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 Abstract     
Background: Failure to observe proper hygiene principles of 
water and swimming pool environment is effective in causing 
health problems and transmission of infectious diseases to 
swimmers. This study aimed to analyze the level of Escherichia 
coli and Heterotrophic Plate Count in mineral pools in Sarein. 
Methods: For this purpose, sampling was performed in each 
season, and the samples were tested according to the standard 
method. Shapiro-Wilk and Kolmogorov-Smirnov test was used 
to determine the normality or abnormality of the data. Then, 
through ANOVA, the differences between the seasons and the 
pools were compared in terms of the studied parameters.
Results: The results of the analysis of variance showed that 
there was no significant difference between the spas in terms 
of the measured parameters. A comparison of the average data 
showed that the amount of contamination of mineral spas during 
the seasons with E. coli was more than the allowable value 
announced by the National Standard Organization of Iran. The 
amount of residual chlorine in all samples was zero and the pH 
was equal to 6.8. The results of principal component analysis 
showed that mineral spas No. 6, 2, and 11 had the highest HPC 
(Heterotrophic Plate count) and pH and 9 Cheshmeh, Ershad, 
and Ghahveh Sui mineral spas based on the second component 
had the highest E. coli; No. 7 had the lowest E. coli.
Conclusion: Finally, it can be concluded that the cause of the 
contamination of mineral swimming pools in Sarein city is 
the high volume of passengers and the lack of proper sanitary 
management of swimming pools. 
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Introduction

Geothermal resources provide a stable warm 
environment, which is the preferred condition for 
thermophiles. The composition and properties of hot 
spring water may vary in terms of organic and mineral 
chemical elements, pH and nutrients, which may 
provide favorable conditions for microbial biodiversity.1-3 
Geothermal water is currently used only for recreational 
purposes in swimming pools.4 In natural swimming 
pools, chemical disinfection replaces natural biological 
processes for water treatment.5 Despite the growing 

popularity of these natural systems, little is known about 
the effectiveness of natural processes in eliminating 
intestinal pathogens in swimmers. It is also well known 
by health officials that most recreational illnesses are 
not recognized in regular health care programs,6 so 
the majority are not reported.7 In general, the chlorine-
resistant parasitic protozoan, Cryptosporidium hominis, 
is the leading cause of gastroenteritis in swimming pools 
which is caused by fecal diffusion.8-12

Human feces may contain pathogens13-16 and is 
a known route of infection in recreational aquatic 
environments.17-20 Hence, in a natural pool with no 
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chemical disinfectant residues, pathogens persist until 
the pool water containing human intestinal viruses, 
which are the most numerous and most infectious of 
these intestinal pathogens, cross sufficient natural 
barriers.21-24 It should be noted that many pollutants 
such as other microorganisms and nutrient compounds 
can be present in aquatic environments naturally or 
due to human activity.25-31 Also, mineral and natural 
compounds or different toxic compounds can be found 
in the hot water mediums.32-37

Sarein city in Ardabil province is very popular 
due to the existence of numerous geothermal hot 
springs with a temperature of 45 degrees Celsius. 
These springs are heated by an inactive volcano in the 
second highest mountain of Iran, Sabalan.38 Several 
researchers have studied the biological contamination 
of Sarein hot mineral water pools. The study of 
Sadeghi et al.39 which aimed to evaluate the quality of 
mineral spas in Sarein tourist city in Ardabil province 
showed that, in general, during 5 months of sampling 
of mineral spas, only 18.82% of the samples were in 
the standard range compared to the allowable limit of 
Staphylococcus aureus. Therefore, 81.18% pollution in 
mineral spas of Sarein city has a risk of skin diseases 
and possible infections for swimmers. Feyzolahpour 
et al.40 observed that due to complete disinfection of 
pools with chlorine, no dermatophytes were found in 
Sarein mineral spa. In the study of Seyedmousavi et 
al.,41 Aspergillus fumigatus with 22.79%, Aspergillus 
feldous with 15.54%, Aspergillus niger with 15.54%, 
and Penicillium with 14.5% had the highest frequency 
of isolated fungi, respectively. Also, each of the 
fungi of Ulocladium, Sepdonium, Acromonium, 
Psilomasis, Stemphylium and Streptomyces with a 
positive plate of 0.51% had the lowest frequency. In 
their study, no dermatophyte fungi were isolated from 
carpet and water samples. Also, no real dimorphic 
pathogen was isolated in their study. The absence of 
dermatophyte pathogenic fungi and fungi causing 
superficial and cutaneous fungal diseases showed 
that training workers, continuous washing and 
disinfection of swimming pools, and observance of 
hygienic standards have been effective in reducing 
pollution; on the other hand, hot mineral water can 
prevent the growth of pathogenic fungi. Therefore, 
it is necessary to conduct various studies on the 
biological contamination of hot mineral water pools 
at specific intervals to prevent the occurrence of health 
consequences due to biological contamination of these 
pools. Therefore, in this study, the biological pollution 
of mineral spas in Sarein city was investigated.

Methods

This is a descriptive-analytical study that was conducted 
during 2019 to determine the microbial quality in the 
water of Sarein mineral pools. In this study, samples 

were randomly taken from 13 pools in Sarein, including 
mineral pools with codes 1 to 13. 

Steps of Microbial Water Testing 
1. Possible stage: In this stage, we use broth lactose 

culture medium with two weak and strong dilutions, so 
that we put three tubes of strong lactose broth and six 
tubes of weak lactose broth in one tube, respectively. 
In the first three tubes where lactose broth is strong, 
we add 10cc of water; in the second three tubes where 
lactose broth is weak, we add 1cc, and in the third 
three tubes, which are also weak lactose broth, we add 
0.1cc of the sample. Then, we add water. The tubes 
are then shaken and placed in an incubator at 35.5-37 
degrees for 24-48 hours. At this stage, the possibility 
of bacteria is checked and reported with the MPN 
unit per 100 ml.

2. Confirmation stage: In this stage, the culture 
medium of brilliant green and EC broth is used. Thus, 
from the positive samples of the first stage (carbonated 
tubes), we transfer the lactose broth culture medium to 
these two media. We place the diamond tube inside the 
incubator and the EC broth inside the 44.5-degree pan. 
We review the results after 24 hours. If both tubes are 
negative, it means that there is no problem with water, 
and the first stage that was positive was bacteria other 
than coliforms, and the water is drinkable; yet, if the 
brilliant tube is positive and the EC tube is negative, 
the water has coliforms and the amount of MPN is 
reported. It is possible, but, in terms of fecal form, (E. 
coli) if it is negative and the water is chlorinated, it is 
drinkable. If both diamond and EC pipes are positive, 
as well as the coliform, the water also has E.coli and 
is not drinkable. 

Analysis
This is an analytical-descriptive study. The 

statistical population included 13 active swimming 
pools in Sarein city, including codes 1 to 13, which 
were examined for 1 year in each season. In this 
study, sampling was performed from each pool 
in the required number each month according to 
the standard conditions and was transferred to the 
reference laboratory of Ardabil University of Medical 
Sciences for analysis. E. coli bacteria10 were measured 
in the laboratory. The diagnosis method of E. coli was 
15 tubes and the use of lactose broth and EC media.

The results of microbial tests were recorded in 
Excel, and SPSS software42, 43 was used for statistical 
analysis of data. MINITAB15 software was used to 
draw the cluster analysis and principal components 
analysis. The Shapiro Wilk and Kolmogorov-Smirnov 
tests were used to determine whether the data were 
normal or abnormal. Then, through ANOVA,44 the 
differences between the seasons and the pools were 
compared in terms of the studied parameters. T-test 
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was used to compare the data with the national 
standard of Iran. 

Results

Before performing statistical analyses, Shapiro-Wilk 
and Klemgorov-Smirov (K-S) tests were performed to 
evaluate the normality of data distribution in the studied 
variables. The results showed that the studied variables 
had a normal distribution (sig> 0.05). Therefore, the 
results of analysis of variance, T-test, cluster analysis 
and PCA were interpreted and analyzed using statistical 
methods of data analysis. 

Analysis of Variance and Comparison of Mean Data
For the data obtained from the measurement of 

the studied parameters in 13 spa pools of Sarein city, 
analysis of variance was performed by considering 
monthly sampling periods as replication and types 
of spas as treatment using SPSS software. The 
results of analysis of variance (Table 1) for pH, HPC 
(Heterotrophic Plate count), and E. coli parameters 
that were measured in 13 spas and in different time 
periods showed that there was no significant difference 
between the spas in terms of the parameters measured. 
However, to ensure the evaluation of the water quality 
of the spas in terms of the parameters measured and 
to complete the information about each parameter 
separately for the spas, the average with the data was 
checked.

The results showed that there was no significant 
difference in pH between mineral water samples. 
Samples No. 7, 4, and 10 had the highest amount of 
E. coli and sample No. 13 had the lowest amount of E. 
coli. Also, in terms of HPC, the highest amount was 
related to waters No. 11, 2, 6 and 1 and the lowest to 
number 13. 

T-test Statistical Test Results
T-test was performed to know the microbial status 

of mineral spas in Sarein by comparing the measured 
values of E. coli and HPC parameters with the national 
standard values of Iran for hot mineral waters (Table 2).  
The values of Iran national standards for hot mineral 
waters are presented in Table 2.

High levels of E. coli in pools No. 1, 2, 4, 6, 7, 8, 
and 11 (Royal Park, 9 Cheshmeh, Iranian, Ghahveh 
Sui, General, Sabalan, Ershad) in different seasons of 
the year were more than the allowance of the National 
Standard Organization of Iran due to the lack of using 
showers by swimmers at the entrance or exit of these 
spas in Sarein. Also, the levels of HPC in pools 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 in different seasons 
of the year were more than the allowable limit of the 
National Standard Organization of Iran due to lack 
of timely water change of swimming pools and not 
washing the walls and floors of swimming pools in 
Sarein city. 

Cluster Analysis
Cluster analysis is one of the multivariate analysis 

methods that aims to group the studied spas based 
on their qualitative characteristics so that spas 
with similar quality characteristics are in a group. 
According to the predetermined criteria, grouping will 
be appropriate when the stations within the groups 
have more homogeneity and are more heterogeneous 
between the groups. Investigating the relationship 
between 3 parameters in 13 spas for the measured 
parameters requires the analysis of 13×3 correlation 
matrix. On the other hand, it is necessary to check the 
condition of the spas and the amount of their pollution 
by considering all the parameters. Therefore, due to 
the large volume of data, clustering parameters and 
spas were performed using cluster analysis based on 
dissimilarity matrices. Minitab22 software was used 
for this purpose. To perform cluster analysis, we used 
the input method based on the minimum square of 
Euclidean distance after standardizing the data. The 
average sampling periods for each parameter were 
used to classify the measured quality parameters in 
the studied spas of Sarein city and determine their 
microbial contamination status. Dendrogram section 
based on the farthest Euclidean distance divided 
hot waters into four groups. Figure 1 shows the 
dendrogram of Sarein spas clusters analysis based on 
the measured parameters.

The first group (first cluster) included No. 1 
Royal Park Spa. This spa pool was higher than the 
average of the measured values in terms of pH and 
HPC parameterS (Table 3), and the quality changes 

Table 1: Mean squares obtained from analysis of variance of measured parameters in hot springs of Sarein city in 2019
HPC (Heterotrophic Plate count)E. coli pHSources of change

MSFSig.MSFSig.MSFSig.
921.6790.9680.7530.0041.4730.133207181.21.90.34Stations (intergroup)
1320.638--0.003--109025.4--Error (within group)

**, *  and ns: Show significance at 1% probability level, significance at 5% probability level and non-significance, respectively.

Table 2: National Standards of Iranfor mineral pools
Allowable number of bacteriaType of microorganism
200 per milliliterHeterotrophic bacteria
Less than 2 per 100 mlE. coli or thermophilic coliforms
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of this spa were mainly due to the high volume of 
customer reception and lack of timely change of 
pool water and washing of the pool area. The second 
group (second cluster) including the spas No. 10, 
8, 4, 3, 12, 5, 11, 6, 2, and 9 were ranked second in 
terms of HPC parameter. E. coli and pH were also 
lower. Changes in these spas are mainly due to non-
compliance with health protocols, failure to change 
the water of swimming pools in a timely manner, 
and the swimmers’ failure to shower before entering 
the swimming pools. The quality of 9 Cheshmeh, 
Ghahveh Sui, and Ershad spas is due to the provision 
of part of the pool water by Pahnloo spring, high 
number of the swimmer’s visit to the swimming pool, 
non-timely change of swimming pool water, washing 
and disinfection of the pool area and the swimmers’ 
shower before entering the swimming pool; also, the 
quality of spas No. 5 and 12 (Darreh Lor Sui and 
Bash Bajilar) is due to the provision of part of the 
swimming pool water by Pahnloo spring, the high 
number of the swimmer’s visit to the swimming 
pool, failure to changing the swimming pool water 
in time, washing and disinfection of the pool area, 
the swimmers’ shower before entering the pool. 
Moreover, the quality of Sari Sui spa is due to not 
changing the water of the swimming pools in time, 
washing and disinfecting the pool area, the swimmers’ 
shower before entering the pool; also, the quality of 

Sabalan spa is due to providing part of the pool water 
from Gavmish Goli, the high number of the swimmers 
visiting the swimming pool, not changing the water of 
the swimming pool in time, washing and disinfecting 
the inside of the pool and swimmers’ shower before 
entering the pool.  The quality of the Iranian spa is due 
to the supply of part of the pool water from Gavmish 
Goli, high number of the swimmer’s visit to the 
swimming pool, lack of timely change of swimming 
pool water, washing and disinfection of the pool area 
and swimmers’ shower before entering the pool and 
the quality of Aftab city spa is due to providing part 
of the pool water from Pahnloo spring, high volume 
of swimmer visits to the swimming pool, failure to 
change the swimming pool water in time, washing 
and disinfection of the pool area and swimmers’ 
shower before entering the pool; finally, the quality 
of Gavmish Goli spa is due to the high number of 
swimmers visiting the swimming pool, not changing 
the water of the swimming pools in time, washing 
and disinfecting the pool area and swimmers’ shower 
before entering the pool. As to the third group (third 
cluster) in which General spa was placed alone in 
the group, its quality is almost average, which is due 
to the timely change of water in swimming pools, 
washing and disinfection of the interior part of the 
pool and the swimmers’ shower before entering the 
pool. As to the fourth group (fourth cluster) in which 

Figure 1: Dendrogram obtained from the cluster analysis of the studied spa based on PC1 (Principle Component) and PC2 (Principle 
Component) values for the parameters measured in Sarein

Table 3: Mean deviation from total mean and standard deviation of means in 3 clusters obtained from cluster analysis for the evaluated 
parameters
Cluster E. coli pH. Statistical parameter
1 7.2414 6.8414 x͞
2 5.5498 6.8010 x͞
3 23.1739 6.8 x͞
4 0.00 6.8 x͞
Average 6.6087 6.804 Total
* and **: Show significance between clusters at 5% and 1% probability levels, respectively.
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Viladragh spa was placed alone, its quality is desirable 
due to the low volume of the swimmer’s visit to the 
swimming pool, timely change of swimming pool 
water, washing and disinfection of the pool area and 
taking a shower before entering the pool. Therefore, 
in general, it can be stated that Royal Park Mineral 
Spa No. 1 has a higher pH and HPC. The General Spa 
No. 7 has the lowest amount of E. coli, and Viladragh 
Spa No. 13 is desirable in terms of all parameters. 
After that, the second group with Moderate pollution 
(MP) included Gavmish Goli, Sabalan, Iranian, Shahr 
Aftab, Bash Bajilar, Darreh Lor Sui, Ershad, Ghahveh 
Sui, 9 Cheshmeh, and Sari Sui spas; the rest of the 
stations are in the Low pollution group (LP). The 
results of one-way analysis of variance confirmed 
the existence of significant differences between the 
groups in terms of most of the studied parameters at 
the probability level of 1% and 5%. Examination of 
the differences between the groups showed that the 
spas within each cluster did not differ significantly 
in terms of the measured parameters. However, there 
was a significant difference between the clusters in 
terms of most of the evaluated characteristics at the 
probability levels of 1% and 5% (Table 3).

Results of PCA
The results of PCA (Principle Component 

Analysis) showed that of the three main components, 
the first two components explained more than 71% 
of the changes, so that in the formation of the first 
component, HPC, and pH had the highest positive 
effect and in the second component, E. coli had the 
most positive effect. Therefore, mineral spas No. 6, 2, 
and 11 (Ghahveh Sui, 9 Cheshmeh and Ershad) had 
the highest HPC and pH and 9 Cheshmeh, Ershad 
and Ghahveh Sui mineral spas, based on the second 
component, had the highest E. coli; also, General 
mineral spa No. 7 had the lowest E. coli.

The eigenvectors and eigenvalues of the parameters 
in the PCA (Principle Component Analysis) are 
presented in Tables 4 and 5, respectively.

Discussion

Based on the results of this study, there was no significant 
difference between the spas in terms of the measured pH 

and E. coli parameters. From a public health perspective, 
frequent measurement of disinfectant concentrations and 
pH is a very effective way to control water quality.45 
The pH of mineral waters does not differ significantly. 
However, in the study of Yazdanbakhsh et al.,46 different 
pools had different pH levels, which was statistically 
significant. The water No. 7, 4, and 10 had the highest 
amount of E. coli, and the water with code 13 had the 
lowest amount of E. coli. As to the mean data of E. 
coli parameter in spa pools No. 2 and 12 (9 Cheshmeh 
and Bash Bajilar) with the national standard of Iran for 
mineral spa pools, there was a significant difference in 
terms of E. coli at 99% probability level. High levels of E. 
coli in swimming pools No. 1, 2, 4, 6, 7, 8, and 11 (Royal 
Park, 9 Cheshmeh, Iranian, Ghahveh Sui, General, 
Sabalan, Ershad) in different seasons of the year were 
more than the allowed limit by the National Standard 
Organization of Iran, due to the lack of use of showers by 
swimmers at the entrance or exit of these spas in Sarein. 
In a study by Masoud et al.,47 the presence of E. coli in 
pool water showed fecal matter from contaminated skin 
or fecal matter which entered the pool water accidentally. 
It was also found that the treatment process could not 
remove this contamination. In their study, E. coli was 
the most consistent index and was isolated from 7 out of 
120 samples. Similar results have been reported by Leoni 
et al.48 In their study, only 2.6% of the samples showed 
positive results. Abd El-Salam49 also reported that E. coli 
was not found despite the low concentration of chlorine 
in most samples. This may be attributed to the relatively 
small sample size because only 30 water samples were 
examined in their study.

Conclusion

In this study, multivariate statistical methods of analysis 
of variance, T-test, cluster analysis, and PCA (Principle 
Component analysis) were used to determine the quality 
of spas in the tourist city of Sarein in terms of microbial 
parameters of E. coli, HPC, and alkalinity. The two-
dimensional display of the stations based on the first two 
main components confirmed the grouping of the results 
obtained from the cluster analysis as well as the principal 
components analysis; thus, the studied spas were 
separated in terms of microbial contamination status 
as cluster analysis. Using cluster analysis method, we 
categorized 13 sampling stations into four clusters with 

Table 4: The eigenvectors of parameters
Variable PC1 (Principle Component) PC2 (Principle Component) PC3 (Principle Component)
pH 0.595 -0.552 -0.584
E. coli -0.293 -0.826 0.482
HPC 0.749 0.115 0.653

Table 5: The eigenvalues of parameters
Eigenvalue 1.1189 1.0388 0.8423
Proportion 0.373 0.346 0.281
Cumulative 0.373 0.719 1.000
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similar quality characteristics. In order to determine the 
effective parameters in microbial contamination of spas 
in the tourist city of Sarein, we performed PCA (Principle 
Component analysis) in four different qualitative groups. 
The first two main components of PCA (Principle 
Component analysis) revealed that the major parameters 
responsible for changes in the microbial quality of spas in 
Sarein were E. coli and HPC. Also, the amount of HPC 
and E. coli bacteria in the swimming pools of Sarein 
city in different seasons of the year were higher than the 
national standard of Iran.
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