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Abstract

Background: Infections are readily transmitted as a result of bacterial contamination of swimming pools.
Therefore, hygiene and preventing the contamination of swimming pools is of particular importance.
The objective of this study was to determine the amount of bacterial contamination in indoor pools of
Yazd in 2013.

Methods: In this descriptive and analytical study, all indoor swimming pools of Yazd (12 pools) were
evaluated during the spring and summer of 2013, in terms of bacterial contamination. In order to
determine contamination, a sterile cotton swab was used for sampling. On average, 45 samples were
taken from different surfaces in each pool (shower, dressing room, sitting places in sauna, platforms
and around the pool). In total, about 540 samples from all pools were tested for bacterial contamination.
Results: The results show that from 540 samples, bacterial contamination was observed in about 93
samples (17.22%); and was seen more in showers, edges of the pool and jacuzzis, and the slippers used in
swimming pools. The most important isolated bacteria types were E. coli, Actinobacteria, Pseudomonas
alcaligenes, Pseudomonas aeruginosa and Klebsiella pneumonia.

Conclusion: The results indicate the presence of bacterial contamination on the surface of these places. It
is recommended that health authorities should pay more attention to cleaning and disinfecting surfaces
around the pool, showers, dressing rooms etc, to prevent infectious disease transfer as a result of contact
with contaminated swimming pool surfaces.
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Introduction

Swimming is a sport that all ages enjoy. Swimming pools
attract a lot of people, especially during warm seasons.
However, due to mismanagement of these swimming
pools and the poor quality of swimming pool water, the
transmission of water borne diseases has become a serious
problem worldwide (1). People who swim in these pools
are in danger of acquiring various gastrointestinal, derma-
tologic, ear and upper respiratory tract infections. Also,
eye complications can occur in people who use contact
lenses (2-6). Studies show that in addition to water, some
free living bacteria and amoebas, can live in swimming
pool facilities (including warming systems, ventilation
and air conditioning) or other humid surfaces and some
of them may lead to various respiratory, dermatologic or
neurologic diseases (7). Research shows that different in-
fections are transmitted by direct or indirect contact with
surfaces and facilities (8).

In swimming pools, there is a possibility of direct or indi-
rect transmission of infections from one swimmer to an-
other by eye, ear, upper airway or skin contact (9-11). Also,
the dirty surfaces, toilet, wardrobe and personal devices
of swimmers are capable of transmitting diseases (12).
Generally, infections are transmitted by inanimate objects
such as door handles, showers, toilet seats, cupboards and
chairs. When these objects are in continuous contact with
humans, they are the main source of transmitting infec-
tious diseases and pathogenic organisms (13).

In order to prevent the transmission of bacteria, swim-
ming pool operators should keep the inner surface of
swimming pools and their surroundings clean. These
surfaces increase the probability of transmission and also
facilitate human contact with pathogens (14). In many cir-
cumstances, swimmers use the platform and chairs around
the swimming pool for changing their clothes, and small
particles may remain on the surface of their clothes and
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the bacteria in these particles are easily transferred when
these devices are used (15). Also, studies have shown that
35% of people do not take a shower before jumping into
the pool and this can increase the probability of infectious
disease transfer by several folds (16).

If recreational equipment inside and around pools are not
properly cleaned, they can transmit microbes through un-
washed hands (15). In these pools, dermal infections and
rushes due to Pseudomonas aeruginosa have been report-
ed (11). Certain microbes are capable of producing a slimy
thin layer or biofilm, to protect them from disinfectants
(15). When the biofilm is cleaned from the surface, the
microorganisms are scattered in water.

Increase in the prevalence of water borne diseases and dis-
eases related to public swimming facilities in the past de-
cades, has shown that bacterial analysis of local swimming
facilities is necessary for the health and safety of people
(17). Therefore, to safeguard the health of swimming pool
staff and swimmers, it is necessary to manage the health
risks surrounding swimming pools (18). Yazd has a warm
and dry climate. The swimming pools of this city can be-
come a suitable place for the growth of fungi and bacteria.
Therefore, this study was conducted to evaluate the bacte-
rial contamination of surfaces in the swimming pools of
Yazd, during the spring and summer of 2013. By deter-
mining the contamination rate of swimming pools in this
city and using the results, appropriate action can be taken
to promote health.

Methods

In this analytic and descriptive cross sectional study, all
the active indoor swimming pools of Yazd, including 7
public (governmental) and 5 private pools, were evaluated
through the spring and summer of 2013 in regard to bac-
terial contamination. The swimming pools studied were
all indoor pools used by both men and women in different
hours. Pools owned by specific organizations and those in
residential complexes were excluded.

In order to determine bacterial contamination, sampling
was done using a sterile cotton swap. All swimming pools
were visited and different surfaces of the pool (including
shower, changing rooms, chairs, sitting places in saunas,
baths, platforms and around the swimming pools) were
sampled and cultured. Sampling was done monthly and
in two rounds in the morning and afternoon. Research-
ers decided to take 8 samples from each swimming pool
and 576 samples in total. However, because parts of some
swimming pools like the sauna and jacuzzi were closed
due to repairs, in average 45 samples were randomly tak-
en from different surfaces and totally, 540 samples from
all swimming pools were examined for the presence of
harmful bacteria. Researchers also attempted to find out
the time of pool disinfection and conducted sampling at a
time that is in compliance with sampling standards (19).
This time was when the pool was crowded and the dura-
tion between disinfection time and washing of pool sur-

faces. Therefore, the sampling time was the same for all
swimming pools.

Sampling was done using a sterile cotton swap from dif-
ferent surfaces of swimming pools. In order to do this, the
swap was rubbed on surfaces with 20x20 cm area (19,20)
and was then cultured separately on Blood Agar and Eosin
Methylene Blue, manufactured by the Micromedia Com-
pany in Germany.

The media were then transferred to the microbiology lab-
oratory at the Medical School and kept in the incubator
for 48 hours at 37°C. Colonies were determined based on
their appearance, gram color, differential tests such as co-
agulase, DNAse, sensitivity to novobiocin MR-VP, manni-
tol fermentation test, motivity and hemolysis test and cul-
ture on specific media, based on techniques mentioned in
the book for standard techniques of water and wastewater
experiment (19). Data analysis was done using frequency
tables, descriptive statistics, proportions (percents) and
also graphs from Excel 2013. Statistical analysis was done
using SPSS version 16 and chi-square test.

Results

In this study, bacterial contamination of surfaces in in-
door swimming pools of Yazd was evaluated and the rela-
tion between contamination and type of swimming pool
(private or public), years of operation, location and site
of sampling were recorded. From the 540 samples col-
lected during spring and summer, 93 cases (17.22%) were
contaminated and 447 (82.78%) were negative or without
bacterial contamination. Figure 1 shows the contamina-
tion of swimming pools in different months. The positive
samples contained at least one or several types of bacteria.
The most important isolated types were E. coli, Actinobac-
teria, Pseudomonas alcaligenes, Pseudomonas aeruginosa
and Klebsiella pneumonia (93 samples).

The positive samples were mainly from the changing cu-
bicles, the edges of swimming pools and jacuzzis, diving
platforms, cold and warm water tabs and slippers. The
most contaminated samples were taken from 2 public
and one private pool. Tables 1 and 2 show the frequency
and type of bacterial contamination, according to type of
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Figure 1. The distribution of bacterial contamination of the
swimming pool surface by sampling month.
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Table 1. The distribution of bacteria isolated from private and public (governmental) swimming pools

Bacteria
Swimming pools E. coli Proteus Pseudomonas Actinobacteria Klebsiella Total
No. % No. % No. % No. % No. % No. %
Private pools 24 25.8 1 1.07 5 5.38 0 0 3 3.23 33 35.48
Governmental pools 35 37.63 2 2.15 13 13.98 5 5.38 5 5.38 60 64.52
Table 2. The distribution of bacteria isolated from different parts of the swimming pools under study
Bacteria
Sampling site E. coli Proteus Pseudomonas Acinetobacter Klebsiella Total
No. % No. % No. % No. % No. % No. %
Changing rooms 5 5.38 0 0 0 0 0 0 0 0 5 5.38
Changing cubicles 5 5.38 0 0 2 2.15 0 0 1 1.07 8 8.6
Shower 13 13.98 0 0 4 4.3 1 1.07 2 2.15 20 21.5
Slippers 11 11.83 1 1.07 4 4.3 1 1.07 3 3.23 20 215
Platforms 1 1.07 1 1.07 1 1.07 0 0 1 1.07 4 4.3
Pool edges 8 8.6 0 0 1 1.07 0 0 0 0 9 9.68
Jacuzzi edges 6 6.45 1 1.07 2 2.15 2 2.15 1 1.07 12 12.9
Diving platforms 3 3.23 0 0 4 4.3 1 1.07 0 0 8 8.6
Sauna 3 3.23 0 0 0 0 0 0 0 0 3 3.23
Slide 1 1.07 0 0 0 0 0 0 0 0 1 1.07
Pool ladder 3 3.23 0 0 0 0 0 0 0 0 3 3.23
Total 59 63.44 3 3.23 18 19.35 5 5.38 8 8.6 93 100
401 rate of bacterial contamination and the sampling months
35 32.50 (P=0.067).
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Figure 2. The distribution of bacterial contamination of the
swimming pool surfaces by operating years.

pool and site of sampling. Also, in this study the rate of
contamination was determined according to the oper-
ating years of the pool (Figure 2). The result of statisti-
cal analysis showed that there was a significant associa-
tion between bacterial contamination and type of pool
(P<0.01), operating years of pool (P<0.01) and site of
sampling (P<0.01). But there was no relation between the

highlighted by different studies performed in Iran (21-26)
and other areas of the world (10,12,27,28) about bacterial
contamination of pools. In the current study, 17.22% of
the samples were positive for bacteria, and different types
of bacteria including E. coli, Proteus, Acinetobacter, P. al-
caligenes, P. aeruginosa and K. pneumonia were isolated.

Garrido Mata et al (29) in 2013 in Portugal, sampled dif-
ferent areas (such as surfaces, showers, etc.) as well as the
pool and Jacuzzi water of a hotel, and observed Coliform
bacteria such as E. coli, Pseudomonas and Staphylococcus
in their samples. In Hutcheson et al (30) study, in Atlanta,
42% of the samples contained E. coli and Pseudomonas.
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In another study in Greece, 32.9% of the samples were
contaminated and resistant bacteria such as P. alcaligenes,
Staphylococcus aureus, P. aeruginosa and K. pneumonia
were isolated (7). Also, in a study conducted by Man-
soorian et al (31) about health indices of water in Kerman
swimming pools, showed that the total coliform, hetero-
trophic plate count (HPC), and Pseudomonas aeruginosa
in 100%, 14.6% and 31.4% of the samples were more than
standard, respectively. The results of this study are in line
with the results of other studies; however, contamination
of S. aureus was not observed in our study and the per-
centage of bacterial contamination (17.22%) was less than
other studies. This result indicates better hygiene control
in the swimming pools of Yazd.

Based on the results, the highest contamination was seen
in April and it decreased in the other months. Generally,
bacterial contamination in spring (24.9%) was more than
summer (15.76%). This increase maybe due to increase
in the number of people visiting swimming pools after
February (the winter season) and the unpreparedness of
swimming pools to accept this extra load of visitors. As
the weather gets warmer, the number of hygiene inspec-
tors performing surveillance on swimming pools increas-
es, resulting in a decrease in contamination. In Sohrabi et
al (32) study in Zahedan, the highest bacterial contamina-
tion was seen in summer and was 26.5%, which is differ-
ent from what was recorded in this study. This difference
maybe because of the increase in the number of visitors in
summer in comparison to spring, in Sohrabi et al study.
Also, in this study, the relation between bacterial con-
tamination with pool type (private or public) and opera-
tion years of the pool was evaluated. The results showed
that bacterial contamination was higher in public pools
(64.52%) than private pools (35.48%), this is in line with
the studies of Papadopoulou et al (7) and Tesauro et al
(33). The reason might be that nowadays, the cost of run-
ning swimming pools has increased due to increase in the
cost of detergents and disinfectants, cost of water, electric-
ity, gas etc. This leads to increases in customer fees and
decrease in service quality. The low level of environmental
hygiene, detergents, disinfectants, lighting etc are due to
financial problems and is seen more obviously in public
pools.

The results of this study show that the percent of bacterial
contamination in pools up to 12 years old, decreased with
increase in operating years. The reason for the decrease in
pool contamination may be due to increased management
experience. But increase after 12 years is probably due to
aging of the building and facilities of the pools. The results
showed the most bacterial contamination in the changing
cubicles, edges of jacuzzis, showers and slippers. This can
cause disease in vulnerable people or those with immuno-
deficiency. It is necessary to observe hygienic regulations
and inform people about the consequences of not obeying
hygienic regulations, by hanging posters at the entrance

of swimming pools and changing rooms. This will make
swimmers more responsible and prevent the transmission
of diseases by showering before swimming.

Conclusion

The aim of this study was to determine the amount of bac-
terial contamination in indoor pools of Yazd, in 2013. The
results show that from the 540 samples collected during
spring and summer, 93 cases (17.22 %) were contaminat-
ed and 447 (82.78%) were negative or without bacterial
contamination. The most important isolated types were
E. coli, Actinobacteria, P. alcaligenes, P. aeruginosa and K.
pneumonia (93 samples). Based on the result of this study,
contamination is higher in old swimming pools and is re-
lated to the weariness of the building and facilities. There-
fore it is necessary to do critical repairs in these swimming
pools and replace old and worn out equipment with new
and appropriate ones. Also, the walls and surface should
be covered with tiles for better cleaning. Also, it is rec-
ommended that the swimming pool directors should ob-
serve hygienic regulations completely and in addition to
disinfecting pool water, pay more attention to the cleanli-
ness and disinfection of pool surfaces, showers, changing
rooms etc, to prevent the spread of infections.
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