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Abstract: The study focused on the physicochemical and bacteriological quality of public swimming
pools in the Tamale Metropolis. Physicochemical properties such as pH, temperature, and conductivity,
and bacteria counts—including total coliform, faecal coliform, Escherichia coli (E. coli), Staphylococcus
aureus, and total heterotrophic bacteria—were analyzed for their conformity with required health
standards. The results obtained were analyzed using Student ¢ test and compared with World Health
Organization (WHO) and Environmental Protection Agency (EPA) standards for safe recreational
and drinking water. The highest and the lowest temperatures were recorded in April (32.53 °C)
and February (28.16 °C), respectively. The lowest and the highest mean pH values were 4.04 and
6.13, which were below acceptable standards. The conductivity level varied from 469.1563 uS cm™!
to 928.1563 uS cm~!. While the pH did not conform to acceptable standards, temperature and
conductivity were within the EPA and/or the WHO acceptable limits. The total coliform (TC)
expressed in colony-forming units per 100 mL ranged from 0 to 397 (cfu/100 mL), faecal coliform
(FC) 0 t0196 cfu/100 mL, E. coli 0 to 52 c¢fu/100 mL, Staphylococcus aureus (S. aureus) 8 to 27 cfu/100 mL,
and Total Heterotrophic Bacteria (THB) 44 to 197 (cfu/mL). TC, FC, E. coli, S. aureus, and THB counts
in most of the samples complied with the bacteriological standards. However, the bacterial loads
increased and exceeded the WHO and/or EPA standards as the number of bathers increased. Besides,
there were positive correlations between physicochemical parameters such as temperature, pH, and
bacterial loads. Most parameters studied met the acceptable standards of recreational water stipulated
by the WHO and EPA. However, the presence of pathogenic organisms in the recreational waters at
any point in time should be treated as a public health concern, and hence a call for routine monitoring
and inspection of public swimming pools in the Tamale Metropolis.
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1. Introduction

Water is one of the essential needs of man, both for food and recreation. Life originated in
water, making it a basic necessity to life. No other substance serves man in so many ways as less
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crucial for society as a whole than for the well-being of each individual [1-3]. Swimming is an
important recreational activity. Learning to swim prevents drowning, promotes good physical, mental,
cardiovascular health, and derives pleasure [4]. Most swimmers have reasons for swimming, including;
sports, rehabilitative treatment, and recreational purposes. Therefore, swimming pools must be
controlled and be free from any disease-causing organism such as bacteria and other pathogenic
microorganisms. Swimming pool water should meet potable water standards by being transparent,
odorless, tasteless, and having a freezing point of 0 °C and boiling point of 100 °C [5].

The physicochemical properties of water such as pH, salinity, temperature, dissolved oxygen,
conductivity, and alkalinity provide useful information on water quality or the potential of water to
support bacteria growth [6]. The findings of Masoud et al. [7] indicated that most swimming pools in
Alexandria recorded a pH level of <7.2 or >7.8, with few being within 7.2-7.8. If pH is above 7.6, there
is the possibility of reduction of chlorine disinfection efficiency, increased chlorine requirement, eye
discomfort, drying of the skin, cloudy water, and scale formation [8]. Levels of pH in pools should be
maintained between 7.2 and 7.8 for chlorine disinfectants and between 7.2 and 8.0 for bromine-based
and other nonchlorine processes. It was suggested that, for public pools, the pH value should be
measured continuously and adjusted. For other semipublic pools and public and semipublic hot tubs,
it is suggested that monitoring be conducted several times a day, during operating hours; for domestic
pools, it is advisable to measure before pool use [4]. Temperature also affects water balance, mainly
because calcium salts become less soluble at higher temperatures. Hence high-temperature pools are
often subject to scaling as the calcium salts deposit on equipment and pipes. Where spa pools are
heated, the temperature should not exceed 38 °C. On entering a heated pool, the skin blood vessels
dilate to help lose heat and keep the body cool, causing the heart to pump faster and increasing the
heart rate. If there is insufficient blood in the brain, there is a lack of oxygen and dizziness and fainting
may result. Deaths have resulted when alcohol has been consumed and the body was subjected to heat
stress [9].

Microorganisms come in many forms and are sourced from land, humans, and water bodies.
Humans are the only recognized reservoir of Staphylococcal aureus, and it is found on the anterior nasal
mucosa and skin as well as in the faeces of a substantial portion of healthy individuals. A variety
of microorganisms can be found in swimming pools and similar recreational waters. The risk of
infection has, in many cases, been linked to faecal and non faecal contamination. Faecally derived
contamination may come from swimmers, contaminated water sources or, in outdoor pools, may be
the result of direct animal contamination (e.g., from birds and rodents) [4,10,11]. Non faecally derived
contamination such as human shedding (e.g., from vomit, mucus, saliva, or skin) in the swimming
pool is a potential source of pathogenic organisms. Infected users can directly contaminate pool water
and the surfaces of objects or materials at a facility with pathogens (notably viruses or fungi), which
may lead to skin infections in other patrons who come in contact with the contaminated water or
surfaces. Opportunistic pathogens (notably bacteria) can also be shed from users and transmitted via
surfaces and contaminated water [2,5,12-14].

Bacteria can cause skin rashes, irritation of the body, eye problems, and diseases such as cholera,
diarrhoea, Vibro illness, Typhoid fever, Salmonellosis, Ottis Externa (associated with swimmer’s ear),
Leptospiriosis, Legionellosis, Dysentery, Mycobacterium marinum infection, Escherichia coli infection,
Campylobacteriosis, Botulism, and a whole lot more. E. coli is an indicator of faecal contamination
and should be measured in all public and semipublic pools, hot tubs, and natural spas. Operational
levels should be less than 1/100 mL [4]. An outbreak of E. coli infections was epidemiologically and
clinically linked to swimming pools [15-17]. Another important water quality indicator is the presence
of coliform bacteria. Even rainwater samples did not comply with the requirements for drinking
water [18]. However, Itah et al. [5] noted that no water sample from a pool should contain any coliform
organism in 100 mL of water, and in 75% of samples, the viable plate count at 37 °C should not exceed
100 orgs/mL. S. aureus has been attributed to be one of the major bacteria contaminants in swimming
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pools and other recreational waters. S. aureus in swimming pools increases with an increasing number
of swimmers and could also be found on surface films [10,19].

The Tamale Metropolis is expanding, with more investors and tourists coming into the city,
causing leisure and sporting activities to increase. Swimming in public pools has become common
among children and adults in the metropolis. However, waterborne disease outbreaks associated with
swimming pools are a significant problem worldwide. Some national assessments showed that, in
many countries, a relatively small proportion of pool facilities meet national regulations for water
microbiological quality [7,20]. As people leave the comfort of their homes, intending to go swimming
to have fun with little or no idea of the quality of water they swim in, the probability of ingesting an
infective dose of a disease-causing microorganism is very high [21].

2. Materials and Methods

2.1. Study Area

The study was conducted on two active swimming pools from the Tamale Metropolis at the time
of the study. Tamale is the capital city of the northern region of Ghana, with geographical coordinates of
9°24/27" North, 0°51’12” West, covering an area of 750 km? inhabiting about 537,986 people. The mean
annual rainfall is 1100 mm within 95 days of rainfall. Most rainfall (rainy season) is seen in May, July,
August, and September. The mean annual temperature of Tamale is 27.9 degrees Celsius (82.3 degrees
Fahrenheit), but on average, the temperatures are always high, and total annual precipitation averages
1090 mm (42.9 in), and annual sunshine averages 2723 h. Tamale has dry periods in January, February,
November, and December, but January is the driest month. On average, the warmest, coolest, and the
wettest months are, respectively, February, August, and September.

The inhabitants of the Tamale Metropolis are mostly the Mole-Dagomba linguistic group. It is
a nodal city that serves as a convergence zone as well as the commercial capital of the six northern
regions (Upper East, Upper West, North East, Savannah, Oti, and Northern regions). The study area is
shown in Figure 1.

2.2. Sampling

Purposive sampling targeting swimming pools in the Tamale Metropolis was carried out. Two out
of eight (8) commercial swimming pools were being used at the time of the study. The two rectangular
concrete outdoor swimming pools (swimming pools A and B) were located in hotel premises.

Water samples were collected at the time of swimming directly in pre-sterilized 750 mL bottles in
duplicate each month at a selected sampling point for three consecutive months, and one (1) sample
was taken just after the water was treated for swimming in the fourth month. Sampling was done
at the first and the last week of February till May 2014. At the pools, bottles were opened and held
at their bases and submerged to a depth of about 20 cm with the mouth facing upwards, and water
samples were taken by filling the bottles from the top to exclude air. The samples were taken to the
laboratory in an ice chest/icebox containing ice cubes not more than three (3) hours after collection.
The experiment was done with permission from the management of the hotels.

2.3. In Situ Measurement

In situ measurement of physicochemical properties was carried out. Water temperature, pH, and
conductivity were measured in situ using a portable probe. At the sampling point, the measuring
probes were lowered into the water and allowed to settle for 1-2 min before the readings were taken.
Electrical conductivity was measured using a conductivity probe and expressed in micro Siemens per
centimeter (1S cm™1), and temperature in degrees Celsius (°C). The photograph below shows how in
situ measurements were taken.
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2.4. Laboratory Test (Membrane Filtration Technique)

A standard method (APHA) was used in the laboratory for the enumeration of indicator
organisms—total coliform (APHA 9222A), faecal coliform (APHA 9222D), S. aureus (APHA 9221B),
and E. coli (APHA 9222D) from swimming pool water samples. Sterilized distilled water (SDW),
0.45 micrometer cellulose membrane filters, pour plate of media: Hicrome, mFC, and Mannitol Salt agar,
forceps, and microbiological funnels were used. Before filtration, samples were agitated and 100 mL
were filtered through a 0.45 micrometer membrane filter with the aid of a manifold. The membrane
filter was placed on selected media (plate) for the enumeration of target pathogenic bacteria using the
forceps. The procedure was carried out in a safety cabinet/inoculation chamber.
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Figure 1. Map of Ghana showing the study area, Tamale Metropolis. (Adapted and modified from
https://commons.wikimedia.org/w/index.php?curid=75391034).
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Plates for the determination of pathogenic organisms other than faecal coliform were transferred
into a 37 °C incubator, and that of faecal coliform transferred into a 44 °C incubator for 18 to 22 h.
After 22 h, the developed red and blue colonies on the media indicated total coliform (TC). However,
blue colonies indicated E. coli. With faecal coliform determination, the developed blue colonies imply
faecal counts.

2.5. Laboratory Test (Pour Plate Technique)

A standard method of pour plate technique (APHA 9215B) was applied in the determination of
total heterotrophic bacteria. Using a 1 mL pipette, an aliquot of 1 mL was transferred onto a petri
dish containing nutrient agar (yeast extract agar) and swirled clockwise and anticlockwise to ensure a
homogeneous mixture. The petri dish was then transferred inverted into a 37 °C incubator for 48 h.
A colony counter and a magnifying lens were used to count the colony-forming unit (CFU) via grid
boxes on the colony counter.

2.6. Data Analysis

The Student ¢ test of Statistica 8.1 for two independent samples was used to assess whether there
were differences in the magnitude of physicochemical and bacteria counts in the samples. Data on
the various physicochemical and bacteria counts were summarized in tables and charts. Descriptive
statistics, comprising of average, range, mean, and standard deviation, were used to measure variations
in the parameters.

3. Results

3.1. Physicochemical Parameters

The temperature of the swimming pool waters ranged from 26.5 °C to 32.7 °C, with the highest
and the lowest mean values observed in April and February, respectively. The average physicochemical
parameters are summarized in Tables S1 and S2. There was no significant difference (p = 0.8888) in
temperature between the two swimming pools (Table 1).

Table 1. Mean and p-values of swimming pool water temperatures in the Tamale Metropolis.

Month Swimming Pool ‘A’ Swimming Pool ‘B’
Feb. - 14 294+24 282+ 1.7
Mar. - 14 31.3+14 30.6 + 1.0
Apr. - 14 325+0.0 323+02
May (Control) — 14 30.3+1.0 31.7+0.5
Mean 30.8+0.9 30.7 £0.8
p-value (t-test) 0.8889

The measure of acidity or alkalinity (pH) of the swimming pool water samples ranged from
3.86 + 0.52 to 7.20 + 0.62. There was a significant difference (p = 0.0019) in pH between the sample
sites (Table 2). While pool ‘B’ shows much higher monthly pH readings, pool ‘A’ showed relatively
lower readings (Table 2).
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Table 2. Mean and p-values of pH of swimming pool waters in the Tamale Metropolis.

Month Swimming Pool ‘A’ Swimming Pool ‘B’
Feb. 3.98 £ 0.51 6.21 + 0.36
Mar. 3.86 + 0.52 5.60 +1.28
Apr. 413 +0.02 7.20 £+ 0.62
May (Control) 419+0.28 5.49 +0.01
Mean 4.04+0.26 6.13 £ 0.57
p-value (t-test) 0.0019

Conductivity ranged from 209 + 20 to 1044 + 97 uS cm~!. The minimum mean conductivity level
of 469 + 41 uS cm™! was observed in pool ‘B.” Pool ‘A’ had the highest mean level of 928 + 86 pS cm™!.
The difference in conductivity levels in the swimming pools was statistically significant (p = 0.0083)
(Table 3).

Table 3. Mean and p-values of conductivity levels in the swimming pools in the Tamale Metropolis.

Month Swimming Pool ‘A’ Swimming Pool ‘B’
Feb. - 14 803 + 151 403 + 32
Mar. - 14 897 + 38 555+ 71
Apr. - 14 1044 £ 97 710 £ 61
May (Control) — 14 968 + 57 209 + 20
Mean 928 + 86 469 + 41
p-value (t-test) 0.0083

3.2. Relationship between Temperature (°C), pH, and Conductivity (uS cm™")

The swimming pool temperatures increased gradually from February and peaked in April, with a
decline in May. A similar trend was observed for pH and conductivity throughout the study period.
The results show a positive correlation between temperature, pH, and conductivity (Figure 2).
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Figure 2. Relationship between temperature, pH and conductivity observed in two swimming pools
(‘A” and ‘B’) in the Tamale Metropolis. The broken y-axes indicate pH, while the continuous line
indicates temperature.
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3.3. Isolated Indicator of Microorganism in the Swimming Pool Waters

In swimming pool ‘A,” water samples taken in April recorded the highest growth in c¢fu/100 mL of
TC (776 cfu/100 mL), FC (388 cfu/100 mL), E. coli (104 cfu/100 mL), S. aureus (17 cfu/100 mL) and THB
(330 cfu/mL). The highest level of these bacteria in April was probably due to the highest number of
swimmers at a time (>40 people). There was a higher growth of TC, FC, E. coli, and S. aureus at the
levels of 18, 8, 3, 7 (cfu/100 mL), respectively, and THB of 63 cfu/mL), respectively in the samples taken
when bathers were more than 30 in a pool. Samples taken when swimmers were less than fifteen (15)
revealed no growth of TC, FC, or E. coli. All the samples showed the growth of THB, and the growth of
S. aureus was observed in most of the samples (Tables S3 and S4). The results revealed the following
percentage frequencies for the microorganisms: TC (42.86%), FC (42.86%), E. coli (42.86%), S. aureus
(57.14%), and THB (100%).

In swimming pool ‘B,” the highest TC, FC, and E.coli growth were observed in April (where about
45+ adults and children were in the pool) with respective growth of 485, 291, and 97 (cfu/100 mL).
There was no growth of TC, FC, or E. coli in all samples where children were not in the pool and there
were a few swimmers (<30 adults). All samples taken when children were in the pool revealed growth
of TC, FC, E. coli, and S. aureus in (cfu/100 mL) and THB in (cfu/mL) (Table S4). The results revealed the
following percentage frequencies for the microorganisms: TC (28.57%), FC (28.57%), E. coli (28.57%),
S. aureus (42.86%), and THB (100%).

3.4. Levels of Indicator Microorganism in the Swimming Pool Waters

Total coliform expressed in colony-forming units per 100 mL of swimming pool water ranged
averagely from 0 to 397 (cfu/100 mL). Maximum mean TC (99 + 199) was observed in swimming pool
‘A’ and the minimum (71 + 126) observed in pool ‘B’ with no significant difference between them
(p = 0.8179). The minimum of 71 + 126 and maximum of 99 + 199 mean TC growth were enumerated
in pools ‘B” and ‘A, respectively (Table 4).

Table 4. Mean counts of bacteria observed in swimming pools ‘A’ and ‘B’ in the Tamale Metropolis
from February 2014 to May 2014.

Source Total Coliform Faecal Escherichia Staphylococcus Total Heterotrophic
(TC) Coliform (FC) coli aureus Bacteria (THB) (cfu/mL)

Pool ‘A’ 99 + 199 50 + 99 14 +27 8+6 99 + 68

Pool ‘B’ 71 +126 7+12 13 £ 26 27 +27 163 + 112

All values are in cfu/100 mL unless specified.

Faecal coliform (FC) in the swimming pool waters sampled ranged from zero (0) to 196 c¢fu/100 mL
in pool ‘A’ and zero (0) to 26 in pool ‘B’ (Table 5). There was no significant difference of FC in both
swimming pool waters as revealed by simple Student ¢ test. The mean FC levels were 50 + 99 in pool
‘A’ and 7 + 12 in pool ‘B’ (Table 4).
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Table 5. Bacteria counts isolated from the two studied swimming pools with their significant values
(p-values). “A” and ‘B’ represent the two different swimming pools.

TC FC E. coli S. aureus THB (cfu/mL)
Month No. of Samples ‘A ‘B’ ‘A ‘B’ ‘A ‘B’ ‘A ‘B’ ‘A ‘B’
Feb. 2 0 0 0 0 0 0 13 24 44 92
Mar. 2 0 26 0 3 0 2 6 65 90 105
Apr. 2 397 259 198 26 54 52 12 21 197 330
May
(Control) 1 0 0 0 0 0 0 0 0 65 126
p-Value 0.8179 0.4282 1.0000 0.2051 0.3645

All values are in cfu/100 mL unless specified.

E. coli count observed in the swimming pool water sources ranged from zero (0) to 54 in pool ‘A’
and from zero (0) to 52 in pool 'B.” The maximum mean counts observed in ‘A’ and ‘B” were 14 + 27 and
13 + 26, respectively. Water samples from the two swimming pools showed no significant difference in
E. coli count in c¢fu/100 mL (p = 1.00000) (Table 5).

The count in (cfu/100 mL) of S. aureus observed in the swimming pool water sources ranged from
zero (0) to 13 (cfu/100 mL) and from zero (0) to 65 in pool "A” and ‘B, respectively. The minimum
(8 £ 6) for mean count of S. aureus was observed in pool ‘A,” and the maximum (27 + 27) was observed
in pool ‘B.” Based on Student ¢ test, the difference in S. aureus counts in both swimming pool waters
was insignificant (p = 0.2051) (Table 5).

Total Heterotrophic Bacteria (THB) expressed in cfu/mL enumerated from the two swimming
pool water sources ranged from 44 to 197 (cfu/100 mL) in pool ‘A’ and 92 to 330 in pool ‘B.” The highest
mean THB level was recorded in pool ‘B” (163 + 112), while the lowest (163 + 112) was recorded in
pool “‘A.” A simple Student ¢ test revealed no statistical difference in THB between the two swimming
pool water sources (p = 0.3645).

Samples taken as control (after treatment) observed zero (0) growth of all microorganisms except
THB, which was 65 and 126 (cfu/mL) in pool “A” and pool ‘B,” respectively. The highest growth of
bacteria was observed in April, except for S. aureus (Table 5). The percentage frequencies for bacteria
calculated in both swimming pool water sources were TC (35.71%), FC (35.71%), E. coli (35.71%),
S. aureus (64.29%), and THB (100%). In pool ‘B,” TC, EC, E. coli, S. aureus, and THB were in the range of
(0-397), (0-198), (0-53.5), (0-12), and (44-197), respectively. TC, FC, E. coli, S. aureus, and THB ranged,
respectively, at levels of (0-259), (0-150), (0-52), (0-65), and (92-330). Generally, the total bacteria
counts in the swimming pools increased with an increasing number of swimmers, especially children
(Tables S3 and S4).

3.5. Relationship between Physicochemical Parameters and Bacteria Counts

The results show a relationship between temperature and TC, FC, E. coli, and THB in the swimming
pools. However, S. aureus had a different trend regardless of the changes in temperature. In April, when
the temperature was at its peak, the growth of the types of bacteria enumerated except S. aureus were
high (Figure 3A,B). The pH fluctuated with increased and decreased levels of all bacteria enumerated,
revealing no steady trend (Figure 3C,D). Conductivity, on the other hand, showed a positive correlation
with TC, FC, E. coli, and THB (Figure 3E,F).
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Figure 3. A graph of bacteria counts against temperature (A,B), pH (C,D), and conductivity
(EF) observed in the swimming pools. It should be noted that THB was measured in cfu/mL.

4. Discussion

The designing and operation of swimming pools must take into account preventive measures to
avoid the spread of disease and to ensure user comfort. During swimming pool operation, disinfection
and filtration of the pool water are necessary to destroy microorganisms and to remove pollutants,
respectively. Many swimming pools apply chlorine or bromine-based disinfectants to prevent microbial
growth. However, chlorination is widely used [22]. Chlorination is, therefore, important in ensuring
that our swimming pools are free from microorganisms and safe for swimmers. Therefore, testing for
free chlorine and maintaining the proper chlorine levels in swimming pools are important. In this
study, chlorine disinfectant was used by the swimming pool operators. Even though we were not able
to test for free chlorine during the study due to difficulties in obtaining test kits, studies indicate that
water samples with noncomplying free chlorine levels and pH of more than 7.8 were bacteriologically
unacceptable [7].
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4.1. Physicochemical

The pH of swimming pool water should be controlled to ensure efficient disinfection and
coagulation, to avoid damage to the pool fabric, and to ensure user comfort [23]. The pH should be
maintained between 7.2 and 7.8 for chlorine disinfectants and between 7.2 and 8.0 for bromine-based
and other nonchlorine processes [23]. Mean pH levels in all the swimming pool waters sampled did
not conform to this standard. However, 57% of the individual water samples from pool "A” were within
the acceptable range of 6.5-8.5 [4,10-12,24]. Health Protection, New South Wales Government [9], and
the Government of South Australia [8] indicated that, if pH is below 7.2, there is the possibility of eye
discomfort due to accelerated formation of chloramines, the rapid loss of chlorine, etching of exposed
cement, and corrosion of metals. If pH is above 7.6, there is the possibility of reduction of chlorine
disinfection efficiency, increased chlorine requirement, eye discomfort, drying of the skin, cloudy water,
and scale formation. However, the pH levels of all samples taken in this study were below 7.2 except
for one of the samples taken in April in pool “‘A,” which had a pH level of 7.8. Deficient pH levels or
very high values may contribute to irritation of the skin and eyes [12]. Masoud et al. [7] observed
that most swimming pools do not comply with the acceptable pH standard. In this study, higher pH
corresponded to a higher level of microorganism similar to the findings of [7].

Atalower temperature, water can absorb more calcium, which could cause etching of pool surfaces.
Where spa pools are heated, the temperature must never exceed 38 °C. Overheating of the body can
cause heat illness [9]. The mean temperature observed did not conform to the findings of [5,6], who
reported an average temperature of approximately 26.66 °C. This research showed mean temperatures
of 30.87 + 0.91 °C and 30.68 + 0.84 °C in Swimming pool ‘A’ and Swimming pool ‘B,” respectively.
The conductivity of the samples varied from 209 + 20.12 to 1044.38 + 96.99uS cm™'. Conductivity
range of 32 to 7455uS cm ™! has been reported [24]. Temperature and conductivity in this study were
observed to influence the bacteriological quality of swimming pool waters. This confirms the findings
of Jeophita [6], who stated that physicochemical properties of water such as pH, salinity, temperature,
dissolved oxygen, conductivity, and alkalinity provide useful information on water quality and/or the
potential of water to support bacteria growth. Conductivity is affected by temperature, as depicted in
this study. Ata warmer temperature, conductivity increases. This phenomenon is in line with [25],
who reported that the warmer the water, the higher the conductivity.

4.2. Microorganismsms

The primary concern for public health associated with bathing in contaminated water comes from
microorganisms that are primarily derived from faecal contaminations. Many potential microbial
hazards can be present in the environment and can reach water, whether it is fresh or seawater [26,27]
(Figure 4). A number of both pathogenic and indicator bacteria were enumerated in this study.
All samples taken as control when no human had entered the pool after treatment showed no growth of
all the organisms studied except THB. This implies that the source of THB is not mainly humans [5,25].
On the other hand, THB count is an indication of organic and dissolved salt in the water and partly
represents all bacteria naturally present in water. In this study, there was a positive relationship
between THB and ion concentration (conductivity) [21]. The THB counts of 71% of swimming pool
water sampled from pool ‘A’ and 43% from pool ‘B’ were within the limits of 1.0 X 102 cfu/mL, which
is the standard limit of heterotrophic count for drinking water [21,25]. One hundred percent of THB
enumerated from both pools were within the acceptable operational limit of 200 cfu/mL of recreational
water, while 86% of THB observed in pool ‘B” was above this limit [4,11,12]. The U.S. EPA indicated
that a lower concentration of THB in water is linked to better treatment [25].
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Figure 4. Potential microbial hazards in pools and similar environments. Modified from [4].

THB counts increased with an increasing number of bathers, although there was a count of THB
in the control when water was treated before bathing. The primary sources of these bacteria in the
water are animal and human wastes [25]. These sources of bacterial contamination include surface
runoff, pasture, and other land areas where animal wastes are deposited. Additional sources include
seepage or discharge from septic tanks, sewage treatment facilities, and natural soil/plant bacteria.
The swimming pools studied are outdoor pools, and other sources of bacteria could have come from
birds, rodents, and wind action. The THB counts recorded the highest amongst all the microorganisms
enumerated, which conforms to the findings of [21].

Total and faecal coliforms enumerated were within the acceptable limit of zero (0) per 100 mL [5,25,28]
of drinking water for all the control samples. Approximately 86% of the samples were within the
acceptable limits of 100 organisms in 100 mL for both total and faecal coliforms [10,12]. The results
indicated that, as the number of swimmers increases, the counts of TC and FC also increase.
Total coliform counts were exceedingly high when there were only children, children and adults, and
a lot of adults in the pool (17 c¢fu/100 mL). The high coliform count obtained in the samples may be
an indication that the water sources are faecally contaminated. The mucus of users and children
not cleaning their private parts well after visiting nature’s call could also be sources of pathogenic
organisms. The count of TC in all swimming pool water sources was within the acceptable limit of
500/100 mL [26,28].

E. coliis a good indicator of faecal contamination, provides conclusive evidence of recent faecal
pollution, and should not be present in drinking water [29]. The study showed that 71% and 57% of
swimming pool water samples from pool ‘A" and ‘B, respectively, were within the acceptable standard
of operational levels of less than 1 org/100 mL [12]. Also, E. coli count increases with an increasing
number of swimmers. Investigations indicated a strong association between swimming in a pool and
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infection with E. coli. This indicated that bathers contribute significantly to the number of TC, FC, and
E. coli in swimming pools [5,16,17,19].

Bathers usually contribute to S. aureus and Lactobacillus species in pools [5]. Sixty-seven percent
of the samples taken when bathing was in progress revealed the growth of S. aureus in pool “A” and
83% was recorded for pool ‘B,” which agrees with the findings of Robinton and Mood [19], which
reported that bathers shed S. aureus under all conditions of swimming. [7] suggested that recreational
waters with a high density of bathers present a risk of staphylococcal infection. In this study, samples
taken when there were higher numbers of swimmers recorded an S. aureus count of 1 cfu/100 mL,
and the highest of 128 cfu/100 mL was recorded when there were fewer swimmers. In the case of
this study, the contradiction could be related to a condition where a swimming pool with the highest
S. aureus could have actively engaged a high number of swimmers before the sampling day, leading
to the accumulation of S. aureus. In some cases, staphylococcus is used as an indicator of potable
drinking and high swimming pool water quality [30,31]. An overview of pool and spa regulations in
Mediterranean countries with a focus on the tourist industry by Mavridou et al. listed a number of key
areas needing urgent attention including, but not limited to, spa regulations, indoor air quality, staff
training, tropical diseases, occupational health, and ethical matters [32].

5. Conclusions

Temperature and conductivity showed a positive trend with the growths of TC, FC, E. coli, and
THB in all cases, while pH positively correlated with microorganisms. The pH was below the acceptable
standard for potable and recreational water set by WHO. However, all the swimming pools studied
met the WHO standard of not more than 2000 uS cm™! of conductivity. Most samples complied with
the acceptable level of THB, while TC, FC, E. coli, and S. aureus enumerated from samples taken as
control complied with WHO and EPA acceptable standards of drinking and safe recreational water.
The probability of bathers ingesting infective doses of bacteria is low, especially when children are not
in the pool or when there are fewer swimmers. The only means to practically protect the health of the
public from contaminants in swimming pools is to establish standards based on the acceptable risk of
health effects. Henceforth, EPA-Ghana, the Ghana tourist board, and Non-Governmental Organizations
(NGOs) should embark on research to establish standards for recreational water and also routinely
check compliance by swimming pool managers. It will also be prudent for swimming pool operators
to regularly check the swimming pool water quality with the support of the Water Research Institute
(WRI) of the Council for Scientific and Industrial Research (CSIR) or other recognized institutions.

Supplementary Materials: The following are available online at http://www.mdpi.com/2571-8800/3/2/18/s1,
Table S1: Average physicochemical parameters of swimming pool water and time of record in pool “A’. Table S2:
Average physicochemical parameters of swimming pool water and time of record in pool ‘B’. Table S3: Bacteria
enumerated in swimming pool “A’. Table S4: Bacteria enumerated in swimming pool ‘B’.
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