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Floods occurred in the Ndlambe Local Municipal-
ity in South Africa in October 2012. During vari-
ous stages of the post-disaster recovery, bacterial con-
centrations were measured in water and soil sam-
ples from the flood zone. All drinking water con-
centrations of E. coli were below 1–3 colony form-
ing units per 100 millilitres (CFUs/100 mL). The
flood waters contained between 46500 to more than
100000 CFUs/100 mL of E. coli. The concentrations
of Salmonella spp. in the flood waters varied from
5000 to 250000 CFUs/100 mL. The presumptive Vibrio
spp. concentrations in flood waters ranged from 1000
to over 150000 CFUs/100 mL. The soil concentrations
for E. coli ranged from 1 to above 330 colony-forming
units per 1 g of soil dry weight (CFUs/g). The soil con-
centrations of Salmonella spp. varied from below 1
to 22 CFUs/g. The estimated airborne fungal concen-
trations ranged from 16820 to 28540 colony-forming
units per 1 cubic meter. An outbreak of an infectious
disease was recorded among the volunteers who as-
sisted with the post-disaster recovery. The likely bac-
terial causative agents included strains of Aeromonas
spp. and Vibrio cholerae. Any human contact with
either the contaminated flood waters or of flooded
dwellings should only occur, if the individuals in ques-
tions are equipped with the full-body personal protec-
tive gear. Non-governmental stakeholders performed
majority of the post-disaster recovery operations, as
the local government could only cover 11% of the re-
quired costs. Applying sanitation funds to disaster re-
covery and increased use of the low-cost flood defence
products in high risk areas could provide a solution for
the future.

Keywords: Aeromonas spp., Vibrio spp., Escherichia
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1. Introduction

Flood waters can become faecally contaminated
through contact with various faecal pollution sources, e.g.
flooding of municipal sewer systems [1]. Flood water
interaction with such sources can compromise microbial

water quality of flood waters. Ten Veldhuis et al. [1] mea-
sured the indicator microorganism concentrations in wa-
ter samples from flooded municipal sewers. The mea-
sured concentrations were comparable to those reported
for raw sewage [1]. The flood water concentrations of
Escherichia coli (designated as E. coli in further text),
Campylobacter spp. and Salmonella spp. were reported
to be higher during flooding than during the post-flooding
conditions [2]. Hurricanes and the related flooding have
been reported to lead to significant fungal contamination
of human dwellings [3]. Exposure to molds inside flood
zones can lead to asthma, rhinitis and other respiratory
disorders [4]. Data from other reports on flood disasters
indicate that the human population can be at significant
risk from viral gastroenteritis during the clean-up stages
of the flood disaster management cycle [5]. Survival of
pathogens and the infectious doses are significantly af-
fected by temperature, volume of rainfall and other local
factors [6]. Therefore the exact nature of the microbial
risk from flood waters must be known and quantified in
a given geographical location. Local risk evaluation is of
critical importance for efficient disaster management and
public health planning in a given jurisdiction.

The annual probability of flooding has been reported
to be equal to 83.3% in South Africa as summarised by
Zuma et al. [7]. On 20th October 2012, a “cut-off low
pressure system” hit the Eastern Cape Province of South
Africa [8], which resulted in heavy rainfall and flood-
ing [9]. Various parts of Port Alfred in the Ndlambe Lo-
cal Municipality were submerged under 2 m of flood wa-
ter [8, 9]. The total disaster damages were estimated at ap-
proximately 82 million USD [8, 9]. One of the most dam-
aged areas of the city was the Medolino Caravan Park and
Resort (designated as Medolino in further text) [10]. This
five-star resort was flooded and became inundated with
2 to 3 meter deep layer of flood water and sewage from
burst municipal sewers. The entire geographical area of
the resort was flooded. A public health assessment and
risk evaluation was conducted inside the flood zone. This
included assessment of the microbial water quality on the
municipal drinking water supply and the flood water; and
enumeration of bacteria in soils from the flood zone. An
attempt was made to identify bacterial pathogens which
might have caused the outbreak of an infectious disease
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during the post-disaster recovery in the flood zone. Re-
sults from these microbial analyses and their implications
for flood disaster management in South Africa are de-
scribed in this study.

2. Materials and Methods

2.1. Chemicals and Consumables
The following consumables were purchased from

Merck Pty. (Ltd.; Cape Town/Johannesburg, South
Africa): TCBS, agar, m-FC agar, XLD agar, tetrathion-
ate broth powder, KOH, R2A agar, potato dextrose agar,
NaCl, components of the one-quarter-strength Ringer so-
lution and Kovacs indole reagent. The following con-
sumables and chemicals were purchased from Spellbound
Labs (Port Elizabeth, South Africa): nitril gloves, ster-
ile cotton swabs or throat swabs, 40 ml sterile urine jars,
automatic pipette tips and 90 mm sterile Petri dishes.
Ethanol was purchased from Chemstores (Rhodes Uni-
versity, Grahamstown, South Africa). The API 20E sys-
tem kits were purchased from BioMerieux South Africa
(Pty.) Ltd. (Midrand, South Africa). Personal pro-
tective gear, including face masks, gumboots and nitril
gloves (Spellbound Labs, Port Elizabeth, South Africa)
were worn by the authors during sampling in the flood
zone. The first sampling took place immediately after the
owners of Medolino finished pumping out the majority of
the sewage and flood waters from the resort on Novem-
ber 19, 2012. The second sampling took place in the post-
flooding conditions on January 15, 2013. Water samples
were collected by filling the 40 ml sterile urine jars to the
brim with the respective water sample as described previ-
ously [11]. Overall water sample collection, transport into
the laboratory and the incubation (equipment) followed
the procedures of Luyt et al. [11].

2.2. Bacterial Enumerations
The E. coli concentrations were enumerated as blue

colonies on the m-FC agar using the membrane filtra-
tion technique and after confirmation with positive in-
dole test at 44.5 ± 0.2◦C [12]. For membrane filtration,
40 to 80 ml of the respective water sample was used.
The heterotrophic plate count (HPC) was measured by
spread-plating 200 µl of the respective sample on R2A
agar. These plates were then incubated at 25-27◦C for
5 days. Concentrations of the heterotrophic plate count
bacteria are designated as the HPC concentrations in fur-
ther text. On November 19, 2012, three municipal potable
water samples were collected from taps located inside the
Medolino flood zone. The measured concentrations of in-
dicator microorganisms in these samples are shown in Ta-
ble 1. In Table 1, samples designated Municipal sample 1
and Municipal sample 2 were collected from the munici-
pal drinking water taps located inside the Medolino tourist
chalets. Both chalets were flooded in October 2012. Mu-
nicipal sample 3 was collected from a flooded private
house located inside the Medolino flood zone. One con-

trol sample from the municipal drinking water supply was
collected from a private house which was located outside
of the Medolino flood zone. The measured indicator mi-
croorganisms from this sample are designated as Munici-
pal control sample in Table 1.

The sampling on January 15, 2013 was conducted on
the same four drinking water sites inside and outside of
the original flood zone. The measured concentrations of
indicator microorganisms from this sampling are shown in
Table 2. On both sampling occasions, a sample was col-
lected from the area which was flooded and where sewage
contamination from burst municipal sewage collection
pipe was detected. The enumerated microbial concentra-
tions are reported as the flood water sample results in Ta-
bles 1 and 2. Concentrations of E. coli were measured us-
ing the same method as with the municipal potable water
samples, but the spread-plating technique and not mem-
brane filtration was used. Besides E. coli, concentrations
of Salmonella spp. in the municipal drinking water and
the flood waters were measured using the selective XLD
agar and the enrichment steps in the tetrathionate broth.

For the Salmonella spp. enumeration, 20 mL of the
sterile tetrathionate broth was poured aseptically into a
sterile 40 mL urine jar. Then 1 mL of the given water sam-
ple was spiked into the sterile tetrathionate broth. This
operation was repeated in duplicate for all flood water
samples. After the spike, the tetrathionate broth aliquots
were incubated at 37◦C for 24 hours. The individual urine
jars were hand-shaken periodically during the incubation
period. This enrichment step was aimed at lowering the
detection limit of the enumeration of Salmonella spp. Af-
ter the enrichment step, 1 mL of the enriched flood water
samples was subjected to decimal dilution in physiolog-
ical saline and spread-plated onto the XLD-agar plates.
All plates were then incubated at 37◦C for 24 hours. The
Salmonella spp. colonies were counted as red colonies or
the black-centre colonies. All samples were analysed in
duplicate.

Throughout the study, an active exchange of informa-
tion took place between the authors, the Medolino own-
ers, local councilor and municipal officials about the dis-
aster management of the flood zone. The aim was to
maximise the efficiency of the post-disaster recovery in
the area. During these interactions, it came to fore that
an infectious disease outbreak occurred among 7 volun-
teers, who assisted in the post-disaster recovery operation
at Medolino. After participating in the Medolino clean-
up, the volunteers all suffered from symptoms such as
bloody stool, diarrhoea, vomiting and general weakness.
No personal information about any of the infected indi-
viduals was collected and no formal interviews with any
human subjects took place. Therefore no ethical approval
was required for carrying out this study or any of its parts.
The authors suspected that strains of Vibrio spp. and
Salmonella spp., or related strains might be the causative
agents of this infectious disease outbreak. Thus all sam-
ples of the municipal drinking water, the flood waters and
soils from the flood zone were tested for the presence of
Vibrio spp. This was done through decimal dilution and
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Table 1. Microbial water quality of domestic taps linked to municipal supply in the Medolino flood zone during the sampling on
19th November 2012.

Sampling E. coli HPC Risk evaluationc

site (cells/100 mL)a (CFUs/mL)b

Municipall control <3 >1500 Low risk of faecal contamination of the municipal tap water from
flooding, but chlorination of the pipes should be done urgently to
eliminate microbial re-growth inside the potable water distribution
system.

Municipal sample 1 <3 >1500 Low risk of faecal contamination of the municipal tap water from
flooding, but chlorination of the pipes should be done urgently to
eliminate microbial re-growth inside the potable water distribution
system.

Municipal sample 2 <3 >1500 Low risk of faecal contamination of the municipal tap water from
flooding, but chlorination of the pipes should be done urgently to
eliminate microbial re-growth inside the potable water distribution
system.

Municipal sample 3 <3 >1500 Low risk of faecal contamination of the municipal tap water from
flooding, but chlorination of the pipes should be done urgently to
eliminate microbial re-growth inside the potable water distribution
system.

Flood water sample >100000 Not determined High risk of waterborne disease upon human contact with this flood
water, i.e. any contact of the population with the river water should
be avoided and the clean-up personnel should wear the full-body
protective gear.

a Reported as the colony forming units in 100 mL of sample.
b Reported as colony forming units in 1 mL of sample after growth at 25-27 ◦C for 5 days.
c Evaluated based on the 1996 South African water quality guidelines for domestic use [15].

Table 2. Microbial water quality of domestic taps linked to municipal supply in the Medolino flood zone during the sampling on
January 15, 2013.

Sampling E. coli HPC Risk evaluationc

site (cells/100 mL)a (CFUs/mL)b

Municipal control <1 >1500 Low risk of faecal contamination of the municipal tap water from
flooding, but chlorination of the pipes should be done urgently to
eliminate microbial re-growth inside the potable water distribution
system.

Municipal sample 1 <1 >1500 Low risk of faecal contamination of the municipal tap water from
flooding, but chlorination of the pipes should be done urgently to
eliminate microbial re-growth inside the potable water distribution
system.

Municipal sample 2 <1 >1500 Low risk of faecal contamination of the municipal tap water from
flooding, but chlorination of the pipes should be done urgently to
eliminate microbial re-growth inside the potable water distribution
system.

Municipal sample 3 <1 >1500 Low risk of faecal contamination of the municipal tap water from
flooding, but chlorination of the pipes should be done urgently to
eliminate microbial re-growth inside the potable water distribution
system.

Flood water sample 46500 Not determined High risk of waterborne disease upon human contact with this flood
water, i.e. any contact of the population with the river water should
be avoided and the clean-up personnel should wear the full-body
protective gear.

a Reported as the colony forming units in 100 ml of sample.
b Reported as colony forming units in 1 mL of sample after growth at 25-27 ◦C for 5 days.
c Evaluated based on the 1996 South African water quality guidelines for domestic use [15].
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spread-plated on TCBS agar. The inoculated plates were
incubated at 37◦C for 24 hours and the results were eval-
uated as according to the supplier’s instructions. Stable
TCBS bacterial isolates were also subjected to the mor-
phological and physiological identification using the API
20E kits.

For the extraction of Vibrio spp., Salmonella spp. and
E. coli from soil samples, the method for extraction of
bacteria from mulch were adapted [13]. The selection of
the bacterial species to enumerate was based on the en-
demic species in the area of the flood zone and general
knowledge about causative agents of bacterial infectious
diseases in South Africa. The same agar media and en-
richment steps as with the water samples were then used
to enumerate the respective bacteria in the 1/4 Ringer so-
lution extracts of soils. Only spread-plating was applied.
Visual examination of the flooded buildings revealed that
residual mud walls and flooded items. These were sam-
pled for qualitative detection of E. coli, Salmonella spp.,
Vibrio spp. and fungi. The mud samples were collected
by dipping the sterile cotton swabs into the mud and re-
moving a subsample of the material. The samples were
then placed on ice and transported into the laboratory. In
the laboratory, the cotton swabs were used to streak the
sampled mud directly onto the selective media. The same
media were used as mentioned for the detection of bac-
terial species as described for the water samples. Fungi
were detected on the potato-dextrose agar.

2.3. Assessment of Fungal Contamination Inside
Flooded Dwellings

In the post-disaster recovery phase of the Medolino
flood disaster management, heavy fungal contamination
could be visible inside the chalets and houses inside
the flood zone. A semi-quantitative assessment of the
airborne fungal concentrations was performed using the
settle-plate technique on the potato-dextrose agar [14].
Exactly 2 rooms in a private house were sampled by using
three settle plates per room. The airborne fungal concen-
trations are reported as fungal colony-forming units per
cubic meter of indoor air. The airborne fungal concentra-
tions were estimated to provide a quick assessment of the
respiratory public health risk to volunteers and municipal
personnel during the post-disaster recovery in Medolino.

3. Results and Discussion

3.1. Drinking Water Microbial Quality
All drinking water concentrations of E. coli were be-

low 3 colony-forming units per 100 millilitres (designated
as CFUs/100 mL in further text) on November 19, 2012
(see Table 1 for details). This was the case regardless of
whether the samples were taken inside or outside of the
Medolino flood zone. The E. coli concentrations in the
municipal drinking water samples taken on January 15,
2013 were below 1 CFUs/100 mL (see Table 2 for de-
tails). Concentration of E. coli is the standard indicator

of faecal contamination of drinking water. The measured
concentrations from Port Alfred indicate that the flooding
did not compromise the municipal potable water infras-
tructure or the potable microbial water quality. This is
based on the lack of faecal contamination detected inside
and outside Medolino flood zone. Lack of faecal contami-
nation is supported by the measured E. coli concentrations
which were below the detection limit of the membrane fil-
tration technique used. At the same time, the municipal
drinking water samples were negative for Salmonella spp.
and Vibrio spp.

The HPC concentrations were higher than 1500 colony-
forming units per millilitre (designated as CFUs/mL in
further text) in all samples of the municipal drinking wa-
ter. This is clearly visible from the data measured in the
Municipal samples 1–3 in Tables 1 and 2; and the Mu-
nicipal control in Table 1. These HPC concentrations in-
dicate that a treatment breakdown occurred between the
water treatment plant and the end points of use [15]. The
breakdown was unrelated to the flooding as it affected mu-
nicipal water samples taken from inside and outside of the
Medolino flood zone. Municipal officials and councilors
were contacted by the authors. The authors suggested
that an urgent chlorination of the section of the munici-
pal potable water supply grid be carried out.

3.2. Bacterial Concentrations in the Flood Zone
The E. coli concentration in the flood waters

sampled on November 19, 2012 was higher than
100000 CFUs/100 mL. On the same sampling occasion,
the concentrations of Salmonella spp. in the flood wa-
ters were higher than 150000 CFUs/100 mL. Enumer-
ations on the TCBS agar indicate that the presumptive
concentration of Vibrio spp. ranged from 6500 to over
150000 CFUs/100 mL. The flood water concentration of
E. coli decreased to 46500 CFUs/100 mL in the sample
taken on January 15, 2013. These E. coli concentrations
indicate high levels of faecal/sewage contamination of the
flood waters [15]. Therefore data in Tables 1 and 2 clearly
indicate that any human contact with the sampled flood
waters should be avoided [15]. On the other hand, the al-
ternative would be that the full-body personal protective
gear should be worn by anyone who enters the flood zone.

The flood water samples taken on January 15, 2013
contained the concentrations of Salmonella spp. from
50000 to 250000 CFUs/100 mL. On the same sam-
pling date, the flood water samples contained 1000 to
16500 CFUs/100 mL of presumptive Vibrio spp. The
samples of the mud material from the walls of the
flooded houses in Medolino were positive for fungi. This
confirmed the presence of fungal contamination of the
flooded dwellings. The airborne fungal concentrations
were estimated to range from 16820 to 28540 CFUs/m3.
This indicates high probability of the adverse respiratory
health effects on the human population inside the affected
flood zone [4, 14]. In the aftermath of Hurricanes Katrina
and Rita in 2005, concentrations of E. coli in the flood
water ranged from 140 to 4600 CFUs/100 mL [16]. In
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Malaysia, the concentrations of E. coli in flood waters
were reported to be equal to 67100 CFUs/100 mL [17].
At the same time, the concentrations of Salmonella spp.
ranged from 2500 to 23300 CFUs/100 mL [17]. Between
1.2 and 35000 CFUs/100 mL of flood waters was reported
for the presumptive Vibrio spp. in water samples from
Lake Pontchartrain in Louisiana [18]. Thus the flood wa-
ter bacterial concentrations from this study are compara-
ble to or higher than the literature values.

The soil concentrations of E. coli ranged from 33 to
more than 330 colony-forming units per gram of soil dry
weight (designated as CFUs/g in further text) during the
initial sampling on November 19, 2012. The soil concen-
trations of Salmonella spp. on the same sampling date was
below 1 CFU/g. The XLD agar was, however, overgrown
with yellow and pink colonies, which would indicate the
presence of Pseudomonas aeruginosa and coliform bacte-
ria. Pseudomonas aeruginosa is a common soil bacterium
and so its presence in the flooded soil samples is not sur-
prising. Same applies to the presence of coliform bacteria
in soils. The presumptive soil concentrations of Vibrio
spp. were below 1 CFU/g on November 19, 2012. Fifty
percent of the mud streaks from the two flooded tourist
chalets at Medolino were positive for Salmonella spp. on
November 19, 2012. Re-sampling on January 15, 2013
indicated that the E. coli concentration in the previously
flooded soils ranged from 1 to 3 CFUs/g. The soil concen-
trations of Salmonella spp. ranged from 4 to 22 CFUs/g.
Only a single colony was observed on the TCBS agar, but
the quantitation limit of the method was not reached.

Schaupp [19] reported that the soil concentrations of
E. coli in the flood zones in Accra, Ghana ranged from
48000 to 850000 CFUs/g. Casteel et al. [20] reported
that the soil concentrations of E. coli ranged from 4 to
400 CFUs/g. Therefore the soil concentrations of E. coli
measured in this study are comparable to or lower than
the literature values. Alam and Zafar [21] measured the
concentration of Salmonella spp. and reported a value of
45 CFUs/g. Soil samples were taken in an estuary with
no major flooding [21]. Therefore the soil concentrations
of Salmonella spp. at Medolino did not seem to be sig-
nificantly affected by the flooding. Lack of the quantifi-
able number of the presumptive Vibrio spp. strains in soils
samples from the flood zone indicates that the Vibrio spp.
bacteria likely died off the fastest from all the enumerated
bacteria.

3.3. Bacterial Identification
The API 20E system and the ABIS software1 were

used to further identify the causative agent of the out-
break of infectious disease that was reported during the
post-disaster recovery at Medolino. Identification was
performed on three stable bacterial isolates which were
isolated on the TCBS agar from the flood zone. These
are designated as strain 2 (a soil isolate) and strains 5
and 12 (the flood water isolates). The following charac-
teristics were recorded for the three presumptive Vibrio

1. available at: http://www.tgw1916.net/bacteria logare.html

spp. strains. Strain 2 had the following characteristics:
growth as yellow colonies on the TCBS agar, positive for
growth on nutrient agar, positive for the string test indi-
cating Gram-negative bacteria, growth in 0% NaCl – pos-
itive, growth in 1% NaCl – positive, oxidase test – pos-
itive, nitrate test – positive, the myo-inositol test – neg-
ative, the Arginine dihydrolase – positive, Lysine decar-
boxylase – positive and Ornithine decarboxylase – nega-
tive. These morphological characteristics and were anal-
ysed using the ABIS system. The results indicated that
strain 2 could Vibrio proteolyticus, Vibrio cholerae, Vib-
rio aestuarianus and Vibrio anguillarum. The identifica-
tion percentage of accuracy from the forced-mode ABIS
system ranged from 77–88%.

Strain 5 which was isolated from flood water had the
following morphological characteristics: growth as yel-
low colonies on the TCBS agar, positive growth on nutri-
ent agar. The bacterium was Gram-negative as indicated
by the positive string test. This strain was also positive
for growth on 0% NaCl and 1% NaCl. Additionally, the
following biochemical characteristics were recorded: Ox-
idase test – positive, Nitrate test – negative, Myo-inositol
– negative, Arginine dihydrolase – positive, Lysine decar-
boxylase – negative and Ornithine decarboxylase – pos-
itive. Analysis of the strain’s characteristics using the
ABIS system indicated that the strain could be one of the
following: Vibrio porteresiae, Vibrio cholerae and Vib-
rio anguillarum. The identification accuracy of the forced
mode determination ranged from 66 to 77%.

Finally, the flood water isolated strain 12 flood water
grew in the form of yellow to blue-green colonies on the
TCBS agar. It was positive for growth on nutrient agar
and Gram-negative based on the positive string test. Ad-
ditionally, the following biochemical characteristics were
recorded: growth in 0% NaCl – positive, growth in 1%
NaCl – positive, Oxidase test – negative, Nitrate test –
positive, Myo-inositol – negative, Arginine dihydrolase –
positive, Lysine decarboxylase – negative and Ornithine
decarboxylase – positive. These morphological and bio-
chemical characteristics could be no matched to any Vib-
rio spp. strain. The literature data and the clinical symp-
toms reported by the volunteers are used below to try to
identify the potential bacterial causative agent of the in-
fectious disease outbreak at Medolino.

Vibrio aesturianus is a marine bacterium and solely
a mollusk pathogen as documented for Crassostrea gi-
gas [22]. Thus is unlikely that Vibrio aesturianus was
the causative agent of the Medolino infectious disease
outbreak. Vibrio anguillarum is a well-documented fish
pathogen that does not cause human infections [23].
Therefore it is also unlikely that this bacterium was the
causative agent of the Medolino outbreak in 2012. Similar
conclusion can be drawn about Vibrio porteresiae which
is usually isolated from wild-rice and mangroves, but it
is not a human pathogen [24]. Vibrio proteolyticus is a
non-pathogenic species, but it has similar enzyme charac-
teristics as the pathogenic Vibrio vulnificus [25].

Vibrio vulnificus injected into the bodies of laboratory
rats has been shown to increase the vascular permeability
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the dorsal skin due to the secretion of histamine in mast
cells [25, 26]. In other studies, Vibrio vulnificus has been
reported to cause “sepsis, severe cellulitis with rapid de-
velopment to ecchymoses and bullae” [27]. This occurs
after exposure of open wounds to warm seawater with
high concentrations of Vibrio vulnificus. The route of
exposure could provide an explanation for the Medolino
outbreak, but the clinical symptoms do not match those
reported for the infected volunteers from the Medolino
post-disaster recovery clean-up. Thus Vibrio proteolyti-
cus or Vibrio vulnificus were not the causative agents of
the Medolino outbreak.

Vibrio cholerae is a well-known human pathogen with
its strains causing diarrhoeal diseases [28]. Common clin-
ical symptoms of human infections by this pathogen in-
clude “watery diarrhoea, vomiting and leg cramps” [28].
However, some patients do not exhibit any clinical symp-
toms [28]. Sewage contamination at Medolino was
widespread and the contact of volunteers might have re-
sulted in contracting cholera. On the other hand, not
all clinical symptoms that were reported by the infected
volunteers are explained by the Vibrio cholerae infec-
tion. Thus it was probably not the only causative agent
of the Medolino outbreak in 2012, but could have con-
tributed to it. Strains belonging to Pseudomonas spp. and
Aeromonas spp. have been reported to grow as blue-green
colonies on the TCBS agar [29]. Thus strain 12 might
have been such a strain. Aeromonas hydrophila has been
reported to cause human cases of diarrhoea and the symp-
toms include bloody stool [30]. This bacterium is com-
monly found in aquatic and marine environments [30].
Therefore it could have been one of the causative agents
of the Medolino outbreak in 2012.

Results from this study indicate that major microbial
contamination of water resources and risk to human and
environmental health was observed at Medolino after the
October 2012 floods. There was clear presence of the lo-
cal government officials at the site of the floods through-
out the duration of this study. The local government offi-
cials also seem to possess majority of the necessary skills
to deal with the flood disaster management. The only ex-
ception seemed to be the lack of a water testing laboratory
in the Ndlambe jurisdiction and the lack of full awareness
of the potential impacts of flood waters on public health
of the population. This was based on the lack of full-body
protective gear when the officials entered the flood zone.
However, financial shortages were identified as the main
cause of the inadequate local government response to the
flood damages and post disaster recovery at Medolino.
Thus the main costs and action in the post-disaster recov-
ery, e.g. funding of sewage and flood water pumping op-
erations, and the clean-up at the site had to be performed
by Medolino owners and community volunteers.

3.4. Analysis of the Results and Context of Flood
Disaster Management in the Study Area

The Ndlambe Local Municipality spent 30400 USD
from its own budgetary resources to deal with the im-

mediate aftermath of these floods in the entire Port Al-
fred area [31]. Local government was, however, unable to
cope with the full impact of the floods due to budgetary
constraints. This is best demonstrated by the Ndlambe
own recovery cost estimates which led to the request for
immediate assistance from the National Government in
the amount of 2.46 million USD [31]. The post-disaster
recovery costs were then estimated by local government
to reach a total of 6.22 million USD [31]. The Ndlambe
local government again applied for external funding from
the national government to cover these costs [31].

The indicator microorganism concentrations measured
in the flood waters from Medolino were likely caused by
the breakdown of the municipal pumps, designated to re-
move the sewage and flood waters from the Medolino
area. This conclusion is supported by the fact that the Nd-
lambe Municipality spent only 6400 USD on the pump-
ing operation, when the two new pumps were requested in
the emergency relief assistance from the National Govern-
ment [31]. The total cost of immediate disaster response
equal the cost of purchase of two new pumps for removal
of flood waters and sewage from the Medolino area and
this was estimated at 60000 USD. Since the internal fi-
nancial resources of the Ndlambe Municipality accounted
for only 11% of the required costs, the majority of the
after-flood pumping was funded by the Medolino owners.
The example of the flood response by Ndlambe local gov-
ernment is not unique and happens commonly in South
Africa.

Documents from the South African Parliament’s Port-
folio Committee on Water and Sanitation indicate that the
national government was concerned about the overall wa-
ter quality in South Africa since 2012 [32]. The main
problems were identified by the committee to include the
following issues: acid mine drainage, shortage of techni-
cal skills in the water sector, and the stakeholder aware-
ness about overall water quality in the water sector [32].
Partially in response to these concerns, the South African
National Government adopted an approach which entailed
focusing outcome and strategic lines, functional lines and
management and governance lines [32]. In the focus area
of outcome and startegy, it focused on putting into prac-
tice an Equity Policy which placed drinking water at the
center of integrated development in South Africa [32].
The improvement of functional lines included improv-
ing and stretching water resources and implementing the
use of water efficiently. Management and governance in-
volved the success of effective water governance and de-
velopmental water management, entrenching sustainable
business principles and engaging private and water use
sectors [32].

Clean drinking water is critical for the maintenance of
human health [33]. It has often been observed that rivers
in South Africa are seriously affected by illegal water use,
by over abstraction and by pollution. Both eco-viability
and human use of water resources are compromised. The
National Department of Water affairs and Forestry, agreed
on increasing the number of monitoring stations along
South African rivers. This initiative was due to the death
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of eight people in the Eastern Cape Province in South
Africa after drinking polluted river water. A mechanism
of monitoring microbial levels established so as to pre-
vent further unnecessary deaths. Due to the importance
of water to human health, most municipalities in South
Africa municipalities began to tighten up their monitoring
programmes to make sure that they comply with national
norms and standards for microbial water quality. Even
though the main focus was on drinking water quality, the
Department of Water affairs and Forestry has instigated
assessments on waste-water treatment works to ensure
compliance with effluent quality standards [33]. Such leg-
islative and governmental strategies must be widened to
put the flood disaster management at the heart of govern-
ment policies. Principle of cooperative governance and
the integration of disaster management response mecha-
nisms should take place among all the levels of govern-
ment. This is supported by the findings from this study
on the effect that local floods can have on microbial water
quality.

A mindset shift is needed at the local government level
which puts disaster management and spending on it at the
center of the functioning of municipalities. This should
be mainly focused in the geographical areas that are at
high risk from flooding. Use of low-cost flood defence
technologies should be stimulated and awareness about
them should be raised among the local government offi-
cials. Financial shortages in disaster management fund-
ing could be addressed, in the context of floods in South
Africa by the use of sanitation funding mechanisms [34].
Such funds could be used, e.g. for purchase of pump-
ing equipment for the removal of flood waters and sewage
from flood zones such as Medolino.

The present study shows that (flood) waters can have
significant and detrimental effects on human health and
environment. It also affects business continuity as the
Medolino resort only resumed operations three and a half
years after the 2012 floods. The communities and local
government which are located in the flood-prone regions
must ensure that drinking water is free of pathogenic mi-
croorganisms. Regular monitoring of microbial water
quality and inspection of the infrastructure are of criti-
cal importance for the public health (disaster) manage-
ment and preparedness in the flood-prone regions. Re-
sults of the current study indicate that the microbial mon-
itoring was not conducted in the flood zone without the
authors’ involvement. This was a combination of the fol-
lowing factors: financial constrains of the Ndlambe Mu-
nicipal Budget, the lack of a water-testing laboratory in
Ndlambe Local Municipality and the lack of awareness
of the public health implications of floods among the lo-
cal government officials. This will have to be addressed
through improved on-the-job training and workshops of
local government officials responsible for disaster man-
agement. In this context, collaboration with academic in-
stitutions which offer disaster management education and
conduct research in the area is critical.

Such institutions include Stenden South Africa which is
located in close proximity to the Medolino site [35]. It of-

fers the Bachelor of Business Administration in Disaster
Management as an “honours level qualification” [35]. The
first three years are dedicated to a combination of lectures,
workshops and practical training in disaster management
theory and application [35]. The fourth year is then run
as on-the-job training where the students get placed in
industry and work as health and safety officers, disaster
managers, etc. [35]. The Stenden South Africa faculty
members also run workshops with local government offi-
cials and provide consulting services upon need/request.
This institution and the Bachelor of Business Administra-
tion in Disaster Management were only starting around
the time of the October 2012 floods. Thus the staff could
not provide advice or assistance at the time of the flood
management and post-disaster recovery. However, the ex-
periences of the Medolino owners, the local government
official and the authors of this article could be used to
make the future disaster management professionals aware
of the destructive nature of a local disaster. This is of crit-
ical importance as the majority of disasters worldwide are
local in nature and will likely form a major part of the pro-
fessional dealings of the Bachelor of Business Adminis-
tration in Disaster Management students after graduation.

The oldest academic centre conducting research in dis-
aster management in South Africa is the African Cen-
tre for Disaster Risk Studies (ACDS) [36]. It is located
at the North-West University’s Potchefstroom Campus
and it was founded in 2002 [36]. The centre conducts
research activity on the issues of social transformation,
disaster management, local governance and other sub-
jects [36]. These activities form the critical part of the
teaching component which is focused on Masters and
PhD projects [36]. Since 2014, the centre also offers
the Postgraduate diploma in Disaster Risk Studies which
could be ideal for education of the local government of-
ficials [37]. The centre has strong links to the National
Disaster Management Centre which coordinates disaster
management at the national level for the entire geograph-
ical territory of South Africa. A part of this collabora-
tion is the publication of the SCOPUS-indexed Journal
of Disaster Risk Studies [38]. It is run as a golden-open
access publication with no article processing charges for
authors [38]. It is internationally peer-reviewed and pub-
lishes theoretical and practical papers on disaster man-
agement and risk reduction. As such it provides a good
resource for the local government officials to keep up to
date with the latest developments in research and prac-
tice of disaster management in South Africa and interna-
tionally. Awareness about this resource and others from
ACDS should be raised and among the disaster manage-
ment stakeholders in South Africa.

Another academic centre offering disaster management
education is the Department of Geography and Environ-
mental Studies at the University of Stellenbosch [39].
In 2011, Research Alliance for Disaster Risk Reduc-
tion (RADAR) was launched by this Department as an
Africa-wide platform for conducting research and multi-
lateral scientific collaborations in disaster management
and risk reduction [39]. In addition the Department of-
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fers the Bachelor of Arts in Disaster Risk Science and
Masters of Philosophy in Disaster Risk Science and De-
velopment [38]. This centre has active in establishing
disaster management links across the African continent.
This makes RADAR an ideal platform for implementa-
tion wide-ranging disaster management initiatives. These
would provide a mechanism of interaction and exchange
of information between local government, academics and
disaster management practitioners in South Africa. Ad-
dressing specific disaster management challenges at the
local government level could be addressed efficiently us-
ing platform like this. More about this is described in one
of the upcoming chapters.

The causative agent of the outbreak of the infec-
tious disease was narrowed down to Vibrio cholerae or
Aeromonas spp. (hydrophila). Vibrio cholerae is en-
demic to South Africa and outbreaks of cholera are com-
mon occurrence. The Public health officials and the
healthcare personnel are aware of this disease. The Stan-
dard Treatment Guidelines contain protocols and drugs
regimens aimed at management and curing of this infec-
tious disease. However, the same can’t be said about the
other possible causative agent of the 2012 Medolino out-
break. To the best of the authors’ knowledge, this is the
first report of strains belonging to Aeromonas spp. as pos-
sible causative agents of an infectious disease in South
Africa. The government documents such as the Stan-
dard Treatment Guidelines do not contain any informa-
tion about how to treat infections due to Aeromonas spp.
Therefore this study has provided new insights into the
nature of public health hazards related to flood disasters
in South Africa. More awareness must be raised among
healthcare professionals and more research must be con-
ducted into the die off rates and the environmental sur-
vival of infectious strains belonging to Aeromonas spp.

This study has reinforced the body of knowledge on
adverse health effects of water contamination resulting
from environmental disasters. The group has also cap-
tured that some natural and complex environmental disas-
ters have the potential to increase the burden of diseases
on the South African population. They can also poten-
tially contribute to increasing the mortality and morbidity
due to communicable diseases in the country. The au-
thors of this study have attempted to provide recommen-
dations for planning and preparing to prevent communi-
cable diseases after flood disasters, as these will relate on
population movement and displacement throughout South
Africa. Moreover, population, poor waste management,
lack of shelter and economic hardship may cause a dra-
matic increase in the rates of communicable diseases after
disasters.

Reinforcement of health-surveillance systems in South
Africa and proper management of information on spe-
cific diseases are critical in moving forward with the pre-
vention of health-related outcomes of natural disasters in
South Africa. More baseline information must be col-
lected on the risk from various pathogens during flood
disasters in South Africa. Due to limited funding, the
current study was not focused on the identification and

enumeration of viral pathogens in the flood zone. How-
ever, future research on this topic should be encouraged.
The current study identified major limitations in the dis-
aster management in the flooded Area of Ndlambe Local
Municipality. These limitations include the lack of emer-
gency medical and flood management supplies at the lo-
cal government level to mitigate that impacts of flooding,
limited and drawn out diagnosis of the causative agent of
the flooding-related infectious disease outbreak; and the
related streamlining of medical referrals for any neces-
sary treatment. Body of knowledge about the pathogen
that should be considered relevant in such cases has been
widened by the present study. Contingency support and
planning by local, provincial and national governments
should be paramount and the private sector and academics
must play a central/advisory role to help design efficient
programmes in this context. They must also continue to
drive education, provide training and share latest research
findings with disaster management practitioners and com-
munities around South Africa. The multi-stakeholders
platforms should be used for efficient exchange of infor-
mation in this regard.

4. Conclusion

Urban flood risk and the impact of flood events are ex-
pected to increase as urban development in flood prone
areas continues and intensity of some rainfall events is
increasing as a result of climate change. Aging urban
drainage infrastructure already limits the drainage ca-
pacity in existing urban areas. Damage resulting from
flooding is also exacerbated by water and sewage pipe
burst which leads to potential impact of surrounding ar-
eas. Knowledge of water quality changes to possible mi-
crobial contamination during flooding is critical as such
occurrences do not only carry potential property damage
but also has serious human health implications. This pa-
per therefore provides critical insight to bacterial related
risks associated with flooding and this will enable better
resource management and infrastructure planning. The
possible bacterial causative agents included the follow-
ing bacteria: Vibrio cholerae and a strain belonging to
genus Aeromonas spp. Non-governmental stakeholders
performed majority of the post-disaster recovery opera-
tions, as the local government could only cover 11% of
the required costs. Solutions could be found by applying
sanitation funds to disaster recovery and increased use of
the low-cost flood defence products in areas at high risk
from flooding.
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