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EXECUTIVE SUMMARY

1. BACKGROUND AND MOTIVATION

Large parts of South Africa receive a moderate rainfall and thus rely heavily on irrigation systems to provide
sufficient water for agricultural crops. Over the last decade, studies on many of South Africa’s rivers
revealed that the microbiological pollution has reached unacceptable levels. In many cases indicator and
index organisms exceeded the Department of Water Affairs and Forestry (DWAF — now known as DWA —
Department of Water Affairs) and the World Health Organisation (WHO) guideline of <1 000 E. coli per
100 mL water for irrigation of fresh produce. There have also been widespread public discussions over the
last years with negative media headlines occurring nearly every week. As a result of the high pollution
levels many South African rivers can be considered unsuitable for irrigation of fresh produce. Such highly
polluted river systems could pose serious health risks since many of our rivers are, besides being used for
irrigation purposes also used for drinking and recreational purposes.

The presence of pathogens in contaminated water sources is therefore a serious concern in view of
irrigating fresh produce. Many of these organisms can cause gastro-enteric illnesses via the consumption
of raw produce irrigated with contaminated water. According to the Department of Water Affairs (DWA)
there is a correlation between the risk of being infected with the degree of produce contamination and the
quantity of contaminated produce consumed. Therefore, higher counts of faecal coliforms in irrigation
water can indicate an increased risk in contracting a waterborne disease, even if small quantities of this
produce are consumed raw.

Another important aspect of concern for public health is the contamination of surface water with
enteric viruses through disposal of human waste. In South Africa, entero, rota, adeno and astroviruses
have been detected in polluted river waters. Human rotaviruses have also been detected on the surface of
irrigated tomatoes. The surveillance of irrigation water is therefore essential to facilitate correct
management procedures for the protection of fruit and vegetable growers and the health of farm workers
and consumers. There is thus a crucial need for scientifically sound answers in terms of what the level of

microbial contamination of water sources that are used for irrigation purposes is.
2. OBJECTIVES

The objective of this phase of the Water Research Commission solicited research project on “a quantitative
investigation into the link between irrigation water quality and food safety” was to do a baseline study on the
extent of contamination found in selected South African river water that is used specifically for irrigation

purposes at selected sites.
3. FINDINGS

3.1 Selected Western Cape rivers and sampling sites

Microbial results indicated high concentrations of faecal indicators in the Plankenburg and Mosselbank, and
to a lesser extent, in the Eerste and Berg Rivers. Escherichia coli concentrations exceeded the
1 000 cfu.100 mL™ DWAF and WHO guideline at the main river sites with concentrations at times reaching

log 7 levels. The presence of indicator organisms did not only indicate unsanitary conditions, but also the
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presence of other potential pathogens such as Staphylococcus, Klebsiella, Listeria and Salmonella. No
correlation was found between the environmental parameters. For the microbiological parameters, with the
exception of the E. coli, no significant trends and no correlations between temperature and the dependent
variables were found. For the faecal coliforms there was a significant temperature trend but not a good
correlation. This is an important finding especially when the WHO and DWAF guidelines for faecal
coliforms are applied as it indicates that temperature, even at low temperatures, does impact the faecal
coliform numbers.

Based on these results the microbial quality of these rivers was found to be of an unacceptable
standard and does not meet the WHO and DWAF guidelines for safe irrigation. It was also concluded that
there is a high risk of exposure to human pathogens when water from these two rivers, especially the
Plankenburg River, is used to irrigate produce that is consumed raw or without any further processing

steps.

3.2 Accuracy of methods for the enumeration of coliforms and Escherichia coli

The accuracy of methods for the enumeration of coliforms and Escherichia coli present in river water
intended for the irrigation of fresh produce was critically evaluated to determine whether the data from the
traditional Multiple Tube Fermentation (MTF) method were reliable in indicating faecal pollution. The
potential of the Colilert as a rapid alternative method was also explored. The work confirmed that MTF is
reliable in the enumeration of coliforms and E. coli. Inaccuracies are primarily attributable to atypical
organisms which are considered to make up a small proportion of the total bacterial population. Colilert
was shown to be an acceptable alternative, and its rapid production of results can be advantageous in the

monitoring of river water used for the irrigation of fresh produce.

3.3 Selected KwaZulu-Natal rivers and sampling sites

Samples from the Baynespruit River in Sobantu, Pietermaritzburg, showed that the faecal coliform counts
frequently exceeded the recommended maximum values suggested by the WHO and DWAF for safe
irrigation, as well as the recommended maximum values set by the Department of Health (DoH) for
consumption of raw produce. Faecal coliform counts of up to 1.6 x 10° per 100 mL of irrigation water were
observed. This indicates that faecal matter might have entered the Baynespruit River and that microbes

present therein can be transferred via irrigation to fresh produce.

3.4 Selected Limpopo Province rivers and sampling sites
In the study on the microbiological quality of water used during subsistence farming in Limpopo to irrigate
fresh produce it was found that the Mutshedzi River was contaminated with opportunistic and pathogenic
bacteria and diarrhoea-causing viruses. This included heterotrophic bacteria, aerobic and anaerobic spore
formers, Staphylococcus aureus, intestinal Enterococcus, different Gram negative coliforms, commensal
and diarrhoeagenic Escherichia coli and norovirus G1 (NoV Gl), norovirus Gl (NoV GII) and hepatitis A
virus (HAV). This showed that the river water used by subsistence communities as irrigation water is an
important pre-harvest source of contamination and public health risk for the community.

The contamination in this study may have originated from both human and animal sewage disposal

due to lack of proper sanitation and the fact that this water source is not protected from human and animal
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contamination. This increases the risk of spreading disease causing microorganisms onto the irrigated pre-

harvest produce which are usually eaten raw by the community in salads.

3.5 Selected Mpumalanga Province rivers and sampling sites

The microbiological quality of the irrigation canal from Loskop Dam, the two rivers (Olifants and Wilge) that
feed it were investigated. The level of aerobic bacteria (3-4 log cfu.mL™), aerobic spore bacteria (1.6
log cfu.mL™) and anaerobic spore bacteria (1.5 log cfu.mL™) in the water was low. Levels of faecal
coliforms and E. coli were higher than the WHO and DWAF guidelines for irrigation of fresh produce.
Staphylococcus aureus, intestinal Enterococci, Salmonella and Listeria monocytogenes were recovered
from the rivers and the canal. These results show that the rivers may contribute to the contamination in the
irrigation canal and that may be a possible pre-harvest source of contamination of irrigated broccoli and

cauliflower.

3.6 Cryptosporidium and Giardia in selected Mpumalanga, North West and Gauteng rivers
The aim of this study was to determine the microbial pollution level of irrigation water from the Loskopdam
canal, Skeerpoort, Moses and Klip Rivers and to determine whether the presence of faecal indicators or
bacterial pathogens can be linked to the presence of Cryptosporidium oocysts and/or Giardia cysts in
irrigation water.

Levels of faecal coliforms and E. coli in all the samples analysed were higher than the WHO and
DWAF guideline. Staphylococcus aureus, intestinal enterococci, Salmonella, Listeria monocytogenes were
recovered from the two rivers and the canal. Of the 30 water samples analysed, 43% were positive for
Cryptosporidium oocysts, 23% positive for Giardia cysts and 27% positive for Salmonella spp. No
significant differences in the prevalence of Cryptosporidium and Giardia and indicator parameters were
observed between rivers. The presence of Cryptosporidium oocysts and Giardia cysts in irrigation water
indicates a risk of infection to consumers who consume produce irrigated with protozoan contaminated
water. The use of only faecal indicator organism for monitoring surface water quality is not sufficient to
accurately predict the presence of Cryptosporidium and Giardia and assess the microbiological safety of

irrigation water.

3.7 Viruses in samples from selected rivers in Limpopo, North West, Western Cape and
Mpumalanga Provinces

In this study 12.9% (13 of 101 samples) of irrigation water samples tested positive for one or more
potentially pathogenic human viruses (NoV Gll and HAV). Norovirus Gll was the most predominant virus
(~12%) detected in the irrigation water samples in this study with HAV being present ~4% of samples.
Norovirus Gl was not detected in any of the samples.

In terms of geographical areas compared, NoV Gll was detected 4.5% (1/22) in samples from
Limpopo, 0% from the North West, 11.7% (7/60) from the Western Cape and 22.2% (4/18) from
Mpumalanga. Norovirus Gll was detected at all three sites from the Phadzima farm in Mpumalanga
suggesting that the irrigation water in Mpumalanga had a high level of contamination. NoV Gll, and
specifically Genotypes I1.2 and 11.4, was detected at seven sites in four Western Cape Rivers (Plankenburg,

Eerste, Berg and Mosselbank).
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Hepatitis A virus was detected in 4.5% (1/22) of samples from Limpopo, 0% from North West, ~5%
from Western Cape and 0% from Mpumalanga. In the Western Cape, HAV (untypable) was detected at
one site each in the Mosselbank and Plankenburg River. The Plankenburg sampling site is downstream of
the Kayamandi informal settlement and the source might therefore be the untreated sewage from the
informal settlement.

The detection of NoVs in the irrigation water samples from selected rivers was not unexpected as a
number of other enteric viruses have been reported in surface water samples. NoVs have been implicated
in a number of waterborne outbreaks of gastroenteritis. The detection of genetically related NoVs in the
Western Cape and Gauteng suggests that these strains have a widespread distribution in SA. From the
results it is evident that the NoV GII.2, Gll.4 and GII.6 strains detected in the irrigation water are of clinical
importance as they showed a high genetic relatedness to strains associated with sporadic gastroenteritis in
South Africa and other regions of the world. The detection of closely related strains worldwide is of public
health concern as they may be disseminated through a common vehicle such as the international food

market.

4. CONCLUSIONS

Based on these results the microbial pollution levels of rivers monitored in different provinces of South
Africa over a period of 3-4 years that are utilised for irrigation, these rivers were found to be of an
unacceptable standard and did not meet the WHO and DWAF faecal guidelines for safe irrigation. Other
potential waterborne pathogens (Staphylococcus aureus, intestinal enterococci, Salmonella, Listeria
monocytogenes, Cryptosporidium and Giardia) were frequently recovered from the rivers studied. It was
also found that of the 101 water samples analysed, 18% of river water samples, 0% of tap water samples,
and 9% of irrigation canal samples were positive for the presence of one or more enteric viruses.

From the results it is evident that many of the bacterial, protozoan and virus strains detected in the
irrigation water are of clinical importance as they show relatedness to species associated with
gastroenteritis in South Africa and other regions of the world. The detection of closely related strains
worldwide is of public health concern as they may be disseminated through a common vehicle such as the
international food market. It was concluded that there is a high risk of exposure to human pathogens when
water from these rivers is used to irrigate produce that is consumed raw or without any further processing

steps.
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CHAPTER 1
INTRODUCTION
Large parts of South Africa receive a moderate amount of rainfall with an annual average of less than
500 mm (Bennie & Hensley, 2001). It is therefore a country that relies heavily on irrigation systems to
supplement rainfall in order to provide sufficient water to agricultural crops (Rahman et al., 2002).
Fortunately there are several large and reliable rivers with tributaries near to where many farms are
situated. Because of the accessibility to the rivers as well as the availability of water, these rivers
traditionally serve as a major source of irrigation water.

Over the last decade, studies on the quality of the water in many of South Africa’s rivers revealed
an increase in pollution levels (DWAF, 1996; 2000; Bezuidenhout et al., 2002; DWAF, 2002; Griesel &
Jagals, 2002; Barnes, 2003; Barnes & Taylor, 2004; Dalvie et al., 2004; DWAF, 2004; Germs et al., 2004;
DWAF, 2005). The microbiological pollution levels have, in more recent years, reached unacceptable and
dangerous levels. Food-borne infections have also been widespread and led to public discussions over the
last years with media headlines such as: “Kyk voor jy swem; Beware of badly polluted river; and
Groundwater badly polluted with faecal matter” (Barnard, 2008; Davids, 2008; Gosling, 2008), occurring
nearly every week. As result of the high pollution levels many South African rivers can be considered
unsuitable for irrigation of fresh produce. In many cases indicator and index organisms exceeded the
DWAF and WHO guidelines of 1 000 E. coli per 100 mL water for irrigation of fresh produce (WHO, 1989b;
DWAF, 1996). The uMngeni River in Kwazulu-Natal was reported to have E. coli counts of 1 x 10° cfu per
100 mL water (Olaniran et al., 2009). The Diep, Berg and Plankenburg Rivers in the Western Cape have
also been reported to have heavy loads of faecal indicators sometimes with E. coli loads of >500 000 per
100 mL water (Paulse et al., 2009). Such highly polluted river systems will certainly pose serious health
risks (Zamxaka et al., 2004) since in the above examples the rivers are used for drinking, irrigation and
recreational purposes.

Changes in consumer trends, consumer health awareness, population movements, increases in
distance that food is transported, a growing immunocompromised population and increased microbial
resistance to anti-microbial compounds are impacting the incidence of food-borne diseases. The
occurrence of food-related illness outbreaks have increased globally (Johnston et al., 2006; Matthews,
2009). There has also been an increased awareness of illnesses associated with food-borne pathogens as
well as the carriers of these pathogens and the environmental conditions that lead to their survival and
proliferation.

It has often been shown that poor quality irrigation water can serve as a source of food-borne
pathogens on fruit and vegetables that are consumed fresh (Steele & Odumeru, 2004; Hamilton et al.,
2006; Johnston et al., 2006; Kay et al.,, 2008) Since this type of produce is consumed raw and no
intervention practices are employed that will effectively control or eliminate potential pathogens prior to
consumption it is a potential source of food-borne illness.

The presence of pathogens in contaminated water sources is therefore a serious concern in view of
irrigating minimally processed crops. The presence of faecal coliforms is used to indicate the potential
presence of other faecal pathogens such as Salmonella and Shigella species or E.coli pathogenic strains.
Many of these organisms can cause gastro enteric illnesses via the faecal/oral route through the
consumption of raw produce irrigated with contaminated water. According to South Africa's Department of

Water Affairs there is a correlation between the risk of being infected with the degree of produce
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contamination and the quantity of contaminated produce consumed. Therefore, higher counts of faecal
coliforms in irrigation water can indicate an increased risk in contracting a waterborne disease, even if small
guantities of this produce are consumed raw.

Another important aspect of a concern for public health is the contamination of surface water with
enteric viruses through disposal of human waste, especially if these surface waters are used for recreation,
irrigation and for drinking water (Rutjes et al., 2005). In South Africa, entero, rota, adeno and astroviruses
have been detected in polluted river water used for irrigation (Barnes & Taylor, 2004). Human rotaviruses
have also been detected on the surface of irrigated tomatoes (Van Zyl et al., 2006). The surveillance of
irrigation water is therefore essential to facilitate correct management procedures for the protection of fruit
and vegetable growers and the health of farm workers and the consumers. There is thus a crucial need for
scientifically sound answers in terms of what the level of microbial contamination of water sources that are
used for irrigation purposes is.

The aim of this phase of the on-going WRC study on “a quantitative investigation into the link
between irrigation water quality and food safety” is to do a baseline study on the extent of contamination
found in South African river water that is used specifically for irrigation purposes water at selected river
sites.



CHAPTER 2
EXPERIMENTAL PROCEDURES

2.1 SELECTED AND SAMPLING SITES

2.1.1 Selected Western Cape rivers and sampling sites

Two rivers in the Stellenbosch region of the Western Cape (Plankenburg and Eerste Rivers) were
monitored. The first site (Plank-1) in the Plankenburg River is located below the Kayamandi informal
settlement and the second (Plank-2) 2 km downstream at the confluence between the Plankenburg and
Eerste Rivers. The third site (Eerste-1) in the Eerste River (Jonkershoek river section) about 400 meters
before the Plankenburg River merges to form the Eerste River. Local farmers upstream and downstream
use these rivers as irrigation source points where they draw water for irrigation. A fourth sampling site
(Plank-0) was selected about 10 km upstream from the Plank-1 site specifically to assess the impact of an
informal settlement and an industrial area on the water quality of the Plankenburg River. However for large
parts of each year, this site has no flowing water so it was not sampled at the same frequency. The rivers
were sampled once a month for 42 months (September 2007 to March 2011) according to the SANS
5667-6 (SANS, 2006) guidelines.

2.1.2 Accuracy of methods for the enumeration of coliforms and Escherichia coli

Water was sampled from four rivers: the Plankenburg (2 sites), upper Berg (3 sites), Eerste (1 site) and
Lourens (1 site) Rivers. 1 L water was drawn using the guidelines according to Standard Methods (APHA,
2005). The samples were analysed for coliforms and E. coli using the MTF and the Colilert methods
(IDEXX Laboratories)(SANS, 2012). Results were reported as coliforms and E. coli MPN.100 mL™. The
Spearman rank correlation coefficient (Estelberger & Reibnegger, 1995) between MTF and Colilert was
calculated for both coliforms and E. coli for the four-river data set. Intra-class correlations (ICC) were also
calculated for both coliforms and E. coli (Prof. M. Kidd, Center for Statistical Consultation, University of

Stellenbosch, personal communication).

2.1.3 Selected KwaZulu-Natal rivers and sampling sites

The study site, Sobantu, is a suburban community in Pietermaritzburg which relies heavily on adjacent
surface water for their daily water requirements and agricultural irrigation. The Baynespruit and Msunduzi
Rivers run through a number of informal settlements in Pietermaritzburg, and are frequently used to irrigate
agricultural land including both commercial and small scale market gardens. Sampling was done according
to the SANS 5667-6 (SANS, 2006) guidelines.

2.1.4 Selected Mpumalanga rivers and sampling sites

The Loskopdam irrigation scheme was selected as sampling area and samples collected from: Loskop
canal from which the farmers irrigate; and two rivers that feed the Loskop dam, the Olifants and Wilge
Rivers. Water from the dam is released to Loskop canal system which is used to irrigate vegetables. Water
from the three points was aseptically collected (SANS, 2006) during 12 intervals (November 2007 to
October 2008).
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2.1.5 Determination of the presence of Cryptosporidium and Giardia in water from selected
Mpumalanga, North West and Gauteng rivers

Three sites were selected to determine the presence of Cryptosporidium and Giardia in irrigation water.
The sites included the Moses River, Loskopdam in Mpumalanga, the Skeerpoort River in North West and
the Klip River in Gauteng. These sites are used as water sources for the irrigation of fruits and vegetables.
Additionally the sites were suspected to be contaminated with Cryptosporidium and Giardia as high levels
of faecal coliforms were found in the previous studies. The presence of faecal coliforms in water indicates
contamination with faecal matter. Since Cryptosporidium oocysts and Giardia cysts are spread through
contaminated faeces (O’Donoghue, 1995) these waters were suspected to be contaminated with the two
protozoa. Water samples were taken monthly for 10 months (June 2009 until April 2010) from the three
sites. One litre samples were collected for bacteriological analyses and 50 L for Cryptosporidium and

Giardia analyses.

2.1.6 Selected Limpopo Province rivers and sampling sites

Small-scale subsistence farming in rural communities in Limpopo Province provide sufficient means of
survival for many communities. The communities living in the Vhembe district of the Limpopo Province
consume cabbage and tomatoes grown in community field farming projects. The farming fields are situated
next to surface water sources (rivers) which are surrounded by settlements and which are used by cattle
and other domestic animals. The majority of the households next to the river are dependent on these river
water sources for drinking, bathing, irrigation, recreation and food (e.g. fish). In addition, the community
also uses the bush as a toilet area and when it rains these wastes are washed into these rivers. The same
water from the rivers is then used for irrigation by the farming field projects.

The subsistent farming field used in this study was situated in the Phadzima region of the Vhembe
region of the Limpopo province. The subsistent farmers used the Mutshedzi River as source of irrigation
water and also by the surrounding communities who are dependent on this river for drinking water, water to
irrigate crops, water their livestock as well as using the river to bath in or wash clothes. This site was thus
an ideal site to study food safety issues in a subsistence farming scenario. The water from the Mutzhedzi
River is directed to the farming field (Phadzima Farming field) through an irrigation canal. Aspects of

importance for the selection of sampling sites are summarized in Table 1.

2.2 MOLECULAR ID OF COMMENSAL AND DIARRHOEAGENIC E. COLI PATHOTYPES

A sample (2 mL) was removed from presumptive positive E. coli MPN tubes and aliquoted into sterile
Eppendorf tubes. The tubes were centrifuged for 5 min at 13 000 x g and the supernatant discarded. DNA
was extracted using the guanidium thiocyanate/silica method (Boom et al., 1990; Borodina et al., 2003).

The extracted DNA was used as template in all PCR reactions (Omar & Barnard, 2010).
2.3 ISOLATION OF CRYPTOSPORIDIUM OOCYSTS AND GIARDIA CYSTS
Cryptosporidium and Giardia were isolated using filtration, immuno-magnetic separation and staining with

fluorescein-iso-thiocyanate (FITC) and 4',6-diamidino-2-phenylindole (DAPI) according to the Method 1623:
Cryptosporidium and Giardia in water by Filtration/IMS/FA by United States Environmental Protection
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Agency (Anonymous, 2005). Each 50 L water sample was filtered through a 1 pm HV filter capsule
(Separation, Randburg). The Envirocheck™ filter capsule was filled with 125 mL prepared elution buffer
containing Laureth-12 (PPG Industries, Gurnee, IL), 1 M Tris pH 7.4, EDTA and silicone antifoam agent
(Merck, South Africa) and shaken.

Table 1. Aspects considered when selecting sampling sites in the Limpopo Province.

Important Aspect Description

Irrigation water sources Local River and/or borehole water

Type of contamination Possible faecal (human & animal) contamination in river or groundwater

Type of farming Subsistence and small-scale commercial

Type of produce Tomatoes, cabbages, garlic and chilli

Irrigation technologies Canal distribution, short furrows or sprinkler irrigation

Irrigation usage periods Throughout the year

Stages of growing season Throughout the year

Pathways of contamination Dense populations next to rivers, animal faeces, people using water
sources for bathing and clothes washing and/or a wastewater sewage
plant.

Availability of site Possible sites for water sampling points

Produce selected for project Tomatoes and cabbages

The pellet was re-suspended and transferred into flat-sided tubes and the IMS kit was used to fix
the samples (Kyalami, South Africa). Samples on microscope slides were fixed with methanol and stained
with 50 pl of Cryptosporidium FITC and 50 pl Giardia FITC stain (Davies Diagnostics, Randburg) and
incubated at 37°C for 30 min. The samples were then stained with 50 pl DAPI working solution (Davies
Diagnostic, Randburg) and left for 2 min at room temperature. Each slide was scanned under fluorescence
microscopy (Zeiss Axiovert 200, Germany) at 65 X. Oocysts and cysts with apple green fluorescent cell
walls and spherical or ovoid in shape were identified as positive for FITC. The UV filter block was then used
for the DAPI examination. Oocysts and cysts that had been identified using the green filter were then
examined under UV filter for confirmation. Cryptosporidium and Giardia were identified as DAPI positive if
they exhibit up to 4 distinct sky-blue internal nuclei. Positive controls were used to verify the efficiency of

the method. ColorSeed™ and EasySeed™

(BTF Pty Limited, Biomerieux, UK) were used as positive control
to determine the recovery rate of the method. Each ColorSeed or EasySeed capsule contains an exact
number of Cryptosporidium oocysts given with the certificate of analysis. Both kits were used to calculate
the recovery rate according to the manufacturer’s instruction.

Nested polymerase chain reaction — DNA was extracted using the Pinpoint slide DNA isolation
System (Zymo Research, USA) followed by 15 cycles of freeze-thawing (1 min in liquid nitrogen followed by
1 min at 65°C in thermocycler) to facilitate bursting of oocysts wall and extraction of DNA. Amplification of
Cryptosporidium DNA isolated from microscope slides was performed according to the method described

by Nichols and co-workers (Nichols et al., 2003).



2.4 PHYSICO-CHEMICAL ANALYSIS

The parameters monitored according to Standard Methods (APHA, 1998) included water temperature
(Digital thermometer — Hanna Instruments), pH, alkalinity, conductivity and chemical oxygen demand
(COD). Conductivity (mS.m™) was measured with a Hanna (HI8733) conductivity meter. A DR2000
spectrophotometer (Hach Co. Loveland, CO) was used to determine the COD (Merck test kit
25-1 500 mg.L™") and data expressed as mg O,.L™". Rainfall values were obtained from local meteorological

stations.
2.5 MICROBIOLOGICAL ANALYSIS

The aerobic colony count was used as an indication of the size of the microbial population in the water. The
aerobic and anaerobic spore formers were used to establish the presence of Bacillus and Clostridium
strains. Total coliforms (TC), faecal coliform (FC), E. coli (EC) and intestinal enterococci (IE) were used as
Indicator organisms for faecal contamination (Busta et al., 2003). The “Index organisms”, Staphylococcus,
Salmonella and Listeria, were used as to show the possible presence of related pathogens (Busta et al.,
2003). All methods applied were according to the standard methods prescribed by the South African
National Standards (SANS) and International Standards Organisation (ISO) (South African Bureau of

Standards, Pretoria, South Africa). All recommended quality control procedures were followed.

2.5.1 Aerobic Colony Count (ACC)

Dilutions of the sampled water were prepared according to standard methods (APHA, 2005) and analysis
done on Plate Count Agar (Merck) according to the SANS method 4833 (SANS, 2007) and incubated at
30°C for 72 h and results were reported as cfu.mL" of sample (colony forming units)(Merck, 2007).

2.5.2 Aerobic and anaerobic spore formers (ASF and AnSF)

Dilutions in BPW were prepared and then placed at 75°C for 20 min (Austin, 1998). Pour plates using
Trypticase Soy Agar (Merck) were prepared in duplicate and incubated at 35°C for 48 h. A set of duplicate
plates were incubated anaerobically at 37°C for 48 h and the data reported as cfu.mL™ of sample (Merck,
2007).

2.5.3 Coagulase-positive Staphylococci (Staph)

Set plates were prepared according to the SANS 6888-1 method (SANS, 2000) using Baird-Parker Agar
with egg yolk tellurite emulsion (Merck) and incubated at 37°C for 24 h. Typical colonies were identified as
being black with a clear zone and the data reported as cfu.mL™ of sample (Merck, 2007). Catalase test was
performed on positive colonies and confirmed with Staphylase test (Oxoid Ltd.). Atypical colonies were
identified by the coagulase test and the API Staph test kit (BioMerieux, F-69280 Marcy I'Etoile, France).

2.5.4 Salmonella (Sal)
The presence of Salmonella spp. was tested according to the SANS procedure 6579 (SANS, 2003) .
Streaking onto pre-dried Xylose Lysine Deoxycholate (Merck) plates was used and incubated at 35°C for

24 h. Typical colonies were identified and the presence of Salmonella reported as either present or absent
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(Merck, 2007). Typical colonies were confirmed on Salmonella chromogenic medium (Oxoid, Basingstoke,

Hampshire, England).

2.5.5 Listeria (LM)

The detection of Listeria monocytogenes was according to the SANS method 11290-1 (SANS, 2001).
Plates were incubated anaerobically at 37°C for 48 h. The presence of Listeria reported as either present or
absent (Merck, 2007).

2.5.6 Intestinal Enterococci (Entero)

A 0.45 pm membrane filter was used to filter 100 mL of sample according to the SANS 7899-2 method
(SANS, 2004) and the filter aseptically placed on a pre-dried Slanetz & Bartley Agar plate (Merck). The
plates were inverted and incubated at 35°C for 44 h. The filter was then placed on a Bile Esculin Azide Agar
plate and incubated at 44°C for 2 h. Typical colonies were reported as cfu.100 mL™" of sample (Merck,
2007).

2.5.7 Coliforms, faecal coliforms and E. coli

Detection of these organisms was done using the multiple tube fermentation (MTF) method (Cristensen
et al., 2002) and Standard Methods (APHA, 1998). The coliform and faecal coliform counts were
determined using the Most Probable Number (MPN) tables. Typical E. coli colonies (Merck, 2007) on
Levine Eosin Methylene Blue (L-EMB) (Oxoid) were identified as having a metallic green sheen. These
were then streaked on E. coli chromogenic agar (Oxoid), and identity confirmed with API 20E (BioMerieux,
F-69280 Marcy I'Etoile, France). The dilution factor of the positive EC-MUG tubes that resulted in typical
colonies was used to determine the E. coli count from the MPN tables (APHA, 1998). The MTF results were

expressed as coliforms (TC), faecal coliforms (FC) or E.coli MPN.100 mL™.
2.6 VIROLOGICAL ANALYSIS

2.6.1 Selection of sites and sampling of river water

Irrigation water samples — Irrigation water samples (10 L) included untreated river and irrigation canal water
used by subsistence and/or small scale farmers, and surface river water used by commercial farmers for
irrigating fresh produce. Water samples were collected in a sterile container and transported in cooler bags

to the laboratory and stored at 4°C until further processing.

Selection of sites — In Limpopo, the irrigation water sites included: i) Gobe River in the Vhembe region at
Farmer 1's farm, ii) Mvudi River in the Vhembe region at Farmer 2's farm, and iii) irrigation canal water from
the Phadzima River used by the Phadzima community farm.

In Mpumalanga, the irrigation water sites included: (i) surface water from an irrigation canal fed
from the Loskop Dam (Site A); (ii) surface water from the Olifants River (Site B), and (iii) surface water from
the Wilge River (Site C).

In the North West Province irrigation water was collected at a single site on the Crocodile River
(Site WIII).
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In the Western Cape, the irrigation water sites included: i) a branch of the Mosselbank River, about
1 km downstream from a sewage works; (ii) water from the Mosselbank River used for irrigating vegetables;
(iif) the Plankenburg river just downstream of an industrial area and the Kayamandi informal settlement; (iv)
the Plankenburg river 2 km before the merger of the Plankenburg and Eerste Rivers; (v) the Plankenburg
river at the confluence; (vi) an irrigation canal fed from the Eerste River just after the confluence with the
Plankenburg River; (vii) water drawn from a dam filled from the Plankenburg River; (ix) Berg River
downstream of the confluence of the Berg and Franschhoek River; (X) Berg river 10 km downstream
between Franschhoek and Paarl and (xi) Berg River downstream at the Lady Loch Bridge close to

Wellington.

2.6.2 Viral recovery from irrigation water

Prior to the viral recovery process each water sample was seeded with 10 pl (1 x 10° TCIDs,) mengovirus
as a process control. Viruses were recovered by means of a glass wool adsorption-elution technique
(Wolfaardt (Wolfaardt et al., 1995; Grabow et al., 1996; Vivier et al., 2004), and further optimised by Venter
(Venter, 2004). Samples (10 L) were filtered through the positively charged glass wool columns using
negative pressure at a rate of 10 L.h™. The negatively charged viruses, which adsorbed to the glass wool,
were eluted twice with 50 mL of GBEB (0.05 M glycine [Merck, Darmstadt, Germany], 0.5% beef extract
[BBL™ Becton Dickinson and Co., Sparks, MD] pH 9.5). The eluting solution was left in contact with the
glass wool for 5 min before being passed through the filter under pressure, where after the pH was adjusted
to pH 7 using 1 M HCI (Merck). The viruses were further concentrated to a final volume of 500 pl in
phosphate buffered saline (PBS, pH 7.2; Sigma-Aldrich Co., St Louis, MO) using a polyethylene glycol
6000 (Merck, Darmstadt, Germany)/sodium chloride (Merck) precipitation method (Minor, 1985; Vilagines
et al., 1997). The resulting pellet was re-suspended in 20 mL of PBS pH 7.2 and recovered virus samples
were stored at -20°C.

Viral detection — Nucleic acid extraction — Genomic viral nucleic acid was extracted directly from 1
mL of the recovered virus concentrate using the MagNA Pure LC Total Nucleic Acid Isolation Kit (large
volume)(Roche Diagnostics GmbH, Mannheim, Germany), in a MagNA Pure LC instrument (Roche),
following the manufacturer’s instructions. The purified nucleic acid (100 pl) was aliquoted and stored at
-70°C before use. Five microliters of the eluted nucleic acid was used for virus nucleic acid amplification.

Viral amplification — Primers and Probes: The primers and probes used for the real-time RT-PCR
assays were those recommended by the European Committee of Standardisation (CEN)
TC275/WG6/TAG4 Technical Committee. Hepatitis A virus (HAV): The primers and probes as described
before (Loisy et al., 2005; Costafreda et al., 2006; Da Silva et al., 2007; Svraka et al., 2007) were used for
the Norovirus genogroups | and Il (NoV Gl and Gll).

Viral detection — Molecular amplification and real-time RT-PCR detection of NoV Gl and NoV GlI
were done using the QuantiTect Probe® RT-PCR kit (Qiagen GmbH, Hilden, Germany) on the LightCycler
1.5 (Roche). The Quantitect Probe kit provides a one-step real-time RT-PCR amplification of RNA
genomes. Five microliters of extracted viral RNA is added to the Quantitect Probe Master Mix, containing 4
pmol each of the forward primer and reverse primers and labelled TagMan. The cycling conditions were
used as described by the manufacturer. For the detection of HAV, the RNA Ultrasense™ One-step qRT-
PCR system (Invitrogen, Carlsbad, CA) was applied as it was found to be more sensitive than the
Quantitect Probe® RT-PCR kit (Qiagen) for the detection of HAV. For the reaction 5 pl RNA, 10 pmol of
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the forward primer, 18 pmol of the reverse primer and 5 pmol of the labelled probe was added to the Master
Mix. The cycling conditions were customised for HAV. The real-time RT-PCR amplification for mengovirus
was done using the QuantiTect Probe® RT-PCR kit (Qiagen) using five microliters of nucleic acid and 10
pmol each of the forward primer, 18 pmol of the reverse primer and 5 pmol of the labelled TagMan probe.
The reaction parameters were the same as for HAV. Included in each set or batch of real-time RT-PCR
reactions were a negative RNA extraction control, a negative real-time RT-PCR control (nuclease-free

water: Promega Corp.), and a real-time RT-PCR positive control comprised of RNA from the target virus.

2.7 STATISTICAL ANALYSIS

Relationship between temperature and other parameters was done by doing regressions with temperature
as independent predictor and logACC, COD, pH, logFaecal, logColiforms as dependent predictor variables.
The resulting regression coefficients quantified the type of association between the predictor and respective
dependent variable. As this was a time series data set, the Durbin-Watson (d) test was done to determine
the serial correlation for all the above parameters. This value must be near 2 which would then indicate
that there is no serial correlation. Additionally a TSCREG (Time Series Cross-Sectional Regression) was
done. Results are interpreted as a normal regression. A p value of <0.05 was considered statistically
significant.

Analysis of variance, P>0.05, was used to determine whether there were significant differences
between the levels of turbidity, COD, aerobic plate count, aerobic spore former counts and anaerobic spore
former counts in water samples from the Olifants and Wilge rivers and Loskop canal (n = 12) as well as
between the bacterial counts determined on the cauliflower and broccoli from three farms and the Loskop

canal (n = 3). Statistica Version 9 (Statsoft, Tulsa, OK, 1984-2009) was used for the statistical analysis.
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CHAPTER 3
RESULTS, DISCUSSIONS AND CONCLUSIONS

(Please note that the following abbreviations were used in the text and tables: ASF = aerobic spore formers; AnSF =
anaerobic spore formers; IE = Intestinal Enterococci; SA = Staphylococcus aureus; LM = Listeria monocytogenes; Sal =
Salmonella spp.; TC = total coliforms; FC = faecal coliforms; ACC = aerobic colony count; Crypto = Cryptosporidium;
and Giar = Giardia)

3.1 WESTERN CAPE PROVINCE

3.1.1 Specific aims

The aim of this study was to quantify the pollution levels in selected Western Cape Rivers (Plankenburg,
Eerste, Berg and Mosselbank) by doing a base-line microbial study of water from selected sites over an
extended period. The presence of indicator and index organisms (coliforms, faecal coliforms, E. coli,
Staphylococcus, Salmonella and Enterococci) will be monitored in terms of presence and concentrations to
give some insight into the type and extent of pollution that exists in these rivers.

3.1.2 Physico-Chemical results
The environmental and chemical data obtained during the research period (September 2007-March 2011)
for each of the different sites, is summarised in Table 2.

Temperature — As a whole it was found that the water temperature from the sites showed similar
profiles at all the sampling points with variation between 9° and 25.6°C. For the summer periods (Sept to
April) they varied from 18° and 21°C and specifically for the Mosselbank and Berg-3 sites reaching up to
25°C. As expected for the winter sampling was between 9° and 15°C.

pH and alkalinity — The pH ranged from 5.63 to 7.24 with, on average, values mostly above 6.0
(Table 2). These values are within DWAF's Target Water Quality Range (TWQR) of 6.0 to 9.0 for pH
(DWAF, 1996). The pH values obtained for the Mosselbank River were always above 6.0 and the values for
the other sites varied from 4.3 to 7.24 with on average above 6.0. Berg-1 and Berg-2 sites had at times
minimum values below 5.0 and no explanation can be given as to why this was so. The alkalinity ranged
from 13 to 1 125 mL™ CaCOj3 and the COD from zero to 296 mg.L™. The higher values were mostly found
at the Plank-1 site where values of above 100 were regularly recorded. Since this site is just below the
Kayamandi informal settlement and the Plankenbrug industrial area the fluctuations could be caused by
nutrient cycling or effluent discharges.

Conductivity — The conductivity was found to range from 2 to 160 mS.m™ and is with two
exceptions is within DWAF’s TWQR of 0 to 70 mS.m™ for conductivity (DWAF, 1996).

Chemical oxygen demand — With one exception the COD values for most of the sites were found to
be less than 100 mg.L™. The exception was for Plank-2 site where values of above 100 were regularly was
recorded.

Overall it was concluded that according to physico-chemical of the DWAF guidelines the
Plankenburg, Eerste, Berg and Mosselbank river water will normally have no adverse effect on the crop
yield production and based on the above parameters measured the water should be suitable to be used for

irrigation of fresh produce.
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3.1.3 Microbiological evaluations
The microbiological data obtained during the research period for each of the different sites, is summarised
in Table 3 and the E.coli and faecal coliform levels found for the different sites are given in Figs. 1 and 2.
Aerobic colony counts (ACC) — the counts were found to vary from very low values (none detected
per mL) too high (below 100 000 cfus) to high (150 000-500 000 cfus), to extremely high
12 800 000 000 cfu per mL for the Mosselbank site in February 2008. The ACC data is generally taken as
representative of the total microbial content including spoilage microorganism (Sela & Fallik, 2009).
However, DWAF guidelines only give values for the heterotrophic bacterial counts of less than log 2.0 cfu

per mL for safe domestic use.

Table 2. The environmental and chemical data obtained for the Plankenburg, Eerste, Berg and Mosselbank
River sites for the period September 2007 to March 2011 (n = 20-42 sampling per site).

Temperature pH Alkalinity Conductivity COD
Site (°C) (mg.L™) (mS.m™) (mg.L™)
Min Max | Min | Max | Min Max Min Max Min | Max
Plank-1 10.2 | 20.8 | 597 |7.20 |14 1125 | 47 62 0 69
Eerste-1 101 | 218 | 572 | 7.05 |13 250 8 87 0 46
Plank-3 9.9 218 | 578 [ 724 | 25 1000 | 30 89 0 208
Berg-1 119 | 216 | 430 | 7.08 |5 625 9 84 0 81
Berg-2 122 | 216 | 475 | 6.98 |5 250 8 93 0 40
Berg-3 123 | 256 | 510 | 7.01 |13 625 14 160 0 67
Mosselbank | 14.7 | 254 | 6.07 | 6.82 | 60 1500 | 60 91 25 63

Endospore formers — The counts for both aerobic (ASF) and anaerobic endospore formers (AnSF)
either were found to be absent, very low, or with values below 20 000 (Table 3), and surprising showed no
correlations to the aerobic colony count values. In many cases no spore formers were detected.

Coliforms — The coliform counts varied from low <200 to an unacceptably high value of 16 000 000
cfu.100 mL™. The Eerste river counts were on average lower than found for the Plankenburg sites (Figure
1) with the Berg values the lowest (Figure 2). For most of the Plankenburg sites values were much higher,
and in cases reaching unacceptable values of >500 000 cfu.100 mL™. This was especially true for the two
sites from the Plankenburg River, the Mosselbank River and the lower Berg River (Berg-3). On average,
but not always, it was found that counts were much higher in the warmer summer samples.

Faecal coliforms and E. coli — The thermotolerant faecal coliform counts varied form undetectable,
low 100-500 cfu.100 mL™, to unacceptably high values of >1 000 000 cfu.100 mL™. The faecal coliforms
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dilutions were all confirmed as containing typical E. coli on L-EMB plates (Merck, 2007). Therefore the
maximum E. coli count was also considered >1 000 000 MPN.100 m¢™ of water (Figures 1 and 2). When

applying the DWAF and WHO guideline of <1 000 faecal coliform.100 m/, irrigation water, all four rivers can
be considered as unsuitable for irrigation of fresh produce intended to be consumed raw (WHO, 1989b;
DWAF, 1996). The high E. coli counts also suggest high faecal contamination of the water at all sampling
sites as the presence E. coli is indicative of animal or human faecal pollution sources (Busta et al., 2003).
This is consistent with previous studies (Barnes & Taylor, 2004; Paulse et al., 2009; Loétter, 2010).

Salmonella — Typical growth of Salmonella was found in the samples from most of the sites (Table
3). Typical colonies on the Baird-Parker plates were identified as round black colonies with a clear zone
(Merck, 2007). The data could also be an indication that enterotoxin-producing Staphylococcus aureus
strains that can cause food poisoning may possibly be present in the water

Listeria — Typical growth of Listeria was found in many of the samples and some were identified as
L. monocytogenes.

Staphylococcus — The counts for Staphylococcus were found to be absent to >90 000 cfu.100 mL™.

Intestinal Enterococci — The counts were low and varied from not detectable to >300 cfu.100 mL™.
The presence of intestinal enterococci was taken as an additional indicator of faecal contamination of the

water from these rivers.

3.1.4 Microbial diversity in water samples from the different sites

The following bacterial species were also found to be present in the water samples from the different sites:
Bacillus sp., Citrobacter freundii, Clostridium sp., Escherichia sp., E. coli, Enterococcus sp., E. cloacae, E.
aerogenes, E. hirae, Klebsiella pneumoniae, K. pneumoniae spp. pneumoniae, Listeria sp., L. seeligeri, L.
ivanovii, L. grayi, L. monocytogenes, Micrococcus sp., Proteus mirabilis, Pseudomonas sp., Salmonella sp.,
S. enteritidis, S. typhimurium, non-typical-Salmonella, Serratia fonticola, S. marcescens, Shigella sp., S.
sonnei, Staphylococcus sp., S. aureus, S. saprophyticus and S. epidermidis.

The above shows a list of other microbes identified during the sampling period from the sampling
sites on the four rivers. Most importantly, is that the isolates did not only include faecal Indicators such as
faecal coliforms, E. coli and Enterococci, but among the Index organisms’ also potential pathogens such as
Klebsiella pneumoniae, Listeria monocytogenes, Salmonella and Staphylococcus aureus. The presence of
such Index organisms in river water is disturbing as most of them, if not all, have been implicated in both
waterborne and food-borne outbreaks in the past (Wilkes et al., 2009). It can therefore again be concluded
that the water quality from these sites is of unacceptable microbiological quality and could potentially
present a threat to the health of any person or animal that is exposed to it. This highlights the importance
of Indicator and Index organisms as the types and levels that they are present reflects the state of
contamination in river water, without it being necessary to test the water separately for each microbial

genus or species.

3.1.5 Discussion and Conclusions

Studies on the three rivers as part of the WRC project showed that they were unsuitable for irrigation of
fresh produce because of the high levels of indicator and index organisms. Although no disease outbreak
as a direct or indirect use of water from these has been reported, it was considered important to monitor the

river for faecal pollution over a longer period so that corrective actions to prevent disease outbreaks can be
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implemented based on longer term data. The data obtained showed that all sites continuously had high
faecal contamination levels that exceeded DWAF and WHO guidelines of <1 000 E. coli per 100 mL water
for irrigation of fresh produce intended to be consumed raw. The Plankenburg River had higher faecal
contamination levels (E. coli = 1 400 000 MPN. 100 mL™) than the Eerste River (E. coli = 79 000 MPN.100
mL™). The data from this study clearly shows that the Plankenburg River was more polluted than the Eerste
and Berg Rivers as both Plankenburg sampling sites (Plank-1 and 3) always had higher E. coli loads than
the other three rivers sites. Intestinal Enterococci loads were also higher for the Plankenburg sites than for
the Eerste River site. Furthermore Staphylococcus was absent from the Eerste and Berg rivers but always
present in the Plankenburg and Mosselbank rivers. The Kayamandi informal settlement just above the
Plank-1 site is suspected to be the main source of the faecal pollution as the highest faecal contamination
levels were present at this sampling site. Therefore because of the extremely high coliform, faecal coliform
and E. coli levels which exceeded the DWAF and WHO guidelines of 1 000 cfu.100 mL™ water, and the
presence of other index organisms both rivers must be considered unsuitable as water sources for the
irrigation of fresh produce intended to be consumed raw.

Although the Eerste and Berg Rivers had in most cases lower faecal levels, they showed the
highest incidence of index microorganisms (Salmonella and Listeria). There were also incidences of
intestinal enterococci, Salmonella and endospore formers for both these rivers. Therefore, the high
occurrence of faecal indicator and index organisms suggest the presence of potential pathogens that can
be carried-over to fresh produce during irrigation. Pathogens are known to survive minimal processing and
the likelihood of contaminated fresh produce reaching the consumer is very possible. Also the consumption
of contaminated fresh produce may lead to disease outbreaks that can result in death for children, the
elderly and those that are medically stressed. Therefore, it was concluded that irrigation with water from
both rivers poses a health hazard and should not be allowed until preventative measures have been
implemented to minimize faecal pollution of the rivers. We cannot ignore the fact the data clearly identifies
potential pathogens of the same genus and species in both water and product and at times the loads are

far higher than are acceptable in terms of food safety.
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3.2 ACCURACY OF METHODS FOR THE ENUMERATION OF COLIFORMS AND ESCHERICHIA COLI

3.2.1 Specific aim
The aims were to determine whether Colilert is an appropriate rapid alternative for MTF in the microbial
analysis of river water; and to determine whether there is a difference in the performance of Colilert at high,

intermediate and low levels of faecal pollution.

3.2.2 Background

The use of the Multiple Tube Fermentation (MTF) method to accurately enumerate coliforms, faecal
coliforms and E. coli is the standard method for the analysis of faecal contamination. The accuracy of the
method is attributable to selective hurdles. However, the method has several practical drawbacks. A large
number of coliforms and 5% of E. coli (Moberg, 1985) do not produce gas during lactose fermentation
(Fricker et al., 1997). In addition, the method is expensive, labour intensive, and the results are only
available after 4 days (Maheux et al., 2008). This has resulted in a need for more rapid enumeration
methods for water and food products (Anonymous, 2000). The Colilert method has only recently gained
popularity for the rapid enumeration of coliforms and E. coli, after automation was improved and the Quanti-
Tray for enumeration was developed. This method has several practical advantages over MTF, as analysis
is more automated and results are available within 18 hours (Fricker et al., 2008; Wohlsen et al., 2008).
Furthermore, anaerogenic coliforms (Fricker et al., 1997) do not affect the results (Wohlsen et al., 2008) as

is the case with MTF, which relies on the production of gas through the fermentation of lactose.

3.2.3 Comparison of methods

Coliforms — The data set for coliforms consisted of 56 MTF and corresponding Colilert values for each
sample. Mean, median and standard deviation values were calculated for each set. The coliform data for
the Berg River was found to vary from 200-198 630 MPN.100 mL™. When the calculated means were
compared for each site, it was clear that Colilert tends to produce higher values than for MTF for all sites in
the upper Berg River. This was attributed to the ability of Colilert to include anaerogenic coliforms (Fricker
et al.,, 1997; Wohlsen et al., 2008), whereas MTF did not. For Berg-1, the least faecally polluted of the
three sites in the upper Berg River, the mean Colilert value was 7 times higher than the mean value for
MTF. For Berg-2, also lightly faecally polluted, this was lower, with the mean for Colilert 3.5 times higher
than that for MTF. The mean Colilert value for water obtained from Berg-3, the most polluted, was only
around 2.5 times higher than the mean value calculated for MTF. These observations are interesting, since
it alludes to the possibility that Colilert enumerations for coliforms tend to agree more closely with MTF
values at higher pollution levels.

The coliform data for the Plankenburg River showed variations between 33 000 and 2 419 600
MPN.100 mL™. Mean, median and standard deviation values were also calculated. In this case the results
showed that the mean Colilert value was nearly double the mean value for MTF for the Plank-1 site. The
values for Plank-3 showed that the Colilert mean value was >4 times higher than the mean value for MTF.
The differences between mean values for the two sites followed the same trend with respect to pollution
levels which was observed previously for the Berg River. This trend shows a closer agreement between
Colilert and MTF coliform enumerations in rivers which are heavily polluted, when compared to river water

with a low level of faecal pollution.
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The coliform data sets for the Eerste and Lourens rivers showed a variation of 330 to 178 500
MPN.100 mL™. The mean Colilert value for the Eerste River was >3 times higher than the mean value for
MTF. It did appear that higher Colilert enumerations were consistent in their occurrence for this site and
that the difference between Colilert and MTF mean values was not a function of occasional high value
spikes in Colilert values.

The conclusions from the results on the Lourens River should be drawn with caution due to the
small data set. The only conclusion to be drawn from the data obtained was as previously found that
Colilert tended towards higher coliform levels than MTF.

The results show that Colilert consistently gave higher counts than MTF in the coliform
enumeration. This is in agreement with results reported in literature (Eckner, 1998; Noble et al., 2004;
Kampfer et al., 2008; Al-Turki & El-Ziney, 2009). These results indicate that Colilert outperforms MTF in the
recovery of coliforms from river water.

Escherichia coli — The E. coli data set for the Berg River varied from 20 to 23 000 MPN.100 mL™
Mean, median and standard deviation values were calculated. During the study several values were found
to be higher than the DWAF and WHO guideline of <1 000 faecal coliforms per 100 mL for water used for
the irrigation of produce likely to be consumed raw (WHO, 1989b; DWAF, 1996).

The mean values for Colilert were >2 and 4 times higher than MTF values for Berg-1 and Berg-2,
respectively. The mean value for Colilert at Berg-3 was slightly lower than the mean value for MTF. This is
indicative of a similar trend observed for the coliforms enumerations by Colilert to count higher than MTF
when E. coli is analysed. In addition the Berg-1 and 2 sites are considered to be less polluted than Berg-3.
This indicates the possibility that the agreement of Colilert to MTF when more polluted water is studied may
be a phenomenon found in the enumeration of both coliforms and E. coli.

The E. coli data set for the Plankenburg River showed a variation between 740 and 1 300 00
MPN.100 mL™. The MTF values again exceeded the WHO and DWAF guideline of <1 000 faecal coliforms
per 100 mL for water used in the irrigation of fresh produce (WHO, 1989b; DWAF, 1996). The mean values
in this case indicated, contrary to the previous results, that Colilert tended towards lower E. coli
enumeration when compared to MTF. The mean value for Colilert at Plank-1 was less than half of the
mean value for MTF, while the mean value for Colilert at Plank-3 was 7 times lower than the mean value for
MTF. The reason for this reaction is not clear but this could possibly be ascribed to the composition of the
water as this river flows through the Plankenbrug industrial area. The composition of the effluents which
reach the river is unknown but it can be speculated that some chemical compound in the industrial effluents
could have caused interference with the Colilert detection of E. coli.

The mean values for the Eerste River showed the same trend as found for the Plankenburg River;
with the MTF mean <1.5 times the mean value for Colilert. This was attributed to the higher enumeration
by MTF and not due to one isolated instance of a considerably higher value. These results are surprising
as the Eerste River is considered a “less polluted” river. The E. coli counts for the Eerste River showed
only two instances of exceeding the WHO and DWAF guideline.

In the case of the Lourens River two cases were found that could indicate sewage intrusion. If this
intrusion is taking place upstream of agricultural activities which use the Lourens River as irrigation source,
this river could also pose a health risk when used to irrigate fresh produce.

The E. coli results showed that while Colilert tended towards higher enumeration for the Berg River,

this method was consistently lower when compared to MTF for the Plankenburg, Eerste and Lourens
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Rivers. The results are in agreement with the work by Noble (Noble et al., 2004), who reported lower
Colilert values when enumerating E. coli from coastal waters. In contrast studies in Saudi Arabia on
drinking water reported that Colilert had a significantly higher (p>0.05) recovery rate (13.7%) when
compared to MTF (7.5%) (Al-Turki & El-Ziney, 2009). It is possible that high levels of pollution interfere with
the recovery rate of E. coli when using Colilert. This was also reported by (Olstadt et al., 2007), who found
that the recovery rate of E. coli when using Colilert decreased when microbial concentrations in spiked

groundwater were increased from 1-10 to 50-100 bacteria.

3.2.4 Conclusions

Colilert as rapid alternative for enumeration of coliforms — The preliminary results of the evaluation of
Colilert as an alternative method for MTF indicated that Colilert mostly showed low (upper Berg River) to
intermediate (Plankenburg River) levels of agreement with MTF enumerations and that the disagreement
between the two methods were primarily due to a tendency by Colilert to enumerate higher coliform values
than MTF. It was shown by the Bland and Altman scatterplot that Colilert agreed well with MTF at lower
levels of pollution with coliforms (0 to 100 000 coliforms MPN.100 mL™) and became increasingly prone to
error towards higher enumeration as pollution levels increased beyond 100 000 MPN.100 mL™. The r*
value (Spearman coefficient) was acceptable enough (r*=0.69) to recommend that Colilert can be used for
the rapid detection of coliforms in river water.

Colilert as rapid alternative for enumeration of E. coli — The preliminary results of the evaluation of
Colilert as an alternative method for MTF enumeration of E. coli showed that low (Plankenburg River) to
intermediate (Berg River) levels of agreement between the two methods were obtained. When
disagreement occurred between the methods for samples from the upper Berg River, Colilert tended
towards higher enumeration than MTF. In contrast, disagreement between the methods for water from the
Plankenburg, Eerste and Lourens Rivers resulted in Colilert tending towards lower enumeration when
compared to MTF.

The E. coli data revealed (Bland and Altman scatterplot), that Colilert values agreed well with MTF
values in the range 0 and 50 000 E. coli MPN.100 mL™. In contrast with the results for coliforms, Colilert
tended strongly towards lower enumeration than MTF when the E. coli numbers exceeded 50 000 MPN.100
mL™. These results are a reflection of the trend observed in water samples from the Plankenburg, Eerste
and Lourens Rivers and are further evidence to support the theory that the Berg River differed due to its
lower faecal pollution levels. Despite these discrepancies, the results indicate that Colilert can be used
confidently in place of MTF, in water samples with E. coli levels ranging from 0 to 50 000 MPN.100 mL™.
The r? value is high enough to recommend the use of Colilert as a rapid alternative for MTF in water
analyses where immediate action based on the results is imperative. However, the 26.0% risk of
inaccurately representing the MTF enumeration will more than likely manifest in an under-estimation by
Colilert, a point which needs to be kept in mind when the threat posed for the irrigation of fresh produce is
assessed.

These results show that river water samples with low to intermediate levels of faecal pollution can
be confidently analysed, for both coliforms and E. coli, with Colilert instead of MTF. However, in the
analysis of high faecally polluted water (>100 000 coliforms MPN.100 mL™ or >50 000 E. coli MPN.100
mL™) the results for coliforms will most likely be over-estimated, while the results for E. coli are probably

under-estimated. In addition, the observation that Colilert tends towards increasingly inaccurate
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enumerations above certain levels of both coliforms and E. coli indicates that this method may have upper

operational limits above which enumerations are no longer reliable.
3.3 KWAZULU-NATAL PROVINCE

3.3.1 Specific aims

To enable a microbial risk assessment, this research project intended to verify the seasonal microbial
burden of river water used for irrigation in local community gardens in Sobantu, Pietermaritzburg, KwaZulu-
Natal.

3.3.2 Physico-Chemical results

The physico-chemical analyses of the Baynespruit River, Pietermaritzburg, KwaZulu-Natal over 13 months
revealed highest river water temperatures of >22°C during the months of January 2010 to March 2010 and
October 2010 to January 2011 (Table 4). The maximum value of 27.2°C was measured in February 2010
while the lowest value was measured in June 2010 with only 11.4°C. These temperatures represent the
changing seasonal temperatures. The pH values oscillated within a range of 7.05-8.40 with a maximum pH
value of 8.40 measured in both January 2010 and May 2010. According to the DWAF (DWAF, 1996)
guidelines, the pH of raw water is acceptable for irrigation within a pH range of 6.50-8.50. The COD
(chemical oxygen demand) values determined stayed in a range of 14-107 mg.L™ as was reported for other
rivers in South Africa (de la Rey et al., 2004).

Table 4. Physico-chemical data for river water samples from the Baynespruit River over 13 months.

Temperatur D
Date pH e ?fC?tu € (n?g?L'l)

January 2010 8.40 22.4 96
February 2010 7.81 27.2 54
March 2010 7.66 22.2 45
April 2010 7.67 20.2 56
May 2010 8.40 14.6 44
June 2010 7.58 11.4 107
July 2010 7.38 16.3 88
August 2010 7.56 17.7 39
September 2010 7.05 20.4 34
October 2010 7.38 26.0 14
November 2010 7.29 26.2 26
December 2010 7.40 23.4 56
January 2011 8.30 24.7 20
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3.3.3 Microbiological evaluations

The microbiological quality of the Baynespruit River was assessed by establishing the E. coli count, the
count for aerobic and anaerobic endospore formers and the presence of Salmonella spp., Staphylococcus
aureus, intestinal enterococci, and Listeria monocytogenes (Table 5). In addition, the aerobic plate count
and total and faecal coliform counts were determined (Figure 3). For all months but August 2010 the E. coli
counts of river water samples were exceeding 1 000 MPN.100 mL™. In addition, Salmonella spp. and
intestinal enterococci were detected in river water samples for each individual month, while S. aureus was
Present in 6 out of the 13 monthly water samples analysed. The counts for aerobic and anaerobic
endospore formers did not exceed a value of 1 800 cfu.mL™ over 13 months. The aerobic plate count for
the Baynespruit River ranged from 7 300 (October 2010) to 301 000 (July 2010) cfu.mL™ These results
are in a similar range as data reported for polluted rivers in the Venda region in South Africa (Obi et al.,
2002). Further corroborating the poor state of the river quality are the total and faecal coliform counts
detected for example for March 2010, which are in fact in a range reported in the literature for raw sewage
(Bell et al., 1981; Vilanova et al., 2004).

As indicated by the E. coli counts (Table 5), faecal coliform counts exceeded the WHO guideline
value of 1 000 faecal coliforms per 100 mL (WHO, 2006b)(Fig. 1) over 13 months, indicating that the
Baynespruit River water is not suitable for irrigation.

Similar to the data established for the Baynespruit River (Table 4), the Msunduzi River exhibited
river water temperatures of 222°C during the months of January 2010 to March 2010 and September 2010
to January 2011 (Table 6). The maximum value of 26.3°C was measured in February 2010 while the lowest
value of 14.6°C was measured in June 2010. As for the Baynespruit River, these temperatures are a
reflection of the changing seasonal temperatures. Msunduzi River water pH values ranged from 7.18 to
8.47, with the maximum pH value of 8.47 detected in January 2010. As for the Baynespruit River, these pH
values indicate the principal suitability of Msunduzi River water for irrigation (DWAF, 1996). For the
Msunduzi River, COD values were established in a range of 17-118 mg.L™, again indicating a similarity to

the Baynespruit River in view of the physico-chemical properties determined over 13 months.

Table 5. Microbiological data from river water samples from the Baynespruit River over 13 months.

Date E. coli ASF/AnSF IE SA LM Sal
(MPN.100 mL™) (cfu.mL™)
January 2010 ** 720/840 TG TG ND TG
February 2010 4900 TFTC/TFTC TG ND ND TG
March 2010 350 000 190/700 TG ND ND TG
April 2010 1300 TFTC/TFTC TG ND ND TG
May 2010 17 000 TFTC/1800 TG ND ND TG
June 2010 6 800 600/600 TG ND ND TG
July 2010 33 000 TFTC/TFTC TG ND ND TG
August 2010 240 120/140 TG TG ND TG
Sept. 2010 3300 TFTC/250 TG ND ND TG
October 2010 1700 TFTC/150 TG TG ND TG
November 2010 110 000 TFTC/150 TG TG ND TG
December 2010 23 000 360/300 TG TG ND TG
January 2011 7 000 TFTC/150 TG TG ND TG
TG=typical growth; TFTC= number <10 at lowest dilution; ND=not detected; **=E. coli present
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Figure 3. ACC count and the TC and FC counts for the Baynespruit River over 13 months (y-axis: log
scaling). * = TC count exceeded 160 000 MPN.100 mL™. The dotted line indicates the WHO
guideline limit for the acceptable presence of faecal coliforms in irrigation water.

Table 6. Physico-chemical data for river water samples collected from the Msunduzi River over 13 months.

Date pH Temp()oecr;ﬂture ( ni;c_)Bl)
January 2010 8.47 22.0 118
February 2010 7.99 26.3 99

March 2010 7.72 22.8 62
April 2010 7.71 19.6 84
May 2010 7.55 16.5 114
June 2010 7.58 14.6 69
July 2010 7.28 17.1 49

August 2010 7.83 19.0 45

September 2010 7.18 22.5 25
October 2010 7.22 24.9 17
November 2010 7.29 26.0 21
December 2010 7.52 23.7 20
January 2011 7.80 26.1 27
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Table 7. Microbiological data obtained from samples from the Msunduzi River over 13 months.

E. coli ASE
Date (MPN.100 1 Entero SA LM Sal
1 (cfu.mL™)
mL™)

January 2010 0 4 200/2 200 TG TG ND TG
February 2010 3300 TFTC/ITFTC TG TG ND TG
March 2010 3500 500/500 TG ND ND TG
April 2010 790 TFTC/ITFTC ND ND ND ND
May 2010 110 TFTC/750 ND ND ND ND
June 2010 <18 600/500 ND ND ND ND
July 2010 180 TFTC/ITFTC TG ND ND ND
August 2010 2 400 TFTC/120 TG TG ND TG
September 3300 TFTC/100 TG ND ND TG
2010
October 2010 4900 TFTC/ITFTC TG TG ND TG
November 7 900 150/165 TG TG ND TG
2010
December 7 900 185/190 TG TG ND TG
2010
January 2011 1700 TFTCITFTC TG TG ND TG
TG=typical growth; TFTC= number was <10 at lowest dilution; ND=not detected; **=E. coli Present but
not auantified

The E. coli counts established for Msunduzi River water samples exceeded 1 000 MPN.100 mL™
(Table 7) for 8 months. In addition, Salmonella spp. and intestinal enterococci were detected in river water
samples for 9 out of 13 and 10 out of 13 months, respectively. The presence of S. aureus in Msunduzi
River water samples was shown for 7 out of 13 months analysed while L. monocytogenes was not
detected. The highest counts for aerobic and anaerobic endospore formers were established for January
2010 with 4 200 (aerobic endospore formers) and 2 200 (anaerobic spore formers) cfu.mL™. However, in
the 12 subsequent months analysed these values did not exceed a value of 750 cfu.mL™. The aerobic plate
count for the Msunduzi River ranged from a maximum value of 18 000 cfu.mL™ in January 2010 to 2 800
cfumL™ in September 2010 (Fig. 4). These results are much lower than those established for the
Baynespruit River over the same period of time (Fig. 3). However, the mostly unsatisfactory quality of the
Msunduzi River water is indicated by the fact that faecal coliform counts exceeded 1 000 MPN.100 mL™ in
9 out of the 13 months analysed (January 2010 to March 2010 and August 2010 to January 2011). The
highest value for the faecal coliform count was established for March 2010 with 63 000 MPN.100 mL™ (Fig.
4). Hence for most of the time faecal coliform counts exceeded the WHO guideline value of 1 000 faecal
coliforms per 100 mL™ (WHO, 2006b).
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Figure 4. Aerobic plate count and total and faecal coliform counts for the Msunduzi River over 13 months
(y-axis: log scaling). *Faecal coliform count <18. The dotted line indicates the WHO guideline limit for the

acceptable presence of faecal coliforms in irrigation water.

3.3.4 Discussion and Conclusion

Based on the microbiological analyses of Baynespruit and Msunduzi River water samples over a period of
13 months, the level of faecal coliforms Present in these water samples used for irrigation of produce
mostly exceeded the WHO recommendation value for safe irrigation of 1 000 faecal coliforms per 100 mL
(WHO, 1989b; 2006b). The microbiological analyses showed that in addition to E. coli (established values
mostly exceeding 1 000 MPN per 100 mL river water over 13 months), the most reliable indicator for faecal
contamination and a potential pathogen (i.e. as in case of toxin producing strains such as STEC), intestinal
enterococci and other potentially pathogenic bacteria such as Salmonella spp. and S. aureus were
frequently detected in water samples collected from both rivers. The use of Baynespruit and Msunduzi

River water is therefore not recommended for produce irrigation.

3.4 VENDA PROVINCE

3.4.1 Specific aims
This study will investigated the microbiological quality of water used by subsistence farmers for irrigation of

MPF products in the Limpopo province of South Africa.

3.4.2 Physico-Chemical results
The pH values for river water varied between 6.00 and 8.41 (Table 8). The pH values fell within the South
African water quality pH guideline range of 6.0 to 9.0 (DWAF, 1996). Several studies have indicated that
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pH could play a role in the survival of microorganisms during disinfection (Engelbrecht et al., 1980; Schaper
et al., 2002).

The South African recommended guideline values for temperature ranged between 18°C to 24°C
(DWAF, 1996). In this study the temperatures for all water source samples fell well within this range.
Several studies have shown that temperature plays an important role in the survival of microorganisms.

Turbidity measurements give a general indication of the concentration of suspended clay, silt,
organic matter, inorganic matter, plankton and other microscopic organisms in a water source (DWAF,
1996). In this study the river water source samples had turbidity values which exceeded the recommended
South African guideline value of 0.1 NTU (Table 8) (SABS-ISO, 2001). High turbidity values are associated
with the survival of microorganisms due to association of the microorganisms with particulate matter in the
water (DWAF, 1996).

3.4.3 Microbiological evaluations
Total Coliforms, faecal coliforms and E. coli — The minimum total coliform counts (TC) in water was 14
cfu.100 mL?, the maximum Total coliform counts was >2 400 cfu.100 mL™" (Fig. 5). The minimum faecal
coliform counts (FC) in water was 14 cfu.100 mL™", the maximum faecal coliform counts was >2 400
cfu.100 mL™. The presence of faecal coliform in water is the indication of faecal contamination.
Diarrhoeagenic E.coli strains — It was found that many of the samples contained more than one
diarrhoeagenic E.coli strain (Table 9). A total of 27 water samples over the study period from the MPN
isolation showed E. coli presence and of these 37% were positive for the commensal E. coli gene.
Enteropathogenic Escherichia coli (EPEC) are an important cause of diarrhoea in young children in
developing countries. EPEC strains are grouped on the basis of genotype as atypical EPEC when they
possess eae gene only, typical EPEC when they possess eae and bfpA genes, STEC when they possess
stx1 and/or stx2, EHEC when they possess eae and stx1 and/or stx2 and non-pathogenic E. coli does not
possess either of these genes eae, bfpA, stx1 and stx2 (Bugarel et al., 2011). Other studies (Trabulsi et al.,
2002) have shown that humans are the only reservoir for typical EPEC, whereas both animals and humans
are the reservoirs for atypical EPEC. In the studies by Nataro and co-workers (Nataro & Kaper, 1998)
typical EPEC is well recognized as a cause of gastroenteritis in infants in developing countries (Nataro &
Kaper, 1998). In this study the presence of typical EPEC is of health risk to humans as they are able to
cause infection to human. In this study 48% of the samples showed the presence of pathogenic atypical
EPEC strains and 22% tested positive for the prevalence of typical EPEC strains. In addition, 56% of the
samples had Enteroaggregative E. coli, 11% of the samples contained Enteroinvasive E. coli and 30%
respectively of the samples tested positive for Enterohaemorrhagic E. coli and Enterotoxigenic E. coli
bacteria (Table 6). Enterotoxigenic E. coli is the major cause of traveller’s diarrhoea worldwide. Infection
with ETEC leads to watery diarrhoea which lasts up to a week, but can be treated. Abdominal cramps,
sometimes with nausea and headache occur and fever is usually absent (Harris et al., 2003; Ahmed et al.,
2007a; Ahmed et al., 2007b).
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Table 8. Physico-chemical data for irrigation water from the Phadzima irrigation canal, Limpopo Province.

Date bH Temperature Conductivity Turbidity
(°C) (HS.m™) (NTU)
October 2008 7.90 22.3 56.6 15.46
November 2008 7.70 ND ND ND
December 2008 8.14 19.4 66.5 30.4
January 2009 ND ND ND ND
February 2009 7.43 ND 84.3 7.52
March 2009 8.02 ND 37.02 8.06
April 2009 6.45 20.0 187.6 27.0
May 2009 7.28 ND 36.0 2.16
June 2009 6.00 13.4 23.3 3.18
July 2009 7.00 11.7 96.7 1.81
August 2009 7.21 14.0 103.2 1.83
Sept. 2009 7.53 18.7 56.7 2.30
October 2009 7.91 20.2 70.5 6.30
November 2009 7.80 17.6 20.3 1.50
December 2009 No water No water No water No water
January 2010 ND ND ND ND
February 2010 ND ND ND ND
March 2010 ND ND ND ND
April 2010 8.09 21.2 65.3 5.03
May 2010 ND ND ND ND
June 2010 7.14 18.3 66.3 2.05
July 2010 6.19 18.7 150.2 0.83
August 2010 6.63 21.1 109.0 1.25
September 2010 8.15 19.3 119.1 0.58
October 2010 8.27 19.8 114.1 1.06
November 2010 8.41 18.5 113.4 111
December 2010 8.07 20.3 109.9 1.59
January 2011 7.20 19.2 78.3 2.30
February 2011 8.21 20.3 105.4 1.30
March 2011 7.93 18.3 11.3 2.54
April 2011 8.30 19.8 97.5 1.12
May 2011 8.03 20.2 65.3 0.72
June 2011 7.30 17.8 109.2 2.86

Table 9. Prevalence of commensal and diarrhoeagenic Escherichia coli bacteria obtained from irrigation

water from the Phadzima irrigation canal, Limpopo Province.

Date Sample E. coli
October 2008 Water -
November 2008 Water AP /1
December 2008 Water AlAP/I
January 2009 Water -
February 2009 Water AP/TI/I
March 2009 Water AP
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April 2009 Water AP/TIA
May 2009 Water AP
June 2009 Water A/H
July 2009 Water AP /A
August 2009 Water AP/H/A
October 2009 Water H/A/IAP
November 2009 Water AP /A
December 2009 Tomato TP
April 2010 Water TP/H/T/A
June 2010 Water AP/T/A/IH
July 2010 Water C
August 2010 Water TP/C
September 2010 Water TP/T/A/AP/H
October 2010 Water C/AP
November 2010 Water C/T/IAI/H/TP
December 2010 Water C/TPI/T/A
February 2011 Water C/A
March 2011 Water C/A
April 2011 Water C/TI/H
May 2011 Water C/A
June 2011 Water C

C = commensal E. coli; A = Enteroaggregative E. coli; T = Enterotoxigenic E. coli; | = Enteroinvasive E. coli; H =

Enterohaemorrhagic E. coli; AP = Atypical Enteropathogenic E. coli; TP = Typical Enteropathogenic E. coli

Enteroinvasive E. coli are transmitted through the faecal-oral route and even minimal contact is
adequate for transmission. EIEC E. coli have been associated with diarrhoeal illness in infants and
travellers and linked to outbreaks associated with acute or persistent diarrhoea especially in developing
countries. Infection is typically followed by a watery mucous, diarrheal illness with little to no fever and an
absence of vomiting (Ahmed et al., 2007a). Entero-haemorrhagic E. coli strains are produced from
domestic animals and humans and are spread in the environment by faeces thus can remain viable in the
soil or water for months (Nataro & Kaper, 1998). EHEC was implicated to cause diarrhoea in infants,
haemorrhagic colitis and haemolytic uremic syndrome which is a severe clinical manifestation of infections
with Shiga-like toxin producing E. coli (Blank et al., 2003).

Aerobic colony counts (ACC) — The minimum ACC counts in water were 100 cfu.mL™, the
maximum aerobic/heterotrophic plate counts were 30 000 000 cfu.mL™. According to DWAF and FAO
guidelines the maximum limits of ACC counts in irrigation water is 100 cfu.mL™, which means that the
values of aerobic/heterotrophic plate counts in the present study for water were much higher than the
acceptable maximum limits (DWAF, 1996; WHO, 2006b; 2006c). The presence of aerobic/heterotrophic
plate counts in water indicated the presence of potential pathogenic and opportunistic microorganisms
which could be a health risk to consumers (Lye & Dofour, 1991). Generally aerobic/heterotrophic plate

counts are considered harmless.
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The predominant heterotrophic bacterial species that have been shown by a number of studies are
Acinetobacter, Aeromonas, Alcaligenes, Comamonas, Enterobacter, Flavobacterium, Klebsiella, Legionella,
Moraxella, Pseudomonas, Sphingomonas, Stenotrophomonas, atypical Mycobacterium, Bacillus and
Nocardia (WHO, 2003; 2006a).

However studies have showed that some aerobic/heterotrophic plate counts are opportunistic
pathogens (Payment et al., 1991). Opportunistic pathogens such as Flavobacterium sp., Klebsiella
pneumonia, Bacillus sp., and Enterobacter sp. have been associated with diseases in immunocompromised
individuals, infants, and elderly during exposure to or consumption of contaminated water (Payment et al.,
1991). Legionella sp can cause a potential fatal disease characterized by more severe form of the infection
and produces high fever and pneumonia. Mycobacteria sp can cause infections such as abscesses, septic
arthritis, and osteomyelitis. Sometimes they can also infect the lungs, lymph nodes, gastrointestinal tract,
skin, and soft tissues. Acinetobacter can cause pneumonia, skin and wound infections, urinary tract
infection blood infections. Diseases caused by Klebsiella sp include pneumonia, urinary tract infections,
ankylosing spondylitis septicemia and wound infections. The infectious disease of heterotrophic bacteria
becomes more severe in immune-compromised individuals (WHO, 2003).

In Pseudomonas genus, Pseudomonas aeruginosa is the most important species for public health
considerations, which can cause infections of many body parts, including skin, ears, eyes, wounds, bones
and joints, the lungs, heart, central nervous system and the urinary tract. The genus Pseudomonas is a
gastrointestinal pathogen and routinely enumerated in aerobic/heterotrophic plate counts determination and
considered by some as an opportunistic pathogens when found in water and possesses the required
number of virulence factors to cause infection. However it will not proliferate on normal tissue but requires
previously damaged organs.

The risk to human health is that only certain specific hosts are at risk, including patients with
profound neutropenia, cystic fibrosis, severe (Hardalo & Edberg, 1997). Aeromonas sp has been
associated with diarrhoeal disease in many cases (WHO, 1984). Aeromonas sp. is found in drinking water
and it has been suggested as an opportunistic pathogen when Present in drinking water. It is a
gastrointestinal pathogen by ingestion (Payment et al., 1991). A small percentage of Aeromonas hydrophila
isolates can cause gastroenteritis and enteritis and produce modest, self-limited infection. Although most
cases are food-borne, few waterborne cases were associated with ingestion of untreated drinking water
from swallow wells. Only small percentage of an Aeromonas hydrophila isolates possess human virulence
factors (Rusin et al., 1997).

Proteus genus has four species of which three cause disease. All strains are urease positive and
motile. They may swarm on blood agar, producing concentric zones or an even film. They are resistant to
polymyxin B and colistin. Proteus species can resemble non-motile Salmonella biochemically and can
agglutinate in polyvalent Salmonella antisera. Genus Providencia was originally established for organisms
similar to Proteus species that were urease negative.

Pathogenic Enterobacter species cause health problems which include vaginal infections, urinary
tract infections, and pelvic inflammatory disease. Enterobacter sakazakii is a Gram negative, motile,
peritrichous non spore forming, facultative anaerobic bacterium; it is an opportunistic pathogen in infants.
Enterobacter sp has an eleven species, but only eight have isolates from clinical materials. They grow
readily on ordinary agar, ferment glucose with the production of acid and agar and are motile by

peritrichous flagella. Some strains with a k antigen possess a capsule, Enterobacter sakazakii can cause
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bacteraemia and meningitis in infants and been isolated from infants in association with nerotising
enterocolitis (WHO, 2006a).

Pantoea sp refers to Gram negative bacteria that are usually found in plants and in the faeces of
humans and animals. P. agglomerans is associated with the most common infection known as arthritis or
synovitis whereas other reported infections caused by Pantoea sp include ostitis, cholelithiasis,
occupational respiratory infections, skin allergy and blood stream infection in an elderly person. Other
species than P. agglomerans rarely cause human infection. According to studies done by Habsah (Habsah
et al., 2005) Pantoea sp have been implicated in more than 95% of all outbreaks and sporadic cases of
nosocomial bloodstream infections related to contaminated parenteral admixtures. Serratia sp has been
reported to be responsible for about 2% of nosocomial infections of the bloodstream, lower respiratory tract,
surgical wounds, and skin and soft tissues in adult patients (Basilio, 2007).

Klebsiella pneumoniae is a Gram negative opportunistic human pathogen that is usually found
everywhere. It has been associated with pneumonia, urinary tract infections, ankylosing spondylitis
septicemia soft body infections and diarrhoea in humans. It has been isolated from food with high starch
and environmental sources such as soil, vegetation and water (Cabral, 2010).

Citrobacter youngae is a Gram negative bacterium that is widely distributed in the environment
such as water, soil, sewage, and cornstalks which serve as the sources of contamination. It is considered
as an opportunistic pathogen that may be spread by person-to person contact and has been associated
with diarrhoea in children and it has been isolated from water, fish, animals and food (Cabral, 2010).

Enterobacter aerogenes is a Gram negative pathogenic bacterium that causes opportunistic
infections. It has been found to live in various wastes chemicals, and soil. E. aerogenes is generally found
in the human gastrointestinal tract and does not generally cause disease in healthy individuals.
Enterobacter cloacae are found in water, sewage, soil, skin, the intestinal tracts of humans and animals and
in hospital environments. Health problems associated with E. sakazakii include vaginal infections, urinary
tract infections, pelvic inflammatory disease. Enterobacter gergoviae is a Gram negative, rod-shaped
organism that is peritrichous when motile that rarely causes human infection (Cabral, 2010). A study done
by Obi and co-workers (Obi et al., 2002) in the Levubu, Mutale, Ngwedi, Tshinane, Makonde, Mutshindudi
and Mudaswali Rivers in rural Venda communities in South Africa, showed that the range of counts with
regard to all the water sources investigated for HPC were between 180 and 1 300 000 cfu.mL™. Comparing
the results of the present study with the results of Obi and co-workers (Obi et al., 2002), the results showed
that river waters in the Venda communities including the Mutzhedzi River are of poor microbiological quality
for irrigation purposes (Table 10).

Salmonella — Typical growth of Salmonella isolates were seen on several of the XLD and Brilliant
Green plates. However when these isolates were identified further with APl 20E kits, no Salmonella spp.
were identified, although several opportunistic Gram negative Enterobacteriaceae were identified (Table
11). Although Salmonella species were not present in this study, the species that were found as shown in
Table 11 were of potential health risk as described under aerobic/heterotrophic plate counts.

Spore formers — The minimum and maximum counts of aerobic spore formers in irrigation water
were zero and 80 000 000 cfu.mL™, respectively. The minimum and maximum counts for anaerobic spore
formers in the water were zero and 3 000 000 cfu.mL™, respectively (Table 10). The high count of spore

formers in irrigation water raises a cause for concern because a large number of spores could be produced.
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Endospore formers such as Bacillus cereus are often found in soil and are likely to be detected in
river water if they are present in the soil. Therefore irrigation of minimally processed food (MPF) produce
with water contaminated with spore forming bacteria may pose a greater health risk to consumers since the

food is not processed at all (Table 10).

Table 11. Identification of Gram negative isolates from irrigation water from the Phadzima irrigation canal,

Limpopo Province (the identification was based on data from the specific API kit).

Date Sample AP Identification
October 2009 Water Pseudomonas spp.
Aeromonas spp.
November 2009 Water Enterobacter spp.
June 2010 Water Enterobacter spp.
Citrobacter spp.
Pantoea spp.
July 2010 Water Enterobacter spp.
Proteus spp.
September 2010 Water Aeromonas spp.
Providencia alcalifaciens
October 2010 Water Enterobacter spp.
Citrobacter spp.
November 2010 Water Aeromonas spp.
Pseudomonas spp.
December 2010 Water Pantoea spp.
Aeromonas spp.
Enterobacter spp.
January 2011 Water Citrobacter spp.
February 2011 Water Pseudomonas spp.
Aeromonas spp.
March 2011 Water Enterobacter spp.
Pseudomonas lutea
April 2011 Water Serratia marcescens
Pantoea spp.
Aeromonas spp.
May 2011 Water Enterobacter spp.
Serratia marcescens
June 2011 Water Enterobacter spp.
Klebsiella spp.

Intestinal Enterococci — High microbial counts of intestinal Enterococcus were obtained frequently
throughout the period of the study in the irrigation water (Table 10). The minimum Enterococci counts in
water was zero and the maximum >3 000 cfu.100 mL™,

Listeria — No Listeria monocytogenes were isolated from any of the water samples tested during
the whole study period (Table 10).

Staphylococcus — Typical growth of Staphylococcus strains were observed on the selection plates
(Table 10). The identity of these isolates was further confirmed with the Staphylococcus Latex
Agglutination test kits and samples from two of the months tested positive for Staphylococcus (Table 12).

Virology — The virus isolation studies were positive for three months (Table 13) indicating the
prevalence of Norovirus Gl, Norovirus Gll and Hepatitis A virus, respectively. From the data in Table 13 it
is evident that irrigation canal water used by the Phadzima community farm for the production of fresh

produce was contaminated with potentially pathogenic viruses.
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Table 12. Latex agglutination identification of presumptive positive Staphylococcus isolates from irrigation

water from the Phadzima irrigation canal, Limpopo Province.

Staph
Date Sample o
agglutination
October 2009 Water Neg
November 2009 Water Neg
April 2010 Water Neg
August 2010 Water Neg
September 2010 Water Neg
October 2010 Water Neg
November 2010 Water Pos
December 2010 Water Neg
January 2011 Water Pos
February 2011 Water Neg
March 2011 Water Neg
April 2011 Water Neg
May 2011 Water Neg

Pos = positive; Neg = negative; ND = not done

3.4.4 Discussion and Conclusions

The contamination of the irrigation water source with aerobic/heterotrophic place count bacteria, aerobic

and anaerobic spore formers, Staphylococcus aureus, intestinal Enterococcus, different Gram negative

opportunistic bacteria, commensal and diarrhoeagenic strains of E. coli

bacteria and viruses such as

Norovirus GlI, Norovirus Gll and Hepatitis A virus, clearly showed that the river water used by this

community as irrigation water is an important pre-harvest source of contamination and public health risk for

the community. According to ljabadeniyi (2010), South African’s irrigation water sources are alleged to be

at risk of contamination with human bacterial pathogens because of pollution caused by informal

settlement. The surface water contamination in this study may have originated from both human and animal

sewage disposal due to lack of proper sanitation and the fact that this water source is not protected from

human and animal contamination.

Table 13. Prevalence of specific viruses in the irrigation water from the Phadzima irrigation canal, Limpopo.

Real-time RT-PCR analysis

Date

NoV G1 NoV GlI HAV
October 2008 Neg Pos Neg
November 2008 Neg Neg Neg
December 2008 Neg Neg Neg
January 2009 Neg Neg Neg
February 2009 Neg Neg Neg
March 2009 Neg Neg Neg
April 2009 ND ND ND
May 2009 Neg Neg Neg
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June 2009 Neg Neg Pos
July 2009 Neg Neg Neg
August 2009 Neg Neg Neg
September 2009 Neg Neg Neg
October 2009 Neg Neg Neg
November 2009 Neg Neg Neg
December 2009 No water No water No water
January 2010 ND ND ND
February 2010 ND ND ND
March 2010 ND ND ND
April 2010 Neg Neg Neg
May 2010 ND ND ND
June 2010 Neg Neg Neg
July 2010 Pos Neg Neg
August 2010 ND ND ND
September 2010 ND ND ND
October 2010 ND ND ND
November 2010 ND ND ND
December 2010 Neg Neg Neg
January 2011 Neg Neg Neg
February 2011 Neg Neg Neg
March 2011 Neg Neg Neg
April 2011 Neg Neg Neg
May 2011 Neg Neg Neg
June 2011 Neg Neg Neg

3.5. MPUMALANGA PROVINCE

3.5.1 Specific aims
The aim of this study was to determine the microbiological quality of irrigation water in the Mpumalanga
Province (Loskopdam canal, Wilge and Olifants Rivers) which could serve as a potential pre-harvest source

of bacterial contamination of vegetables.

3.5.2 Physico-Chemical results

The turbidity of water samples differed significantly (p<0.05) during the 1** 12 sampling intervals (Tables 14,
15, 16). During the sampling period, the Wilge River had the highest mean turbidity of 19.1 NTU followed
by the Olifants River with 14.7 NTU and Loskop Canal with the lowest mean turbidity of 5.4 NTU. The
mean turbidity level at all three sampling locations was higher than the international turbidity (1 NTU)
standard for water (DWAF, 1996). At some sampling intervals, there was a high variation between the NTU
in both rivers and the Canal. For example, the NTU for both rivers was very high at intervals 2, 5, 6, 7 and

12. However, no such trend was observed for the Canal. The COD of water samples also differed
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significantly (p<0.05) during the 1% 12 sampling interval (Tables 14, 15, 16). The Wilge River had the
highest mean COD of 54.2 mg.L™ followed by the Olifants River with 53.5 mg per L and the Loskop Canal
with the lowest COD of 50.4 mg.L™.

The pH of the water samples from the Olifants River ranged between 7.02-7.88 (data not shown)
for the 1st 12 sampling intervals. The pH of water samples from the Wilge River and the Loskop Canal
ranged between 7.00-7.62 and 7.03-9.71 respectively (Tables 14, 15, 16). In the Canal, it was however
unusually high during sampling intervals 1 and 2, 9.71 and 9.45 respectively. The average water
temperature of the Loskop Canal ranged between 16-19°C while it ranged between 17-23°C for the Olifants

River and 16-22°C for the Wilge River during 12 sampling intervals (data not shown).

Table 14. Physico-chemical parameters of the Loskopdam Canal.

Temperature COD
Date pH F()OC) (m g.L-l)
November 2007 9.66 17.9 68.45
November 2007 9.76 17.9 64.17
December 2007 9.4 15.9 66.31
December 2007 9.5 15.9 62.04
December 2007 7.38 18.3 24.56
January 2008 7.4 18.3 29.13
February 2008 7.2 19 111.21
February 2008 7.19 19 72.73
March 2008 7.04 17.6 77.34
March 2008 7.02 17.6 70.46
April 2008 7.23 22.5 58.46
April 2008 7.25 22.5 60.75
May 2008 7.1 18.7 71.84
May 2008 7.08 18.7 72
July 2008 7.28 14.6 41.15
July 2008 7.31 14.6 39.5
August 2008 7.09 14.5 14.81
August 2008 7.06 14.5 18.1
September 2008 7.05 15.5 30.62
September 2008 7.03 155 28.95
October 2008 7.13 16.8 20.22
October 2008 7.15 16.8 25.45
November 2008 7.35 26.9 42.3
November 2008 7.33 26.9 39.8
June 2009 7.2 12.6
July 2009 7.47 12
August 2009 7.42 13.3
September 2009 6.59 27.8
October 2009 7.7 23.5
December 2009 7.96 255
January 2010 7.29 25.8
February 2010 8.21
March 2010 7.5 23.4
April 2010 6.23 21.8
February 2011 5.44 13.3
March 2011 7.8 20.5
April 2011 7.35 18.3
May 2011 7.96 20
June 2011 7.44 155




Temperature COD
Date pH ‘()oc) (mg_L-l)
July 2011 9.92 13.6
August 2011 7.4 125
September 2011 6.69 16.6
October 2011 7.3 8.5
November 2011 6.75 14.9

Table 15. Physico-chemical parameters of the Olifants River.

Temperature COD

Date pH ?OC) (mg_L-l)
November 2007 7.86 19.2 57.76
November 2007 7.9 19.2 59.9
December 2007 7.9 17 59.9
December 2007 7.75 17 58.83
January 2008 7.6 20.1 38.28
January 2008 7.76 20.1 40.56

February 2008 7.52 25 141.14

February 2008 7.55 25 135.18
March 2008 7.19 22.4 68.17
March 2008 7.17 22.4 63.58
April 2008 7.45 24.2 60.75
April 2008 7.43 24.2 67.63
May 2008 7.06 18.8 88.19
May 2008 7.03 18.8 90.63
July 2008 7.23 14 26.33
July 2008 7.25 14 24.69
August 2008 7.01 16.8 26.33
August 2008 7.03 16.8 24.69
September 2008 7.5 21.2 26.14
September 2008 7.48 21.2 22.48
October 2008 7.21 24.3 15.78
October 2008 7.2 24.3 17.56
November 2008 7.21 27.1 30.49
November 2008 7.09 27.1 28.1

Table 16. Physico-chemical parameters of the Wilge River.

Temperature COD

Date pH F()OC) (mg.L-l)
November 2007 7.56 16.5 62.04
November 2007 7.65 16.5 57.76
December 2007 7.65 16.3 62.04
December 2007 7.58 16.3 65.24
January 2008 7.58 18.8 51.99
January 2008 7.6 18.8 47.42
February 2008 7.54 24 96.24
February 2008 7.56 24 109.07
March 2008 7.48 17.6 65.87
April 2008 7.47 17.6 66.51
April 2008 7.61 21.6 76.81
April 2008 7.59 21.6 80.57
May 2008 7.52 16.4 92.18

May 2008 7.5 16.4 95

July 2008 7.57 10.5 44.44

36
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Temperature COD

Date pH ‘()oc) (mg_L-l)
July 2008 7.55 10.5 41.15
August 2008 6.99 13.9 16.46
August 2008 7.01 13.9 14.81
September 2008 7.26 19.9 36.12
September 2008 7.25 19.9 40.88
October 2008 7.51 23.2 18.34
October 2008 7.49 23.2 22.66
November 2008 7.3 25.3 35.35
November 2008 7.31 25.3 32.86

3.5.3 Microbiological evaluations

The mean APC count of water samples ranged between 2.9-3.2 log cfu.mL™ and differed significantly
(P<0.05) over time (Tables 17, 18, 19). Similar to turbidity and COD, the Wilge River had the highest mean
APC counts of 3.2 log cfumL™ followed by Olifants River with 3 log cfu.mL™ and Loskop Canal with the
lowest APC counts of 2.9 log cfu.mL™ during the 12 sampling intervals (Tables 17, 18. 19). The APC
counts of the two rivers and the Canal during the sampling period followed the same trend with higher and
lower counts noted at the same time at the three locations. Also, the lowest APC levels at interval 9
correspond with low COD and turbidity levels determined at interval 9. ASF at the three locations differed
significantly (p<0.05) during the 12 sampling intervals (Tables 17, 18, 19). The Wilge River had the highest
mean ASF count of 2 log cfu mL™ followed by the Olifants River with 1.66 log cfu.mL™ and the Loskop
Canal’'s mean ASF was 1.23 log cfumL™ (Tables 17, 18, 19). While ASF was detected in the water
samples from the Wilge River during all the sampling intervals, it was not detected at sampling interval 8 in
the Olifants River and intervals 8 and 11 in the Loskop Canal. The mean AnSF count for both the Loskop
Canal and the Olifants River was 1.23 log cfu.mL™ while the mean AnSF count for the Wilge River was
1.93 log cfu.mL™. Similar to the ASF, AnSF was detected during all the sampling intervals in the Wilge
River but it was not detected at sampling intervals 9, 11 and 12 in the Olifants River and at 10 and 12 in the
Loskop Canal

Table 17. Microbiological parameters of the Loskopdam Canal.

Date E.coli ASF ANnSF IE SA LM | Sal FC ACC Crypto Giar
pN.1oo | (09 (log (log (MPN.100 (log
mL™ nﬁ[lﬂ') cfu.mL™) cfu.mL™) mL™) cfumL™)

No;/gg;ber ¥ 0.9 0.85 + 0 - - 1600 4.15
Noyerber + 111 0.95 + 0 - - 1600 41
De;:ggn7ber + 153 285 + 0 . + 16 000 3.04
De;g{)n?ber + 1.68 289 + 0 - + 16 000 3.08
De<2:88w7ber + 2.61 1.7 + 1.7 + + 16 000 1.69
Jazn(;gy + 265 1.48 + 1.48 + + 16 000 1.48
Feg(;légry . 1.9 1.3 + 1.6 + + 1600 3.3
Fegétégry + 1.78 1.48 + 1.3 + + 1 600 3.48
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Date E.coli ASF ANnSF IE SA LM | Sal FC ACC Crypto Giar
I\g%rgg " 1.7 1.9 - 0 - + 1600 3
I\ggggh " 16 215 . 0 - + 1600 3.12
ZAégg N 185 2 + 1 - - 16 000 3.85
ﬁé’ég + 1.78 2.23 + 0 - - 16 000 3.9
%%Bé + 1.48 2.23 + 0 - - 16 000 3.73
%%)é + 1 13 + 0 - - 16 000 3.9
woe | v f oo o || o ) -] om0 | ew
ZJgéxé + 0 13 ; 1 + - 250 2.46
Aggggt + 1 0 + 0 + - 16 000 19
A;gg;t + 13 0 + 07 + | - 16 000 1.48
Segtgcr)gber . 1 1 + 0 + - 16 000 2.3
Segt(()e(r)réber N 0 0 + 0 ¥ - 16 000 2.3
O;(t)%%er i 0 0 + 0.48 + + 16 000 251
Ogtgggr + 0 0 + 0 + + 16 000 2.4
NO\Z/SBaner + 1 0 _ 0 - + 16 000 3.2
NOZSBnSber . 1 0 , 1.3 - + 16 000 3.3
2009 * e —
gglgg N - 1700 840 - -
A;cg)ggt . + 350 250 - +
Segtgcr)gber . - 700 2105 + +
Ogté)(g)gr + - 3500 7950 - +
Deggg;ber i + 70 000 1860 - -
Je;nsjféy B + 11 000 1910 - -
Feg(;ligry " + 350 2400 - -
I\g%rfg . + 2100 935 + -
gg:l’LI(I) + + 16 000 32350 + -
Feg(;lialry 0.0 0.0 0.0 3.3 2.7
Mareh 18 0.0 0.0 0.0 4.1
oo 15 3.3 15 0.0 3.7
oy 5.1 3.1 17 11 38
32‘6”181 0.0 0.0 0.0 2.1 36
o 0.0 0.0 0.0 11 2.8
Alng:lLJ]s-t 4.0 29 3.2 0.3 3.7
Segtglnlber 0.0 0.0 2.8 1.9 2.8
O;:éolt?ler 3.4 3.6 0.0 11 2.0
November 51 5.1 0.0 1.7 2.7

2011
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Table 18. Microbiological parameters of the Olifants River.
Date E.coli ASF ANnSF Entero SA LM | Sal FC ACC Crypto Giar
pN.100 | (109 (log (log (MPN.100 (log
mL™ nﬁ{_l{i) cfu.mL™) cfu.mL™) mL™) cfumL™)
Nogggﬂ?ber + 1.81 1 + 0 - - 16 000 2.62
No;gg;ber + 1.84 1 + 0 - - 16 000 2.67
Deggcr)n?ber . 206 258 - 0 - + 16 000 3.26
De;gg;ber + 208 263 . 0 - + 16 000 3.29
Jazn(;l(;iBW i 218 1.78 + 0 + + 540 2.4
Jazn(;loagy + 27 1.78 + 0 + + 540 2.38
Fegcr)légry + 2 16 + 2.9 + + 1600 4.23
Feggégry . 1.7 1.3 + 2.7 + + 1600 3.85
I\/ZI%r(;:g + 1.9 2 - 0 - - 1 600 3.33
l\g%rgg + 242 2 - 0 - - 1600 3.24
o + 1.78 13 + 1 - - 16 000 3.62
283'8 + 1.78 1.85 + 0 - - 16 000 3.69
QAO%YB + 1.48 2.41 + 0 - - 16 000 3.54
gﬂo%ye + 1.78 1.48 + 0 - - 16 000 3.4
oo |+ [ o | o |+ | o Je] -] 0 | 2
;83/8 . 0 1 + 0 + - 250 2.52
Atngggt + 0 0 - 0 + + 16 000 24
A;gggt + 1.48 1 - 0 + + 16 000 2.28
Seg‘g{;gber + 1.48 0 + 1 + | - 240 3
Segtg(%ber N 1.48 0 + 0 + - 240 3.04
O%)é)gr " 1.3 1 + 0 + - 16 000 2.95
Ogtggeer + 1.48 0 + 0 + - 16 000 2.72
No;/ggéber + 1.85 0 - 0 - + 920 2.53
November i 204 0 - 0 - + 920 2.49

2008
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Table 19. Microbiological parameters of the Wilge River.

Date E.coli ASF ANnSF Entero SA LM | Sal FC ACC Crypto Giar

pN.100 | (109 (log (log (MPN.100 (log
mL™ nﬁ{_l{i) cfumL™) cfu.mL™) mL™) cfu.mL™)
Novermber + 141 212 + 0 - - 16 000 515
Novermber + 1.61 2.23 + 0 - - 16 000 518
Degggn7ber + 257 283 ¥ 0 + + 16 000 3.19
De§85n7ber N 26 2.88 + 0 + + 16 000 321
Jzn;gsry + 2.32 2.18 + 1 + + 920 2.18
Jznﬁggy + 2.4 2.34 + 0 + + 920 2.3
Fe;(r)légry + 292 1.85 + 0 - - 1600 3

Fegétégry " 248 2 + 0 - - 1600 3.15
I\gg(r)cSh . 291 261 + 1.6 + + 16 000 3.8
2A(?(;i£|s + 2.92 2.4 + 1.9 + + 16 000 431
9&;2 + 2.83 2.32 + 1.3 - - 16 000 4.05
ot + 2.82 263 + 1 - - 16 000 4.1
;{')%Bé + 1.85 272 + 0 - - 16 000 39
%%)é + 1.6 2.93 + 0 - - 16 000 3.54
o + 1.48 13 + 0 - 250 2.36
gggs + 16 1.48 + 0 + - 250 2.26
A;gggt + 1.3 1.3 + 0 + - 16 000 1.85
Azugggst i 1.6 0 + 0 + - 16 000 1.95
Seg‘g(’)gber + 1.48 1 + 1 + | - 240 2.3
Segtg(%ber N 1.78 1 + 0 + - 240 2.6
O%)é)ézr " 1.3 1.6 + 0 + - 16 000 2.67
Ogé%%er + 1 1.78 + 0 + - 16 000 2.59
No;/ggnSber + 218 1 + 0 - + 16 000 2.83
No;g(r)nSber " 293 1 + 0 - + 16 000 2.79

Of the water samples collected during the 12 sampling intervals, 25% of the samples from the
Olifants River, 33% from the Wilge River and 58% of the samples from the Loskop Canal were positive for
S. aureus (Fig. 6). However, the average S. aureus counts of water from the three surface water sampling
sites were very low <1 log cfumL™. Incidence of S. aureus did not correspond between the sampling
locations and only at interval 6 was S. aureus detected at all three locations (data not shown). E. coli was
recovered from the two rivers and the Loskop Canal during every sampling interval (Fig. 6). Furthermore
coliform and faecal coliform levels for the surface water met the international standard (1 000 MPN
100.mL'1) only once during the 12 sampling intervals in Loskop Canal water while at the Wilge River and
Olifants River, the water samples met the standard during 25% and 30% of the 12 sampling intervals

respectively. IE was present in all the water samples collected from the Wilge River while incidence was
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lower in the Olifants River (67%) and the Loskop Canal (75%) (Fig. 6). Incidence of Salmonella (50%) was
higher in the Loskop Canal than in the Wilge River and the Olifants River (33% and 42% respectively).
However, the incidence of L. monocytogenes (58%) in the Wilge River was higher than the 50% incidence

observed in both the Loskop Canal and the Olifants River during the 12 sampling intervals (Fig. 1).
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Figure 6. Prevalence of bacterial pathogens in the three water sources.

3.5.4 Discussion

The temperature and pH values of the Loskop Canal and the two rivers that were conducive for bacterial
growth may have influenced the survival of aerobic bacteria and bacterial pathogens in the water sources.
These two parameters could influence the level of faecal coliforms and intestinal Enterococci. The turbidity
of the three water samples did not meet the SA water quality range for domestic water supply, 0 to 1 NTU
(DWAF, 1996). The turbidity range for water of good quality should be between 0 to 1 NTU. The high
turbidity level of surface water in this work corresponds with the river turbidity results of (Fatoki et al., 2003).
They also found high turbidity levels in surface water indicated that soil erosion and run-off could be a
source of high turbidity in the water system. The soil erosion and run-off could have been caused by the
informal settlements around the two rivers. The COD results for all three water samples from Loskop Dam,
Olifants River and Wilge River also did not meet the WHO standard of 10 mg/litre. This shows that the
surface water contains organic pollutants that may have originated from the informal settlements and mines
around the region where rivers are located.

Although the level of aerobic bacteria in both water and vegetable samples was low, a high
prevalence of bacterial pathogens was observed in this study. This shows that aerobic bacteria levels are
not a good determinant of the microbiological quality of irrigation water and produce.

The recovery of aerobic spore formers from the three water samples is similar to work from Alaska
water at the same low level. However, the level of anaerobic spore formers observed in our water samples
was lower than has been reported by (Molongoski & Klug, 1976). Molongosk and Klug (Molongoski & Klug,

1976) recovered up to 6 log of anaerobic spore formers from freshwater lakes. Although low level of
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aerobic spore formers were observed in the water samples, it may be unsuitable for the irrigation of fresh
produce because of the possibility of microbial growth and cell division after attachment and infiltration on
the vegetables.

The reason for a higher level of aerobic bacteria, aerobic spore formers and anaerobic spore
formers in the Wilge River and the Olifants River, compared with those in Loskop Canal may be because
the floor of the Canal is cemented. It was noticed from the result that the higher difference was lower than
1 log and fell within the same level. This indicates that the Loskop Canal could have been contaminated by
the two rivers namely, Wilge and Olifants Rivers. The average aerobic bacteria, aerobic spore formers and
anaerobic spore formers in the water samples and on the vegetables were also within the same level,
indicating that Loskop Canal could have contributed to the microbiota and contamination of the vegetables.

Although recovery of S. aureus from water samples is low, it may still pose a problem if such
irrigation water is used for the production of produce that are eaten raw. S. aureus was not expected to be
recovered from the Loskop Canal, Wilge River or the Olifants River because its primary reservoir is the
nasal cavity of humans. The presence of S. aureus in the two rivers and Loskop Canal also shows that the
rivers may have contributed to the contamination level in the Canal.

The result of heavy contamination of the three water sources, with E. coli and faecal coliforms
corresponds to the work of Tshivhandekano (Tshivhandekano, 2005) on the Apies River, South Africa.
This shows that the concern regarding contamination of surface water sources in SA may be valid and
widespread. The two rivers may have been polluted with human faeces since E. coli and faecal coliforms
are indicators of faecal pollution (Garcia-Armisen & Servais, 2007). Human faeces contain higher faecal
coliform counts, while animal faeces contain higher levels of faecal Enterococci. The high incidence of E.
coli, faecal coliforms and intestinal Enterococcus in the two rivers and the Loskop Canal indicate that the
rivers are potential sources of contamination of the Canal. In addition, the source of this contamination may
be the informal settlements along the two rivers.

Contamination of water sources with other bacterial pathogens, namely, L. monocytogenes and
Salmonella show that the two rivers and Canal are of poor microbiological quality possibly as a result of
faecal pollution. It also indicates that the two rivers are potential sources of contamination of the Loskop
Canal. Other workers have reported the widespread contamination of faecal polluted surface water with
these pathogens and this is a public health concern especially when water is used for agricultural purposes
(Tymczyna et al., 2000; Garcia-Armisen & Servais, 2007; Lyautey et al., 2007). According to Bhagwat in
2006, the greatest concerns with human pathogens on fresh and minimally processed vegetables are E.
coli O157:H7, Salmonella and L. monocytogenes. The first two have low infective doses while L.
monocytogenes grow very well under refrigeration storage conditions (Bhagwat, 2003). Another safety
concern with these pathogens is that they can form biofilms on the produce thereby making sanitizers’
ineffective (Somers et al., 1994; Fonseca, 2006).

L. monocytogenes was not recovered from the Loskop Canal during the sampling intervals when
incidence in the irrigation water source and vegetables were compared. However, it was recovered at
previous sampling intervals. This signifies that L. monocytogenes may survive on the surface of broccoli for
a long time after contact with irrigation water.

The study clearly indicates the potential effect of raw sewage spillage, informal settlements and

wastewater from mines and industries on irrigation water sources and pre-harvest vegetables.
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The high pH observed in Loskop Canal over the intervals was also noted during previous years of sampling
(ljabadeniyi, 2010) and could have been due to mining activities as the Canal also provides water to mines
within the area (Mr Ferreira, Loskop Irrigation Board, personal communication October, 2011).

Although counts for aerobic bacteria, anaerobic and aerobic spore formers in Loskop Canal and
the Skeerpoort river differed significantly (p<0.05) in the two rivers and over each month during the study,
counts were usually less than 1 log unit and therefore carried no practical importance. These low counts
probably indicated low bacterial contamination. Low counts of these indicator bacteria in Loskop Canal
were probably due to its cemented floor and side surface which limited contamination from runoff. Water
from the Skeerpoort River used for irrigation was diverted and collected in a farm dam prior to irrigation
which probably limited contamination from external sources. Low counts for aerobic bacteria were similarly
observed in previous studies carried out in the Loskop Canal (ljabadeniyi et al., 2011) and the Skeerpoort
River. Low counts of aerobic and anaerobic spore formers were also observed in Loskop Canal (ljabadeniyi
et al., 2011). The changes in counts for indicators over the study in the two irrigation water sources could
have been attributed to the sporadic nature of pollution events (Doyle & Erickson, 2008). Higher aerobic
bacteria on lettuce could be attributed to its closeness to the ground and rough leaf surface which could
have enhanced attachment of bacteria (Islam et al., 2004). Similar high counts of aerobic bacteria were
noted on parsley, spinach and cauliflower irrigated with water from the Baynespruit River in a suburban
community of KwaZulu-Natal (Gemmell & Schmidt, 2012). Results for aerobic bacteria, anaerobic spore
formers and aerobic spore formers in the Skeerpoort River and on lettuce did not follow similar patterns
over the whole 10 months indicating that their presence on produce could be from soil which is a major
reservoir.

Staphylococcus aureus is usually associated with animal skins and humans, hence its low numbers
and prevalence in the two water sources. The higher counts on lettuce could have been due to handling by
workers. The hands of workers were noted to be a source of bacteria on produce (Materon et al., 2007).

Faecal coliforms and intestinal enterococci indicate faecal contamination and possible presence of
food-borne pathogens. Low counts for both faecal indicators in Loskop Canal and the Skeerpoort River
probably indicates low faecal contamination. However previous studies have shown higher levels in
Loskop Canal (ljabadeniyi et al., 2011) and the Skeerpoort River (Duhain, 2011). This difference probably
arose because the level of indicator organisms changes seasonally and pollution events are usually
sporadic in nature (da Silva et al., 2011). Pollution from informal settlement through disposal of sewage and
influence of contamination from the rivers that feed the Canal were attributed to the high contamination
levels observed in the Skeerpoort river (Duhain, 2011) and Loskop Canal (ljabadeniyi et al., 2011),
respectively. The high faecal coliform counts noted in the Skeerpoort could have been due to high rainfall
precipitation experienced during that period. Rainfall has been noted to increase runoff and sewage
drainage flows which carry all sort of contamination that later ends up in surface water sources (Beuchat,
2002). Additionally rainfall turns sediment in water sources which harbours a lot of faecal bacteria (Walters
et al., 2011). The low rainfall precipitation levels noted for Loskop Canal area over the 10 month study
indicate it was not a major source of contamination and rather influence was more from the Wilge and
Olifants rivers which feed into it. Incidence of E.coli gives a more definite indication of faecal contamination
since it naturally proliferates in human and animal intestines. Therefore its presence in both irrigation water
sources indicates faecal contamination and such water could pose a risk of contaminating irrigated produce
with food-borne pathogens. Higher prevalence of E.coli (100%) was noted in the Loskop Canal in a
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previous study (ljabadeniyi et al., 2011) and similar prevalence as in the current study in the Skeerpoort
River (Duhain, 2011). Although counts of faecal coliforms were low throughout the study the incidence of
E.coli was not. This was also observed in previous studies carried out on water sources (Gemmell &
Schmidt, 2012). This shows that indicator bacteria might not give a good indication of incidence of bacterial
pathogens in irrigation water. Presence of E.coli on both lettuce and water from the Skeerpoort River
indicates that it's a source of bacterial food-borne pathogens on fresh produce. Contaminated irrigation
water was noted as a source of pathogens on fresh produce grown on a farm in Texas, USA (Materon et
al., 2007). Additionally E.coli was isolated from both Loskop Canal and irrigated cauliflower and broccoli
during a 3 month study (ljabadeniyi et al., 2011). The Department of Health (DoH) in South Africa
recommends that since fresh produce in the country is usually eaten raw, E.coli should be absent per gram
of food product (DoH, 2000). Therefore since fresh produce contaminated with E.coli in was noted in this
study it could have the potential to cause food related ilinesses.

Salmonella enterica subsp. salamae has previously been isolated from reptiles. Prevalence of
Salmonella spp. in Loskop Canal was higher in a previous study (ljabadeniyi et al., 2011) but not isolated in
the Skeerpoort River (Duhain, 2011). High prevalence of Salmonella spp in water shed has been linked to
contamination with animal faeces and urban sewage with increase after rainfall events (Polo et al., 1999).
High prevalence of Salmonella spp was linked to human and animal sewage disposal in a Nigerian
irrigation water source (Okafo et al., 2003).The results from Loskop Canal and the Skeerpoort river show
that they had not probably not been heavily impacted by human and animal sewage during the duration of
the study.

Studies previously carried out to determine the microbiological quality of surface water sources in
South Africa that have shown that their quality is deteriorating (Obi et al., 2002; Olaniran et al., 2009). The
isolation of common food-borne pathogens known to cause illness in Loskop Canal and the Skeerpoort
River confirmed contamination with faecal material raising concerns on fitness for irrigating fresh produce.
Additionally isolation of E.coli in both irrigation water from the Skeerpoort River and lettuce shows that
contaminated irrigation water poses a risk of food-borne pathogen transfer onto produce. However results
from this study did not ably distinguish levels of faecal contamination in the two water sources as was
initially hoped. Also incidence of food-borne pathogens did not help in clarifying which of the water sources
was more contaminated with faecal material. This was probably because bacterial indicators suffer from a
number of limitations such as short survival times, origin other than faecal sources and regrowth outside the
host (Sidhu & Toze, 2009). Through understanding the ecology of enteric bacterial pathogens in irrigation

systems, the risks to produce can be better defined.

3.5.5 Conclusions

The water used for irrigation in this study is a likely source of contamination of vegetables produced in this
area with bacterial pathogens and constitutes a food safety risk. The water should be properly treated
when used for produce that may be eaten raw. This safety measure should be combined with Good

Agricultural Practices (GAPs) and HACCP during the production of fresh vegetables.
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3.6. CRYPTOSPORIDIUM AND GIARDIA IN WATER FROM SELECTED MPUMALANGA, NORTH
WEST AND GAUTENG RIVERS

3.6.1 Specific aims

The first aim of this study is to determine the microbial pollution level of irrigation water from the Skeerpoort
river, Loskopdam canal, Moses River and Klip rivers. The second aim was to determine whether the
presence of faecal indicators or bacterial pathogens such as Salmonella spp. can be linked to the presence

of Cryptosporidium oocysts and/or Giardia cysts in irrigation water.

3.6.2 Physico-Chemical results

The minimum and maximum temperature of the three rivers ranged from 13.4°, 12° and 8.4°C in winter to
22.5°, 27.8° and 26.1°C summer for the Klip, Moses and Skeerpoort rivers respectively (Tables 20 and 21).
No significant differences in temperature between rivers was observed (p>0.05). The pH of the Klip River
and Moses River were within normal range and varied between 6.58 and 8.02 for the Klip River and
between 6.23 and 8.21 for the Moses River. The average pH of the Skeerpoort river was significantly higher
(p=0.003) than the pH of the Moses and Klip river and ranged from 7.2 to 8.63 .

The pH ranged from 5.6 to 9.9 and 7.9 to 9.1 in Loskop Canal and the Skeerpoort River
respectively (Tables 20 and 21). The pH in Loskop Canal exceeded national guidelines ref for irrigation
water once (June, 2011 at pH 9.9) during the 10 month study. Temperature in Loskop Canal ranged from
8.4 to 20.0°C with the lowest and highest noted in September and April respectively. Temperature in the
Skeerpoort river ranged from 10.7 to 26.7°C with the lowest and highest noted in May and March,

respectively.

Table 20. Physico-chemical parameters of the Skeerpoort River.

Date pH Tem?oecr?ture
June 2008 8.48 11.8
July 2008 8.51 12.4
June 2009 8.23 13.3
July 2009 8.23 11.2
August 2009 8.5 8.4
September 2009 8.63 19.1
October 2009 8.12 23.9
December 2009 7.62 26.1
January 2010 8.2 25.9
February 2010 8.23 25.7
March 2010 7.6 24.9
April 2010 7.2 21.2
February 2011 8.42 26
April 2011 7.93 26.7
May 2011 8.91 20.5
June 2011 8.42 10.7
July 2011 9.18 10.9
August 2011 8.08 13
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Date pH Temr()oecr;ﬂture
September 2011 8.6 13.2
October 2011 8.35 16
November 2011 7.91 22.3
March 2011 8.42 23
Table 21. Physico-chemical parameters of the Klip River.
Date pH Temr()oeé;ature
July 2009 7.5 134
August 2009 6.8 14
September 2009 7.7 17.7
October 2009 7.21 21.3
December 2009 8.02 225
January 2010 7.51 20.5
February 2010 6.91 21.6
March 2010 6.58 215
April 2010 7.5 18.6
May 2010 7.42 16.4

3.6.3 Microbiological evaluations

The APC in the Klip River ranged from 2.3 to 6 log cfu.mL™ with an average of 5 log cfu.mL™ (Table 22).
Levels of faecal coliforms and E. coli ranged from 3.2 to 5.5 log counts.100 mL™. E. coli was not found in 5
of the samples despite high faecal coliform counts. From the 10 water samples taken from the Klip River, 7
samples were positive for at least one pathogen and 2 samples were positive for 2 pathogens. Salmonella
spp., Salmonella ser. Enteritidis and Salmonella ser. Adeoye were isolated from 2 out of the 10 samples
taken from the Klip River during the summer months. Cryptosporidium oocysts were present in 5 samples
and Giardia cysts in 2 samples taken from the Klip River. Cryptosporidium and Giardia were isolated from
the Klip River during both winter and summer months. Water samples positive for Cryptosporidium oocysts
were confirmed with PCR. The recovery efficiency for Giardia was significantly lower (p<0.05) than the
recovery efficiency for Cryptosporidium with 15.3% recovery for Cryptosporidium and 9.2% recovery for
Giardia. The average recovery efficiency for the 10 positive controls for the isolation of Cryptosporidium and
Giardia was lower than reported in some studies (Robertson & Gjerde, 2001b).

The APC counts in the Skeerpoort River ranged from 2.4 to 4.7 log cfu.mL™ (Table 23). Faecal
coliforms counts in the Skeerpoort River varied greatly between samples and ranged from 0.9 log 100 mL™
in winter to more than 9.2 log 100 mL™ in summer. E. coli was isolated from 4 out of the 10 samples and
was found in samples with both high and low faecal coliform counts. The E. coli eae intimin was detected in
the Skeerpoort river in March 2010 although E. coli O157:H7 was not detected (Table 23). The eae Intimin
must have originated from other entero-haemorrhagic E. coli (EHEC) not included in the Gene Disc
analysis. None of the samples tested positive for Salmonella spp. but 5 samples tested positive for
Cryptosporidium oocysts. Giardia cysts were found in 2 of the samples. Cryptosporidium oocysts were
found during both winter and summer while Giardia cysts were only isolated in summer. Cryptosporidium
oocysts were found in water samples containing low (0.9 log counts.100 mL™) as well as high (>9.2 log

counts. 100 mL™) levels of faecal coliforms.
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The APC in the Moses River ranged from 2.4 to 4.5 log cfu.mL™. Faecal coliforms ranged from 2.5
to 4.8 log counts.100 mL™ and 7 out of the 10 samples had faecal coliform levels above 3 log counts.100
mL™. An increase in faecal coliforms was observed during the beginning of summer (sampling interval 4-6)
which coincides with the first rainfall after a dry winter. E. coli was isolated from 8 out of the 10 samples. No
E.coli was found in two of the samples for which the faecal coliforms counts were high (4 and 4.8 log
counts. 100 mL™). E. coli shigatoxin 1 was detected in the Moses river in April 2010 although E. coli
0157:H7 was not detected. Out of the 10 water samples analysed, 8 tested positive for at least one
pathogen and 4 samples were positive for 2 pathogens. Salmonella spp. was found in 6 samples.
Salmonella ser. Gaminara, Salmonella ser. Fulica, Salmonella ser. Infantis, Salmonella subsp. | and
Salmonella subsp. Il were isolated from the Moses River. Cryptosporidium oocysts and Giardia cysts were
isolated from 3 of the samples. The two protozoa were isolated from different water samples and only one
sample contained both Cryptosporidium oocysts and Giardia cysts. Both protozoa were isolated from water
that contained both low and high levels of faecal coliforms and were found in the Moses River during winter
as well as summer months.

APC counts were on average higher in Klip River than in the Skeerpoort and Moses River (Tables
22 and 23). Faecal coliform counts in Skeerpoort River were lower on average than in the Moses and Klip
River. These differences were however not statistically significant (p>0.05). Fewer pathogens were isolated
from the Skeerpoort River than from the other two rivers. Only 50% of the samples taken from the
Skeerpoort River contained at least one pathogen and 2 samples tested positive for 2 pathogens. There
were however no significant difference (p>0.05) between the three rivers in terms of incidence of pathogens
and levels of indicator organisms. This ten month study took place over three seasons, starting in winter
2009 and finishing in summer 2010. More samples were found positive for Cryptosporidium in summer
than in winter and spring while more positive Giardia samples were found in spring than in winter and
summer. However, those differences in incidence between seasons were not statistically significant
(p>0.05) (data not shown).

Two water samples contained less than 100 faecal coliforms per 100 mL. Salmonella spp. and
Giardia were absent from those samples and only Cryptosporidium oocysts were isolated from those 2
samples. Between 100 and 1 000 faecal coliforms.100 mL™ were found in 7 samples. The incidence of
pathogens in those samples was low. The highest incidence of Cryptosporidium oocysts was found in
samples containing between a 1 000 and 10 000 faecal coliforms.100 mL™. Giardia cysts were however
found at equal rate in samples containing between 100 and 1 000 faecal coliforms.100 mL™ and between 1
000 and 10 000 faecal coliforms.100 mL™. The incidence of Salmonella spp. was the highest in samples
with faecal coliform counts above 10 000 counts.100 mL™. However, the overall incidence of pathogens
was lower in samples containing more than 10 000 faecal coliforms.100 mL™ than in samples containing
between 1 000 and 10 000 faecal coliforms.100 mL™ although more than 50% of the samples containing
more than 10 000 faecal coliforms.100 mL™ were positive for either Salmonella spp., Cryptosporidium or
Giardia.

Level of E. coli of less than 1 count.100 mL™ was found in 40% of the samples. In those samples
the incidence of pathogens was low, and no Salmonella spp. was found. However, half of those samples
tested positive for at least one pathogen. Levels of E.coli between one and 1 000 counts.100 mL™ water
were found in 20% of the samples. The incidence of pathogen in those samples was high and 83% of the

samples tested positive for at least one pathogens. Between 1 000 and 10 000 E. coli 100 mL™ were found
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in 30% of samples. The highest incidence of Giardia cysts was observed in these samples. The highest
incidence of Cryptosporidium oocysts was observed in samples containing more than 10 000 E. coli 100

mL™.

3.6.4 Discussion and Conclusions

Cryptosporidium oocysts, Giardia cysts and Salmonella spp. were isolated from surface water used for
irrigation of vegetables. The presence of these human pathogens in South African irrigation water may
have serious public health implications as irrigation water can be a potential source of contamination of
fresh produce as the pathogens can come in contact and attach to the surface of the crops (Armon et al.,
2002; Macarisin et al., 2010).

Table 22. Microbiological parameters of the Klip River.

E. coli FC
Date (MPN.100 Sal (MPN.100 ACC Crypto Giar

mL‘l) mL‘l)
July 2009 - - 3500 899 000 + -
August 2009 + - 7 900 1370 + -
September 2009 + - 1700 32700 + +
October 2009 + - 350 000 27 250 - -
December 2009 + + 4900 29 750 - -
January 2010 - + 4 600 19 400 - -
February 2010 - - 2 400 65 500 + -
March 2010 + - 5 400 78 000 + +
April 2010 - - 3500 52 000 - -
May 2010 - - 92 000 21700 - -

The aerobic plate counts and faecal coliform counts of the Klip River where higher than those of the
Skeerpoort and Moses rivers which indicates higher microbiological pollution in the Klip River (DoH, 2000).
All samples from the Klip River were above the WHO guideline for irrigation water which limits the level of
faecal coliforms to 1 000 counts per 100 mL (WHO, 1989a) while the Moses and Skeerpoort River had
faecal coliform level above the WHO standard in many but not all samples. This means that the Klip River
has been contaminated with higher levels of faecal matter from human or animal origin than the two other
rivers although the faecal contamination levels of the Moses and Skeerpoort were also high. The Kilip,
Moses and Skeerpoort rivers could have become contaminated due to run off water from informal
settlement located near the rivers and from run off from nearby farms. The presence of high level of faecal
coliforms in water indicates faecal pollution and possible contamination of the river with human enteric
pathogens. Water containing high levels of faecal coliforms should thus not be used for irrigation purposes
due to the risk of transfer of pathogen from the water to the fresh produce (Armon et al., 2002).

Salmonella ser. Enteritidis, which was found in the Klip river, is a known human pathogen and has
been the source of food-borne human infection outbreaks in the past. It is the most common serotype of
Salmonella reported in the UK and most outbreaks have been associated with the use of raw eggs in food
products. Salmonella ser. Gaminara which was isolated from the Moses River is mostly associated with

poultry. It has however been the aetiological agent of a food-borne outbreak caused by infected orange
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juice (Cook et al., 1998). The presence of Salmonella spp. in irrigation water is a potential human health
risk as pathogens can be transferred to fresh produce during irrigation. No Salmonella spp. was found in
the Skeerpoort River. This could be because the pH of the Skeerpoort River was more alkaline than the pH
of the Moses and Klip River. The optimum pH for the survival of Salmonella being 7, Salmonella spp. might
not have survived in the Skeerpoort river due to its higher pH. The temperatures recorded did not differ

significantly between rivers and were within the growth range of enteric bacteria.

Table 23. Microbiological parameters of the Skeerpoort River.

ﬁgF Alr(;SF SA FC
Date 9 9 (log cfu. LM Sal (MPN.100 ACC Crypto Giar
cfu. cfu. mL-l) mL—l)
mL™) mL*?
May 2008 - - - - + >1 600 3.6
June 2008 - - - - - >1 600 3.7
July 2008 - - - - - 250 3.2
June 2009 - 7.8 2 400 + -
July 2009 - 33 2200 + -
August
2009 - 920 46 000 - -
September
2009 - 490 255 - -
October
2009 - 2 000 000 6 100 + +
December
2009 - 16 000 1545 - -
January
2010 - 280 4900 - -
February
2010 - 3500 2150 + -
March
2010 - 700 7 600 - -
April 2010 - 2100 8 200 + +
February
2011 2.2 3.2 0.0 0.0 3.6
March
2011 2.1 2.0 0.7 1.7
April 2011 3.2 2.8 2.0 3.8 4.0
May 2011 2.6 2.3 0.8 1.0 3.3
June 2011 0.0 0.0 1.8 1.4 3.9
July 2011 2.2 5.3 0.0 1.0 3.5
August
2011 2.2 1.2 0.0 1.7 2.6
September
2011 29 3.1 0.0 0.0 2.8
October
2011 3.3 0.0 0.0 1.1 4.6
November
2011 4.7 5.3 0.0 1.7 2.8

The results of this study indicate the widespread presence of Cryptosporidium oocysts and Giardia
cysts in surface water as the two protozoa were found in all three rivers. The incidence of Cryptosporidium
and Giardia was the same in the Klip and Skeerpoort rivers despite much higher levels of faecal coliforms
in the Klip River than in the Skeerpoort River. This suggests that the use of faecal coliforms as indicator for

the presence of Cryptosporidium and Giardia is not reliable. The average incidence of Cryptosporidium
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oocysts in the 30 water samples was higher than the incidence of Giardia cysts. A similar trend has been
observed in Norway and Portugal (Robertson & Gjerde, 2001a; Lobo et al., 2009). The opposite was
however observed in a study on the prevalence of Cryptosporidium and Giardia in South African water by
Kfir (Kfir et al., 1995), where a higher incidence of Giardia cysts than Cryptosporidium oocysts was
recorded in surface waters. The incidences of the two protozoa obtained in the present study are within the
range of results obtained from other surveys undertaken in the UK (Kay et al., 2008) and in Norway on the
occurrence of Cryptosporidium and Giardia in raw water (Robertson & Gjerde, 2001b). The presence of
both protozoa in the same sample was observed in 5 out of the 30 samples (17%) analysed. This contrasts
with the results from Kfir et al. (1995) where only 2.9% of surface water sampled in South Africa was
positive for both protozoa. However, Kfir (Kfir et al., 1995) used the settling technique for concentrating
cysts and oocysts while centrifugation was used in this study. The difference in methodology might have
influenced the recovery rates.

On average, more Cryptosporidium and Giardia were isolated during spring and summer, the two
parasites were found in the Klip and Moses rivers during both summer and winter which suggests lack of
seasonality of the two protozoa. However, Giardia was only isolated from the Skeerpoort river during spring
and summer which coincide with the rainy season. While lack of seasonality was reported in other studies
(Robertson & Gjerde, 2000), higher incidence of Cryptosporidium and Giardia in surface water has been
observed after rainfall in some studies as heavy rainfall causes run off of top soil and contaminated debris
into rivers (Atherholt et al., 1998; Muchiri et al., 2009). The sampling sites chosen for the Klip and Moses
rivers happened to be watering points for cattle in the area. This means that direct contamination of the
water with animal faeces was likely to happen throughout the year thus masking the possible effects of
rainfall and seasons on the occurrence of Cryptosporidium and Giardia. On the other hand, no farm animals
were seen in the vicinity of the Skeerpoort sampling site and Giardia was only isolated from the Skeerpoort
river in summer. The effect of rainfall on the occurrence of Cryptosporidium and Giardia could thus be
observed here. Determination of viability and infectivity of the oocysts would be important to assess the
health risk associated with the presence of Cryptosporidium and Giardia protozoa in irrigation water.

There were no significant differences in the levels of indicator organisms and incidence of
pathogens between the three rivers. This indicates widespread contamination of surface water with faecal
matter and human pathogens independent of the location of the river.

The microbiological quality of the vegetables analysed was acceptable as the aerobic plate counts,
faecal coliform counts and E. coli counts were low and no pathogens were isolated from the vegetables. No
Cryptosporidium or Giardia was isolated from those samples despite the high incidence of these two
protozoa in the water used for their irrigation. The low bacterial counts and absence of pathogens
observed on the broccoli might be attributed to the fact that the broccoli had been irrigated only partially
with water from the Loskop Dam Canal, which is supplied by the Moses and other rivers, and the rest of the
irrigation water had come from a borehole. The absence of Cryptosporidium and Giardia from the
vegetables might also be due to the low recovery rate of the method and the possibility of false negative
cannot be ruled out.

The presence of high faecal coliform counts in the water sampled did not necessarily indicate the
presence of high levels of E. coli. It was indeed observed that E. coli was absent of some samples which

had high faecal coliform counts and was sometimes present in water samples with low faecal coliform



51

counts. The relationship between faecal coliform counts and presence of pathogen or E. coli counts and
presence of pathogens was thus investigated.

No predictive relationship between levels of faecal coliform or E. coli and presence of
Cryptosporidium or Giardia in surface water could be drawn from the results of this study. No correlation
was found between temperature and pH and presence of Cryptosporidium or Giardia either. Similar poor
correlation between faecal indicators and presence of pathogens has also been demonstrated in other
studies. The absence of correlation between faecal indicators and Cryptosporidium and Giardia could be
due to the different rates of survival of protozoa compared to those of bacterial faecal indicator and could
also be due to the difference in recovery rate and detection limits (Scott et al., 2002). The lower microbial
density of Cryptosporidium and Giardia in surface water coupled with low recovery rate could have led to
failure to detect them due to sampling volume that was too small. Higher sampling volumes have indeed
been used in other studies leading to higher recovery (Lechevallier et al., 1991).

The lack of correlation between indicator organisms and the presence of Cryptosporidium and
Giardia suggests that the monitoring of environmental water samples with only indicator organisms is not
sufficient to accurately predict the microbiological quality and safety of the water in terms of
Cryptosporidium oocysts and Giardia cysts. Cryptosporidium and Giardia were indeed found in irrigation
water that could have been classified as of acceptable microbiological quality if only faecal indicator counts
were taken into account. The presence of these pathogens in irrigation water in South Africa indicates the
potential for human infection acquisition through the consumption of fresh produce irrigated with those
waters.

This study demonstrates the widespread presence of Cryptosporidium and Giardia in surface water
used for irrigation of fruits and vegetables in three rivers from different provinces of South Africa. The
presence of these pathogens in irrigation water has serious public health implication as these pathogens
have been shown to attach and survive on the surface of fresh produce following irrigation with
contaminated water. Commonly used faecal indicators failed to reliably predict the presence or absence of
Cryptosporidium and Giardia in the water analysed. The use of only faecal indicator organisms for
monitoring surface water quality is not sufficient to accurately predict the presence of Cryptosporidium and
Giardia and assess the microbiological safety of irrigation water. Identification of the sources of water
contamination and more understanding of the ecology of Cryptosporidium and Giardia and their distribution
in the environment in comparison to those of indicator organisms is needed in order to identify good

predictors for the presence of Cryptosporidium and Giardia in water.

3.7 VIROLOGY

3.7.1 Specific aims

The aim of this study was to determine which virus types were present in irrigation water from rivers in the
Western Cape, Limpopo, Mpumalanga, and North West Provinces. This will include testing for NoV Gl,
NoV GlI, HAV and Mengo viruses.

3.7.2 Irrigation water and fresh produce samples
From April 2008 to June 2011, 101 (10 I) irrigation water samples were collected from surface water

sources (Table 24).
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3.7.3 Viral detection from irrigation water
Among 101 water samples analysed, 12/67 (18%) of river water samples, 0/2 of tap water samples, and

3/32 (9%) of irrigation canal samples were positive for the presence of one or more enteric viruses.

Table 24. Summary of the number, source and province of origin of the irrigation water samples.

) ) River Tap Irrigation canal
Geographical region
(n=67) (n=2) (n=32)
Limpopo 2 0 20
Mpumalanga 12 0 6
North West 1 0 0
Western Cape 52 2 6

Mpumalanga — From February 2008 to September 2008, 18 irrigation water samples, six from
each site, were analysed on a monthly basis. Norovirus Gll was detected in one or more samples from
each site (Table 25). Of interest was the fact that NoV Gll was detected at all three sites in the September
(early spring) sampling period, while NoV GII was also detected in June (early winter). All four NoV GlI
strains could not be typed. Neither NoV Gl nor HAV were detected in any of the samples analysed.

North West Province — No enteric viruses, NoV GI, NoV GII and HAV, were detected in the single
irrigation water sample from the North West Province (results not shown).

Limpopo Province — From Table 26, it was evident that no viruses were detected in the river water
sources. Hepatitis A virus (untypable) was, however, detected in the irrigation canal water sample collected
in June 2009 (winter) and NoV GlI (untypable) in the water sample collected in October 2008 (late spring).
In total, HAV was found to be Present in 5% and NoV Gll in 5% of the irrigation canal water samples, while
NoV Gl was not detected at all.

Table 25. Summary of results of viral analysis of irrigation water samples from Mpumalanga.

Real-time RT-PCR analysis
Site, name and location Date i
NoV Gl NoV GlI HAV Mengovirus
Site A: Irrigation canal water | 2008.02.20 | Neg Neg Neg Neg
(from Loskop Dam) 2008.03.? Neg Neg Neg Neg
2008.04.02 | Neg Neg Neg Neg
2008.04.28 | Neg Neg Neg Neg
2008.07.09 | Neg Neg Neg Pos
2008.09.09 | Neg Pos Neg Neg
Site B: River water 2008.02.20 | Neg Neg Neg Neg
(Olifants River) 2008.03.? Neg Neg Neg Neg
2008.04.02 | Neg Neg Neg Neg
2008.05.11 | Neg Pos Neg Neg
2008.07.09 | Neg Neg Neg Pos
2008.09.09 | Neg Pos Neg Neg
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Real-time RT-PCR analysis
Site, name and location Date
NoV Gl NoV GlI HAV Mengovirus
Site C: River water 2008.02.20 | Neg Neg Neg Neg
(Wilge River) 2008.03.? Neg Neg Neg Neg
2008.04.02 | Neg Neg Neg Neg
2008.04.28 | Neg Neg Neg Neg
2008.07.09 | Neg Neg Neg Pos
2008.09.09 | Neg Pos Neg Neg

Table 26. Summary of results of viral analysis of irrigation water samples from Limpopo.

Real-time RT-PCR analysis
Site, name and location Date NoV Gl NoV Gli HAV Mengovirus
Farmer 1: River Water 2008.09.23 | Neg Neg Neg NT
Farmer 2: River Water 2008.09.23 | Neg Neg Neg NT
Site 1: Irrigation canal water | 2008.10.27 | Neg Pos Neg NT
(Phadzima community farm) | 2008.11.17 | Neg Neg Neg NT
2008.12.01 | Neg Neg Neg NT
2009.01.26 | Neg Neg Neg NT
2009.02.16 | Neg Neg Neg NT
2009.03.16 | Neg Neg Neg NT
2009.05.18 | Neg Neg Neg NT
2009.06.24 | Neg Neg Pos NT
2009.07.20 | Neg Neg Neg Neg
2009.08.17 | Neg Neg Neg Neg
2009.09.07 | Neg Neg Neg NT
2009.10.13 | Neg Neg Neg NT
2009.11.02 | Neg Neg Neg NT
2010.12.06 | Neg Neg Neg Neg
2011.01.03 | Neg Neg Neg Neg
2011.02.14 | Neg Neg Neg Neg
2011.03.01 | Neg Neg Neg Neg
2011.04.04 | Neg Neg Neg Neg
2011.05.03 | Neg Neg Neg Neg
2011.06.14 | Neg Neg Neg Neg

NT: not tested

Western Cape Province — From May 2008 to December 2008, a total of 60 irrigation water samples
were analysed for NoV GI, NoV Gll and HAV. Norovirus Gll was detected in ~12% (7/60) and HAV in 5%
(3/60) of the samples, while NoV Gl was not detected in any of the samples (Table 27). In the Mosselbank
river sites (Sites 1 & 2) NoV Gll.4 was detected in the river water (Site 1) in June (winter) 2008 and NoV
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Gll.2 and HAV in September 2008, while no viruses were detected in the irrigation water (Site 2: Table 27).
The Plankenburg River (Site 4) showed a high level of viral contamination in the late spring and summer
months with NoV GIl and HAV being detected in one of the samples drawn in October 2008 and HAV being
detected in the sample of December 2008. No viruses were detected in the surface water from Sites 5, 6,
10 and 11. Two of the three sampling sites (Site 16 and Site 18) from the Berg river showed virological
contamination in June and September 2008 with NoV GII being detected at both sites in both months
(Table 27a and b). Two NoV GllI genotypes could be identified, i.e. NoV GIl.4 and NoV GII.6, with NoV
GlI.6 being detected upstream at Site 16 and NoV Gll.4 was being detected downstream at Site 18.

Table 27a. Summary of results of viral analysis of irrigation water samples from Western Cape.

Real-time RT-PCR analysis
Site, name and location Date _
NoV Gl NoV Glli HAV Mengovirus
Site 1: River Water 2008.05.05 Neg Neg Neg NT
(Mosselbank River) 2008.06.17 Neg Pos: Gll.4 Neg Neg
2008.09.08 Neg Pos: GllI.2 Pos Pos
Site 2: Irrigation water 2008.06.17 Neg Neg Neg NT
(Mosselbank River) 2008.08.08 Neg Neg Neg NT
2008.09.08 Neg Neg Neg NT
Site 4: River water 2008.05.05 Neg Neg Neg NT
(Plankenburg River) 2008.05.19 Neg Neg Neg Neg
2008.05.? Neg Neg Neg NT
2008.06.17 Neg Neg Neg NT
2008.09.08 Neg Neg Neg NT
2008.10.06 Neg Neg Neg Neg
2008.10.? Neg Neg Neg Neg
2008.10.? Neg Pos Pos Neg
2008.12.? Neg Neg Pos Neg
Site 5: River water 2008.05.19 Neg Neg Neg Neg
(Eerste River) 2008.06.17 Neg Neg Neg NT
2008.09.08 Neg Neg Neg NT
2008.10.06 Neg Neg Neg Neg
2008.10.? Neg Neg Neg Neg
2008.10.? Neg Neg Neg Neg
2008.12.? Neg Neg Neg Neg
Site 6: River water 2008.09.08 Neg Neg Neg NT
(Eerste River) 2008.10.06 Neg Neg Neg Neg
2008.10.? Neg Neg Neg Neg
2008.10.? Neg Neg Neg Neg
2008.12.? Neg Neg Neg Neg
Site 10: Irrigation canal 2008.05.? Neg Neg Neg NT
(sloot) water 2008.05.? Neg Neg Neg NT
2008.10.06 Neg Neg Neg Neg
2008.10.? Neg Neg Neg Neg
2008.10.? Neg Neg Neg NT
2008.12.? Neg Neg Neg Neg

NT: not tested
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Table 27b. Summary of results of viral analysis of irrigation water samples from Western Cape.

Sample site, name and sample date Real-time RT-PCR analysis
location NoV Gl NoV Gl HAV Mengovirus
Site 11: Irrigation tap water 2008.05.19 Neg Neg Neg Neg
2008.12.? Neg Neg Neg Pos
Site 16: River water 2008.06.17 Neg Pos Neg Neg
(Berg river — Berg-1) 2008.09.08 Neg Neg Neg NT
2008.09.? Neg Pos:Gll:6 Neg NT
2008.09.22 Neg Neg Neg Neg
2008.11.? Neg Neg Neg NT
2008.12.? Neg Neg Neg NT
2008.12.? Neg Neg Neg Neg
2008.12.? Neg Neg Neg Neg
Site 17: River water 2008.06.17 Neg Neg Neg Neg
(Berg river — Berg-2) 2008.09.08 Neg Neg Neg NT
2008.09.? Neg Neg Neg NT
2008.09.22 Neg Neg Neg Neg
2008.09.? Neg Neg Neg NT
2008.11.? Neg Neg Neg NT
2008.12.? Neg Neg Neg NT
2008.12.? Neg Neg Neg Neg
Site 18: River water 2008.05.19 Neg Neg Neg Neg
(Berg river — Berg-3) 2008.06.17 Neg Pos:Gll.4 Neg Neg
2008.09.08 Neg Neg Neg NT
2008.09.? Neg Pos Neg NT
2008.09.22 Neg Neg Neg NT
2008.10.22 Neg Neg Neg Neg
2008.11.? Neg Neg Neg NT
2008.12.? Neg Neg Neg NT
2008.12.? Neg Neg Neg NT

NT: not tested

3.7.4 Discussion and Conclusions

In this study 12.9% (13/101) of irrigation water samples tested positive for one or more potentially
pathogenic human viruses, namely NoV GIll and HAV. Similar findings were reported for previous studies
in SA where HRVs were detected in 16.7% of irrigation water samples analysed (Barnes & Taylor, 2004;
Tshivhandekano, 2005; Van Zyl et al., 2006) detected HAdVs, enteroviruses and HRVs in river water used
by subsistence farmers for the irrigation of fresh produce. This level of viral contamination of irrigation
water is not limited to SA as in South Korea, 17% of ground water used for irrigation of fresh produce was
contaminated with enteric viruses (Cheong et al., 2009). Norovirus Gll was the most predominant virus
detected in irrigation water samples in this study, being present in 12/101 (~12%) of samples with HAV
being detected in 4/101 (~4%) of samples, respectively. Norovirus Gl was not detected in any of the
samples.

When the occurrence of viruses in the irrigation water from the different geographical areas was
compared, NoV Gll was detected in 4.5% (1/22) of samples from Limpopo, 0% from the North West, 11.7%
(7/60) of samples from the Western Cape and 22.2% (4/18) of samples from Mpumalanga. Norovirus GlI
were detected at all three sites in Mpumalanga (Table 25) suggesting that the irrigation water in
Mpumalanga had a high level of contamination. These NoV GIl strains, were, however untypable and
therefore could not be compared to other environmental or clinical strains. Norovirus Gll was detected in
three different rivers in the Western Cape, namely Mosselbank River, Plankenburg River and the Berg

River. Genotypes 1.2 and 1.4 was identified in samples from the Mosselbank River while genotypes I1.4
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and 11.6 were detected at different sampling sites, Berg 1 and Berg 3, on the Berg River, respectively (Table
27). For the past 15 years NoV Gll has been shown to be the most prevalent NoVs associated with
infection worldwide with NoV Gll.4 being the predominant genotype (Atmar, 2010). In a South African
study NoV Gll.4 was the most frequently detected NoV in diarrhoeal stool specimens in hospitalised
paediatric patients (Mans et al., 2010). The detection of NoV GII.2 and Gll.4 in water from the concrete
furrow, which was a branch of the Mosselbank River, was not surprising as this sampling site was about 1
km downstream from the Kraaifontein sewage works and flows through a dilapidated area. The water is
finally used for irrigation of a variety of vegetables mostly sold on the Cape fresh market. The detection of
NoV GIlI.6 at the Berg 1 sampling site confirms bacteriological results indicating gross human faecal
contamination of the river which could have emanated from the Groenendal sewage works. Norovirus Gll.4
was detected at the Berg 3 sampling site, approximately 30 km downstream of Berg 1. The Berg 3
sampling site is downstream from a wastewater treatment plant which reportedly malfunctions at times and
the bacteriological quality of the water exceeded safe levels for irrigation water (Britz TJ, Project leader
WRC Project K5/1773/4, personal communication). There is only one other report of NoVs in surface water
in SA (Mans et al., 2010), where high levels of NoV GllI contamination of river water in the Vaal Catchment
Area, Gauteng was described, with NoV Gll.4 and GII.6 being the predominant genotype identified. This
indicates that the contamination of river water with NoVs is not limited to the Western Cape and
Mpumalanga but is a more widespread problem. The occurrence of NoVs in surface water has been
reported in other regions of the world, namely The Netherlands (Lodder & de Roda Husman, 2005); South
Korea (Lee & Kim, 2008), Brazil (Victoria et al., 2010) and Venezuela (Rodriguez-Diaz et al., 2009) and
have been detected in groundwater used for irrigation purposes in South Korea (Cheong et al., 2009).

Hepatitis A virus was detected in 4.5% (1/22)of irrigation water samples from Limpopo, 0% from
North West, ~5% from Western Cape and 0% from Mpumalanga. In the Western Cape, HAV (untypable)
was detected in the Mosselbank River (Site 1) and the Plankenburg River (Site 4) (Table 27). The
Plankenburg river sampling site is downstream of the Plankenburg industries and Kayamandi informal
settlement. The source of contamination in this area might therefore be the untreated sewage from the
informal settlement as previously reported (Barnes & Taylor, 2004). In SA, large humbers of people live in
areas where surface water is the only available water for irrigation and washing of fresh produce. Since
water availability is often critical, little attention is given to the microbial or virological quality of irrigation
water. Detection of the viral pathogens in large volumes of water will depend upon the sensitivity of the
recovery and detection procedures, the concentration of viral pathogens in the point sources. The data from
these samples demonstrated that some contamination of irrigation water by enteric viruses had taken
place. The Western Cape falls within the winter rainfall region while Mpumalanga, Gauteng and Limpopo
fall within the summer rainfall region of SA. During the rainy season, it is anticipated that runoff water could
pollute surface water sources and disseminate enteric viruses from contaminated point sources, e.g. from
human defecation close to the rivers. In only one province, i.e. Mpumalanga was the occurrence of enteric
viruses in the irrigation water more noticeable in the rainy season.

The detection of NoVs in the irrigation water samples from SA was not unexpected as a number of
other enteric viruses, namely enteroviruses, HAdVs, HAstVs, RVs and HAV have been detected in surface
water samples in SA (Taylor et al., 2001; Nadan et al., 2003; Barnes & Taylor, 2004; Van Heerden et al.,
2004; Vivier et al., 2004; Ehlers et al., 2005; Tshivhandekano, 2005; Van Heerden et al., 2005; Van Zyl et
al., 2006; Taylor, 2007; Van Zyl, 2007). In addition, NoVs have been implicated in a number of waterborne
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outbreaks of gastroenteritis (Maunula et al., 2005; Hewitt et al., 2007), Centers for Disease Control and
Prevention (CDC, 2011) and have been detected in water sources worldwide, including The Netherlands
(Lodder & de Roda Husman, 2005); Finland (Maunula et al., 2005); New Zealand (Hewitt et al., 2007),
South Korea (Cheong et al., 2009), Brazil (Victoria et al., 2010); China (He et al., 2010), and Ghana
(Gibson et al., 2011). The detection of genetically related NoVs in the Western Cape and Gauteng
suggests that these strains have a widespread distribution in SA. From the results it is evident that the NoV
Gll.2, Gll.4 and GII.6 strains detected in the irrigation water are of clinical importance as they showed a
high genetic relatedness to strains associated with sporadic gastroenteritis in SA (Mans et al., 2010) and
other regions of the world such as the USA (Ando et al., 1997); Korea (Han et al., 2011); and Japan (Chan-
it et al., 2010) : direct submission to GenBank). Worldwide NoVs are the most common cause of epidemic
gastroenteritis in all age groups (Patel et al., 2009) and are becoming a prominent cause of travellers’
diarrhoea (Apelt et al.,, 2010; Koo et al.,, 2010). The detection of common or closely related strains
worldwide is of public health concern as they may be disseminated through a common vehicle such as the
international food market (Glass et al., 2009). From the results it was evident that in selected areas of SA,

irrigation water was contaminated with potentially pathogenic human viruses, namely HAV and NoV GII.



58
CHAPTER 4
REFERENCES

Ahmed, W., Stewardt, J., Gardner, T., Powell, D., Brooks, P., Sullivan, D. & Tindale, N. (2007a). Sourcing
faecal pollution: a combination of libary-dependent and libary-independent methods to identify
human faecal pollution in non sewered catchments. Water Research, 41, 3771-3778.

Ahmed, W., Tucker, J., Bettelheim, K.A., Neller, R. & Katouli, M. (2007b). Detection of virulence genes in
Escherichia coli of an existing metabolic fingerprint database to predict the sources of pathogenic
Ecoli in surface waters. Water Research, 41, 3785-3791.

Al-Turki, A. & El-Ziney, M.G. (2009). Evaluation of commercial Colilert-18 Quantitray® Method by ISO
techniques for enumeration and quantification of total coliforms and Escherichia coli in drinking-
water of Buraidah, Saudi Arabia. Journal of Applied Sciences, 9 (18), 3357-3363.

Ando, T., Monroe, S.S., Noel, J.S. & Glass, R.l. (1997). A one-tube method of reverse transcription-PCR to
efficiently amplify a 3-kilobase region from the RNA polymerase gene to poly (A) tail of small round-
structured viruses (Norwalk-like viruses). Journal of Clinical Microbiology, 35, 570-577.

Anonymous (2000). Rapid microbiological monitoring methods: the status quo. London, UK: IWA
Publishing.

Anonymous. (2005). Food Poisoning outbreaks. General announcement from IFT. No further data
available. Institute for Food Technology.

Apelt, N., Hartberger, C., Campe, H. & Ldscher, T. (2010). The prevalence of Norovirus in returning
international travelers with diarrhea. BMC Infectious Diseases, 10 131-142.

APHA (1998). Standard Methods for the Examination of Water and Wastewater. 20th Edition. Washington:
American Public Health Association.

APHA (2005). Standard Methods for the Examination of Water and Wastewater. 21st Edition. Washington,
DC: American Public Health Association.

Armon, R., Gold, D., Brodsky, M. & Oron, G. (2002). Surface and subsurface irrigation with effluents of
different qualities and presence of Cryptosporidium oocysts in soil and on crops. Water Science
and Technology, 46, 115-122.

Atherholt, T.B., LeChevallier, M.W., Norton, W.D. & Rosen, J.S. (1998). Effect of rainfall on Giardia and
crypto. Journal American Water Works Association, 90, 66-80.

Atmar, R.L. (2010). Noroviruses: State of the Art. Food and Environmental Virology, 2, 117-126.

Austin, JW. (1998). Method MFLP-44: Determination of aerobic and anaerobic endosporeformers.
Laboratory Procedure, Health Protection Branch, Ottawa Quebec, Canada: PolyScience
Publications (Health Canada).

Barnard, M. (2008). Kyk voor jy swem. Die Burger, August 8, 2008.

Barnes, J.M. (2003). The impact of water pollution from formal and informal urban developments along the
Plankenbrug river on water quality and health risk. PhD Dissertation. University of Stellenbosch,
Stellenbosch, South Africa.

Barnes, J.M. & Taylor, M.B. (2004). Health risks assessment in connection with the use of microbiologically
contaminated source waters for irrigation. WRC Report 1226/1/04. Pretoria: Water Research
Commission.

Basilio, J.A. (2007). “Serratia” (Accessed: December 2011). In http:
www.emmedicine.com/med/topic2103.htm). URL: http: Internet article.

Bell, J.B., Macrae, W.R. & Elliott, G.E. (1981). R factors in coliform-fecal flora of the Prairies and Northwest
territories of Canada. Applied and Environmental Microbiology, 42, 204-210.

Bennie, A.T.P. & Hensley, M. (2001). Maximizing precipitation utilization in dryland agriculture in South
Africa — a review. Journal of Hydrology, 241, 124-139.

Beuchat, L.R. (2002). Ecological factors influencing survival and growth of human Pathogens on raw fruits
and vegetables. Microbes Infection, 4, 413-423.

Bezuidenhout, C.C., Mthembu, N., Puckree, T. & Lin, J. (2002). Microbiological evaluation of the Mhlathuze
River, KwaZulu-Natal (RSA). Water SA, 28 (3), 281-291.

Bhagwat, A.A. (2003). Simultaneous detection of Escherichia coli O157:H7, Listeria monocytogenes and
Salmonella strains by real-time PCR. International Journal of Food Microbiology, 84, 217-224.

Blank, T.E., Lasher, D.W. & Scaletsky, I.C.A. (2003). Enteropathogenic Escherichia coli 0157 strains from
Brazil. Emerging Infectious Diseases, 9 (1), 113-115.

Boom, R., Sol, C.J.A., Salimans, M.M.M., Jansen, C., Wertheim-Van Dillen, P.M.E. & Van Der Noordaa, J.
(1990). Rapid and simple method for purification of nucleic acids. Journal of Clinical Microbiology,
28, 495-503.

Borodina, T.A., Lehrach, H. & Soldatov, A.V. (2003). DNA purification on homemade silica spin-columns.
Analytical Biochemistry, 321, 135-137.




59

Bugarel, M., Martin, A., Fach, P. & Beutin, L. (2011). Virulence gene profiling of enterohemorrhagic (EHEC)
and enteropathogenic (EPEC) Escherichia coli strains: a basis for molecular risk assessment of
typical and atypical EPEC strains. BMC Microbiology, 11, 311-324.

Busta, F.F., Suslow, T.V., Parish, M.E., Beuchat, L., Farber, J.N., Garrett, E.H. & Harris, L.J. (2003). The
use of indicators and surrogate microorganisms for the evaluation of pathogens in fresh and fresh-
cut produce. Comprehensive Reviews in Food Science and Food Safety, 2, 179-185.

Cabral, J.P.S. (2010). Water microbiology: Bacterial pathogens and water. International Journal of
Environmental Research and Public Health, 7, 3657-3703.

CDC. (2011). Centers for Disease Control and Prevention, Updated norovirus outbreak management and
disease prevention guidelines Morbidity and Mortality Weekly Report, 60, 1-15.

Chan-it, W., Thongprachum, A., Okitsu, S., Mizuguchi, M. & Ushijima, H. (2010). Epidemiology and
molecular characterization of Sapovirus and Astrovirus in Japan, 2008-2009. Japanese Journal of
Infectious Diseases, 63, 302-303.

Cheong, S., Lee, C., Song, S.W., Choi, W.C., Lee, C.H. & Kim, S.-J. (2009). Enteric viruses in raw
vegetables and groundwater used for irrigation in South Korea. Applied and Environmental
Microbiology, 75, 7745-7751.

Cook, K.A., Dobbs, T.E., Hlady, W.G., Wells, J.G., Barrett, T.J., Puhr, N.D., Lancette, G.A., Bodager, D.W.,
Toth, B.L., Genese, C.A., Highsmith, A.K., Pilot, K.E., Finelli, L. & Swerdlow, D.L. (1998). Outbreak
of Salmonella serotype Hartford infections associated with unpasteurized orange juice. JAMA, 280,
1504-1509.

Costafreda, M.I., Bosch, A. & Pint6, R.M. (2006). Development, evaluation, and standardization of a real-
time Tagman reverse transcription-PCR assay for the quantification of hepatitis A virus in clinical
and shellfish samples. Applied and Environmental Microbiology, 72, 3846-3855.

Cristensen, D., Crawford, C. & Szabo, R. (2002). Method MFHPB-19: Enumeration of Coliforms, Faecal
Coliforms and of E.coli in foods using the MPN Method. Health Products and Food Branch Ottawa,
Canada: Food Directorate, Health Canada.

Da Silva, A.K., Le Saux, J.-C., Parnaudeau, S., Pommepuy, M., Elimelech, M. & Le Guyader, S. (2007).
Evaluation of removal of noroviruses during wastewater treatment, using real-time reverse
transcription-PCR: Different behavious of genogroups | and Il. Applied and Environmental
Microbiology, 73, 7891-7897.

da Silva, T.F.B.X., Ramos, D.T., Dziedzic, M., de Oliveira, C.M.R. & de Vasconcelos, E.C. (2011).
Microbiological Quality and Antibiotic Resistance Analysis of a Brazilian Water Supply Source.
Water Air and Soil Pollution, 218, 611-618.

Dalvie, M.A., London, L., Mbuli, S. & Cairncross, E. (2004). Knowledge and attitudes in the rural Western
Cape towards pesticides in water sources. Water SA, 30, 43-50.

Davids, N. (2008). Beware of badly polluted river. In Cape Argus (18 August). Cape Town, South Africa:
Media24.

de la Rey, P., Taylor, J., Laas, A., van Rensburg, L. & Vosloo, A. (2004). Determining the possible
application value of diatoms as indicators of general water quality: A comparison with SASS 5.
Water SA, 30, 325-332.

DoH (2000). Guidelines for Environmental Health Officers on the Interpretation of Microbiological Analysis
Data of Food. Department of Health. Pretoria: Goverment Printer.

Doyle, M.P. & Erickson, M.C. (2008). The problems with fresh produce: an overview. Journal of Applied
Microbiology, 105, 317-330.

Duhain, G.L.M.C. (2011). Occurance of Cryptosporidium spp. in South African irrigation waters and survival
of C. purvum during processing. MSc thesis. University of Pretoria, Pretoria, South Africa.

DWAF (1996). South African Water Quality Guidelines. Volume 4. Agricultural Use: Irrigation. Second
Edition. Edited by S. Holmes, CSIR Environmental Services. Pretoria: Department of Water Affairs
and Forestry.

DWAF (2000). National Microbial Water Quality Monitoring Programme — A First Report. On the
identification and prioritisation of areas in South Africa with a potentially high health risk due to
faecally polluted surface water. (Project Management = AL Kuhn, M. Du Preez, H. Van Niekerk).
Department of Water Affairs and Forestry Pretoria.

DWAF (2002). National Microbial Programme for Surface Water. Implementation Manual. 2nd edition
Pretoria: Department of Water Affairs and Forestry.

DWAF (2004). National Water Resources Strategy. 1st edition. September 2004 Pretoria, South Africa:
Department of Water Affairs and Forestry.

DWAF (2005). River Health Programme. State of rivers report: Greater Cape Town's rivers Pretoria:
Department of Water Affairs and Forestry.

Eckner, K.F. (1998). Comparison of membrane filtration and multiple-tube fermentation by the Colilert and
Enterolert methods for detection of waterborne coliform bacteria, Escherichia coli, and enterococci
used in drinking and bathing water quality monitoring in southern Sweden. Applied and
Environmental Microbiology, 64, 3079-3083.



60

Ehlers, M.M., Grabow, W.O.K. & Pavlov, D.N. (2005). Detection of enteroviruses in untreated and treated
drinking water supplies in South Africa. Water Research, 39, 2253-2258.

Engelbrecht, R.S., Weber, M.J., Salter, B.L. & Schmidt, C.A. (1980). Comparative inactivation of viruses by
chlorine. Applied and Environmental Microbiology, 40, 249-256.

Estelberger, W. & Reibnegger, G. (1995). The rank correlation coefficient: an additional aid in the
interpretation of laboratory data. Clinica Chimica Acta, 239 (2), 203-207.

Fatoki, O.S., Gogwana, P. & Ogunfowokan, A.O. (2003). Pollution assessment in the Keiskamma River and
in the impoundment downstream. Water SA, 29, 183-187.

Fonseca, J.M. (2006). Postharvest quality and microbial population of head lettuce as affected by moisture
at harvest. Journal of Food Science, 71, M45-M53.

Fricker, C.R., Bullock, S., Murrin, K. & Niemela, S.l. (2008). Use of the ISO 9308-1 procedure for the
detection of E. coli in water utilizing two incubation temperatures and two confirmation procedures
and comparison with defined substrate technology. Journal of Water and Health, 6 (3), 389-397.

Fricker, E.J., lllingworth, K.S. & Fricker, C.R. (1997). Use of two formulations of Colilert and QuantitrayTM
for assessment of the bacteriological quality of water. Water Research, 31, 2495-2499.

Garcia-Armisen, T. & Servais, P. (2007). Respective contributions of point and non-point sources of E-coli
and enterococci in a large urbanized watershed (the Seine river, France). Journal of Environmental
Management, 82, 512-518.

Gemmell, M.E. & Schmidt, S. (2012). Microbiological assessment of river water used for the irrigation of
fresh produce in a sub-urban community in Sobantu, South Africa. Food Research International,
47, 300-305.

Germs, W., Coetzee, M.S., Van Rensburg, L. & Maboeta, M.S. (2004). A preliminary assessment of the
chemical and microbial water of the Chunies river — Limpopo. Water SA, 30 (2), 267-272.

Gibson, A., Larsson, J., Bateman, M., Brownlie, J. & Werling, D. (2011). Bovine Viral Diarrhea Virus Strain-
and Cell Type-Specific Inhibition of Type | Interferon Pathways. Journal of Virology, 85, 3695-3697.

Glass, R.l., Parashar, U.D. & Estes, M.K. (2009). Norovirus gastroenteritis. New England Journal of
Medicine, 361, 1776-1785.

Gosling, M. (2008). Groundwater badly polluted with faecal matter. In Cape Times (September 18). Cape
Town, South Africa: National News.

Grabow, W.0O.K., Taylor, M.B. & Wolfaardt, M. (1996). Research on human viruses in diffuse effluents and
related water environments. WRC Report No. 496/1/96 Pretoria, South Africa: Water Research
Commision.

Griesel, M. & Jagals, P. (2002). Faecal indicator organisms in the Renoster Spruit system of the Modder-
Riet River catchment and implications for human users of the water. Water SA, 28, 227-234.
Habsah, H., Zehaida, M., Van Rostenberghe, H., Noraida, R., Wan Pauzi, W.I., Fatimah, I., Rosliza, A.R.,
Nik Sharimal, N.Y. & Maimunah, H. (2005). An outbreak of Pantoea spp. in a neonatal intensive
care unit secondary to contaminated parenteral nutrition. Journal of Hospital Infection, 61, 213-218.

Hamilton, A.J., Stagnitti, F., Premier, R., Boland, A.M. & Hale, G. (2006). Quantitative microbial risk
assessment models for consumtion of raw vegetables irrigated with reclaimed water. Applied and
Environmental Microbiology, 72, 3284-3298.

Han, T.-H., Kim, C.-H., Chung, J.-Y., Park, S.-H. & Hwang, E.-S. (2011). Emergence of norovirus GlI-
4/2008 variant and recombinant strains in Seoul, Korea. Archives of Virology, 156, 323-329.
Hardalo, C. & Edberg, S.C. (1997). Pseudomonas aeruginosa: assessment of risk from drinking water.

Critical Reviews in Microbiology, 23 (1), 47-75.

Harris, L.J., Farber, J.N., Beuchat, L., Parish, M.E., Suslow, T.V., Garrett, E.H. & Busta, F.F. (2003).
Outbreaks associated with fresh produce: incidence, growth and survival of pathogens in fresh and
fresh-cut produce. Chapter 3. Comprehensive Reviews in Food Science and Food Safety, 2, 78-
141.

He, F., Soejoedono, R.D., Murtini, S., Goutama, M. & Kwang, J. (2010). Complementary monoclonal
antibody-based dot ELISA for universal detection of H5 avian influenza virus. BMC Microbiology,
10, 421-427.

Hewitt, J., Bell, D., Simmons, G.C., Rivera-Aban, M., Wolf, S. & Greening, G.E. (2007). Gastroenteritis
outbreak caused by waterborne norovirus at a New Zealand ski resort. Applied and Environmental
Microbiology, 73, 7853-7857.

ljabadeniyi, O.A. (2010). Effect of irrigation water on microbial safety of fresh produce. University of
Pretoria, Falcuty of Natural and Agricultural Sciences, South Africa. URL: http:
/lupetd.up.ac.za/thesis/available/etd-06152011-115126/unrestricted/00front.pdf. (Accessed:
November 2011). .

ljabadeniyi, O.A., Debusho, L.K., Vanderlinde, M. & Buys, E.M. (2011). Irrigation water as a potential
preharvest source of bacterial contamination of vegetables. Journal of Food Safety, 31, 452-461.

Islam, M., Doyle, M.P., Phatak, S.C., Millner, P. & Jiang, X. (2004). Persistence of enterohemorrhagic
Escherichia coli O157:H7 in soil and on leaf lettuce and parsley grown in fields treated with
contaminated manure composts or irrigation water. Journal of Food Protection, 67, 1365-1370.



61

Johnston, L.M., Moe, C.L., Moll, D. & Jaykus, L.-A. (2006). The epidemiology of produce-associated
outbreaks of foodborne disease. Chapter 2. In: James, J. (Ed.), Microbial Hazard Identification in
Fresh Fruit and Vegetables, Pp. 37-71. New Jersey: John Wiley & Sons.

Kampfer, P., Nienhuser, A., Packroff, G., Wernicke, F., Nixdorf, K., Fieldler, S., Kolauch, C. & Esser, M.
(2008). Molecular identification of coliform bacteria isolated from drinking water reservoirs with
traditional methods and the Colilert system. International Journal of Hygiene and Environmental
Health, 211, 374-384.

Kay, D., Crowther, J., Stapleton, C.M., Wyer, M.D., Fewtrell, L., Edwards, A., Francis, C.A., McDonald,
A.T., Watkins, J. & Wilkinson, J. (2008). Faecal indicator organism concentration in sewage and
treated effluents. Water Research, 42, 422-454.

Kfir, R., Hilner, C., Dupreez, M. & Bateman, B. (1995). Studies on the Prevalence of Giardia Cysts and
Cryptosporidium Oocysts in South-African Water. Water Science and Technology, 31, 435-438.

Koo, H.L., Ajami, N.J., Jiang, Z.D., Neil, F.H., Atmar, R.L., Ericson, C.D., Okhuysen, P.C., Taylor, D.N. &
Bourgeois, A.L. (2010). Norovirus as a causes of diarrhea in travelers to Guatemala, India, and
Mexico. Journal of Clinical Microbiology, 48, 1673-1676.

Lechevallier, M.W., Norton, W.D. & Lee, R.G. (1991). Occurrence of Giardia and Cryptosporidium spp in
surface-water supplies. Applied and Environmental Microbiology, 57, 2610-2616.

Lee, C. & Kim, S.J. (2008). The genetic diversity of human noroviruses detected in river water in Korea.
Water Research, 42, 4477-4484.

Lobo, M.L., Xiao, L., Antunes, F. & Matos, O. (2009). Occurrence of Cryptosporidium and Giardia
genotypes and subtypes in raw and treated water in Portugal. Letters in Applied Microbiology, 48,
732-737.

Lodder, W.J. & de Roda Husman, A.M. (2005). Presence of noroviruses and other enteric viruses in
sewage and surface water in The Netherlands. Applied and Environmental Microbiology, 71, 1453-
1461.

Loisy, F., Atmar, R.L., Guillon, P., Le Cann, P., Pommepuy, M. & Le Guyader, F.S. (2005). Real-time RT-
PCR for norovirus screening of shellfish. Journal of Virological Methods, 123, 1-7.

Létter, M. (2010). Assessment of Microbial Loads Present in Two Western Cape Rivers Used for Irrigation
of Vegetables. MSc in Food Science Thesis. University of Stellenbosch, Stellenbosch, South Africa.

Lyautey, E., Lapen, D.R., Wilkes, G., McCleary, K., Pagotto, F., Tyler, K., Hartmann, A., Piveteau, P., Rieu,
A., Robertson, W.J., Medeiros, D.T., Edge, T.A., Gannon, V. & Topp, E. (2007). Distribution and
characteristics of Listeria monocytogenes isolates from surface waters of the South Nation River
watershed, Ontario, Canada. Applied and Environmental Microbiology, 73, 5401-5410.

Lye, D.J. & Dofour, A.P. (1991). A membrane filter procedure for assaying cytotoxic activity in heterotrophic
bacteria isolated from drinking water. Journal of Applied Bacteriology, 70, 89-94.

Macarisin, D., Bauchan, G. & Fayer, R. (2010). Spinacia oleracea L. leaf stomata harboring
Cryptosporidium parvum oocysts: a potential threat to food safety. Applied and Environmental
Microbiology, 76, 555-559.

Maheux, A.F., Huppé, V., Boissinot, M., Picard, F.J., Bissonnette, L., Bernier, J.-L.T. & Bergeron, M.G.
(2008). Analytical limits of four B-glucuronidase and [-galactosidase-based commercial culture
methods used to detect Escherichia coli and total coliforms. Journal of Microbiological Methods, 75,
506-514.

Mans, J., de Villiers, J.C., du Plessis, N., Avenant, T. & Taylor, M.B. (2010). Emerging norovirus GlI.4 2008
variant detected in hospitalised paediatric patients in South Africa. Journal of Clinical Virology, 49,
258-264.

Materon, L.A., Martinez-Garcia, M. & McDonald, V. (2007). Identification of sources of microbial pathogens
on cantaloupe rinds from pre-harvest to post-harvest operations. World Journal of Microbiology &
Biotechnology, 23, 1281-1287.

Matthews, K. (2009). Leafy vegetables. Chapter 8. In: The Produce Contamination Problem: Causes and
Solutions. Edited by Sapers, G., Solomon, E. & Matthews, K. Pp. 165-187. New York: Elsivier Inc.

Maunula, L., Miettinen, I.T. & von Bonsdorff, C.H. (2005). Norovirus outbreaks from drinking water.
Emerging Infectious Diseases, 11, 1716-1721.

Merck (2007). Microbiology Manual, 12th Edition Darmstadt, Germany: Merck KGaA.

Minor, P.D. (1985). Growth, assay and purification of Picornaviruses In: Virology: a practical approach
Edited by Mahy, B.W.J. Pp. 25-42. Washington, USA: IRL Press.

Moberg, L.J. (1985). Fluorogenic assay for rapid detection of Escherichia coli in food. Applied and
Environmental Microbiology, 50(6), 1383-1387.

Molongoski, J.J. & Klug, M.J. (1976). Characterization of anaerobic heterotrophic bacteria isolated from
freshwater lake sediments. Applied and Environmental Microbiology, 31, 83-90.

Muchiri, J.M., Ascaolillo, L., Mugambi, M., Mutwiri, T., Ward, H.D., Naumova, E.N., Egorov, A.l., Cohen, S.,
Else, J.G. & Griffiths, J.K. (2009). Seasonality of Cryptosporidium oocyst detection in surface
waters of Meru, Kenya as determined by two isolation methods followed by PCR. Journal of Water
Health, 7, 67-75.



62

Nadan, S., Walter, J.E., Grabow, W.O.K., Mitchell, D.K. & Taylor, M.B. (2003). Molecular characterization of
astroviruses by reverse transcriptase PCR and sequence analysis: Comparison of clinical and
environmental isolates from South Africa. Applied and Environmental Microbiology, 69 747-753.

Nataro, J.P. & Kaper, J.B. (1998). Diarrheagenic Escherichia coli. Clinical Microbiology Reviews, 11 (1),
142-201.

Nichols, R.A., Campbell, B.M. & Smith, H.V. (2003). Identification of Cryptosporidium spp. oocysts in United
Kingdom noncarbonated natural mineral waters and drinking waters by using a modified nested
PCR-restriction fragment length polymorphism assay. Applied and Environmental Microbiology, 69,
4183-4191.

Noble, R.T., Leecaster, M.K., McGee, C.D., Weisberg, S.B. & Ritter, K. (2004). Comparison of bacterial
indicator analysis methods in stormwater-affected coastal waters. Water Research, 38 (5), 1183-
1188.

Obi, C.L., Potgieter, N., Bessong, P.O. & Motsaung, G. (2002). Assessment of microbial quality of river
water sources in rural Venda communities in South Africa. Water SA, 28 (3), 287-292.

Okafo, C.N., Umoh, V.J. & Galadima, M. (2003). Occurrence of pathogens on vegetables harvested from
soils irrigated with contaminated streams. Science of theTotal Environment, 311, 49-56.

Olaniran, A.O., Naicker, K. & Pillay, B. (2009). Antibiotic resistance profiles of Escherichia coli isolates from
river sources in Durban, South Africa. Water SA, 25, 174-183.

Olstadt, J., Schauer, J.J., Standridge, J. & Kluender, S. (2007). A comparison of ten USEPA approved total
coliform/E. coli tests. Journal of Water and Health, 5 (2), 267-282.

Omar, K.B. & Barnard, T.G. (2010). The occurance of pathogenic Escherichia coli in South African waste
water treatment plants as detected by multiplex PCR. Water SA, 36, 172-179.

Patel, M.M., Hall, A.J., Vinjé, J. & Parashar, U.D. (2009). Noroviruses: A comprehensive review. Journal of
Clinical Virology, 44, 1-8.

Paulse, A.N., Jackson, V.A. & Khan, W. (2009). Comparison of microbial contamination at various sites
along the Plankenburg and Diep Rivers, Western Cape, South Africa. Water SA, 35 (4), 469-478.

Payment, P., Franco, E., Richardson, J. & Siemiatychi, J. (1991). Gastrointestinal health effects associated
with the consumption of drinking water produced by point-of-use domestic reverse-osmosis
filtration units. Journal of Applied and Environmental Microbiology, 57, 945-948.

Polo, F., Figueras, M.J., Inza, I., Sala, J., Fleisher, J.M. & Guarro, J. (1999). Prevalence of Salmonella
serotypes in environmental waters and their relationships with indicator organisms. Antonie Van
Leeuwenhoek, 75, 285-292.

Rahman, A.U., Kadi, M.A. & Rockstrom, J. (2002). Workshop 7 (synthesis): trade-offs in water for food and
environmental security--urban/agricultural trade-off. Water Science and Technology, 45, 191-193.

Robertson, L.J. & Gjerde, B. (2000). Isolation and enumeration of Giardia cysts, Cryptosporidium oocysts,
and Ascaris eggs from fruits and vegetables. Journal of Food Protection, 63, 775-778.

Robertson, L.J. & Gjerde, B. (2001a). Factors affecting recovery efficiency in isolation of Cryptosporidium
oocysts and Giardia cysts from vegetables for standard method development. Journal of Food
Protection, 64, 1799-1805.

Robertson, L.J. & Gjerde, B. (2001b). Occurrence of Cryptosporidium oocysts and Giardia cysts in raw
waters in Norway. Scandnavian Journal of Public Health, 29, 200-207.

Rodriguez-Diaz, J., Querales, L., Caraballo, L., Vizzi, E., Liprandi, F., Takiff, H. & Betancourt, W.Q. (2009).
Detection and charactization of waterborne gastroenteritis viruses in urban sewage and sewage-
polluted ruver waters in Caracas, Venezuela. Applied and Environmental Microbiology, 75, 387-
394.

Rusin, P.A., Rose, J.B., Haas, C.N. & Gerber, C.P. (1997). Risk Assessment of bacterial pathogens in
drinking water. Reviews in Environmental Toxicology, 152, 57-83.

Rutjes, S.A., ltaliaander, R., van der Berg, H.H.J.L., Lodder, W.J. & de Roda Husman, A.M. (2005).
Isolation and detection of enterovirus RNA from large-volume water samples by using the
Nuclisens miniMAG system and real-time nucleic acid sequence-based amplification Applied and
Environmental Microbiology, 71, 3734-3740.

SABS-ISO (2001). Method 241-2001. Specifications for drinking water (Edition 5). p.5. Pretoria: South
African Bureau of Standards.

SANS (2000). Method 6888-1. Microbiology of food and animal feeding stuffs: Horizontal method for the
enumeration of coagulase-positive staphylococci (Staphylococcus aureus and other species). Part
1: Technique using Baird-Parker agar medium. Pretoria: Standards South Africa Printers.

SANS (2001). Method 11290-1. Microbiology of food and animal feeding stuffs: Horizontal method for the
detection and enumeration of Listeria monocytogenes. Part 1: Detection method. Pretoria:
Standards South Africa Printers.

SANS (2003). Method 6579. Microbiology: General guidance on the methods for the detection of
Salmonella. Pretoria: Standards South Africa Printers.

SANS (2004). Method 7899-2. Water quality: Detection and enumeration of intestinal enterococci. Part 2:
Membrane filter method. Pretoria: Standards South Africa Printers.



63

SANS (2006). Method 5667-6. Water quality — Sampling, Part 6: Guidance on sampling of rivers and
streams. Pretoria: Standards South Africa Printers.

SANS (2007). Method 4833. Second Edition. Microbiology: General guidance for the enumeration of
microorganisms — Colony count technique at 30°C. Pretoria: Standards South Africa Printers.

SANS (2012). IDEXX Colilert®-18/Quanti-Tray® Test Becomes the New I1SO Standard 9308-2:2012.
Replaces multiple tube method as the new international standard for detecting total coliforms and
E. coli in water. Pretoria, South Africa: SABS Standards Division.

Schaper, M., Duran, A.E. & Jofre, J. (2002). Comparative resistance of phage isolates of four genotypes of
F-specific RNA bacteriophages to various inactivation processes. Applied and Environmental
Microbiology, 68, 3702-3707.

Scott, T.M., Rose, J.B., Jenkins, T.M., Farrah, S.R. & Lukasik, J. (2002). Microbial source tracking: current
methodology and future directions. Applied and Environmental Microbiology, 68, 5796-5803.

Sela, S. & Fallik, E. (2009). Microbial Quality and Safety of Fresh Produce. Chapter 13. (2nd Edition) In:
Postharvest Handling: A Systems Approach. Edited by Florkowski, W.J., Shewfelt, R.L., Brueckner,
B. & Prussia, S.E. Pp. 351-398. New York, USA: Elsevier Inc.

Sidhu, J.P. & Toze, S.G. (2009). Human pathogens and their indicators in biosolids: a literature review.
Environ International, 35, 187-201.

Somers, E.B., Schoeni, J.L. & Wong, A.C. (1994). Effect of trisodium phosphate on biofilm and planktonic
cells of Campylobacter jejuni, Escherichia coli O157: H7, Listeria monocytogenes and Salmonella
typhimurium. International Journal of Food Microbiology, 22, 269-276.

Steele, M. & Odumeru, J. (2004). Irrigation water as a source of foodborne pathogens on fruits and
vegetables. Journal of Food Protection, 67, 2839-2849.

Svraka, S., Duizer, E., Vennema, H., de Bruin, E., Van der Veer, B., Dorresteinjn, B. & Koopmans, M.
(2007). Etiological role of viruses in outbreaks of acute gastroenteritis in the Netherlands from 1994
through 2005. Journal of Clinical Microbiology, 45, 1389-1394.

Taylor, M.B. (2007). Application of real-time PCR for characterization of Cryptosporidium and F-RNA
phages. Workshop Lecture Series: Food and waterborne viruses. Held at the Department of
Medical Virology, University of Pretoria. University of Pretoria.

Taylor, M.B., Cox, N., Vrey, M.A. & Grabow, W.0O.K. (2001). The occurrence of hepatitis A and astroviruses
in selected river and dam waters in South Africa. Water Research, 35, 2653-2660.

Trabulsi, L.R., Keller, R. & Gomes, T.A.T. (2002). Typical and atypical enteropathogenic Escherichia coli.
Emerging Infectious Diseases, 8, 508-513.

Tshivhandekano, I. (2005). Water quality in the City of Tshwane, South Africa, and its role in food safety for
vegetable production. M Inst Agrar (Plant Protection) dissertation. University of Pretoria, Pretoria,
South Africa.

Tymczyna, L., Chmielowiec-Korzeniowska, A. & Saba, L. (2000). Bacteriological and parasitological
pollution of the natural environment in the vicinity of a pig farm. Polish Journal of Environmental
Studies, 9, 209-214.

Van Heerden, J., Ehlers, M.M., van Zyl, W.B. & Grabow, W.O.K. (2004). Prevalence of human
adenoviruses in raw and treated water. Water Science and Technology, 50, 39-43.

Van Heerden, J., Ehlers, M.M., Vivier, J.C. & Grabow, W.0O.K. (2005). Risk assessment of adenoviruses
detected in treated drinking water and recreational water. Journal of Applied Microbiology, 99, 926-
933.

Van Zyl, W.B. (2007). Food and waterborne viruses. In Taylor, M.B. (Ed.), Real-time PCR. Workshop
Lecture Series). Department of Medical Virology: University of Pretoria, South Africa.

Van zZyl, W.B., Page, N.A., Grabow, W.O.K., Steele, A.D. & Taylor, M.B. (2006). Molecular epidemiology of
group A rotavirusses in water sources and selected raw vegetables in Southern Africa. Applied and
Environmental Microbiology, 72, 4554-4560.

Venter, J.M.E. (2004). The incidence of hepatitis A virus in selected water sources and associated risk of
infection in South Africa. MSc Thesis. University of Pretoria, Pretoria, South Africa.

Victoria, M., Rigotto, C., Meresco, V., de Abreu Corréa, A., Kolesnikovas, C., Leite, J.P.G., Miagostovich,
M.P. & Barardi, C.R.M. (2010). Assessment of norovirus contamination in environmental samples
from Florianopolis City, Southern Brazil. Journal of Applied Microbiology, 109, 231-238.

Vilaginés, P.H., Sarrette, B., Husson, G. & Vilaginés, R. (1997). Glass wool for virus concentration from
water at ambient pH levels. Water Science and Technology, 27, 299-306.

Vilanova, X., Manero, A., Cerda-Cuellar, M. & Blanch, A.R. (2004). The composition and persistence of
faecal coliforms and enterococcal populations in sewage treatment plants. Journal of Applied
Microbiology, 96, 279-288.

Vivier, J.C., Ehlers, M.M. & Grabow, W.0O.K. (2004). Detection of enteroviruses in treated drinking water.
Water Research, 38, 2699-2705.

Walters, S.P., Thebo, A.L. & Boehm, A.B. (2011). Impact of urbanization and agriculture on the occurrence
of bacterial pathogens and stx genes in coastal waterbodies of central California. Water Research,
45, 1752-1762.



64

WHO (1984). The role of food safety in health and development. Report of a joint FAO/WHO Expert
Committee on Food Safety. World Health Organization Technical Report Series 705. Switzerland,
Geneva: WHO Press.

WHO (1989a). Evaluation of programmes to ensure food safety : guiding principles. ISBN 9241542470.
World Health Organisation. Switzerland, Geneva In: World Health Organisation. Edited by Pp.
Switzerland, Geneva: WHO Press.

WHO (1989b). Health Guidelines for the use of Wastewater in Agriculture and Aquaculture. Technical
Report Series No 778 Switzerland, Geneva: WHO Press.

WHO (2003). Heterotrophic Plate Counts and Drinking Water Safety: The Significance of Heterotrophic
Plate Counts for Water Quality and Human health. URL: www.who.int/water-sanitation-
health/dwag/HPCFull.pdf. (Accessed: April 2011).

WHO (2006a). Food safety risk analysis — a guide for national food safety authorities. Food and Nutrition
Paper 87. Food and Agricultural Organization of the United Nations. Rome. Geneva Switzerland:
WHO Press.

WHO (2006b). Guidelines for the safe use of wastewater, excreta and greywater. Volume 2, Wastewater
use in agriculture. Geneva, Switzerland: WHO Press.

WHO (2006¢). Guidelines for the safe use of wastewater, excreta and greywater; Volume 1: Policy and
Regulatory Aspects. Geneva, Switzerland: WHO Press.

Wilkes, G., Edge, T.A., Gannon, V., Topp, E. & Lapen, D.R. (2009). Seasonal relationships among indicator
bacteria, pathogenic bacteria, Cryptosporidium oocysts, Giardia cysts and hydrological indices for
surface waters within an agricultural landscape. Water Research, 43, 2209-2214.

Wohlsen, T., Bayliss, J., Bates, J., Gray, B., Johnson, S. & Schneider, P. (2008). An evaluation of
membrane faecal coliform agar and Colilert-18 for the enumeration of E. coli bacteria in surface
water samples. Journal of Water Supply, 57 (8), 569-576.

Wolfaardt, M., Moe, C.L. & Grabow, W.0O.K. (1995). Detection of small rounded structured viruses in clinical
and environmental samples by polymerase chain reaction. Water Science and Technology, 31,
375-382.

Zamxaka, M., Pironcheva, G. & Muyima, N.Y.O. (2004). Bacterial community patterns of domestic water
sources in the Gogogo and Nkonkobe areas of the Eastern Cape Province, South Africa. Water
SA, 30, 341-346.




65
CHAPTER 5

ARCHIVING OF DATA GENERATED DURING THE PROJECT
Large volumes of data were generated by the various research teams collaborating on this WRC research
project. The raw data generated during this project is thus being archived by the respective research
institutions. These include the:
Department of Food Science, University of Stellenbosch, Stellenbosch, Western Cape
Department of Food Science, University of Pretoria, Pretoria, Gauteng
Discipline of Microbiology, University of KwaZulu-Natal, Pietermaritzburg, KwaZulu-Natal
Department of Microbiology, University of Venda, Thohoyandou, Limpopo

Department of Medical Virology, University of Pretoria / National Health Laboratory Service




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


