
1. Introduction
Water is the most abundant chemical substance on 
the earth’s surface and the most important factor for 
creatures’ survival. About 65% to 75% of the human body 
weight is made up of water. Water, as one of the three 
factors in the formation and survival of the environment, 
is more important than ever [1,2]. Water-related concerns 
are acute in arid and semi-arid regions, and many 
countries facing water crises rely on non-conventional 
water sources (purified sewage or desalinated seawater). 
Nowadays, people use bottled water for various reasons, 
including a lack of favorable drinking water quality of 
distribution systems, lack of drinking water, ease of access, 
and relatively low cost. According to the general public, 

bottled water is completely hygienic and safe, while it 
can sometimes not have the required quality. Bottled 
water has standards, rules, and regulations; however, if 
they are higher than the standard values, the product is 
unhealthy and may be dangerous for the consumer [3]. 
Bottled waters are divided into two categories: Mineral 
bottled waters and drinking bottled waters. Mineral water 
contains minerals, trace elements, and other ingredients 
and is obtained directly from the spring or the points 
excavated from the underground layers. Concerning 
the use of bottled waters, several aspects are taken into 
account, such as the water type, compounds, additives, 
price, quality control, environmental effects stemming 
from plastic bottles, and more energy consumption 
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Results: The results showed no microbial pollution in the investigated samples. The highest removal efficiency of the parameters 
by the household water purification device was 93.18% for sodium, and the lowest was 7.0% for nitrite.
Conclusion: In terms of chemical and microbial quality, the widely consumed bottled waters distributed in Ardabil had no health 
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compared to the pipeline network, [4]. One of the 
parameters that may impact bottled water is the place of 
water extraction. The quality of extracted water depends 
on the environment of the groundwater table, which can 
culminate in the contact of the groundwater with the 
surrounding rocks and the dissolution of the minerals, 
and change the content of its minerals, which the bottled 
water samples may be different due to it [5]. According 
to the World Health Organization (WHO) report, more 
than 1.8 million people (mostly children) die annually 
in the world by water-borne diseases, and this issue has 
become one of the most leading and common causes of 
death [6]. There are various ways for entering chemical 
and microbial pollution into water sources in today’s 
industrial societies, including the sewage from chemical 
industries, the waters that have passed through farmlands 
as drainage and are contaminated with pesticides or 
chemical fertilizers, and municipal sewage and chemical 
waste disposal areas, which are among serious sources of 
pollution [7]. In case of violation of the standards, some 
of the components in water (nitrate, nitrite, fluoride, 
etc.) may have unfavorable effects on water quality and 
reduce water quality [8]. One of the essential parameters 
in producing and consuming bottled waters, like other 
drinking waters, is controlling their physical, chemical, 
and microbial quality, which can lead to consumer 
dissatisfaction or complications for them [9]. Nowadays, 
with increasing the population, decreasing water resource 
reserves per capita, and increasing physical, chemical, 
and microbial water pollution, the water crisis has been 
proposed as one of the critical global problems so that 
main message in the second world water council in the 
Hague, the Netherlands in 2000, was the necessity of 
more rational water management, its fundamental reform 
and transformation, the coordinated participation of the 
beneficiary sectors of the society in water management, 
and the extension of international cooperations to 
solve the water crisis [10]. One of the most important 
health problems in backward and developing countries 
is the lack of healthy drinking water. Since the basis of 
sustainable development is a healthy human being and 
human health relies on benefiting from ideal drinking 
water, there is no place for the health and well-being of 
society without supplying healthy water [11]. Given the 
WHO policy, some factors in bottled waters receive more 
attention than waters of the distribution network, and 
stricter standards are applied to reduce their pollution 
[12]. Bottled waters must meet the drinking water quality 
standards of the Environmental Protection Agency, the 
WHO, and the Institute of Standards and Industrial 
Research. In many societies, water quality standards have 
been formulated separately [13]. Because of the pollution 
potential of urban water sources, people have turned to 
bottled waters and household water purification devices 
as alternative sources. In order to inhibit the incidence of 

health effects due to consuming improper and polluted 
water, awareness of drinking water quality becomes 
particularly important. Therefore, the current research 
was conducted to assess water quality parameters of the 
water of the distribution network, the outlet water of the 
household water purification devices, and the widely 
consumed bottled waters distributed in the city of Ardabil 
and compare them with drinking water standards in 2019.

2. Materials and Methods
This research was a descriptive cross-sectional study 
conducted in 2019 in Ardabil. The statistical population 
included the water of the distribution network, the outlet 
water of the household water purification device, and the 
widely consumed bottled waters distributed in Ardabil. 
According to the investigations, 10 widely consumed 
brands of bottled water are distributed in Ardabil, 
which are predominant in the country, too. Out of these 
10 brands, five are bottled mineral waters called Vata, 
Parmin, D.D., Atash, and Pana, which are packaged and 
supplied in Ardabil province. Five other brands are bottled 
drinking waters called Oxab, Purelife, Damavand, Desani, 
and Aquafina, which are packaged in other provinces. 
Three samples were collected from the ten bottled water 
brands (30 bottles) and 30 samples were collected from 
the inlets and outlets of household water purification 
devices. It should be noted that one sample of each brand 
of bottled waters also worked, but because of obtaining 
better results regarding statistical mean comparison, three 
samples of each brand (with the same production date) 
were prepared. The total number of samples was 60. In 
order to prepare samples of household water desalination 
devices, Ardabil was randomly divided into five regions, 
and water samples were randomly taken from each region. 
The samples were then transferred to the laboratory of 
Ardabil School of Health and tested. Totally, 780 samples 
were analyzed for 13 parameters investigated in this study 
according to the standard method of water and wastewater. 
In general, the tests were performed in two categories, 
including device tests and titration, on the basis of the 
method standard reference for water and wastewater 
tests. pH and electrical conductivity (EC) were measured 
using a portable pH meter and EC meter, respectively. 
Total hardness, calcium, and chloride were measured by 
the titration method, sulfate, fluoride, nitrate, and nitrite 
were measured using a spectrophotometer device, and 
sodium was measured using a flame photometer device; 
for measuring other factors, the instructions contained 
in the book of “Standard Methods” were used. The most 
portable number (MPN) method was also used for 
microbial testing [14].

2.1. Data analysis
The results were analyzed using Excel and SPSS version 
22 software, and the mean concentrations obtained were 
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compared with drinking water and bottled mineral water 
standards. The one-way analysis of variance (ANOVA) 
test was used to compare the brands of bottles, the one-
sample t test was used to compare the mean of each 
parameter with the standard value, and the paired student 
t-test was used to compare the mean inlet and outlet of 
the water purification device.

3. Results
The results of investigating the water quality parameters 
of bottled waters, inlet and outlet waters of the household 
water purification device, data analysis, and the removal 
efficiency of parameters by household water purification 
devices are presented in Tables 1 and 2. The results of 
the minimum, maximum, mean, and standard deviation 
values of physicochemical parameters in bottled waters 
distributed in Ardabil in 2019 are presented in Table 1; the 
results of the minimum, maximum, mean, and standard 
deviation values of physicochemical parameters in the 
inlet and outlet waters of household water purification 
devices in Ardabil in 2019 and the comparison of their 
mean concentrations with the drinking water standard 
1053 are presented in Table 2. Table 2 represents the 
removal efficiency results of physicochemical parameters 
by household water purification devices in Ardabil in 
2019. The results of the one-sample t-test for comparing 
the mean values of physicochemical parameters in the 
inlet and outlet waters of household water purification 
devices with the drinking water standard 1053 revealed 
a significant relationship between the parameters 
investigated in the inlet and outlet waters of household 
water purification devices (P<0.05). In addition, the results 
of the ANOVA test for the physicochemical parameters of 
bottled waters showed a significant difference between all 
parameters investigated in this study (except for nitrite 
and pH).

4. Discussion
4.1. Nitrate
Nitrate is produced by nitrogen oxidation. Most metal 
nitrates are water-soluble and are present in small 
amounts in surface and underground water. Nitrate is 
detrimental to human health, and long-term contact with 
its high concentrations may cause disease. The standard 
amount of nitrate for drinking water and bottled water in 
Iran is less than 50 mg/L [15], and the amount of nitrate 
in the samples tested in the current study is less than this 
value. Although the entrance of small amounts of nitrate 
into the adult human body is not dangerous since nitrate 
is a natural part of the human diet, if nitrate concentration 
is high, especially above 45 mg/L, then consuming such 
water for children younger than six months old, especially 
for babies who eat infant formula, is dangerous and results 
in the occurrence of a disease called methemoglobinemia 
[16]. According to Iran’s Standards and Industrial 
Research, if the amount of nitrate is more than 10 mg/L, 
the words “not suitable for babies” should be written 
on the bottled water label [17]. Among the brands 
investigated in the current study, the highest nitrate 
concentration was observed in the Pana brand, with a 
mean value of 1.14 mg/L, and the Aquafina brand had the 
lowest nitrate concentration, with a mean value of 1.29 
mg/L. In the study of the inlets and outlets of household 
water purification devices in the current study, the highest 
amount of nitrate was related to inlet 4 with a mean value 
of 5.11 mg/L, and the lowest amount was related to inlet 
1 with a mean value of 2.18 mg/L. The mean nitrate range 
at the inlets and outlets of household water purification 
devices was between 0.43 and 5.11 mg/L, which is below 
the standard limit. In the present study, nitrate removal 
efficiency by household water purification devices was 
81.86%. The mean nitrate concentration was 3.94 mg/L at 
the inlets and 0.72 mg/L at the outlets of household water 
purification devices. None of the samples investigated 
in the present research were associated with nitrate 

Table 1. The results of the minimum, maximum, mean, and standard deviation values of physicochemical parameters in bottled waters distributed in 
Ardabil in 2019

Parameters Minimum Values Maximum Values Mean Values Standard Deviation Values

Nitrate 1.29 14.1 5.713 3.793

Nitrite 0.0002 0.004 0.0007 0.0017

Fluoride 0.15 0.87 0.4073 0.9943

Chloride 0.16 13.82 3.41 4.621

Total hardness 25.2 165.6 78.048 54.831

Calcium 0.0 56.45 17.712 17.973

Sodium 1.3 19.96 7.532 6.132

Sulfate 2.84 78.45 33.998 26.1

EC 122.25 794.42 324.9137 168.32

TDS 85.58 556.13 227.44 117.827

pH 7.23 8.03 7.628 0.575

EC, electrical conductivity; TDS, total dissolved solids 
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concerning pathogenicity and all are in appropriate 
health conditions. The results of Orooji and colleagues’ 
study to assess the quality of bottled waters consumed in 
Iran showed that the mean nitrate concentration in all 
investigated bottled waters was within the standard range 
of bottled drinking waters and lower than the maximum 
permissible amount for drinking. Also, there was a 
significant difference in a number of samples between the 
measured values and those listed on the bottled water label 
[18], which is consistent with the results of the present 
study. The results of a study on bottled mineral waters in 
Italy indicated that the amount of nitrate was within the 
standard limit [19]. A study on inorganic ions, including 
nitrate in bottled drinking waters in Japan, concluded that 
nitrate concentration was within the standard limit [20]. 
A study conducted in Finland showed that the devices’ 
efficiency in reducing nitrate was 91.75% [21], which is 
almost consistent with the results of the present study. 
Numerous studies have indicated the association of the 
presence of nitrate in drinking water with the risk of 

cancers such as gastric cancer [22].

4.2. Nitrite
Nitrite is the regenerated form of nitrate, which can create 
health problems of methemoglobinemia, liver injury, 
and carcinogenic nitrosamines in the body because 
of the possibility of bonding with blood hemoglobin. 
Thus, its presence in drinking water is worrying and 
should be eliminated [23]. Iran’s national standard 
1053 has not stated any optimal limit for nitrite and has 
suggested the maximum permissible amount of nitrite as 
3 mg/L. Standard 2441 of Iran’s Institute of Standards and 
Industrial Research for nitrite in bottled waters has stated 
0.02 mg/L as the permissible limit. In the investigated 
bottled water brands, the amount of nitrite had not been 
included only on the label of the Desani brand bottled 
water. In all investigated samples, nitrite was lower than 
the permissible limit. In examining the amounts of nitrite 
in bottled mineral waters in the city of Babol, nitrite 
concentration was reported to be within 0.003 to 0.05 

Table 2. The results of the physicochemical parameters in the inlet and outlet waters of household water purification devices 

Parameters Minimum Values Maximum Values Mean Values
Standard Deviation 

Values
Mean Removal 

Efficiency
Maximum 
Standard

Maximum Permissible 
Amount

Nitrate
Inlet 2.18 5.11 3.944

81.86 - 50
Outlet 0.43 1 0.7153

Nitrite
Inlet 0.0052 0.0086 0.0073

7.0 - 3
Outlet 0.0 0.0077 0.0066

Fluoride
Inlet 0.0 0.87 0.4113

60.78 0.5 1.5
Outlet 0.0 0.36 0.1613

Chloride
Inlet 12.49 66.98 44.95

77.7 25. 400
Outlet 3.99 22.49 10.02

Total hardness
Inlet 64.8 101.52 76.03

88.71 200 500
Outlet 2.88 15.12 8.58

Calcium
Inlet 37.88 83.81 52.36

90.22 300 -
Outlet 0.86 21.6 5.12

Sodium
Inlet 40.25 95.57 79.96

93.18 200 200
Outlet 2.05 8.13 5.45

Sulfate
Inlet 32.01 163.2 71.85

87.12 250 400
Outlet 0.0 124.11 9.25

EC
Inlet 122.25 1144.55 1324.91

89.95 - -
Outlet 38.63 794.42 125.92

TDS
Inlet 85.58 801.18 500.44

89.95 1000 1500
Outlet 27.04 556.13 54.14

pH
Inlet 7.23 8.03 7.62

- 5.6-5.8 5.6-0.9
Outlet 5.5 7.93 6.59

Total coliform
Inlet 0.0 0.0 -

- Zero Zero
Outlet 0.0 0.0 -

Fecal coliform
Inlet 0.0 0.0 -

- Zero Zero
Outlet 0.0 0.0 -

Note: Concentrations with the drinking water standard 1053.
EC, electrical conductivity; TDS, total dissolved solids. 
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mg/L [24]. The results of Orooji and colleagues’ study 
to assess the quality of bottled waters consumed in Iran 
revealed that the mean concentration of the chemical 
parameter of nitrite in all investigated bottled waters was 
within the standard range of bottled drinking waters and 
lower than the maximum permissible amount for drinking 
[18]. The evaluation of the efficiency of household water 
purification devices by Sadigh et al showed that the outlet 
nitrite amount of two three-filter and six-filter household 
water purification devices had significant changes 
compared to each other [25]. Investigating the drinking 
water quality of the city of Bardsir showed that the amount 
of nitrite in all samples was lower than the permissible 
limit of the Iranian standard and the WHO guidelines 
[26]. The results of the current research regarding the 
60 investigated water samples indicated that the mean 
nitrite concentration was 0.0038 mg/L and the standard 
deviation was 0.00378. According to the results of the 
present study, the nitrite concentration of all samples was 
lower than the standard limit.

4.3. Fluoride
One of the water quality indices that can provide 
beneficial information about water drinkability and its 
content of minerals is the amount of fluoride in water, 
which is essential as one of the anions of water concerning 
health aspects and its effect on dental health [27]. 
According to Iran’s drinking water standard, the ideal 
concentration of fluoride in drinking water is 0.7 mg/L 
in hot months and 1.2 mg/L in cold months. Based on 
the results of the current study, the outlet fluoride amount 
of the household water purification device is significantly 
lower than the minimum standard values in municipal 
water. The reduction of fluoride by these devices is one 
of the principal disadvantages of these devices and may 
have health effects on humans. Of course, similar studies 
carried out in other places have confirmed the removal 
of fluoride by these devices and its reduction below 
the drinking water standard. In a study conducted in 
Bojnoord, the efficiency of water purification devices in 
fluoride reduction was found to be 68.8% [28]; another 
research in Qeshm showed the efficiency of these devices 
in fluoride reduction at 99.3% [29], all confirming the 
results of the present research. The efficiency of the 
devices in the current study to reduce fluoride is 60.78%. 
Investigations carried out by different researchers, 
including Matloob’s study on investigating the amount of 
fluoride in Euphrates River water and bottled waters in the 
city of Babel, Iraq [30] and Dianati and colleagues’ [31] 
study in the city of Savadkooh, showed that the amount 
of fluoride in the investigated water samples was lower 
than the WHO standard and Iran’s national standard 
1053 of drinking water, which have declared the amount 
of fluoride to be 0.5 to 1.5 mg/L; this result is consistent 
with our results regarding the amount of fluoride in 

the water samples investigated in the city of Ardabil. In 
the investigation of bottled waters in the present study, 
the amount of fluoride had not been mentioned on the 
bottles’ labels for four brands, Aquafina, Pana, Parmin, 
and Damavand. The comparison of the analysis results of 
the present study was not consistent with the values listed 
on the bottles’ labels. Thus, it is necessary to monitor and 
supervise the places of producing these bottled waters 
continuously, and the information about the actual water 
quality and the bottles’ labels should coincide. The results 
of the current study on the mean fluoride value of bottled 
waters showed that only two brands of the investigated 
bottled waters, that is, Atash mineral water with a mean 
fluoride value of 0.53 mg/L and Damavand drinking 
water with a mean fluoride value of 0.76 mg/L, were 
within the standard limit and other bottled waters were 
below the standard limit. The results of Cochrane and 
colleagues’ study, indicated that the amount of fluoride 
in five out of ten water samples was 0.03 mg/L and less 
than the standard limit [32]. The results of Shabankareh 
Fard and colleagues’ study on investigating the amount 
of fluoride in drinking water of the distribution network 
of Bushehr showed that the mean fluoride value was 0.48 
mg/L [33], which is consistent with the findings of the 
present research. The results of the present study on the 
60 investigated water samples showed that the minimum 
fluoride concentration was zero, the maximum fluoride 
concentration was 0.87 mg/L, the mean value was 0.35, 
and the standard deviation was 0.226. The results of 
the statistical analysis indicated a significant difference 
between the investigated groups regarding fluoride 
concentration, which may be due to fluoride reduction by 
the household water purification device and the difference 
in water sources. According to the results of the present 
study, the amount of fluoride concentration in most of the 
samples was lower than the standard limit. Since the most 
important way to receive fluoride is through drinking 
water and the absorption of fluoride about 0.5 to 1.5 mg/d 
is useful for the growth of teeth and bones, the amount 
of fluoride in the investigated drinking water network of 
Ardabil and bottled waters should be increased.

4.4. Chloride
Chloride is a mineral that is very helpful in creating taste 
in water. The presence of chloride anion can be one of the 
reasons for unfavorable drinking water [34]. Iran’s national 
standard 1053 has stated the ideal amount of chloride as 
250 and its maximum permissible amount as 400 mg/L. 
The WHO guideline standard for chloride is 250 mg/L. 
The mean chloride concentration in all investigated 
samples was lower than the optimal standard. In Jahed 
Khaniki and colleagues’ study in Tehran, the amount 
of chloride in all investigated samples was determined 
within the standard limit and much lower than the 
optimal level [15], which is consistent with the results of 
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the present study. In Amouei and colleagues’ study on the 
water quality of Khaaf, the chloride parameter was higher 
than the standard limit in 10% of cases [35]. The results 
of Azarpira and colleagues’ study in the city of Saveh 
indicated that the mean chloride concentration exceeded 
the permissible limits, and water non-quality conditions 
were totally obvious [36]. In the study conducted in 
Kashan, the mean inlet and outlet chloride of household 
water purification devices were about 204 and 68 mg/L, 
and the device efficiency in reducing the amount of 
chloride was reported to be 66.5% [37]. The mean inlet and 
outlet chloride of household water purification devices 
in Bojnoord have been found to be 167 and 37 mg/L, 
respectively, and the efficiency of the devices in reducing 
chloride has been 77.8% [28]. The results of the present 
study on 60 investigated water samples showed that the 
total mean chloride concentration was 15.44 mg/L and 
the standard deviation was 19.01. The results of statistical 
analysis indicated a significant difference between the 
investigated groups in terms of chlorine concentration. 
According to the results of the present study, the amount 
of chlorine concentration in all samples was lower than 
the standard limit. The mean chlorine concentration at the 
inlets of household water purification devices in Ardabil 
in the current research was 44.95 mg/L, and considering 
that the chlorine concentration in the water of the 
distribution network of Ardabil is less than the optimal 
level, the use of the household water purification device 
with reduced efficiency of 77.7% causes the taste of water 
to disappear because based on the recommendations of 
relevant organizations, the presence of minerals such as 
chloride is necessary for proper drinking taste.

4.5. Total hardness
Water hardness is one of the influencing factors in water 
tastiness, which is caused due to the existence of calcium 
and magnesium in water. In assessing widely consumed 
bottled waters distributed in Ardabil, the Damavand 
brand bottled water was determined as hard water, the 
Purelife and Oxab brands were determined as semi-hard 
waters, and other brands were determined as light waters. 
The results of investigating bottled water samples available 
in Ilam revealed that the investigated samples were within 
the permissible limit regarding total hardness [38], which 
is consistent with the results of the current research. The 
results of investigating bottled water samples in Hamedan 
province showed that the total hardness level of 40 out of 
56 samples was less than the optimal maximum, and 16 
samples had a total hardness level higher than the optimal 
maximum [39]. The results of investigating the drinking 
water sources of Saveh [36] showed that the mean 
concentration of total hardness exceeded the maximum 
permissible limit. In the examination of the water quality 
of Bushehr, the mean total hardness was obtained at 458 
mg/L regarding calcium carbonate, which is determined 

as very hard water according to the classification [33]. 
According to Iran’s national drinking water standard, the 
optimum level of total hardness is 200, and the maximum 
permissible amount is 500 mg/L regarding calcium 
carbonate. Hence, the drinking water hardness of Ardabil, 
with a mean concentration of 76.03, will cause no health 
problems for consumers. Considering that the drinking 
water hardness of Ardabil is classified as semi-hard water 
according to the WHO classification [40], after being 
purified by household water purification devices, it is 
placed in the class of light waters, and since light waters 
cause cardiovascular diseases [41], the reduction of this 
amount of hardness by household water purification 
devices may have health effects; therefore, this issue is 
considered a disadvantage of these devices [41]. The 
hardness removal efficiency in the current study was 
88.71%, which is consistent with the study conducted in 
Qeshm, in which the hardness removal efficiency by the 
household water purification device was 99.5% [29].

4.6. Calcium
Calcium is mostly present in bones and teeth, and its 
shortage results in osteoporosis. Only 1% of it is available 
in other parts of the body, and this amount performs 
many actions; for example, the contraction of our muscles 
relies on the existence of calcium. Considering that most 
food we consume during the day is water, the reason for 
the importance of calcium in drinking water is evident. 
Calcium can be absorbed in drinking water. Therefore, 
water can have a critical role in supplying the calcium 
needed by the body. Calcium is present in all waters that 
originate from rocks, and its amount depends on the type 
of bedrock through which the water passes. Calcium is 
often seen as carbonate, bicarbonate, and sulfate [42]. 
The main characteristic of calcium shortage in children 
is rickets and structural transformation in growing bones, 
while in adults, it contributes to osteoporosis. Standard 
1053 has stated the optimum calcium level as 300 mg/L 
and has not specified a permissible level. In the present 
study, the mean inlet calcium concentration of household 
water purification devices was obtained at 52.36 mg/L. 
The removal efficiency of the investigated devices was 
estimated at 90.22%, which is consistent with the results 
of Rajaei and colleagues’ study suggesting the calcium 
reduction efficiency as 85.5% [43]. In the present study, 
investigating the mean calcium concentration of widely 
consumed bottled waters distributed in Ardabil was 
measured at 17.71 mg/L, which is inconsistent with the 
results of Orooji et al. In Orooji’s study, the mean calcium 
concentration in bottled waters was within the standard 
limit of bottled drinking waters [18]. 

4.7. Sodium
In the current research, all investigated samples had 
sodium levels lower than 200 mg/L. Examining Iran’s 
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bottled water quality by Orooji et al in 2015 showed that 
the amount of sodium in all investigated samples was 
within the determined standard limit and much lower 
than the optimal standard, which is consistent with the 
results of the current research. The investigation of the 
bottled mineral water quality in Kerman in 2009 indicated 
that 46% of the samples had higher sodium amounts than 
the recommended limit [44].

4.8. Sulfate
In the present study, the mean sulfate concentration at 
the inlets of household water purification devices was 
obtained at 71.85 mg/L. Investigating the mean sulfate 
concentration of water in Ardabil by Sadigh et al showed 
its mean sulfate concentration as 70.4 mg/L, which is 
consistent with the results of the present study [25]. The 
mean outlet sulfate concentration of the devices is equal 
to 9.25 mg/L, indicating a sharp decrease in the outlet 
sulfate concentration of these devices. Considering that 
the concentration of minerals in water is essential in small 
amounts to create taste in drinking water, this reduction 
may largely remove the taste of water, which can be 
considered one of the disadvantages of these devices. On 
the other hand, because of sulfate’s laxative effects, this 
reduction can be helpful in some cases [45]. In Rezaei and 
colleagues’ study on bottled water samples, the amount 
of sulfate in all samples was within the standard limit. In 
the current research, the mean sulfate concentration for 
widely consumed bottled waters distributed in Ardabil 
was much lower than the optimal level [17]. The results of 
Rajaei and colleagues’ study showed that the mean outlet 
sulfate concentration of household water purification 
devices was 5 mg/L, which is to some extent in line with 
the results of the current research [43]. The results of 
Amouei and colleagues’ study regarding the water quality 
of Khaaf showed that the amount of sulfate was 20% 
higher than the standard limit [35]. Shabankareh Fard 
and colleagues’ study on the drinking water quality of 
the distribution network of Bushehr reported the mean 
sulfate as 728.38 mg/L and higher than the drinking water 
standard, which does not meet any of the standards and 
is not consistent with the results of the current study [33].

4.9. Electrical conductivity
Considering that EC is directly associated with TDS and 
water-soluble salts, its measurement is essential to control 
water quality. The EC drinking water standard is directly 
associated with the TDS value of drinking water, which 
can be considered less than 1500 µS/cm. In the current 
study, the EC limit in bottled waters was obtained at 
678.97-199.77 µS/cm. The highest amount is related to the 
Damavand brand bottled water, and the lowest is related 
to the D.D. brand bottled water. The drinking water EC 
sin Ardabil is in the range of 854.33-1518.2 µS/cm. The 
mean EC level at the inlet of household water purification 

devices is 1254/911 and more than the optimal maximum 
European standard. The mean EC level at the outlets was 
estimated to be 735.419 µS/cm. The highest amount was 
obtained in inlet 3 and the lowest in inlet 4. The removal 
efficiency of household water purification devices was 
estimated to be 82.95%. In Nourmoradi and colleagues 
study, the EC removal efficiency by household water 
purification devices was reported to be 70.44%, which is, 
to some extent, consistent with the results of the present 
study [46]. In Sadigh and colleagues’ study, the mean EC 
level at the inlets of household water purification devices 
was reported to be 875.84, and that at the outlets it was 
reported to be 83.03 µS/cm, which is not consistent with 
the results of the present study [25]. When examining 
drinking water quality in Saveh, the EC level was higher 
than the maximum permissible limit [36].

4.10. Total dissolved solids
In the present study, the mean TDSs in all investigated 
samples were lower than the recommended standards in 
Iran and more than the value recommended by the US 
Environmental Protection Agency. The results of the 
current study were consistent with the results of Godini et 
al [38] and Orooji et al [18] studies. In Shabankareh Fard 
and colleagues’ study on the water distribution network 
of Bushehr, the mean TDS value was reported as 577.7 
mg/L [33]. In the current research, the amount of TDS 
in the inlet water of the household water purification 
device meets the national standard but is higher than 
the amount recommended by the US Environmental 
Protection Agency standard. This amount of TDS can 
cause problems regarding the taste in the drinking water 
of the distribution network of Ardabil and consequently 
lead to consumer dissatisfaction. The TDS reduction 
efficiency by household water purification devices was 
estimated at 82.95%, which is to some extent consistent 
with the results of the study conducted in Ilam, indicating 
the efficiency of household water purification devices in 
TDSs reduction to be 70.44% [38].

4.11. pH
pH is one of water’s most important physicochemical 
properties because most water purification methods 
depend on pH. The pH levels at the inlets of household 
water purification devices in the present study were in 
the range of 7.2-8.37 and at the outlets were in the range 
of 5.5-7.93. Forty percent of the pH of the outlet samples 
of the household water purification device was lower 
than the permissible limit of 6.5, which can be one of the 
disadvantages of household water purification devices. 
The results of the present study show that household water 
purification devices have the least impact on pH, which is 
consistent with Nourmoradi and colleagues study [46]. 
In Shabankareh Fard and colleagues’ study, the pH level 
of water in Bushehr’s water distribution network was 
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reported to be in the range of 7.04-7.22, which was in the 
normal and permissible range compared to the standards 
and is consistent with the results of the current study [33]. 
Alimohammadi and colleagues’ study on bottled water 
quality in Iran showed that the 6% pH of Iran’s mineral 
waters is outside the standard range [47].

4.12. Fecal coliform and total coliform
According to Iran’s national standards and the WHO 
standard, the number of total coliforms should be zero 
in 95% of samples and, at most, 3 in the remaining 5%. 
Also, fecal coliform should be zero in drinking water [48]. 
In this study, all the results of total coliform and fecal 
coliform tests were negative, indicating that the water 
of the distribution network and the widely consumed 
bottled waters distributed in Ardabil are healthy from 
a microbial perspective. The results of the study are 
consistent with the results of the studies conducted in 
Ilam [38] and Kerman [44]. Information regarding the 
microbial quality of water produced by household water 
purification devices is minimal, and the function of these 
systems can be different. In Deghani and colleagues’ 
study on the outlet water of desalination devices with 
reverse osmosis process, no cases of pollution with total 
coliform and fecal coliform were observed [29], which 
is consistent with the results of the present study. The 
results of investigating the effect of the household water 
purification device on the drinking water quality in Ilam 
showed that the household water purification device does 
not have an acceptable efficiency in removing microbial 
pollution, and in most cases, it has increased microbial 
pollution [38].

5. Conclusion
This study investigated the physicochemical and 
microbial parameters of widely consumed bottled waters 
distributed in the city of Ardabil and the physicochemical 
and microbial parameters of the inlet and outlet waters 
of household water purification devices. In general, it can 
be concluded that the widely consumed bottled waters 
distributed in Ardabil have no health problems in terms 
of chemical and microbial quality. Household water 
purification devices are highly efficient in decreasing 
physical and chemical parameters of water. Given that 
most of the physicochemical parameters of the drinking 
water distribution network of Ardabil are below the 
drinking water standard 1053, using these devices is not 
necessary for this city because such devices often reduce 
the concentration of the parameters to below the standard 
limit and somehow reduce the taste of water. In addition, 
they cause high removal of useful minerals; thus, the users 
of household water purification devices should be aware 
of the low intake of minerals from the purified water.
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