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ABSTRACT: Monitoring pathogen survival in polluted environmental media is useful as an early warning tool to
forestall outbreaks of infections and safeguard public health. Survival of clinical strains of Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Salmonella typhi and Vibrio cholerae was monitored for 192
hours in pre-sterilised samples of domestic wastewater and sediment, agricultural wastewater and river water. All
pathogens rapidly proliferated in the first 72 hours in all environmental media (2-3 log order increases), but either
rapidly or steadily declined thereafter, with P. aeruginosa and V. cholerae demonstrating the longest persistence and
S. typhi the least. Survival kinetics of pathogens are similar in domestic wastewater and sediment, though
persistence was longer in sediment. While the pathogens did not proliferate as much in agricultural wastewater as
compared with the domestic wastewater and sediment, they however, persisted for a longer time in the former.
Notably, river water supported the survival of pathogens for a significantly (p< 0.05) longer time than any of the
wastewaters and sediment. These findings have implications in the prediction and early detection of potential
pollution points during epidemiological and source tracking studies.
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Introduction

The use of water in homes, industries or farms usually results in the generation of wastewaters which
may have obnoxious or harmful effects on the environment and public health. Combination of
wastewaters from domestic and agricultural sources constitute one of the most harmful in a
community(Obiri-Danso and Jones, 1999) because of the presence of large number of opportunistic and
pathogenic organisms most of which are enteric (Avery et al., 2008), and are capable of causing
infections in humans (Ford, 1999). The non-point discharge of most of these wastewaters also poses
serious concerns because fate and transport of pathogens are difficult to monitor (Ferguson et al., 2003).
Invariably, while it may not be common to see direct discharge of wastewaters into streams and rivers, the
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channelling of wastewater from kitchen sinks and toilet sewers onto bare grounds that may later drain into
streams and underground aquifer is equally harmful.

There are usually regulations in place for the discharge of wastewater from industrial sources, in
developing nations like Nigeria where there is poor infrastructural planning, there are wide gaps in
policies and regulations to control domestic wastewater discharges. Drainage systems that collect
wastewaters from homes or farms to treatment plants hardly exist even in many of the emerging urban
settlements in the developing world (Ford, 1999; Ololade et al., 2009). Wastewaters often discharged into
the open drainage flow with storm run-offs and empty into streams and rivers that unfortunately serve,
most times, also as the source of drinking water for the community. Possibilities of epidemic outbreaks
mostly related to enteric pathogens are unavoidable in areas where municipal and agricultural
wastewaters are discharged directly into rivers or where river water contaminated by community storm
runoffs is used as drinking water sources without treatment (Louis et al., 1990; Colwell, 1996; Abraham
and Wenderoth, 2005; Avery et al., 2008). Waterborne diseases most of which are endemic and
infectious, are the major causes of mortality and morbidity in developing countries (Schneider et al.,
1978; Louis et al., 1990; Colwell, 1996). Many of the causal agents are normal flora of the human
gastrointestinal tract including Salmonella typhi, Vibrio cholerae, and Escherichia coli and if ingested
through contaminated drinking water or foods may cause serious health issues and even death (Hugq ef al.,
1984; Colwell, 1996; Angulo et al., 1997; Avery et al., 2008).

Bacterial survival in an environment is based on its internal potential and self-induced ability to
withstand offensive chemicals and prevail in unfavourable conditions while maintaining its power of
reproducibility. This survival rate is usually accessed based on how long or how soon they die-off in an
environment (Ferguson et al., 2003; Abraham and Wenderoth, 2005). Several works have reported on
pathogen survival in different water environments; pristine (Huq et al., 1984; Buzoleva and Terekhova,
2002; Khan et al., 2007), treated (Ford, 1999) and contaminated (Abraham and Wenderoth, 2005; Avery
et al., 2008). However, most of these works are in the temperate regions (Buzoleva and Terekhova, 2002;
Abraham and Wenderoth, 2005; Avery et al., 2008). Some environmental factors that may contribute to
survival have also been evaluated (Huq et al., 1984; Khan et al., 2007; Avery etal., 2008). Notably,
ambient temperature influences bacterial growth, and heterotrophic mesophiles that are mostly found in
water prefer optimal temperatures above 25°C (Huq et al., 1984). Incidence and endemicity of most
waterborne pathogens in Africa and other tropical countries have been linked to high water temperature
(Huq et al., 1984; Colwell, 1996). To our knowledge, no work has been reported that studied the survival
of pathogens under such environmental conditions in domestic or agricultural wastewaters. Risk
assessments of aetiologies of waterborne diseases require adequate understanding of pathogen distribution
and survival strategies within water environments and this would involve methodologies that can detect
not only the presence, but also the viability and infectivity of the pathogen (Ford, 1999) and resistance to
antibiotics (Abraham and Wenderoth, 2005).

In this paper, we reported the survival at 30°C of certain water-borne pathogens in environmental
media including domestic wastewater and sediment, agricultural wastewater and river water. Clinical
isolates of Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Salmonella typhi and
Vibrio cholerae were inoculated into pre-sterilized wastewater, sediment and water samples and microbial
growth determined by standard pour plate technique. The implications of the survival of these pathogens
in the environmental media and the public health significance are discussed.

Materials and Methods

Sample Collection and Analysis

Domestic wastewater and sediment samples were collected from the external PVC pipe leading out of
the kitchen sink of a popular restaurant in Ilorin, Kwara State, Nigeria. The wastewater is drained into the
public open sewerage system which runs through the street. River water samples were collected at two
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different points (which were later bulked together) close to areas where residents often collect water used
for laundry and other domestic purposes. It was noted that the stream serves as drinking water source for
some residents especially during the dry season when the public water supply is usually erratic.
Agricultural wastewater was obtained from a small fish pond which also discharges through an
underground conduct into the same stream where the river water samples were obtained. Samples were
collected, as much as possible, to represent the sources of the pollution. Samples were transported
immediately to the laboratory in ice-chest and microbiological analysis carried out within 4 hours of
collection.

The physicochemical parameters including temperature and pH values of samples were determined on
site using portable hand-held devices (PH Tester PH-107) and turbidity was determined using UV/vis
spectrophotometer (Thermo-Scientific Genesys 20) at 460nm. Suspended and dissolved solids
concentrations of samples were determined gravimetrically by filtering samples through No. 2
Whatman’s filters and then oven-drying residues and filtrates to constant weight respectively. The total
solid concentrations were calculated by adding the suspended with the dissolved solids. Moisture content
of sediment sample was determined by oven-drying to calculate amount of water lost to evaporation. The
mean numbers (3 replicates) of heterotrophic, total and faecal coliform, and Shigella/Salmonella counts
were obtained on nutrient and selective/differential (Endo-agar, MacConkey agar and Salmonella-
Shigella agar) media incubated at appropriate temperatures (37 or 45°C) for 24 and 48 hours (APHA et
al., 1999). Thereafter, the culture plates were enumerated based on distinct colonies and characteristic
fluorescence/pigmentation for total and faecal coliforms, as well as Shigella/Salmonella. The mean
numbers of heterotrophic, total and faecal coliforms and Shigella/Salmonella counts were recorded.

Bacterial Culture Preparation

Clinical isolates of Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Salmonella
typhi and Vibrio cholerae previously obtained from patients visiting the University of Ilorin Teaching
Hospital (UITH), Ilorin, Nigeria and stocked in the Medical Microbiology and Parasitology Laboratory
were used in this study. The stock cultures were first resuscitated in nutrient broth (for 2—3 days to ensure
that cells are in their active growth phase) and then incubated on nutrient agar plates. The purity of the
isolates was ascertained by a series of sub-culturing on appropriate media and running a battery of
definitive morphological and biochemical tests (Cruickshank et al., 1980; Holt et al., 1994). Axenic
bacterial cultures were maintained in separate nutrient broth flasks on rotary shaker for 20-24 hours at 30
+ 1°C. Thereafter, broth cultures were centrifuged at 10,000 g for 10 minutes; supernatant was discarded
and cell filtrate re-suspended in sterile distilled water and centrifugation repeated a number of times to
remove remnants of broth nutrients. Distilled water was used instead of phosphate buffer solution (PBS)
to avoid introducing any nutrient or minerals into the harvested cell filtrate. The pure harvested cells were
used in the bacterial survival experiments. Cell population was standardised using the McFarland’s
technique as measured on the UV/vis spectrophotometer (600 nm) to give a population of approximately
1.5 x 10° CFU/ml.

Evaluation of Bacterial Survival

Water and sediment samples were heat-sterilised by repeated autoclaving—re-incubation cycles at
121°C for 15 mins to ensure that all vegetative organisms are killed. The effectiveness of this sterilization
technique was initially verified by plating out. After every autoclaving process, aliquots of samples (1 ml
of sterilized water orl g of sediment) were plated (on nutrient agar and potato-dextrose gar and incubated
at 37°C for 2448 d) to verify the effectiveness of sterilization process and samples left for 48—72 hours
before autoclaving again until complete sterilization of samples was achieved. The survival of the clinical
isolates was evaluated in the environmental media as follows. One hundred milliliter of sterilized
wastewater or water sample or 100 g of sediment sample (wet weight equivalent) placed in each of 250-
ml Erlenmeyer flasks were spiked with the pathogens (ca. 1.5 x 10° CFU/ml) and incubated on an orbital
shaker (100 rpm) in a controlled temperature cubicle (30 = 1°C). Triplicate plates of Escherichia coli,
Klebsiella pneumoniae and Vibrio cholerae were made on Endo agar and MacConkey agar, Pseudomonas
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aeruginosa on Nutrient agar and Sal/monella typhi on Salmonella-Shigella agar, respectively, after 1, 2,
24,72, 144 and 196 hours of inoculation. The culture plates were incubated at 37°C and enumerated after
24-48 hours.

Statistical Analysis

The survival growth curves for the pathogens are presented as log normalized graphs by transforming
the raw data such that the initial cell numbers at time zero were converted to log;o10. Comparisons for
statistical relationships and significances (o = 0.05) of the transformed data were tested for with analysis
of variance (ANOVA) performed using the statistical packages of SigmaPlot (SPSS ver. 10, SPSS Inc.
Chicago, IL, USA).

Results

Four environmental samples including domestic wastewater and sediment, agricultural wastewater and
river water were analysed for their physicochemical and microbiological characteristics (Table 1).

Table 1: Physiochemical and Microbial Characteristics of Environmental Media

Domestic Domestic Agricultural .
Parameters Analysed Wastewater Sediment wastewater River water
Appearance Highly cloudy Dark humus Lightly cloudy Lightly turbid
pH 7.0+0.8 6.6+1.2 7.6+0.2 73+0.3
Temperature (°C) 242+1.8 23.8+0.6 28.0+2.0 302+ 1.6
Turbidity (A) 1.548 N.D 0.241 0.040
Suspended Solid (mg/L) 1.2x 10* N.D 1.75x 10° 1.70 x 10°
Dissolved Solid (mg/L) 2.1x 10 N.D 9.0x 10° 5.0x 10
Total Solids (mg/L) 33x10* N.D 2.65x 10° 6.70 x 10
Moisture content (%) N.D 30 N.D N.D
Heterotrophic Bacterial Counts 194 054 71 19 390.00£26.90 943 050 328+ 0.14
(x 10° CFU/ml) ' ' ' ' ' ' ' '
g{oiagscc"ég‘;?gofn‘gmm 215.00+£1490  131.00+12.70  4.82+0.14  3.29+0.80
f}ficoasl gl%f‘l’(r)‘gnﬁ;mms 29.20+£2.97 44.50 +3.61 28.00+ 028 248+ 0.67
Salmonella/Shigella Counts 155.00 43540  229.0+3320  3.10+0.15 7.04 £ 0.35

(x 10° CFU/25ml)

N.D = Not determined

The mean pH range (6.6 £ 1.2-7.6 £ 0.2) and mean temperature range (23.8 = 0.6-30.2 £ 1.6°C)
recorded in the samples were typically within the range that could promote heterotrophic microbial
growth. The domestic wastewater was highly turbid at the time of sampling. The dissolved and suspended
solids concentrations in the domestic (2.1 x 10*and 1.2 x 10" mg/L, respectively) and agricultural (9.0 x
10% and 1.75 x 10’ mg/L, respectively) waste waters were quite higher than in the river water (5.0 x 10
and 1.70 x 10’mg/L, respectively). Heterotrophic bacterial numbers in the samples were generally high
(3.28 x 10°-3. 90 x 10" CFU/ml),with domestic sediment having the highest. Expectedly, the total and
faecal coliform populations were higher in the wastewaters than the river water. However, higher
Salmonella/Shigella count was recorded in the river water than in the agricultural wastewater (Table 1).

The relative abundance of each subset of the bacterial diversities was calculated (Table 2).
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Table 2: Relative Abundance of Microbial Community Subsets in Environmental Media

Percent of Subsets to HBC VD&?;;:SWU:ter ls):;?;sg;ct 3532&1;11:31 River water
% Abundance of TCC to HBC 1.13 0.34 0.51 1.00

% Abundance of FCC to HBC 0.15 0.11 0.30 0.76

% Abundance of SSC to HBC  0.03 0.02 0.01 0.09

% Abundance of FCC to TCC  13.49 33.97 58.33 75.38

% Abundance of SSC to TCC 2.88 6.99 2.58 8.51

% Abundance of SSC to FCC 21.38 20.58 4.43 11.29

HBC = Heterotrophic Bacterial Counts; TCC = Total Coliform Counts;
FCC = Faecal Coliform Counts; SSC = Salmonella/Shigella Counts

The relative compositions (in percentage) of the total coliform bacteria (TCC) and faecal coliform
bacteria (FCC) to the total heterotrophic bacteria (HBC) in all the samples were low (0.34-1.13% and
0.11-0.76%, respectively). However, the percentage abundance of FCC to TCC in river water (75.38%)
and agricultural wastewater (58.33%) were high. Table 2 reveals also that there were relatively less
Salmonella-Shigella cells (SSC) than E. coli in all samples, though the proportions of SSC to FCC were
higher in the domestic wastewater and sediment samples. Also, the results indicate that some pathogens
such as Salmonella sp. may persist less than E. coli in the environmental media investigated (Table 2).

The survival kinetics of the clinical isolates used in this study are presented as log normalized growth
graphs (Figure 1).

In the domestic wastewater, all organisms except S. typhi had similar survival patterns where an initial

rapid increase in cell populations was followed by an apparent undulating stationary phase which lasted
between 72 and 144 hours of inoculation. Only V. cholerae and P. aeruginosa actually persisted after 192
hours. Interestingly, though V. cholerae did not proliferate as much as the other organisms in domestic
wastewater, it persisted longer than the others (Figure 1A). The survival kinetics of the pathogens are
apparently similar in the domestic wastewater and sediment, though the organisms persisted relatively
longer in the sediment (Figure 1B). While P. aeruginosa and K. pneumoniae persisted, with high cell
numbers, after 144 hours, the growth of others were limited after 72 hours and cell numbers became
negligible by the 144-hour of inoculation. V. cholerae exhibited similar survival kinetic in the sediment as
was observed in the domestic wastewater (Figure 1B).
The patterns of survival of the pathogens in the agricultural wastewater were quite different from those in
domestic wastewater and sediment. While K. pneumoniae and E. coli were relatively dormant within the
first hour of inoculation, others quickly increased and peaked at 72 hours of inoculation. Thereafter, all
the organisms did not significantly decline in cell populations, except S. fyphi which died-off after 192
hours (Figure 1C). Also, while the organisms did not proliferate as much in the agricultural wastewater
(Figure 1C) as compared with the domestic wastewater (Figure 1A) and sediment (Figure 1B), they
however, persisted for a longer time. The log normalized survival kinetic of the pathogens in river water
is similar to that of agricultural wastewater. E. coli and S. typhi were dormant within the first two hours
while others rapidly increased in cell numbers, peaking at 72-hour of inoculation. Though the cell
numbers of all inoculated organisms declined slightly thereafter, their persistence in the river water is
significant throughout the 192-hour survival study (Figure 1D).
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Figure 1: Log normalized survival of pathogens in (a) domestic wastewater, (b) domestic wastewater
sediment, (c) agricultural wastewater, and (d) in river water

Discussion

Ranges of pH and temperature values and the high concentrations of suspended and dissolved solids in
all the environmental media examined could have encouraged the profusion of heterotrophic bacterial
growth. This is usually the case in exposed and polluted environments (Huq et al., 1984; Abraham and
Wenderoth, 2005; Avery et al., 2008; Donovan et al., 2008). Suspended and dissolved solids support
bacterial growth by providing food, shelter and/or acting as shield for the microbes (Morris et al., 1996).
Though faecal coliform bacteria were present in moderate numbers in the samples, their presence in the
river water which is supposedly used for domestic purposes and to wash fresh vegetables and fruits from
farms along the river banks is worrisome. Many of the heterotrophic and enteric bacteria isolated from the
environmental samples showed varying multiple resistances to common antibiotics used in the
community (data not presented). There is a growing concern about the indiscriminate use and abuse of
these antibiotics in the communitywhich could lead to prolonged illnesses or even deaths (Abraham and
Wenderoth, 2005).
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The comparatively low numbers of the total and faecal coliform bacteria to the total heterotrophic
bacteria in all the samples could either mean that the environmental media were remotely exposed to
faecal contamination or if exposed, the ‘allochthonous’ enteric organisms had died-out after previous
exposure. The first assumption may be true for the domestic wastewater and sediment because the
samples were collected from kitchen sink discharges. However, the higher ratios of faecal to total
coliform counts in the agricultural wastewater and river water would support the assumption that the
samples had faecal organisms which may have persisted. This could infer that faecal materials were
potential sources of contaminants in the river water and agricultural wastewater. Comparatively, the lower
cell counts of Salmonella-Shigella (SSC) to E. coli in all samples and the relatively higher proportions of
SSC to FCC (> 20%) in the domestic wastewater and sediment samples further give credence to our
assumptions: there is a high possibility that the agricultural wastewater and river water were exposed to
faecal materials whereas the domestic wastewater and sediments were only remotely exposed. Also, the
results could indicate that some pathogens such as Salmonella sp. may persist less than E. coli in the
environment (Voogt ef al., 2001; Leclerc et al.,2002).

The survival patterns of the isolates showed an initial rapid growth, then, a steady period of growth
before gradual death of cells due to depletion of nutrient and oxygen as well as possible build-up of toxic
by-products (Pathak and Bhattacherjee, 1994; Leclerc et al., 2002; Avery et al., 2008) and competition
(Buzoleva and Terekhova, 2002). It is noteworthy that these initial vigorous bacterial growths within the
first 2 hours peaked by the 24-hour in the domestic wastewater and sediment while it took between 24-
and 72-hour in the agricultural wastewater and river water before they troughed. Huq et al. (1984)
reported similar growth patterns when V. cholerae serovar O1 was incubated at 30°C in Chesapeake Bay
water over a period of 168 hours. The similarity in the survival patterns of most of the organisms in the
domestic wastewater and sediment indicated that the environmental and nutritional conditions could be
relatively similar (Donovan et al., 2008). The ability of the opportunistic pathogens K. pneumoniae and P.
aeruginosa to persist longer than the other enteric organisms could be both physiological and
environmental (Leclerc et al., 2002; Panagea et al., 2005; Khan et al., 2007). The former are known to
strive naturally outside the gastro intestinal tract (GIT) (Romling ef al., 1994; Ford, 1999; Khan et al.,
2007) while P. aeruginosa is known to be non-fastidious (Pellett et al., 1983; Pirnay et al., 2005).
However, the environments proved to be able to support the persistence of the enteric pathogen for at
least 72 to 144 hours.V.cholerae which did not proliferate much in the wastewater, however, persisted for
more than 72 hours. Waterborne enteric pathogens should not proliferate in drinking water though they
may remain viable for a very limited period of time (Ford, 1999). The persistence of the organisms was
not statistically different in each of the environmental media (p< 0.05).

The fact that these pathogens did not die-off in the environmental samples until the 144 hrs especially
E.coli (survived up to 72 hrs) which is associated with faecal contamination means that there is need for
stringent control of the direct discharge of the domestic wastewaters into water bodies (Tyrrel and
Quinton 2003). This is especially important since these pathogens are causal agents of cholera, diarrhoea
and typhoid (Louis et al., 1990; Colwell, 1996; Ford, 1999; Leclerc ef al., 2002), and account for a large
number of infant mortality annually (Colwell, 1996; Leclerc et al., 2002). The isolates would have
survived better in the agricultural wastewater than in the domestic wastewater because it may contain less
complex organic nutrients that can support further microbial growth and allow longer persistence
(Soyaslan and Karagiizel, 2008). This suggests that discharge of agricultural wastewaters which have high
number of enteric organisms could be more hazardous than domestic wastewaters, though this was not
statistically validated by the log-normalized data (p< 0.05). Interestingly, the river water supported the
persistence of the pathogens more than any of the other three environmental samples used. The
persistence in the river water is significant throughout the 192-hour survival study. Longer periods of
survival of some pathogens in treated drinking water, rivers and sediments have been reported by some
researchers (Ford, 1999; Buzoleva and Terekhova, 2002; Avery et al., 2008; Donovan et al., 2008).
Ambient temperature has been identified as a factor influencing persistence. Recent reports indicated that
pathogens survived longer under lower temperature (Buzoleva and Terekhova, 2002; Hallmich and Gehr,
2010) though with less growth (Buzoleva and Terekhova, 2002). However, Huq et al. (1984) reported that
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higher temperatures encouraged growth and persistence of V. cholerae serovar Ol when they compared
incubated temperature ranges of 5, 15, 25 and 30°C.

We observed that these point sources of pollution (domestic wastewater/sediment and agricultural
wastewater) are the major discharge sources into a stream that runs across the community which many
residents use as a drinking water source as well as for various domestic purposes. It has been suggested
that about 70% of diarrhoeal cases are contracted through contaminated foods, food utensils, food that
have come in contact with contaminated water (Leclerc et al., 2002) or from direct ingestion of
contaminated drinking water (Ford, 1999; Leclerc et al., 2002). In a community where lack of clean safe
drinking water is perennial, it is very tempting and economical to use the river water. It was also observed
that because of the irrigation farming practice along the banks of the stream, it is not unusual to see
farmers washing their farm produce in the stream especially fresh vegetables and fruits which are
transported to the market directly from the farm. Food and Food handling have led to several cholera
epidemics (Louis et al., 1990; Colwell, 1996). Though there is no official report linking waterborne
disease cases in the town to use of the river water under study, there is growing concerns on incidences of
diarrhoea, dysentery and cholera-like diseases in the community.

The unwholesome practice of using exposed river water to wash farm produce which are sold directly
in the market should be discouraged through community health education. Education is very important in
safeguarding public health particularly in rural communities where literacy and poverty have greatly
impacted the incidence of waterborne communicated diseases (Schneider et al., 1978; Colwell, 1996;
Leclerc et al., 2002; Zobrist et al., 2009). Consequently, we recommend that the continued use of the
river water for drinking and other domestic purposes and cleaning of farm produce, particularly those that
may be consumed without much cooking should be avoided. Moreover, government should prioritize its
policy on provision of safe potable water to the public in many parts of the city to support the growing
population. More so, responsible authorities should not compromise the need for proper management and
disposal of both domestic and agricultural wastes/effluents in order to prevent the epidemics of
waterborne diseases.

In conclusion, this study could assist in rapid prediction of possible contamination sources during
epidemiological studies as well as in developing surveillance systems. Monitoring survival of pathogens
can also be used as early warning tool to identify possible routes of transport in order to forestall
outbreaks of water-borne infections in a community.
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