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Abstract. Microbiological and physicochemical characteristics of swimming pools in South Eastern
states of Nigeria (Akwalbom and CrossRiver) wereinvestigated. The bacterial isolatesincluded Entero-
coccus faecalis, Clostridium perfringens, Bacillus cereus and Escherichia coli. Others were Pseudomo-
nas aer uginosa, Saphylococcus aureus, Proteus vulgaris and Saphylococcus epidermidis, while fungal
isolates were Penicillium sp, Rhizopus sp, Aspergillus versicolor, Fusarium sp, Trichophyton
mentagrophytes, Mucor sp, Candida albicans, Aspergillus niger, and Absidia sp. The total viable count
of microorganims in Ibeno (B) and Uyo (E) swimming pools were 6 x 10°cfu/ml and for Calabar (H)
swimming pool, 3.3 x 107cfu/ml. The total coliform counts were 10°cfu/100 ml for Calabar (G) swim-
ming poolsand 2 x 107cfu/200 ml for Calabar (H) swimming poolswhile the fungal count ranged from
5x 10°cfu/ml to 3 x 107cfu/ml. Physical and chemical parameters known to be hazardous to heath were
alsoidentified. The presence of high levelsof coliform and fecal coliform bacteria (E. coli) revelaed that
the swimming pools have not met the World Health Organization (WHO) standard for recreational wa-

ters. The swimming pools constitute a serious public health hazard.

INTRODUCTION

Swimming pools are concrete tanks, large
artificial basins, or large paved holes containing
water for swimming. The swimming pool water
should meet potable water standard by being
transparent, odorless, and tasteless liquid having
afreezing point of 0°C and boiling point of 100°C
(Cairns and Dickson, 1973). Water is one of the
most essential needs of man, both for food and
for recreation. Natural waters are the major
sources of swimming pool water. The potability
of swimming pool water is enhanced by fre-
quently changing the water and the use of disin-
fectant, such as chlorine. The highest possible
concentration of about 1 ppm should be main-
tained because higher chlorine concentration ir-
ritates the eyes. Swimming pool operators prefer
iodineto chlorine asadisinfectant becauseitsac-
tion isless hindered by organic matter and there
isless eye and skinirritation than with chlorine,
according to Alice (1977). Bromine is aso rec-
ommended. Each bather is expected to shower
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with soap before entering the pool. People with
infections of any kind should not be allowed en-
try into the pool. Despite these operations to en-
sure potability of the water and maintenance of
good hygiene, Cruickshank et al (1975) reported
that aswimming pool may beinfected with patho-
genic microorganisms entering the pool directly
or indirectly through contaminated air, soil, dust,
rain water, sewage, human or animal excrement
and individual bathers. Unless the water is ad-
equately treated, contamination may lead to out-
breaks of diseases, such as skin ulcers, gastroen-
teritis, conjunctivitis, trachoma, ear infection such
as otitis media, cholera, dysentery, eczema and
skinrashes (Cairncrosset al, 1980; UNDP, 1989).
These views have been shared by other workers
(Borchardt and Walton, 1971; Turk et al, 1978;
Fair et al, 1981; Pelczar et al, 2000). Microbio-
logical evaluation has, for many years, been the
most significant method for sanitary and quality
control of swimming pools. For effective quality
control, atest for indicator bacteriais usually of
primary importance.

As indicators of fecal pollution, their pre-
senceisastrong indication of the presence of en-
teric pathogenic bacteria, such as Salmonella
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typhi, Salmonella paratyphi, Shigella dysenteriae,
Vibrio cholerae and parasites in the pool. Skin
tuberculosis caused by Mycobacterium baliteri
has been reported after swimmers had bathed in
waters from which a large amount of microor-
ganisms were found. Alice (1977) in her investi-
gation of an outbreak of conjunctivitisin USA dur-
ing summer camping reported that theincidence of
contracting the illness increased by 50% amongst
users at the camp swimming pool over non-users
(Crone and Tee, 1974). Alcock (1977) highlighted
the potential health hazards of Pseudomonas
aeruginosa in swimming pool waters, adding that
this organism isfrequently being isolated from the
ears of swimmers with otitis media. The principal
indicator bacteriaarefeca coliform (E. coli), total
coliform, Enterococcus faecalis and Clostridium
perfringens. Okafor (1985) reported that although
bathing places are traditionally examined by total
plate count and acoliform test, they do not provide
specific information regarding Staphylococcus
aureus and Pseudomonas aeruginosa, both of
which are more resistant to disinfection.
Dissinfection by halogen is recommended.

The main objective of thiswork isto deter-
mine through cultural techniques whether swim-
ming pools in South-South Zone of South East-
ern Nigeria meet the WHO (1971) standard for
recreational waters using microbiological and
physicochemical indices.

MATERIALSAND METHODS

Sources and collection of samples

Water samples were collected aseptically
from 10 different swimming poolsin Akwalbom
and Cross River States of Nigeria using the tech-
niques earlier described (Cruickshank et al, 1975;
Okafor, 1985). Samples were labelled A-J based
on their collection sites.

Sample A Mobil Guest House, Eket, flow
through pool 2.85 m deep; Sample B 1beno, flow
through pool 2.85 m deep; Sample C ALSCON
Camp, Ikot Abasi, fill and draw pool 2.2 m deep;
Sample D FERROSTAL Camp, Ikot Abasi, flow
through pool 2.5 m deep; Sample E WINMOS
House, flow through pool 2.22 m; Sample FAkwa
Ibom State Government Housg, fill and draw pool
2.85 m deep; Sample G Calabar sports Stadium,
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Calabar, Cross River State, fill and draw pool 50
m at its deepest point; Sample H Metropolitan
Hotel in Calabar, CrossRiver State, flow through
pool 2.3 m deep; Sample | Pyramid Hotel, Cala
bar, fill and draw pool 2.2 m deep; Sample J
Marian Road, fill and draw porl 2.2 m deep.

The sampling periods were mostly in the
morning before bath, afternoon and evening after
bath.

Processing of samples

The pour plate technique of Harrigan and
McCane (1976) and Collinsand Lyne (1976) was
adopted using standard plate count agar (Oxoid,
England). This method was used for the determi-
nation of thetotal heterotrophic bacterial and fun-
ga counts. The total coliform and Escherichia
coli (fecal coliform) counts were enumerated on
membrane lauryl sulphate broth (Oxoid, En-
gland), using 0.45 um pore-size millipore filters
as described by Oxoid (1985) and Itah et al
(1996). The feca coliforms (E. coli) were enu-
merated at 44 + 0.5°C for 24-48 hours in a ther-
mostatically controlled water bath (Gallenkamp,
England) whilethetotal coliform bacterial counts
were enumerated on membrane lauryl sulphate
broth at 37°C for 24-48 hours using a 100 ml-
water sample. Cetrimide agar (Oxoid, England)
was used for the isolation of Pseudomonas
aeruginosa while 10% lactic acid malt extract
agar (Oxoid, Engand) was used for the isolation
of fungi. Anaerobic Clostridium species and En-
terococcus faecalis were enumerated on 1% (w/
v) cysteine HCI blood agar using a Baird and
Tatlock anaerobic jar while E. faecalis was enu-
merated on Slanetz and Bartley’s medium (Oxoid,
England). After primary isolation, pure cultures
were obtained by repeated subculture on fresh
media using the streak plating technique.

Identification of isolates

All isolateswereidentified using theidenti-
fication schemes of Beneke and Rogers (1970)
for fungi and Cowan (1985) and Holt et al (1994)
for bacteria.

RESULTS

Viable plate count determinaiton

The viable count of bacteria and fungi from
thevarious swimming poolsare presented in Table
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1. The mean heterotrophic bacterial count ranged 12 e e ogeree )
from 3.3x10°fu/ml to 6.4x10"cfu/ml for the Cala Bacillus cereus (Bc)
bar swimming poolsJand G respectively whilethe o Pocudomonas seruginoss (75
mean coliform count ranged from a nil count/100 & 80 B aphyioconcus aureus (52
ml to 2.5x10°cfw/100 ml and 2.6x10°cfw/100ml for ~ § 60 5 e e 9
Cdlabar pools G and H respectively. Fungal counts
ranged from anil count/ml to 1.9x10°cfw/100mlin g *°
Calabar swimming pool H. € 2
Percentage occurrence of isolates from all 0 -
B . Ea Cp Bc Ec Pa Sa Pv Se Ef
the swimming pools Organisms
The results revealed the following percent- Fig 1-Percentage occurrence of bacterial isolatesfrom
age frequencies: Enterobacter aerogenes (50%), all the swimming pools.
Clostridium perfringens (30%), Bacillus cereus 4,
(80%), Escherichia coli (20%), Pseudomonas -, - T e o )
aeruginosa (70%), Staphylococcus aureus 4 g;;;gg’gb';faigfg;)
(100%), Saphylococcus epidermidis (50%) and ¢ Fqs;rfu;nsp e
Enterococcusfaecalis (30%) (Fig 1). Thepercent- 5 D oy ey
age distribution of fungal isolates were Penicil- & ) el veseolor ()
liumsp (40%), Rhizopus (20%), Aspergillusniger g
(50%), Candida albicans (40%), Fusariumsp &€ *°
(70%), Trichophyton mentagrophytes (20%), 10 i I
Mucor sp (70%), Aspergillus versicolor (30%) O P T Rp AN Ca  Fs  Tm M Av
and Absidia sp (20%) (Fig 2). Eight pools (A, B, oraanisms
C, D, E, F, I and J) out of the 10 swimming pools, Fig 2—Percentage occurrence of fungal isolatesfromall
yielded no growth of coliform bacteria. Fungi the swimming pools.
Tablel
Bacterial count of organismsisolated from the ten swimming pools studied.
LGA No. of samples Mean heterotrophic Mean coliform Mean fungal
bacterial count (cfu/ml)  count (cfu/ml) count(cfu/ml)
Eket
A 3 1.8x107 0 0
Ibeno
B 3 3.3x10¢ 0 0
Ikot Abasi
C 3 3.9x10¢ 0 0
Ikot Abasi
D 3 3.6x10° 0 0
Uyo
E 3 4.7x10° 0 0
Uyo
F 3 1.5x107 0 7.3x10°
Calabar
G 3 6.4x107 2.5x10° 3.5x10¢
Calabar
H 3 2.5x107 2.6x10° 1.9x107
Calabar
| 3 1.9x107 0 2.0x10*
Calabar
J 3 3.3x10¢ 0 3.3x10*
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were not encountered in three of the pools (A, C
and D) while two (A and C) of the poolsyielded
growth of two bacterial colonies each.

Physicochemical analysis

The results of physicochemical analysisre-
ved ed that all the parameterswerewithin therec-
ommended standard for potable water except dis-
solved oxygen (DO) that ranged from 6.2 mg/l in
some poolsto 6.60 mg/l in others against the rec-
ommended standard of 6 mg/l by WHO (1971).
Zn, Cu, and Pb were below detection levels in
pools D, Fand J.

DISCUSSION

The presence of significant numbers of any
member of the coliformsin swimming pool wa-
ter indicates either deficiencies in the treatment
of the swimming pool or inadequate protection
of the source of untreated water (Borchardt and
Walton, 1971). Various species of bacteria and
fungi, most of which are known human patho-
gens, wereencountered in the various pools, prob-
ably asaresult of fecal contamination by homoio-
thermsand poikilotherms. They included Escheri-
chia coli, Klebsiella coliforms, Salmonella, En-
terococcus faecalis, Pseudomonas aeruginosa
and Clostriduim perfringens. According to
Carbell et al (1975) and Stanier etal (1987), En-
terococcusfaecalis, Enterobacter, Klebsiellaand
Pseudomonas species are associated with surface

run off water while Escherichia coli, Saphylo-
coccus aureus and Lactobacillus species are usu-
aly contributed by bathersin the pools. Similar
reportswere made by Robinton and Mood (1986)
in their quantitative and qualitative appraisal of
microbial pollution of water by swimmers. Bonde
(1985) and Itah et al (1996) reported that the pres-
ence of E. coli in water is a strong indication of
the closeness of the sampling site to the source of
pollution. E. coli is exclusively fecal in origin
(Okafor, 1985) andits presencein water isastrong
indication of recent fecal pollution because of the
extraenteral behavioral pattern of this organism
(Itah et al, 1996). The presence of Clostridium
perfringensin some of the poolsisan indication
of remote pollution (Report 71, 1969) while En-
terococcus faecalis, when found in water in the
absence of E. coli because of its extraenteral be-
havior, isimportant confirmatory evidence of fe-
cal pollution of swimming pools. The presence
of these indicator bacteria indicate the possible
presence of enteric pathogenic bacteria in the
pool. This incidence constitutes a public health
hazard because swimmers can accidently swal-
low contaminated pool water during swimming
which can result in outbreaks of diseaseslike chol-
era, shigellosis, typhoid and paratyphoid fever,
gastroenteritis and diarrhea.

Trachoma, caused by Chlamydia species, is
known to be associated with eye inflammation
and partial or complete blindness. One cannot rule

Table 2
Physicochemical analysis of the ten swimming pools studied.

Characteristics Units A B C D E F G H | J (\llvg|-7|%
1 pH 805 778 766 849 836 827 805 778 7.60 849 6592
2 Temp °C 270 270 270 269 268 270 270 270 269 268 27°C
3 BODsat20°Cmg/ll 003 003 003 003 003 003 003 003 003 003 4mgll
4 COD mg/l 1.02 0.08 0.062 0.048 0.072 0.060 1.02 0.081 0.062 0.048
5 DO mg/l 620 620 620 640 640 660 620 620 620 640 6mgll
6 Chloride mg/l 3195 24.85 31.95 266.25 244.95 536.05 31.95 24.85 31.95 266.25 600 ppm
7 Zinc mgl Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd 515mgl
8 Cu mg/l Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd 1-1.5mg/l
9 Pb mg/l Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd 01ppm
10 Fe mg/l  0.003 0.002 0.002 N.d 0.003 N.d 0003 0.002 0.002 N.d 0.3-2mgll

N.d = Not detected

Vol 35 No. 2 June 2004 491




SouTHEAST AsiaN J TrRop MEeD PusLic HEALTH

out the possibility of outbreaks of parasiticinfec-
tions such as amebiasis, giardiasis, filariasis and
scabies. The results of this work are in conso-
nancewith an earlier report by Alcock (1977) who
isolated Pseudomonas aeruginosa from swim-
ming pool waters and highlighted the potential
health hazards of thisorganism, reiterating that it
isfrequently beingisolated fromthe ears of swim-
mers with otitis media. The results differ from
the work of Alice (1977) who reported skin tu-
berculosis caused by Mycobacterium baliteri af-
ter swimmers had bathed in waters from which
large amounts of microorganisms were encoun-
tered, asin thiswork. Mycobacteriawere not en-
countered in this investigation. The results com-
pare favorably with the work of Robinton and
Mood (1986), who isolated Staphylococcus spe-
cies from swimming pools with low chlorine re-
siduals. Bacillus cereus (Itah and Opara, 1994),
Escherichia coli (Anozie and Antai, 1987; Itah,
1999) and Staphylococcus aureus (Snydman,
1989; Itah and Opara, 1997; Prescott et al, 2002)
are known enterotoxin producers when ingested
into the body, therefore their presence in poolsis
athreat to public health because they can be in-
gested with water by active swimmers.

It is important to note that drinking water
standards differ from one country to another due
to geographical locations and climate. Similarly,
there are many swimming pool water standards
based on physical, chemical and microbiological
parameters, but the universally accepted standard
isthat of the WHO (1971). Nigeriahasno swim-
ming pool water standard but has adopted that of
theWHO (1971). The high viable bacterial count
up to 10°cfu/ml at 37°C and high incidence of
coliforms and Escherichia coli obtained from
some pools in this investigation do not meet the
recommended criteriafor swimming pool safety.
This is because, according to Gray (1969), no
sample from a pool should contain any coliform
organism in 100 ml of water, and in 75% of
samplesthe viable plate count at 37°C should not
exceed 100 orgs/ml. Theremaining 25% must not
contain morethan 100 colonies of bacteria. A stan-
dard of fewer than 100 Staphyl ococcus aureus per
100ml of water has been proposed by Mackereth
et al (1989) and a free chlorine residual of 0.2-
0.5 mg/l.
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Somefungal pathogens of man were encoun-
tered in this work, namely: Candida albicans,
Penicillium, Aspergillus speciesand the dermato-
phyte, Trichophyton mentagrophyte. Alice (1977)
reported that Aspergillus niger isresponsible for
aspergillosis, usually an infection of the external
ear (otomycosis) which may result in ulceration
of the lining of the ear canal and perforation of
thetympanic membrane. Such fungi normally live
in the ear wax. Candida al bicans causes candidi-
asis, which is an acute or subacute infection in
stoals, the vagina, and of the skin of normal per-
sons. It may produce lesions in the mouth, va
gina or lungs of infected persons. Trichophyton
mentagrophyte is the etiologic agent of foot and
nail infections. Itisalso responsiblefor ringworm
of the scalp, beard hair, groin and buttocks.
Fusariumisknown for eye infectionsin humans
and animals according to Prescott et al (2002).

The results of physicochemical analysisdid
not pose a serious threat to public health except
that the dissolved oxygen was higher than the 6
mg/I recommended by the WHO (1971). The au-
thors suggest that before a swimming pool ispro-
nounced as satisfactory, the surface water should
be bacteriologically and chemically examined, as
well asthe main body of water at varying depths.
Thisisbecause anal, oral, and nasal microorgan-
isms can collect in the surface film of fatty sub-
stances derived from the skin, nose and anus of
swimmersand become protected by thefatty sub-
stances from residual chlorine action. In conclu-
sion, none of the swimming pools met the WHO
(1971) standard for recreational watersand there-
fore constitute a serious hazard to public health
from a bacteriological view point, even though
the chemical standards were usually met.
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