. The provision of safe
drinking water is one of the important principles of drinking
water supply structure. Therefore, the monitoring of drink-
ing water from source to consumption is an important step
toward health safety [2]. Water supply in Bushehr city is car-
ried out by piped distribution network. The main source of
portable water for urban communities in this city is surface
water. The aims of this study were to investigate the physical,
chemical and microbial properties of drinking water from
distribution network in Bushehr city, Iran, and compare mea-
sured properties with the Iranian National Regulation (INR),
EPA and WHO guidelines for drinking water.

2. Materials and methods
2.1. Sample collection

Water samples were collected from 10 stations (5 times
from every station) in Bushehr, Iran. Each sample was taken
directly from tap water. All microbial samples were collected
in 250 ml sterile containers, placed in an icebox at 4°C and
immediately transported to the laboratory. Physicochemical
samples were also collected in plastic containers.

2.2. Chemical and physical analysis

Electric conductivity (EC) and turbidity were measured
using Greisinger-GLMO020 electrical conductivity meter and
LUTRON-2016 turbidity meter, respectively. Residual chlo-
rine level and pH were measured by using DPD colorimetric
kit test and pH meter, respectively. Hardness and chloride
were measured by standard method [14]. Spectrophotometric
method was used for analyses of F~ (570 nm), Fe* (510 nm),
NO,” (507 nm), NO,” (400 nm), SO, (450 nm) and PO*>
(890 nm), using a DR/2000 spectrophotometer (HACH
Company, USA).

2.3. Microbial analysis

To determine heterotrophic bacteria, heterotrophic plate
culture technique, following the standard method, was used
[11]; 0.1 ml water samples were spread on to R2A agar plates
and incubated at 35°C for 48 h; and colonies were counted
using a Scan 100 Interscience colony counter, and results
reported as CFU/mL. For total coliform (TC) and fecal coli-
form (FC) analysis, 100 ml of collected samples were sub-
jected to multiple-tube fermentation method [15]. Lactose
broth and brilliant green bile lactose were used for the
determination of TC (incubated at 35.5°C + 0.5°C for 48 h)

while brilliant green bile lactose was used for the determi-
nation of FC (incubated at 44.5°C + 0.2°C for 24 h) and the
results were reported as Most Probable Number per 100 mL
(MPN/100 ml). Statistical analyses were carried out by using
SPSS software (Version 16) and Microsoft Excel 2013. The
results were expressed as mean + SD and mean value of each
parameter was compared with national and international
guidelines for drinking water.

3. Results and discussion

The EPA, WHO and INR guideline values for physico-
chemical and microbial parameters of drinking water are
presented in Table 1.

The measured physicochemical parameters of drinking
water distribution network are presented in Tables 2 and 3.
The mean level value of pH in this study ranged from 7.04
to 7.22. EC, TDS and turbidity analyses showed that the
mean level values of these parameters ranged from 1,108.2 to
1,218 uS/cm, 554.1 to 609 mg/L and 0.08 to 0.61 NTU, respec-
tively. In a study, the mean level values of pH, EC and TDS
in tap water samples were 6.54, 35.6 uS/cm and 20 mg/L [16].

Table 1
EPA, WHO, and INR guidelines for drinking water

Drinking water quality guidelines

EPA® WHOP  INR©

EC, uS/cm ND ND 1,500
pH 6.5-85 ND 6.5-9
Turbidity, NTU 5 ND 5
Residual chlorine, mg/L ND ND ND
TDS, mg/L 500 500 1,500
Ca*, mg/L ND ND ND
Mg*, mg/L 304 ND ND
Cl, mg/L 250 ND 400
Fe, mg/L 0.3 ND 0.3
F-, mg/L 4 1.5 1.5
NO,, mg/L 45 50 50
NO,”, mg/L 0.3 3 3
SO,*, mg/L 250 ND ND
PO,*, mg/L ND ND ND
Alkalinity, mg/L as CaCO, ND ND ND
Bicarbonate, mg/L as CaCO3 ND ND ND
Total hardness, mg/L as CaCO, ND ND 500
Ca hardness, mg/L as CaCO, ND ND 250
Mg hardness, mg/L as CaCO, ND ND 50
Total coliform, MPN/100 mL 0 0 0
Fecal coliform, MPN/100 mL 0 0 0
HPC, CFU/ml 500 500 500

*US Environmental Protection Agency guideline for drinking
water (maximum admissible concentration).

"World Health Organization guideline for drinking water
(maximum admissible concentration).

Iranian National Regulation guideline for drinking water
(maximum admissible concentration).

4Desirable admissible concentration.

ND - Not determined.
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In another study, the mean level values of turbidity, TDS and
pH are 0.4-2.5 NTU, 99.6- 445.7 mg/L and 7.3-8.4, respec-
tively [17]. The mean values of EC and turbidity met EPA,
WHO and INR guidelines for drinking water but in the case
of TDS, the mean values were higher than EPA and WHO
guidelines.

The total hardness of water may range from trace amounts
to hundreds of milligrams per liter [18]. EPA and WHO have
not set a guideline value for total hardness, but the INR has
set a guideline value of 500 mg/L CaCO, for total hardness in
drinking water [19]. The value of total hardness in the present
study ranged from 392 to 536 mg/L CaCO,.

Calcium and magnesium cations make water hard. Both
of these elements are necessary for the human body. Calcium
is a part of bones and teeth and plays a role in neuromuscular
excitability (decreases it). Magnesium plays a main role as a
cofactor and activator of more than 300 enzymatic reactions
[20-22]. The recommended calcium and magnesium daily
intake for adults ranges between 700 and 1,000, and 300 and
400 mg, respectively [22,23]. The mean concentration levels of
calcium and magnesium hardness in the present study ranged
from 370.4 to 410 and 50.4 to 84.8 mg/L CaCO,, respectively.
Results showed that the concentration levels of calcium and
magnesium ranged from 134.4 to 184 and 21.14 to 14.86 mg/L,
respectively. In a study, El-Harouny et al. [24] reported the
mean concentration levels of calcium and magnesium in tap
water were 9.43 and 13.61 mg/L, respectively. According to
the hardness classification for drinking water [25], 62% of the
drinking water samples in the present study were considered
as hard, and 38% as very hard water. In Fard et al. [1] study
in Bushehr, 2% of the bottled drinking water samples were
considered as soft, 10% as moderately hard, 54% as hard and
34% as very hard water. Comparison of Fard et al [1] results
and present study showed that drinking water samples from
distribution network had higher hardness compare with com-
mercial bottled drinking water samples in Bushehr.

The mean concentration level of alkalinity in the present
study was ranged from 164 to 180 mg/L CaCQO,. Analyses of
carbonate and bicarbonate showed that amount of CO,* in
all samples was equal to zero (0 mg/L), and the mean concen-
tration level of HCO,” was between 164 and 180 mg/L CaCO,.

High concentration levels of nitrate and nitrite in water
or food can affect the health of consumers especially in the
case of children. The mean concentration levels of nitrate and
nitrite were 3.08 and 0.0026 mg/L, respectively. The mean
concentration levels of nitrate and nitrite in commercial bot-
tled drinking water available in Bushehr were also 3.68 and
0.14 mg/L, respectively [1]. Therefore, drinking water sources
in Bushehr including drinking water of distribution network
and commercial bottled drinking water met EPA, WHO and
INR guidelines for drinking water, and there were no con-
cerns regarding concentration levels of nitrate and nitrite in
Bushehr.

Analysis of residual chlorine showed that the mean
concentration level was 0.48-0.72 mg/L. In Majdi et al.
study, 66.7% of chlorine residual of water had standard rate
(0.5-0.8 mg/L), and 33.3% of the cases were higher or lower
than the standard [26,27].

EPA and INR set a 0.3 mg/L guideline value for iron in
drinking water [19,28]. Exposure to excess iron levels may
be the cause for wide range of common diseases, also may

be the cause for corrosion of the pipes in drinking water dis-
tribution network [29]. The concentration levels of iron in
drinking water of distribution network in this study were
found between 0.03 and 1.47 mg/L with a mean concentra-
tion level of 0.11 mg/L. Therefore, except one station, other
stations of this study met the INR, EPA and WHO guidelines
[28,29]. In Chinedu et al. study, the mean content of iron in
tap water were 0.077 mg/L [16].

Fluoride is widely distributed in the environment and is
therefore of special concern. Excess fluoride intake can cause
a wide range of adverse health effects [30-34]. In this regard,
various studies in Iran have reported the occurrence of high
fluoride concentration levels in drinking water [35-39], air,
fish, herbal distillates and sea [40—43] as well as in connection
with its removal from high-F waters [44-50]. The concentra-
tion levels of fluoride in this study were found between 0.02
and 0.16 mg/L with a mean concentration level of 0.48 mg/L.
The concentration levels of sulfate ion in this study were
found between 257.08 and 1,104.55 mg/L with a mean concen-
tration level of 728 mg/L. The concentration levels of chloride
ion in this study were found between 57.98 and 117.46 mg/L
with a mean concentration level of 83.26 mg/L. The maximum
mean concentration levels of sulfate and chloride ions were
898.58 and 88.27 mg/L, respectively. All results of chloride
measurements met the maximum admissible concentration
set by EPA guideline, but all results of sulfate measurements
were greater than of maximum admissible concentration set
by EPA guideline [28]. Among all examined physicochemi-
cal parameters that were measured in this study, only two
parameters including TDS and sulfate had higher concentra-
tion levels than their safety guidelines (Table 1).

The results of heterotrophic plate counts (HPC), FC and
TC measurements of all samples are presented in Table 4. The
results of HPC measurements compared with the EPA, WHO
and INR guidelines in Fig. 1. Table 5 shows the distribution of
HPC in drinking water distribution network.

The results of all FC and TC measurements were nega-
tive. In other words, all of the drinking water in distribution

Table 4
Microbiological quality (mean + SD) of drinking water in
distribution network

Stations Microbiological properties of drinking water in
distribution network
Total coliform  Fecal coliform HPC
(MPN/100 mL) (MPN/100 mL) (CFU/mL)
1 0+0.0 0+0.0 386 +302.2
2 0+0.0 0+0.0 236 +324.23
3 0+0.0 0+0.0 252 +137
4 0+0.0 0+0.0 436 + 561.67
5 0+0.0 0+0.0 214+97.1
6 0+0.0 0£0.0 224 +130.69
7 0+0.0 0+0.0 310 + 207
8 0+0.0 0+0.0 238 +44.38
9 0+0.0 0+0.0 444 +269.59
10 0+0.0 0+0.0 358 +305.07
Mean + SD 299.8 + 89.38
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Fig. 1. Mean of the HPC counts compared to HPC guidelines for
drinking water.

Table 5
Distribution of HPC in drinking water distribution network

HPC (CFU/mL) Number of positive sample

(percentage of positive sample)

<1 0 (0.0%)
1-500 43 (86%)
>500 7 (14%)
Range 30-900

network samples were found free from coliforms and met the
INR, EPA and WHO guidelines (0 MPN/100 mL) [15,29,51].
As shown in Table 5, the results showed that 86% of all
drinking water samples contained HPC within a range of
1-500 CFU/mL and 14% of samples contained a value higher
than 500 CFU /mL. Therefore, 86% of samples in this study
met the INR, EPA and WHO regulations [15,28,29].

4. Conclusion

Results of the present study demonstrated that except
TDS, sulfate and HPC (14% of samples), all mean concentra-
tion levels of parameters examined in drinking water from
distribution network in Bushehr generally complied with
current drinking water guidelines based on their bacterial
and physiochemical properties. Nevertheless, high TDS and
sulfate content may increase diarrhea risk in consumer as
well as corrosive effect of water. Finally, it should be noted
that due to health care and prevention of related drinking
water diseases the quality of drinking water in distribution
network must be monitored continuously. Continuous moni-
toring and its results can be useful for policy makers, manag-
ers, stakeholders, companies, agencies, institutes and all that
working in the fields of water to prepare safe drinking water.
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