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ABSTRACT: Bacteriological analysis of a Recreational Park Pond in Port Harcourt was investigated to evaluate the
water quality of the pond for recreational purposes. Samples collected from the pond were evaluated for physiochemical
and bacteriological study. pH showed a slight alkaline range of 6.66 — 6.94 in sample A and D with a temperature range of
28.6 — 29°C. Samples evaluated for turbidity and salinity showed values of 0.309 — 0.784 NTU and 0.10ppt to 0.32ppt
respectively. Similar bacteriological load ranging from 6.9 x 10°cfu/ml — 2.1 x 10°fu/ml was observed, with coliform
counts ranging from 3.4 x 10°— 1.3x10°fu/ml. Thirteen different bacterial genera were identified in total (Escherichia coli,
Salmonella spp., Proteus spp., Citrobacter spp., Klebsiella spp, Bacillus spp., Serratia spp., Pseudomonas spp., Vibrio spp.,
Enterobacter spp., Staphylococcus aureus, Streptococcus spp., and Staphylococcus spp). Escherichia coli was the most
commonly occurring group (14.7%) and Staphylococcus sp the least occurring (2.9%). Varying levels of resistance was
noted against the 14 antibiotics tested, with the highest resistance noted against pefloxacin (55.9%) while the lowest
resistance was against erythromycin (2.9%). Majority of isolates (67.7%) however had MAR index values less than 0.21,
indicative of a source related to low antibiotic use. Despite the association of potentially pathogenic bacteria with this water
body, the low level of drug resistance associated with these organisms as well as the MAR index values, could point at
these being environmental rather than human strains. Further molecular studies would be advised to confirm this.
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A pond is referred to as a landlocked small mass of
freshwater formed naturally or artificially and can be
used for various purposes (Douglas and Isor, 2015).
Dug ponds such as the Pleasure Park Pond are created
by removing soil and allowing water to fill in the
dugout area, with water supply from ground water
seepage or natural springs. The soils of ponds are
usually made up of different porous layers that allow
water to ooze freely through the bottom of the pond
(Abu and Wondikom, 2018). Pond waters may be
polluted due to discharge of effluents from various
industries, domestic waste, land and agricultural
drainage this causes a deleterious change in the water
quality. The purpose served by pond determines how
much focus is placed on its water quality. The primary
use of pond is a necessary factor in measuring the
water quality parameters. For example, parameters
used to assess a pond that supplies drinking water are
different from those used to measure a pond for
recreational or fishing activities. The health risks
associated with water contact activities like boating
include being infected with harmful disease-causing
bacteria, which may be detrimental to health (Kishinhi
et al., 2006). Water is one of the vehicles involved in
the reproduction and transfer of human-associated

bacteria (Faria et al., 2009). Safe water is a
fundamental human right and if contaminated with
pathogenic bacteria, it might lead to a high negative
public health implication (Fawell et al., 2003). Pond
water composition may be murky if it has a high
amount of suspended particles and organisms. Its
bottom is usually sediments of sand, decaying matter
and microorganisms. Pond ecosystems are often
teeming with rich vegetation and a diverse organismal
life. Many are every day organisms that are found
anywhere. Ponds may however be contaminated by
direct excretion (vomit, facces, urine, saliva) from
fishes or users (Hoseinzadeh ef al., 2013) and by
external sources from sewage, storm water, and
agricultural runoff or faeces from birds (El-Salam et
al., 2012). Common microorganisms associated with
ponds include Salmonella sp., Vibrio sp.,
Pseudomonas aeroginosa, Bacillus sp.,
Staphylococcus sp., Klebsiella sp., and Citrobacter sp.

Bacteriological monitoring of ponds is based on
natural knowledge of the sanitary condition of the
water supply, which is based on the detection of
coliform bacteria and the specific indicator of human
faecal contamination (Idakwo and Abu, 2004). The
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indicator bacteria used to monitor water quality are
generally coliforms. They make up 10% of the
intestine microorganisms of human and animals.
Water is considered portable for human consumption
or recreational activities when foreign enteric bacteria
are not detected in a specific volume (100 ml) of water.
The use of intestinal organisms as indicators of faecal
contamination is a universally acceptable process for
monitoring and assessing the microbiological safety of
water supply before distribution. Two of the most
widely accepted bacterial indicator organisms are
Escherichia coli and Streptococcus due to their faecal
linkages, and ease in laboratory analysis (Harwood et
al., 2004). Pond water serves as a natural habitat of
both pathogenic bacterial strains with potentially
important roles in disease process and multidrug
resistant organisms. Similarly increase of faecal
pollution in source water is also a problem in
developing as well as developed countries
(Bezuidenhout et al., 2002). The World Health
Organization (WHO) estimates that 3.4 million
people, mostly children die every year from water-
related diseases (Wilkes et al., 2009). These resistant
pathogens may be transmitted to humans, farm
animals and birds causing infections that cannot be
treated by conventional antibiotics. This study was
carried out to evaluate the bacteriological profile of the
pleasure park pond, as well as determine drug
resistance of the associated bacteria.

MATERIALS AND METHODS

Sample collection: Samples were collected from a
recreational park pond in Rivers State, Nigeria (Fig 1).
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Fig 1: Map showing Pleasure Park Pond sampling points and its
geographical coordinate (SOURCE; Google.com)

Water samples were collected from the four cardinal
points of the pond. Two samples were collected from
each point, at a depth of about (1 — 2 cm) for surface
and (10 — 12 cm) for subsurface. Bacteriological and
physicochemical analyses of these samples were
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carried out at the University of Port Harcourt
microbiology laboratory within 8 hours of collection.
All sampling points were geo-referenced using a
handheld GPS receiver unit (Megellan GPS 315) to
generate geographical coordinates (latitude and
longitude) at the pond.

Physicochemical Analysis: The pH, temperature and
turbidity were measured using standard procedures
(Njoku et. al.,2015). The pH of each water sample was
measured using a Phillips model of PW 9418 pH meter
while temperature was measured using a mercury
thermometer.  Turbidity = was  measured by
spectrophotometry at a wavelength of 555 nm and
conductance measured at room temperature using the
Hach conductivity meter, Model CO150.

Enumeration and Isolation of Potential Bacterial
Pathogens: Enumeration of total aerobic heterotrophic
bacterial (THB) population was done following a
tenfold serial dilution of the pond water using
physiological saline up to 10~ by plating out 0.1ml
aliquot of each dilution onto duplicate set of nutrient
agar using the spread plate method.

Aliquots from diluted water samples were also spread
plated on mannitol salt agar (MSA) and MacConkey
agar (MCA) plates in order to assess for the presence
of Staphylococcus species and lactose fermenting
enteric bacteria respectively. The inoculated plates
were incubated for 24 hours at 37°C.

Isolation of Salmonella and Shigella: This was done
using the Salmonella/Shigella agar which was
prepared according to manufacturer’s instruction, The
water samples was also enriched in selenite F broth
and then 0.1ml aliquot of the sample was spread plated
on the surface of SSA plates which were then
incubated for 24 at 37°C.

Characterization and Identification of Bacterial
Isolates: Pure forms of the bacterial isolates were
characterized and identified based on their motility,
microscopic morphology, colonial morphology and
biochemical characterization using standard methods
(Krieg and Holt, 1994, Cheesbrough, 2002).

Antibiotic  Susceptibility ~ Studies:  Antibiotic
susceptibility of the isolates was determined using the
Kirby-Bauer disc diffusion method on Mueller-Hinton
agar (Bauer et al., 1966). A total of 14 antibiotics
corresponding to drugs most commonly used in the
treatment of human and animal infections caused by
Gram negative and Gram positive bacteria were
employed in this study. The antibiotics include;
Gentamicin, Augmentin, Ciprofloxacin,
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Streptomycin, Penicillin, Pefloxacin, Cotrimoxazole,
Tarvid, Erythromycin, Cephalexin, Ampiclox,
Amoxicillin, Sparfoxacin, Chloramphenicol.
Overnight cultures of the bacterial isolates were
inoculated into peptone water and incubated at 37°C
for 4hours. The density of the bacterial culture
required for the assay was adjusted to 0.5 McFarland
standards. The Mueller-Hinton agar plates were
uniformly inoculated using a swab stick. The plates
were allowed to dry for 10 min, antibiotic impregnated
paper discs aseptically placed on the surface of the
Mueller-Hinton agar medium and plates incubated at
37°C for 24 hours. A clear zone of inhibited growth
around each antibiotic impregnated disc was
measured. The degree of susceptibility of the test
organism to each antibiotic was determined and
interpreted as either sensitive (S), intermediate
susceptible (1), or resistant (R) in accordance with the
British society for antimicrobial chemotherapy
(BSAC) (Andrew, 2007).

Additionally, multiple antibiotic resistance (MAR)
index and multidrug resistance (MDR) were
determined as previously described (Cookey and
Otokunefor, 2016).

RESULTS AND DISCUSSION

Physicochemical Characteristics: The
physicochemical parameters of the samples showed
similarities at all the points of the pond sampled
(Figure 2). Samples were noted to have a slightly high
pH ranging from 6.66 — 6.94, turbidity values ranged
from 0.309 — 0.784 NTU while salinity of the pond
water ranged from 0.10 ppt. — 0.32 ppt.
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Fig 2: Physicochemical parameters of water samples from various
points of the Pleasure park pond

Bacteriological Analysis: All samples had similar
levels of the various groups of bacteria (Table 1) with
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counts ranging from 4.1x10° — 2.9x10® CFU/ml.
Bacterial levels at both surface and subsurface levels
were very similar with no location showing a greater
than 1.5 CFU/ml difference. After culturing, 34
different isolates were obtained from the pond
samples. A total of thirteen bacterial genera were
identified from the 34 isolates (Figure 3). Nine of these
were Gram-negative bacteria and four, Gram-positive.
Escherichia coli was the most commonly occurring
group of bacteria (14.7%) and Staphylococcus sp the
least occurring (2.9%).

Table 1: Total Heterotrophic Bacterial (THB) count,
Staphylococcus count, Vibrio count, and Faecal Coliform Bacterial
(FCB) counts of water sample from the Pleasure park pond

Sample THBC  Staphvlococcws  Vibrie Count FCB

Source {CFU/ml) Count (CFUiml) (CFU/ml)  (CFUml)
Point A
Surfacs 1L7=10°  1.2x10° B.1x10° 4.1=10°
Sub surface 1.2:10° 54107 6.6:10° £.4x10°
Point B
Surfaca 12x10° 54107 1.6x10° 34107
Sub surface 1.2x10°  5.6x10° 2.9=10° 4.6=10°
Paint C
Surface 69x10°  B.6x10° 2.4=10° 4.6=10°
Sub surface 7.9:10°  3.35x10° 8.8x10° 661107
Point D
Qurfacs 77100 5410 1.0%10° 53x10°
Sub surface 8.2x10°  5.1x10° 13=10° 13=10°
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Fig 3: Distribution of potential pathogens isolated from Port
Harcourt Pleasure Park Pond.

Antibiotic Susceptibility: Following susceptibility
testing, results showed varying levels of resistance
against the 14 antibiotics tested (Figure 4). The highest
level of resistance was observed against pefloxacin
(55.9%) and the lowest against erythromycin (5.9%).
Generally, a higher level of resistance was noted in
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isolates obtained from Point D (8/14, 57.1%), than
other locations (Figure 5), while Point A had a lower
level of resistance (7/14, 50%) in most cases
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Figure 4: Antibiotic Susceptibility of Isolates
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Fig 5: Variation in antibiotic resistance among bacteria isolated
from the different test locations.

Results of this study showed that majority of the
isolates (67.7%) had MAR index values less than 0.21,
indicative of a source related to low antibiotic use
(Figure 6). No isolate in this study was associated with
the extreme MAR index values (>0.80). An
assessment of MDR (resistance to 3 or more antibiotic
classes) showed a 38.2% rate of multidrug resistance.
Recreational waters could serve as a source of
infection following direct contact or via aerosols.
Knowledge of physicochemical and bacteriological
characteristics of such water bodies is essential due to
possible public health implications. With respect to
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physicochemical analysis, pH analysis of this study
shows values slightly below the WHO standard for pH
of pond water (WHO, 2006).
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Fig 6: MAR Index distribution of isolates

This could be as a result of dissolution ions from the
soil into the pond water. Being an earthen pond it has
some level of suspended solid which is due to the soil
sediments, disturbances during runoff. Salinity which
has been described as among the most important
factors due to its effects on the vitality of
microorganisms is dependent on levels of evaporation
(Torimiro et al., 2014). The salinity values in this
study were typical of a freshwater body falling below
0.5. Temperature and conductivity values of this study
fell within the WHO standard. Bacterial load has
previously been reported to vary depending on water
layer (Qin ef al., 2016). In this study, similar levels of
bacterial load were noted at both surface and sub-
surface layers. This is most likely a reflection on the
proximity to the surface of both sampling points.
Studies which reported a difference in bacterial load
compared highly variable water layers which reflected
variations in both dissolved oxygen and organic
content. It was found that Gram negative bacteria were
the predominant genera among the pond organisms.
This phenomenon has previously been reported by
studies exploring the diversity of microflora in various
types of ponds (Molokwu and Okpokwasili, 2002,
Khunthongpan et al, 2013, Njoku et al., 2015,
Douglas and Isor 2015). One major variation between
this present study and previous studies is that most
other studies failed to look at ponds simply for
recreational purposes but rather focused on
aquaculture or domestic ponds. This is probably due to
the fact that recreational ponds are not widespread in
this locality. E. coli specifically was the predominant
group of bacteria isolated in this study. In general,
most of the bacterial genera isolated have previously
been described in association with ponds. This source
of microorganisms may be a reflection of water
sources fed into the pond as it uses a topping system
where more water is added in order to maintain
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specific volume of water level through runoff from
different sources. The isolates with high frequency of
occurrence are potential important human pathogens
associated with a variety of infectious diseases such as
gastroenteritis, typhoid fever, dysentery, cholera,
urinary tract infection (Uzoigwe and Agwa, 2012).
The level of faecal coliform load observed in this
research study proposes that the pleasure park pond is
unfit for non-boating purposes such as domestic,
aquaculture and recreational purposes like swimming.
This may be due to pollution from the water source in
the area caused by human activities (such as human
waste disposal, defecation, and fishing). Climate
change and other heightened ecological disturbances
such as flooding are all possible sources of
contamination (Mbah et al., 2016). These multiple
sources of contamination are compounded by limited
environmental awareness, which is prominent in rural
areas (Dick et al., 2015), but also in urban areas such
as the Pleasure Park Pond in Port Harcourt.

While the current information on drug resistant
bacteria in recreational waters specifically is limited
(Fang et al., 2018), several studies have assessed this
situation in natural lakes which might be used for
human activities. In contrast to our study which
reported low rates of resistance to most antibiotics
apart from pefloxacin, some other studies reported
rates of resistance greater than 50% (Yin et al., 2013,
Akanbi et al., 2017, Turetken et al., 2019). Yin and
colleagues reported high rates against penicillin and
streptomycin antibiotics specifically, while Akanbi
and colleagues reported generally high levels of
resistance against all drug classes tested. A 2007 study
assaying for resistance genes, reported even lower
levels of drug resistance than this present study
(Hamelin et al., 2007). As anthropogenic activities are
known to influence the levels of bacterial resistance
(Lobova et al., 2011, Pashang et al., 2019), the low
levels of resistance are most likely as a result of low
levels of anthropogenic activities in the source of the
runoffs. In contrast to susceptibility patterns to other
antibiotics, a high rate of resistance (55.9%) was noted
against perfloxacin. This drug is used in veterinary
medicine particularly in poultry farming and similar
values have been described in organisms isolated from
poultry environment (Moutafchieva and Yarkov 2006,
Hemen et al., 2012, Musa et al., 2017, Oloso et al.,
2019).

Conclusion: Despite the association of potentially
pathogenic bacteria with this water body, the low level
of drug resistance associated with these organisms as
well as the MAR index values, could point at these
being environmental rather than human strains.
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Further molecular studies would be advised to confirm
this.
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