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Abstract

Wastewater and sediment samples from the open drains along the Ntanwogba creek were collected from five (5)
different sites and analyzed for the presence of pathogenic bacteria. Microbiological studies involved the isolation
and characterization of isolates by assessing the gene/nucleotide structure of the bacterial community through the
polymerase chain reaction study. Results of the analysis show that the following bacteria were identified from the
samples. The gram-negative bacteria include, Proteus mirabilis M18, Klebsiella pneumoniae strain DSM 30104,
Burkolderia multivorans strain AUO, Plesiomonas shigelloides strain 187-907R, Pseudomonas fluorescens strain
PF1, Esherichia coli, Enterobacter asburiae strain TYP8, Proteus mirabilis M19, Pseudomonas nitroreducens strain
LBQSKN1, while gram-positive bacterium was Bacillus ginsengisoli strain A1Cr. Results obtained showed that both
wastewater and sediment samples had higher microbial counts from the various sampling sites. Excess untreated
wastewater can run off or percolate down to groundwater, causing contamination of drinking water supplies with
faecal wastes and other pollutants which may contribute significantly to the spread of diseases amongst our
population. This shows that the wastewater effluents and the receiving water bodies could pose a potential health

risk to the surrounding communities who depend on these water resources for various domestic activities.
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Introduction

Wastewater is a potential source of many human pathogenic
bacteria which poses a serious health risk to the general public. When
wastewater percolate into the soil, the transport of pathogenic bacteria
from surface water to ground water increases the vulnerability of
ground water [1], which is the source of drinking water in many parts
of the world. This contributes significantly to the spread of diseases
such as cholera, diarrhoea, dysentery, malaria and typhoid fever [2-
6]. The Ntanwogba creek is an open drainage system with beehive of
socio- economic activities around it. The anthropogenic activities
within the areas covered by this creek may result in pollution of water
resources through improper disposal of wastes in such drains [7].
These wastes may occur in solid or liquid forms consisting of organic
and inorganic wastes, spent oil or lubricants, pesticides and fertilizers,
stormwater, runoffs from flash floods, erosion or water from car
garages and cleaning centers. The solid wastes such as bottles, cans,
plastics and other household products may result in blockage of drains
[8,9]. However, it is a common knowledge that poorly drained storm
water forms a stagnant pool that provides breeding sites for disease
vectors, causes pollution and stench in such places, thus defacing the
aesthetic value of our environment [10-13]. As a result of poor network
of drainages, water runs over the ground during rainstorms, picks up
faeces and contaminates water resources.

Incidences of water-borne diseases in Nigeria urban areas leading
to millions of death have been reported. Some of these deaths have
been traced to the use of waters grossly polluted by untreated waste
[14]. Epidemiological records in the Niger Delta, Nigeria also reveals
the prevalence of water-borne diseases such as diarrhea, dysentery,
typhoid etc. [15,16] cases of water borne diseases representing 20.24%
of all cases in Ughelli, Delta state, Nigeria was traced to pollution of
water resources through poor sanitation and improper disposal of
wastes. These reported cases are attributed to high water table and
high probability of groundwater contamination with faecal wastes
coupled with poor waste management techniques and disposal
problems in the Southern part of Nigeria [17,18]. Microbes may
travel with the plume of percolating water from the open drains and

contaminate the drinking water sources. This water may seep to the
land surface, runoft into surface water or flow directly into the water
table to cause contamination. Most worrisome is the crude manner
in which wastes are evacuated and disposed of in haphazard manner
into bodies of water, streams, open spaces and drainage channels or
even composited and used as fertilizer. The practice leaves much to be
desired because the seepage of the liquid content of the waste materials
carries feacal materials and other pollutants into the groundwater
bodies. Unfortunately the high porosity and permeable nature of the
subsurface geologic formation and the shallow nature of water table of
the Niger Delta region make the ground water bodies highly vulnerable
to these pollutants and subsequent exposure of residents to associated
dangers and eventually disease outbreaks [4,15,19-22]. Eventually
leachates from these wastes find its way into boreholes, lakes, wells and
other water bodies. The consequence is that, water quality is highly
affected which becomes highly dangerous [16,20]. This study therefore
was undertaken to identify some pathogenic bacteria associated with
open drains and their potentials for disease outbreaks especially when
they percolate in ground water resources due to inadequate waste
management practices.

Materials and Methods
Description of area of study

The Ntanwogba creek is located on the western flank of Port
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Harcourt City of Rivers State, Nigeria. The stream lies between latitude
40 50” and 50 00”N, and longitude 60 55” and 70 00”E. According to
Gobo et al. [23], the climate of the area is that of tropical equatorial
latitude with rainfall occurring almost all year round. As one of the
coastal states of Nigeria, it has one of the highest average rainfalls.
The flat estuarine terrain and impermeable alluvial soil make drainage
difficult. The Ntanwogba creek is a black water stream with its water
source which runs through Orazi forest of Rumueme town across
Abacha Road, Cherubim Road, Olu-Obasanjo Road, Okija Road and
Afam Street (D/line), and meanders through the densely populated city
of Port Harcourt into the Upper Bonny Estuary.

Collection of samples

Wastewater samples were collected from open drains along the
Ntanwogba creek with sterilized plastic bottles collected from the
University Microbiology Department. Each sample bottle was rinsed
with the appropriate sample before the final collection according to
the standard methods [24]. To collect the water sample, base of the
sterilized sample bottle was held with one hand, plunged about 30
cm below the water surface with the mouth of the sample container
positioned in an opposite direction to water flow [24]. The container
was filled with wastewater samples from different locations starting
from the upstream (Afam /Kaduna street behind the Winners chapel)
to the downstream (at Abacha road, all sites in Port Harcourt, Rivers
State Nigeria ) leaving a gap of about 2 cm and then covered. Sediment
samples for analysis were also collected along the same water course. To
collect the sediment samples, the bottles were opened and held with the
left hand while using the right hand with a plastic scooper to scoop the
sediment sample. The sample bottles were filled with sediment sample
and covered immediately. After collection, the sample was immediately
labelled and transported in a cooler packed with ice blocks for analysis.
Sample collection was carried out from the month of February to June,
twice monthly from March to August 2016.

Microbiological analyses

Serial dilution: Ten-fold serial dilutions of the samples were made
according to the methods described by Oliveira et al. [25].

Inoculation and incubation

One millilitre of appropriate ten-fold serial dilution were inoculated
onto appropriate surface dried Nutrient agar, Blood agar, CLED agar,
MacConkey agar and Salmonella-Shiegella agar in triplicates using the
pour plate and spread plate methods. Colonies which developed on
the plates were counted and recorded using colony forming unit of the
sample [26-28]. Inoculated plates were incubated at 37°C for 24 hours.

Maintenance of pure culture

Bacteria grown on Nutrient agar, Blood agar, Cystine lactose
electrolyte deficient agar, MacConkey agar and Salmonella-Shigella
agar were purified by repeated sub-culture onto nutrient agar media.
Pure cultures were inoculated on Nutrient agar slants and incubated at
37°C for 24 hours, and then preserved in the refrigerator at about 4°C
for further tests.

DNA extraction and quantification

For identification, the chromosomal DNA of each isolate was
extracted using a ZR fungal/bacterial DNA mini preparation extraction
kit supplied by Inqaba South Africa according to the manufacturer’s
instructions.

Lysis of cells

One thousand microlitres of 24 hours old luria bertani culture
containing bacterial isolates were introduced into ZR bashingbead lysis
tubes and centrifuged at 14000 xg for 2 minutes to concentrate the cells.
The supernatant was decanted and the procedure repeated. A heavy
growth of bacterial isolates was suspended in 200 pl of isotonic buffer
into ZR Bashing Bead lysis tubes, 750 pl of lysis solution was added
to the tube. The tubes were secured in a bead beater (Gene disruptor)
fitted with a 2ml tube holder assembly and processed at maximum
speed for 8 minutes. The ZR bashingbead lysis tube was centrifuged at
10000 xg for 1 minute [29,30].

Removal of contaminants

Using a collection tube 400 pl of supernatant was transferred to
Zymo-Spin IV filter and centrifuged at 7000 xg for 1 minute. In the
collection tube 1200 pl of ZR fungal/bacterial DNA binding buffer was
added to the filtrate bringing the final volume to 1600 pl, 800 pl was
then transferred to a Zymo-Spin IIC column in a collection tube and
centrifuged at 10000 xg for 1 minute, from the collection tube the flow
through was discarded. The remaining 800 pl was transferred to the
same Zymo-Spin IIC column and spun. In a new collection tube 200 pl
of the DNA Pre-wash buffer was added to the Zymo-Spin IIC column
and spun at 10000 xg for 1 minute [31].

Recovery of DNA

To elute the DNA, the Zymo-Spin IIC column was transferred to a
clean 1.5 pl centrifuge tube, 100 pl of DNA elution buffer was added to
the column matrix and centrifuged at 10000 xg for 30 seconds. Using
Nanodrop 1000 spectrophotometer the extracted DNA was quantified
and the ultra-pure DNA was stored at -20°C for other downstream
reaction.

PCR amplification of 16S ribosomal RNA

The 16S ribosomal RNA (rRNA) of the bacterial isolates
was amplified using the polymerase chain reaction (PCR)
technique in which two universal primers: forward primer 27F
(5"-AGAGTTTGATCMTGGCTCAG-3") and reverse primer 1492R
(5-CGGTTACCTTGTTACGACTT-3’) were used incorporated into
the PCR mix. The mix included: the x2 dream taq master mix (taq
polymerase, DNTPs, MgCl) supplied by Inqaba, South Africa, the
primers at a concentration of 0.4M and the extracted DNA as template.
The following PCR conditions were used: Initial denaturation at 95°C
for 5 minutes; denaturation at 95°C for 30 seconds; annealing at 52°C
for 30 seconds; extension at 72°C for 30 seconds in 35 cycles and final
extension at 72°C for 5 minutes. The PCR product was confirmed by
electrophoresis on 1% agarose gel at 120 V for 15 minutes and visualized
on UV trans-illuminator.

Sequencing was done at Inqaba Biotechnological, Pretoria South
Africa using the BigDye terminator kit on a 3510 ABI sequencer. With
the bioinformatics algorithm trace edit the obtained sequences were
edited and similar sequences were downloaded from the National
Centre for Biotechnology Information (NCBI) database using BLASTN.

Results and Discussion

Using molecular identification method, a total of ten (10)
bacterial species were identified from the different sampling stations.
The bacterial species were identified as Bacillus ginsengisoli strain
A1Cr, Proteus mirabilis MI18, Klebsiella pneumoniae strain DSM
30104, Burkolderia multivorans strain AUO, Plesiomonas shigelloides
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strain 187-907R, Pseudomonas fluorescens strain PF1, Esherichia coli,
Enterobacter asburiae strain TYP8, Proteus mirabilis M19, Pseudomonas
nitroreducens strain LBQSKN1 as shown in Figure 1. This study first
employed culture-based techniques which gives an indication of the
general microbial profile of the water body that was sampled in this
study, molecular techniques offer more sensitivity and specificity
than culture-based techniques. In the present study, genomic DNA of
randomly selected isolates from various samples was subjected to the
conventional PCR-based technique using species-specific primers in
order to confirm the presence of the target organisms in the effluent
and receiving water sample. Microorganisms have been described
as ubiquitous and according to Coleman et al. [32] their presence
particularly in an aquatic environment rely on the nutrient compound
being added during natural storm water run offs as well as soil erosion
and discharge from sewage effluents.

Similarly, organisms such as: Bacillus sp., Esherichia coli,
Enterobacter sp., Proteus mirabilis, Klebsiella pneumonia and
Pseudomonas sp., have been isolated from different water bodies
and dump sites [33-37]. However Okija and Olu-Obasanjo sampling
stations had the highest number of bacterial isolates from both sediment
and water samples, which could be due to the fact that the area is full
of socioeconomic activities than the other three stations (Table 1).
In the sediments, Bacillus ginsengisoli occurred more in Abacha and
Olu-Obasanjo stations with a percentage occurrence of 17% and 16%
respectively while in the wastewater Proteus mirabilis M19 and Proteus
mirabilis M18 had the highest frequency of occurrence of 15% and
13% respectively for Okija and Olu-Obasanjo stations. Pseudomonas
nitroreducens had 15% in sediments for Afam street while Burkolderia
multivorans had the least frequency of occurrence of 2% and 4%
for wastewater samples. However, Microorganisms are known for
essential functions which include decomposition of organic materials,

bioaccumulation of chemicals and biogeochemical cycling of elements.
Their presence, abundance and growth in the environment are greatly
influenced by factors such as pH, temperature, pressure, availability
of nutrients and salinity [38]. These pathogens might threaten public
health by migrating into ground water or surface water to transmit
diseases [6,39-42]. Bacteria from wastewater can be discharged into
water columns which are subsequently absorbed to sediments, and
when the bottom stream is disturbed, the sediment releases the bacteria
back into the water columns presenting long term health hazards [43-
45]. In Rivers state, wastes generated from various anthropogenic
activities are channeled directly into the tributaries of the River
through open drainage channels. This act could introduce enteric
pathogens e.g. Bacillus sp., Escherichia sp., etc. and excess nutrients
into the river, resulting to eutrophication [46,47]. The consequences of
such anthropogenic pollution during various socio economic activities
can lead to the transmission of diseases by water borne pathogens,
eutrophication of water bodies, accumulation of toxic or recalcitrant
chemicals in the soil, destabilization of ecological balance and negative
effects on human health [45,48].

The rate of growth of bacterial counts/ species were more in
sediments than in wastewater samples (Table 2). Sediment samples for
Okija and Olu-Obasanjo road had 2.2 x 107 cfu/g and 2.1 x107 cfu/g
respectively while Cherubim road had the least of 1.3 x 107 cfu/g. For
wastewater samples, Abacha road had 2.3 x 10°cfu/ml while Cherubim
road also had the least with 1.0 x 10° cfu/ml (Table 2). The results of
this study shows that the presence of these pathogenic bacteria in such
environments can affect human health, causing various diseases from
allergic reaction to more serious systemic infections. Their presence
in wastewater indicates that there could be possible contamination of
water resources [25,49] which may be responsible for the degradation
and pollution of receiving water bodies. Their presence in these drainage
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Figure 1: Map of Port Harcourt showing sampling stations along the Ntanwogba creek.
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o i Abacha Road Afam Street Cherubim Road Okija Road Olu-Obasanjo Road
rganisms

Sediment Wastewater Sediment Wastewater Sediment Wastewater Sediment 'Wastewater Sediment Wastewater
s;cs’g";gisoﬁ 19 (17%) 24 (14%) 18 (14%) 24 (11%) 20 (15%) 29 (14%) 20 (14%) 27 (12%) 21 (16%) 30 (14%)
m’geus mirabilis 13190 18 (11%) 11 (9%) 23 (11%) 16 (12%) 22 (10%) 17 (12%) 29 (13%) 14 (10%) 29 (13%)
,’J(r’ztzf’nfé’;,"'iae 6 (6%) 1 (7%) 11 (9%) 17 (8%) 6 (5%) 9 (4%) 7 (5%) 14 (6%) 9 (7%) 15 (7%)
fq‘t’l’/’t‘ls’odg’; 2 (2%) 8 (5%) 3 (2%) 9 (4%) 3 (2%) 8 (4%) 5 (3%) 11 (5%) 4 (3%) 9 (4%)
f,’f;ggg’;zs 13 (12%) 19 (11%) 16 (13%) 23 (11%) 17 (13%) 24 (11%) | 21(14%) | 25(11%) 11 (8%) 23 (10%)
gjjﬁggﬁgas 10 (9%) 14 (8%) 16 (12%) 21 (11%) 16 (12%) 23 (11%) 18 (12%) 23 (10%) 17 (13%) 21 (10%)
Esherichia coli | 14 (13%) 19 (11%) 12 (9%) 22 (11%) 12 (9%) 25 (12%) 11 (8%) 27 (12%) 12 (9%) 23 (10%)
S;’éi’r‘i’::“er 8 (7%) 16 (10%) 10 (8%) 22 (10%) 9 (7%) 16 (8%) 8 (5%) 11 (5%) 11 (8%) 15 (7%)
m’ée“s mirabilis 43 (1204) 20 (12%) 12(9%) | 25(12%) | 13(10%)  27(13%) = 19(13%) = 33(15%) | 17 (13%) = 28 (13%)
Zf;iggfc‘;’;a: 11 (10%) 19 (11%) 19 (15%) 24 (11%) 18 (14%) 28 (13%) 21 (14%) 25 (11%) 19 (14%) 25 (11%)
Note: Values in parenthesis represent percentage of occurrence.

Table 1: Distribution of bacterial isolates from all stations.
SIN Stations Sediment (cfu/g) Wastewater (cfu/ml)
1. Abacha Road 1.4 x107 2.3 x 10°
2. Afam Street 2.0 x 107 2.2 x10°
3. Cherubim Road 1.3 x 107 1.0 x 108
4. Okija Street 2.2 x107 1.1 x 108
5. Olu-Obasanjo Road 2.1 %107 2.3 x10°
Table 2: Total heterotrophic count of bacterial isolates from samples (cfu/ml) from various sampling stations.
channels may most likely come through the runoff of fertilizers or
sewage which contain excess nutrient that plants and microorganisms Xx828206.1 plasiomanas shigelloides strain 187-907R
can utilize for growth. Also, their abundance and activities in drainage . 7192130, Proteus mirabils strain 418
systems have profound effect on the physicochemical characteristics of -
the wastewater especially at the banks of the creek and possibly when 2 b 92740, Proteus mirabits strain w19
the wastewater percolate into other water resources (Figure 2). =
100 b KX774129.1 Klebsiella pneumoniae strain DSM 30104
Conclusion L ud g P ——
This study observed that water samples from the open drainage L Lrsamsas Escherichia colf
channels were copiously polluted with human and animal faeces, as well u 20 S R
as uncontrolled sewage discharges which contains microorganisms. - 1
Other non-point sources of pollution such as agricultural pollutants L) R strain prt
100 AY4B63T2 1 strain AUO.
from surrounding localities enter the scarce water resources to cause E ne
pollution [50,51]. This is exacerbated due to continuous population P
L Kr419153.1 Bacillus ginsengisoli strain A1Cr

growth, industrialization and urbanization giving rise to increased
socioeconomic activities. The implication is that water sources
are polluted which can cause deadly diseases among the informal
settlement dwellers [52]. Most of these diseases are transmitted to
humans through the ingestion of contaminated water and foods
[50]. Most worrisome is that communities who live at the banks
around these open drainage channels and rivers do not only dispose
domestic wastes into the drains but still practice open defaecation
and rely on public sanitation facilities which are inadequate to sustain
healthy environment. Pathogens associated with these poor sanitation
may result to an outbreak of diarrhea. Diarrhoea is described as the
second leading contributor to global burden of disease ahead of heart
disease and HIV/AIDS and it is estimated that diarrhea causes 25-75%
childhood illnesses and deaths in Africa [53,54]. Therefore, effective
protection of water resources from the impacts of wastewater disposal

Figure 2: Phylogenetic tree showing evolutionary relationship between the
bacterial isolates.

and other pollutants into open drainage channels is a matter of concern.
Government is therefore advised to provide basic services such as safe
drinking water and improved sanitation infrastructures as efforts to
prevent illnesses and deaths amongst our population due to waterborne
pathogens, especially to everyone who relies on direct use of effluent
discharge into watercourses.
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