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General Abstract

Escherichia coli(E. col) is a common inhabitant of surface waters in tlesetbped and
developing worlds. The majority &. coli cells present in water are not particularly patmg

to humans; however, there are some present in gmegdbrtion that possess virulence genes that
allow them to colonize the digestive tract. Patmgé&. coli causes acute and chronic diarrheal
diseases, especially among children in developingties and in travelers in these locales.

The present study, conducted between August 20@7Jaly 2008, investigated the
prevalence and distribution of viruleBt coli strains as either free or attached cells in thal fin
effluents of three wastewater treatment plantstémtan the Eastern Cape Province of South
Africa and its impact on the physico-chemical dgwalof the receiving water body. The
wastewater treatment plants are located in urbast(Bank Reclamation Works, East London),
peri-urban (Dimbaza Sewage Treatment Works) anduial area (Alice Sewage Treatment
Works).

The effluent quality of the treatment plants waceeptable with respect to pH (6.9-7.8),
temperature (13.8-22.0 °C), dissolved oxygen (Df9-{.8 mg/L), salinity (0.12-0.17 psu), total

dissolved solids (TDS) (119-162 mg/ L) and nitrd¢encentration (0.1-0.4 mg/l). The other
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physicochemical parameters that did not comply wetjulated standards include the following:
phosphate (0.1-4.0 mg/L); chemical oxygen demand®L (5211 mg/L); electrical
conductivity (EC) (237-32nS/cm) and Turbidity (7-62.7 NTU). Results suggest that
eutrophication is intensified in the vicinity ofeteffluent discharge points, where phosphate and
nitrate were found in high concentrations.

PresumptiveE. coliwas isolated from the effluent samples by cultussdal methods and
confirmed using Polymerase Chain Reaction (PCR)nigces. Antibiogram assay was also
carried out using standaiid vitro methods on Mueller Hinton agar. The viable counits
presumptiveE. coli for the effluent samples associated with 180 pankibn size ranged
between 0 — 4.30 x i@fu/ml in Dimbaza, 0 — 3.88 x i@fu/ml in Alice and 0 — 8.00 x 10
cfu/ml in East London. In the 60 um plankton siagegoryE. coli densities ranged between 0
and 4.2 x 18cfu/ml in Dimbaza, 0 and 2.13 x i€fu/ml in Alice and 0 and 8.75 x 16fu/ml in
East London. Whereas in the 20 um plankton sizegoay presumptivé&. coli density varied
from 0 to 5.0 x 18cfu/ml in Dimbaza, 0 to 3.75 x 16fu/ml in Alice and 0 to 9.0 x T@fu/ml
in East London. The free-living presumptiie coli density ranged between 0 and 3.13 % 10
cfu/ml in Dimbaza, between 0 and 8.0 X' &fu/ml in Alice and between 0 and 9.5 x* téu/ml
in East London.

Molecular analysis successfully amplified targengs fliCy7, rfbEois; ial and aap)
which are characteristic of pathogegiccoli strains The PCR assays usingdA-specific primer
confirmed that a genetic region homologous in giztheE. coli uidAstructural gene, including
the regulatory region, was present in 3 of Eheoli isolates from Alice, 10 from Dimbaza and 8
from East London. Of the B. coli isolates from Alice, 1 (33.3%) was positive foe fHCy7

genes and 3 was positive fdbEp;s7 genes. Out of the 10 isolates from Dimbaza, 4 were
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positive forfliCy7 genes, 6 were positive for tbEo;57 genes and 1 was positive for thap
genes; and of the 8 isolates from East London, 4 pasitive forfliCy7 genes, 2 were for the

rfbEo157 genes, 6 were positive for tie genes.

Antimicrobial susceptibility profile revealed thall of theE. coli strains isolated from
the effluent water samples were resistant (R) tezolid, polymyxin B, penicillin G and
sulfamethoxazole. ThE. coliisolates from Dimbaza (9/10) and East London (8#8pectively
were resistant to erythromycin. All the isolatesravéound to be susceptible (S) to amikacin,
ceftazidime, ciprofloxacin, colistin sulphate, cefkone, cefotaxime, cefuroxime, ertapenem,
gatifloxacin, gentamycin, imidazole, kanamycin, opgnem, moxifloxacin, neomycin,

netilmicin, norfloxacin and tobramycin.

The findings of this study revealed that the Aligastewater treatment plant was the
most efficient as it produced the final effluenthwihe least pathogent€. coli followed by the
Dimbaza wastewater treatment plant. In additiors fimdings showed that the wastewater
treatment plant effluents are a veritable sourgeatfhogenidE. coliin the Eastern Cape Province
watershed. We suggest that to maximize public hgalbtection, treated wastewater effluent

quality should be diligently monitored pursuanettsuring high quality of final effluents.
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GENERAL INTRODUCTION

Throughout history, consumption of drinking waterpglies containing enteric pathogenic
bacteria has been linked to ilinesses in humanlptipos. These illnesses commonly present as
gastrointestinal-related symptoms, such as diardmh nauseaDiarrheal diseases are major
causes of morbidity and mortality in the developwgrld, more especially in young children
(Koseket al, 2003). In South Africa it has been estimated tharheal diseases are the primary
causes of death in infants that are younger thygeabs, leading to about 160-200 deaths per day
(Nemarudeet al., 2008). Diarrhea is a condition that results wtreare are increased amounts of
water in stools. This occurs when the stomach @rsmall intestine secrete too much fluid, such
that the distal small intestine and colon do natoab enough water, or the undigested, liquid

food passes too quickly through the small intestiné colon for them to remove enough water.

In almost all South African metropolitan arease ttonsumer is provided with high-
quality drinking water. However, in many rural connmties, the situation is very different. In
1994, an estimated 14 million people had no actestean or safe water. Although initiatives
were undertaken and improvement measures impleochentaillion of the 14 million people in
rural areas still lack safe and clean water (Detsa&l, 2003). The population of the Eastern Cape
Province is largely non-urban, poor and with ardetuate water supply infrastructure. Rural
communities of this Province comprise both scatterd#lages and subsistence farmers, and
formalised towns serving subsistence farmers. Thweny rate in 1998 was 78% and only 25%
of the households had a pipe-borne water suppigertbeir dwellings (Mey, 1998). This implies
that many people depend on surface and/or grouedvgaurces for their daily water needs.

Water from these sources is used directly by coniiesnand in many cases the water sources



are faecally contaminated and devoid of treatmb®tuniba and Notshe, 2003). Many of these
water bodies are often impacted by inadequatebtdte effluents from municipal wastewater

plants as receiving water bodies (Fatekal, 2003).

Strains ofE. coli, which are capable of causing diarrhea, under cexanditions, for
example, when the immune system is compromiseddjuer to environmental exposure, is
referred to as diarrheagertic coli. Six groups okE. coli that could potentially cause diarrheal
diseases are now recognized and they are entegetozE. coli (ETEC), enteroinvasivi. coli
(EIEC), enterohemorrhagie. coli (EHEC), enteropathogent€. coli (EPEC), enteroaggregative
E. coli (EAEC), and diffusely adherenE. coli (DAEC). Each group has its unique virulence
factors and are classified as shown in Figure hediarrheagenikE. coli pathotypes have been
proposed, such as cell detachiagcoli (CDEC); however their significance remains undarta

(Clarke, 2001; Abduch-Fabregaal, 2002).

DiarrheagenicE. coli strains possess specific fimbrial antigens thatasoé their
intestine-colonizing ability and allow adherence ttee small mucosa bowel. Once having
colonized, the strains use very different pathogesirategies to cause changes in the

arrangement of the bowel’s mucosa (Donnenberg,)1898 is depicted in Figure 2 below.

The variety of pathogenic strategies exhibitedthog E. coli strains is attributable to
differences in genetic background with each stcrying unique plasmids or pathogenicity
islands (Keskimaket al, 2001). Standard methods used in the detectialiaofheageni&. coli
are based on unique sets of virulence factursh as toxins [heat-labile (LT) and heat-stable
(ST) enterotoxins (ETEC)] (Kuhnemt al, 2000) and Shiga-likéoxins SLT1 and SLT2

(STEC/EHEC) (Nataro and Kaper, 1998), intimin (Go&w et al, 1996) and EPEC adherence
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factor (EAF)(Donnenberget al, 1997) (EPEC)] and virulent factors (EIEC) (RabBrowne,
1987),and their cell-adherence characteristics (ClarR8,12Nataro and Kaper, 1998). Detection
techniques include bioassays (e.g. cell cultummunologic assays (e.g. immunoblotting or

ElIA), and DNA assays (e.g. PCR, probing) (Thompsbal, 2003).

Marine research has provided news about the heaslpects of pathogens living in
association with plankton. Dixon (2004) found evide that the colonization of zooplankton by
organisms capable of causing human disease isesprielad phenomenon. The survey assessed
the occurrence of species GampylobacterVibrio and other genera in Italy's coastal waters,
together with comparisons of free-living bactenal dhose associated with zooplankton and of
plankton-bound organisms with selected pathogehs. fihdings revealed that not or§ibrio
andAeromonaspp. but alsd. coli, enterococciCampylobacteandArcobacterspp. (agents of
human diarrhea) were linked with zooplankton. Anradance of both free-living and plankton-
associateE. coli and enterococci confirmed that the Straits of Messvere indeed seriously
polluted (Dixon, 2004). The results indicated tpatentially pathogenic organisms living in
close association with zooplankton have considerabpidemiological (and ecological)

implications.

While it appears that a lot of emphasis have bdaned on issues of compliance in
wastewater research with regards to monitoring sletsical pollution indicator organisms like
culturable total and faecal coliforms, not muchheing done regarding the survival and
molecular epidemiology of pathogenic strain€ofcoli in wastewater effluents, either as free or
an attached (planktonic) cells. This even more sadha habits of antibiotic usage have been

known to influence the spectrum and susceptibilaitern of virulent pathogens (L8ivukeete



Virulent E. coli

Noninvasive

Enteropathogenic Enterotoxigenic

]

—

EHEC EPEC LT

(Heat-labile,

Increase cAMP)

—

ST

Invasive

Nontoxigenic Toxigenic

Shiga-like cytotoxin

(Inhibits protein synthesis)

(Heat-stable,

Increase cGMP)

Figure 1: Different types of virulenE. coli strains (Source: Evans and Evans, 1990).
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al., 2006). Besides, some pathogens under enviro@mneahditions have been shown to be
capable of entering a viable but nonculturableesthus significantly underestimating their
population (Xuet al, 1983). Hence the broad aim of this study wasvaluate the hypothesis
that virulent pathogeni&. coli strains very easily survive the treatment processe the
activated sludge system of wastewater treatmeiiities in the Eastern Cape Province either as
free cells or as plankton associated entities awbrglly that these treatment facilities are
veritable sources of pathogeric coli and abiotic pollutants in the receiving watersh&de

specific objectives of the study include:

To investigate the prevalence and distributionhaf virulentE. coli strains as free and
plankton associated cells in the final effluentdhe# wastewater treatment plants in the

Eastern Cape Province.

 To ascertain the prevalence and distribution ofilgmt E. coli strains in the final
effluents of the wastewater treatment plants aedeleeiving water bodies in the Eastern

Cape Province.

* To assess the survivability of the differdat coli strains in the various stages of the

wastewater treatment processes.

» To elucidate the antibiotic susceptibility profilesthe isolatedE. colistrains.

» To compare data obtained from typical urban, sem&wo and rural settings, and in

relation to the microbiological qualities of theéleénts.
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ABSTRACT

EnterotoxigenicEscherichia coli(ETEC) is an important cause of diarrhea in infaansl in
travelers from developed to underdeveloped cowsjtespecially in regions of poor sanitation.
The ETEC are acquired by the ingestion of contatathéod and water, and adults living in
endemic areas develop immunity. The disease conditianifests as a minor discomfort to a
severe cholera-like syndrome and requires colanizaby the microorganism and the
elaboration of one or more enterotoxins. The ETHfach to the epithelial cells of the
gastrointestinal tract and release substancesdtffiatt the normal functioning of the tract,
thereby resulting in diarrhea, and subsequenthfiang of deaths everyday, particularly in
children. The prevention of the spread of thisistcd diarrheageni&. colidepends on ensuring
appropriate sanitary measures; hand-washing angepnoreparation of food; chlorination of
water supplies; and appropriate sewage treatmeshtdasposal. Parenteral or oral fluid and
electrolyte replacement is used to prevent dehymiraind broad-spectrum antibiotics are used
in chronic or life-threatening cases, but in mastas, should be avoided because of severe side

effects.

Keywords. Enterotoxins, Colonization factors, Epidemiology, tHmenesis, Diagnosis,

Treatment
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2.1 INTRODUCTION
The microorganisnBacterium coli communeas discovered in 1885 by Dr. Theodor Escherich
during his work on bacteria in stools of infantsttwenteritis /1/. The bacterium has been
recognized as an important cause of food and watated diseases since its discovery and is
now known as Escherichia coli Escherichia coli belong to the coliform group of
microorganisms, which are a common part of the mbfacultative anaerobic microflora of the
intestinal tracts of most mammals, including humarisgs flagellated gut flora is mainly found
in the colon /2/. Coliforms include all the aerolaicd facultatively anaerobic, Gram-negative,
non-spore forming, rod-shaped bacteria that ferramose with gas formation within 48 hours
at 35°C /3/Escherichia colibelongs to the genusscherichiawhich in turn is part of the tribe
Escherichiaebelonging to the familfEnterobacteriaceaelThe genusscherichiacontains four
other species besidé&s coliand include<€. hermanii, E. fergusonii, E. vulneriandE. blattae
Escherichia blattaevere isolated from cockroaches, wherBasiermanii, E. fergu-sonigndE.
vulneriswere isolated from both intestinal and extra-intedthuman sources /2/. MoBt coli
serotypes are non-pathogenic in humans and othenbimoded animals. Nevertheless, certain
serotypes, if present in the body, can cause heatthlems. Pathogeni€. coli are responsible
for three types of infections in humans: urinagctrinfections (UTI), neonatal meningitis, and
intestinal diseases (gastroenteritis) /4/. It isréffore of clinical importance to be able to
differentiate between various serotype&otoli.

Bacterial serotypes are defined by antibodiehénserum of the patients or animals that
identify the specific type of antigen presentedtbg bacteria. Three major surface antigens
enable the serotyping &: coli. Thetypesof antigens are designated by letters. Numbers tefe

the knownsubtypesf antigens that can be differentiated by the usgpecific antibodies and
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thus are used to identify bacterial serotypes. TB& antigens are somatic cell-wall

phospholipids-polysaccharide complexes, whereas“lttfeantigens are components of the
flagella /2/. The H antigens are heat-labile protantigens found in flagellin, the protein that
constitutes the flagella of motile. coli 2/. The “K” antigens are surface or capsular amnisge

that are acidic polysaccharides /5/, which werginally further divided into three classes: A, B,
and L. Only the A-type K antigens are now consideraportant for typing antigens because
they are mainly associated with the pathogenicinstraf E. coli that cause extra-intestinal

infections and not those associated with diarrdesdase /2/.

Currently, determining only O and H antigens iasidered necessary to serotype strains
of E. coli associated with diarrheal disease. Specific vitgefactors like enterotoxins and
colonization factors differentiate ETEC from otheategories of diarrheagenik. coli
EnterotoxigenicE. coli belongs to a heterogeneous family of lactose-fetimgnE. coli
belonging to a wide variety of O antigenic typeatthroduce enterotoxins, which may be heat
labile and/or heat stable, and colonization factives allow the organisms to readily colonize the
small intestine and thus cause diarrhea /6/.

Diarrheal diseases are major causes of morbidityraortality in the developing world,
especially in young children. In South Africa, esties are that diarrheal diseases are the
primary causes of death in infants that are youtiggn 5 years of age, leading to about 160-200
deaths per day /7/. Diarrhea is a condition thatlte when increased amounts of water are
present in stools. This increase occurs when thraasth or the small intestine secrete too much
fluid, such that the distal small intestine andocoldo not absorb enough water, or the
undigested, liquid food passes too quickly throdigea small intestine and colon for them to

remove enough water.
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DiarrheagenicE. coli are a leading cause of children’s diarrhea in dgirb countries
/8/, and some strains are increasingly being rdeednas important enteropathogens in

developed countries /9/. DiarrheageBiccoliis categorized into the following six pathotypes:

1. Enteropathogeni€. coli (EPEC),

2. Enterohaemorrhagt€. coli(EHEC),
3. Enteroinvasivé&. coli (EIEC),

4. Enteroaggregativie. coli (eaggec),
5. Enterotoxigeni&. coli(ETEC), and

6. Diffusively adherenEE. coli(DAEC) /8/.

Other diarrheageniE. coli pathotypes have been proposed, such as the catkuegE.
coli (CDEC); yet, their significance remains uncertdid-11/. Each pathotype has distinguishing
characteristics related to its epidemiology, paém&gis, clinical manifestations, and treatment.
Among these pathotypes, ETEC is the most commaticpkarly in the developing world /12/,
and is increasingly recognized as an emerging ienpathogen. Enterotoxigenk. coliis the
second most common cause of traveler’s diarrheaaazmmmon cause of acute diarrheal illness
in children and adults (4.5%) presenting to emecgestepartments and inpatient units in the
United States (USA) /9,13/. Because ETEC is a megorse of traveler’'s diarrhea in persons
who journey abroad, the organism is regularly ingabiinto the developed world /14-18/. ETEC
diarrhea occurs in all age groups, but mortalitynisst common in infants, particularly in the
most undernourished or mal-nourished infants inettging nations /19/. The disease is

characterized by watery stool, abdominal crampserfemalaise, and vomiting /20/. In this
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paper, we present a comprehensive overview of Eiffe@rated diarrheal disease with regard to

its epidemiology, diagnosis, treatment, and preawarthrough the use of vaccines.

2.2 EPIDEMIOLOGY

In developing countries, enterotoxigenit coli (ETEC) is the most recognized cause of
infectious diarrhea. Worldwide, the incidence ofBET infections is estimated to result in 650
million cases of diarrhea and 380,000 deaths ifddn under the age of 5 years. The pathogen
is also an important cause of travelers’ diarrire@arsons traveling to endemic regions of the
world /21/. The ease with which people move arotir@world has dramatically increased the
frequency of traveler's diarrhea, which now affeafs to one-third of individuals who visit
developing areas, such as Africa, South Asia, LAtmnerica, and the Middle East. Because
ETEC has endemic and epidemic potentials, the gathdas a major cause of relatively serious
disease during natural disasters.

Traveler's diarrhea has been defined as the passfagt least three unformed stools in a
24-hour period during travel from an industrializestion to a less developed country, or during
the first 7 to 10 days after returning home /226sdéciated symptoms can include nausea,
vomiting, abdominal pain, fecal urgency, tenesnams| bloody or mucoid stools. Individuals at
highest risk include young children; adults aged2®5years, and those with high gastric pH
(achlorhydria, post-gastrectomy, and proton-punfybitor use) /23/. The spectrum of infectious
agents varies from country to country, but overdde most common pathogens in order of
decreasing frequency include ETEC, EAEC, Shiggeces,Campylobacter jejunirotavirus,
AeromonasspeciespPlesiomonas shigelloides, Salmonella species, hoteta vibrios, and the
norovirus/24/.
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2.2.1 Sources of infection

All infectious agents causing traveler’s diarrhea efficiently spread by the fecal-oral route.

According to epidemiologic investigations, fecatlgntaminated food and water are the most
common vehicles for ETEC infection /25/. Althougloshtravelers fear contaminated water as
the source of disease, contaminated food couldrbac more common vehicle of transmission
for both bacteria and viruses /26/. In rural and-peban areas of most developing countries, the
use of sewage and wastewater for irrigation israroon practice. As wastewater is often the
only source of water for irrigation in these areaating fruits and vegetables that have been
irrigated with contaminated water and eaten raanis way thak. coli can be ingested. coli

can also be found in raw milk from cows or othelkaproducing animals that carry the bacteria

on unclean udders. Finalli, colican be found in fresh meat /27/.

2.2.2 Geographic distribution

Enterotoxigenic infections are common in areas liaae high levels of fecal contamination of
water and food supplies. Enterotoxigeticcoli strains are associated with two major clinical
syndromes—weaning diarrhea among children and lgdsediarrhea in the developing world.
Immunity develops in exposed individuals, which lexps why natives of endemic areas can
drink the water, yet visitors are prone to infegti@5/. EnterotoxigeniE. colitraveler’s diarrhea
occurs most commonly during the warm and wet moatit among first-time travelers to the

developing world /28/.

Up to 50% of those traveling from developed toaleping countries are expected to

have at least one episode of acute diarrhea dariiygveek stay. The risk of travelers’ diarrhea is
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not uniform throughout the developing world. Fostance, Latin America, Africa, Asia, and
parts of the Middle East have reported attack ridesraveler’'s diarrhea ranging between 20%
and 75% /29/. Attack rates of between 8% to 20%eHseen recorded among travelers to China,
southern Europe, Israel, South Africa, Russia, seneral Caribbean islands (especially Haiti
and the Dominican Republic), whereas 5% have beeorded in Canada, the USA, Australia,
New Zealand, Japan, northern European countrielsadew Caribbean Islands /15/.

In the developed world, ETEC infections are notraportant cause of diarrhea in either
children or adults /30/. Nevertheless, severalniti@ diarrhea outbreaks did occur in England,
Scotland, and the USA, incriminating the serogroQgs O78, and 0159 as the causative agent
/31/. The sources and routes of transmission wetrelarified, although cross-infection was very
important. Some outbreaks in Japan were assoaiatedontaminated well water (cited in /31/).
Food outbreaks associated with contaminated turkenported French cheese, and salad
vegetables occurred in England, Japan, and the 3&AInfected food handlers have also been
implicated as vehicles for transmission for certautbreaks /2, 33/.

In regions of poor hygiene, especially in the ittep/34/, ETEC strains are reportedly
significant causes of infantile diarrhea and de@%/. Children up to 2 years of age are
particularly infected, and a decline in diarrheaoider children and adults ensues due to a
progressive development of immunity. The infectise of ETEC can be significantly lowered
by the development of clinical malnutrition brougithout by diarrhea of other etiology /2/.
Contaminated weaning foods, latrine-contaminateg@ratected water supplies, or sewage
contaminated rivers are some of the vehicles oftrassion /35-36/.

EnterotoxigenicE. coli are zoonotic because pathogenic strains shed freafthly

livestock, including pigs and cattle, can contarténthe environment. Asymptomatic human
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carriers form the principal reservoir of ETEC stsai35/. EnterotoxigeniE. colihave also been
shown to cause travelers’ diarrhea or gastroergeasihong travelers coming from temperate

regions with good sanitation and hygiene to visipical countries /5/.

2.3 ETEC INFECTION

2.3.1 Clinical manifestations

Symptoms of ETEC infection include abdominal cramgpifever, nausea, with or without
vomiting, chills, loss of appetite, headache. Mesathes and bloating can also occur but are less

common. The iliness develops 1-3 days after exgosisually lasting 3-4 days.

2.3.2 Pathogenesis
The pathogenesis of ETEC diarrhea involves two sstaptestinal colonization, followed by

elaboration of diarrheagenic enterotoxin(s).

Colonization.

EnterotoxigenicE. coli strains are characterized by their specialized aiitigenically unrelated
to common pili, which act as ligands to bind thetbdal cells to specific complex carbohydrate
receptors on epithelial cell surfaces of the snialestine. As this interaction results in
colonization of the intestine by ETEC, with subsamumultiplication on the gut surface, these
pili are termedcolonization-factor antigen§CFAs) /19/ EnterotoxigenicE. coli possess
organelles callefimbriae that are species-specific. Different types of ETitbrial adhesions
are used by the bacteria to colonize the gastiingd tract. These strains are non-invasive, but

produce enterotoxins /8/. The CFAs can be subdividsed on their morphological
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characteristics. Three major morphologic varietesst: rigid rods, bundle-forming flexible rods,
and thin flexible wiry structures. The prototypgidi rod-shaped fimbriae, CFA/I, are composed
of a single protein assembled in a tight helicalfguration; CFA/IIl is a bundle-forming pilus;
and the CFA/Il and CFA/IV are composed of multigistinct fimbrial structures. The CFA-type

pili play a major role in host specificity /19/

Diarrheagenic enterotoxin(s).

EnterotoxigenicE. coli carry the gene for enterotoxin production, whicluses diarrhea in
humans and animals. ETEC strains cause diarrheaughr the action of two types of
enterotoxins—a heat-labile toxin (LT) and a heabkt toxin (ST). These strains can express an
LT only, an ST only, or both an LT and an ST. Tlmes coding for the production of CFAs
reside on the ETEC virulence plasmids, usuallym dame plasmids that carry the genes for
one or both of the two types Bf colienterotoxin, LT and ST. In most cases of ETEC inbes,

the diarrhea is caused by CFA and both LT and &fef are caused by those possessing a CFA
and only one toxin (usually LT); and the fewest asised byE. coli lacking a CFA and
possessing only ST /2/. Infection requires colamira and the release of one or more
enterotoxins.

The heat-stable ST toxin is a non-immunogenicginotomprising 18-20 amino acids
functionally and structurally related to the mamianalprotein guanylin37/, and thus binds to
the guanylin receptor. The binding results in a@valion of cyclic adenosine monophosphate
(cAMP), ultimately leading to the secretion of afidi@, which results in diarrhea /28/. The STs
are small, monomeric toxins containing multiple teyse residues, whose disulfide bonds

account for the heat stability of these toxins. Tumpelated classes of STs (STa and STb) differ
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in structure and in mechanism of action. The gdoeboth classes are found predominantly on
plasmids, and some ST-encoding genes have beed foutnransposons.

The STa class binds to a membrane-spanning enmceptor calleduanylate cyclas€
(GC-C), an enzyme that converts guanosine 5'-tsphate (GTP) to cyclic guanosine 5'-
monophosphate (cGMP) /38/. Guanylate cyclase C Q3@-located in the apical membrane of
intestinal epithelial cells, and the binding ofdigls to the extracellular domain stimulates the
intracellular enzymatic activity. This receptornermally used by guanylin, which is presumed
to play a role in normal gut homeostasis, and GiS-&parently used opportunistically by STa
to cause diarrhea. The binding of STa to GC-C ddtes GC activity, leading to increased
intracellular cGMP levels /39/. This activity leardsthe stimulation of chloride secretion and/or
the inhibition of sodium chloride (NaCl) absorptjaesulting in net intestinal fluid secretion.

The latter is due to the activation of the chlordtk@nnel, leading to secretion ofzmns into the

intestinal lumen. In contrast to the 15- to 60-rag time required for LT to translocate and
activate the basolateral adenylate cyclase com@@&s, acts much faster because of the apical
location of its cyclase receptor. The toxins tern$db do not seem to cause diarrhea by the
same mechanism as STa/[19

The STb protein is associated primarily with ETE@ins isolated from pigs, although
certain human ETEC isolates expressing STbh have tegerted. The STb protein sequence has
no homology to that of STa, although it does caonfaur cysteine residues that form disulfide
bonds. Unlike STa, STb induces damage in the intdstpithelium by causing the loss of villus
epithelial cells and partial villus atrophy. Althglu previous studies suggest that the toxin may
bind non-specifically to the plasma membrane be@rdocytosis /40-41/. Unlike the chloride

ion secretion elicited by STa, STb stimulates theretion of bicarbonate from intestinal cells.
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The STb toxin does not stimulate increases in iogdaular cAMP or cGMP concentrations,
although it does stimulate increases in intracatlablcium levels from extracellular sources /2/.
The heat-labile toxin (LT) causes diarrhea by ating the chloride channel. The chloride
channel can also be activated by simulating préemagn synthesis and by the enteric nervous
system, both of which can stimulate secretion amibit the absorption of water. The LT is an
immunogenic protein structurally, functionally, aadtigenically related to the cholera toxin
/42/. TheE. coli LT proteins are oligomeric toxins that are closedjated in structure and
function to the cholera enterotoxin (CT) expres®gdVibrio choleraeand have a similar
mechanism of action. The LT and CT toxins share mom antigenic determinants, and their
primary amino acid sequences are similar. The tvagomserogroups of LT, termed LT-I and
LT-1l, do not cross-react immunologically. LT-I iexpressed byE. coli strains that are
pathogenic for both humans and animals. LT-II isnid primarily in animaE. coliisolates and
rarely in human isolates, but in neither animals mamans has it been associated with disease
/8.

An LT protein is composed of two types of subuni?dse type of subunit (the B subunit)
binds the toxin to the target cells via a specrigceptor that has been identified as Gml
ganglioside. The other type of subunit (A suburstthen activated by its own peptide bond
cleavage and internalized. Once inside the epéheklls, the A subunit catalyzes the ADP-
ribosylation (transfer of ADP-ribose from nicotin@® adenine dinucleotide [NAD]) of a
regulatory subunit of membrane-bound adenylateasg;l the enzyme that converts ATP to
cAMP. The ADP-ribosylation activates adenylate agel, which produces excess intra-cellular
CcAMP, thereby leading to a hypersecretion of wated electrolytes into the bowel lumen,

resulting in diarrhea /19
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24 DIAGNOSIS AND DETECTION OF ETEC

To detect outbreaks effectively, public health sillance and diagnostic procedures for ETEC
require both sensitivity and specificity. Duringadiheal outbreaks, subculturing techniques of
stool samples serve as the first step in the ifiestion of ETEC strains, followed by genetic-
based detection methods /43/. Wher¥ascholerag Shigellaspp., and the rotavirus can be
readily detected by standard assays, ETEC is miffreutt to recognize and therefore is often
not appreciated as a major cause of either intadidrrhea or of cholera-like disease in all age
groups /28/. Hence, definitive diagnosis remaingdly confined to research laboratories and
requires the identification of a specific toxin BIA (enzyme immunoassay) or by a DNA probe

of the toxin gene.

2.4.1 Culture-based detection methods.
This approach involves stool-sample collectionsnfimdividuals with diarrhea, and the swabs
containing the sample are transferred onto nitibdose paper /19/. The sample is inoculated
into MacConkey or Eosin Methylene Blue (EMB) agardyverlaying the paper onto the agar
plates, followed by incubation overnight. Colonjgslding typical results foE. coli will have a
pink to red color.

To confirm for the presence &f coli, the IMVIC (Indole, Methyl red, Voges-Proskauer,
and Citrate) test should be conducted. The IMVEL &xamines the ability of an organism to (1)
produce indole; (2) produce sufficient acid to ajarthe color of a methyl red indicator; (3)
produce acetoin, (a positive result of the Vogesskauer test), and (4) grow on citrate as the
sole source of carboik. coliis positive in the first two tests and negativehe second two;

non-fecal coliforms give the opposite result B/.coli colonies are inoculated into tryptic soy
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broth, casamino acid yeast extract salts (CA-YEthoror Luria broth. After incubation, the
supernatant is collected for further identificatpmocedures /44/.

No reliable biomarkers, such as serotype or bmtypxist for enterotoxigenity.
Serotyping was found to be of limited use in Badgkh /45/ because a very large numbéet.of
coli serotypes could be enterotoxigenic. Neverthelesnaonstration of the toxin is necessary
to identify ETEC strains. The assays used earlar the direct identification of ETEC
enterotoxins include physiological assays like téiebit ileal loop model for LT /46/ and the
infant mouse assay /47/ for ST. Commonly used biol assays are the Y-1 adrenal assay,
suckling-mouse assay, and the Chinese hamster ¢G®) cell assay. The suckling-mouse
assay used to detect the ST enterotoxin entailndasurement of intestinal fluid in CD4 infant
mice after injecting culture supernatants. The sugdant from the cultured cells is administered
to infant 6-days-old mice. The presence of theretd®in is assessed based on a scoring system
incorporating the ratio of intestinal weight, thenraining body weight; and the production of
diarrhea /44/. Either the Y1 adrenal cell assatherCHO cell assay detects the LT enterotoxin.
In the Y1 assay, ETEC culture supernatants arechttd¥1 cells and the cells are examined for

rounding. In the CHO cell assay, the presence oislifidicated by cell elongation /8/.

2.4.2 Diagnostic assays
Simpler diagnostic assays developed over the yealsde an enzyme-linked immunosorbent
assay (ELISA) technology /48/, immunoprecipitationagar and the Biken test /49/, passive

latex agglutination /50/, and staphylococcal coatygation /51/.
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Enzyme-linked immunosorbent assays.

A capture ELISA has been developed that can be tsatktect the heat-labile LT-I toxin
produced by enterotoxigeniE. coli strains. This solid-phase assay is performed usieg
immunoglobulin G (IgG) enriched fraction of anti-lTantiserum and 1gG2b as a ‘capture’
antibody to bind as much of the toxin as possiéfel an anti-LT-I monoclonal antibody (MAb)
obtained from mice or rabbits serve as the recmgnagent for the bound toxin. As each Mab
detects only a single epitope in the polyclonal-afitl IgG fraction, this method provides an
inherent monospecificity that allows the fine détat and quantitation of small differences in
antigen. Microtiter plates are coated with the -aaitibit LT 1gG enriched fraction in carbonate-
bicarbonate-buffer, and the supernatant of badteukures is inoculated. Unbound toxins are
removed by washing three times with phosphate kedfsaline. Toxins bound to the solid-phase
anti-rabbit LT IgG-enriched fraction are then dé&tecwith an 1gG2b Mab, followed by
peroxidase-labeled anti-mouse IgG peroxidase. Tihstsate hydrogen peroxide is added and
converted by the enzyme to a detectable form. Htenated accuracy of the assay is 78% for
sensitivity, 94% for specificity, and 92% for eféacy. The capture assay is considered an
excellent tool for detecting LT-producing strainsdacould be employed in the diagnosis of

diarrhea caused by LT-producing ETEC strains /52/.

ST gangliosides GERM CELLS1-ELISA.
Monoclonal Abs prepared against the heat-stabl®l8@ined from humak. coli isolates can
also be used in another immunodetection assay eléribeé ST gangliosides GERM CELLS1-

ELISA. This assay is based on the ability of tha $tesent in culture filtrates from ST-
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producingE. colito inhibit specific anti-ST antibodies from binditg a solid-phase-bound ST
gangliosides (GERM CELLS1-bound ST-cholera B suturbne example of a MADb is
immunoglobulin G1 (IgG1); all IgG1 MAbs can be cdsetply inhibited by the addition of free
ST /51/. When the IgG1l MAbs were tested in the SHHRG!I CELLS1-ELISA, ST could be
detected in culture filtrates from human stoEk coli isolates with 100% sensitivity and
specificity. The presence of ST in filtrates fromesh stool cultures was demonstrated with
higher sensitivity using the MAbs ST GERM CELLS14ERA than with the conventional infant

mouse test /53/.

Reverse passive latex agglutination (RPLA).

The RPLA assay is used to detect the presencdudiled_T/ST enterotoxins in culture filtrates.
In RPLA tests, the antibody is attached to laterigdas and reacts with the soluble LT/ST
antigen, unlike in the conventional latex aggluiima method, whereby the soluble antibody is
reacted with the bacterial LT/ST toxin. In this agsthe sample<( coli bacterial cultures) are
inoculated into 96-well microtitre plates and sémed latex particles are added. The plates are
covered and shaken for 24 h. If the LT/ST toxirpiesent, a visible molecular lattice and a

diffuse layer at the base of the well will form diveagglutination /54/.

2.4.3Molecular methods

Assays employing DNA probes and DNA amplificatioavd proven useful for identifying
ETEC. Oligonucleotide gene probes for LT and STihwon-radioactive enzyme markers are

available and provide a sensitive and specificdete method /55/. Direct ETEC diagnosis of
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fecal material as well as of isolated colonies I@sn made possible with the polymerase chain

reaction (PCR) /56/.

ETEC colonization factors.

A number of different methods have been used dutiegyears. Initially, the capacity &t coli
CFs to agglutinate certain species of erythrocytea mannose-resistant manner was used to
demonstrate CFA/lI and CS1, CS2, and CS3 /57/. fidmsprecise method was soon replaced by
the more-specific slide agglutination and immunfagifon tests, initially using polyclonal sera
and subsequently MAbs against different CFs /584difional methods, including non-specific
salting-out tests /59/ and binding to tissue celtoell lines /60/, have now been replaced by
molecular methods, for example, DNA probes andA8& to detect most of the known CFs, or

dot blot assays using several different anti-CF MA36,61/.

Genetic-based methods.

This approach to ETEC detection relies on the pi@sef the genes encoding LT and/or ST
enterotoxins. DNA probes and PCR assays are vasitse and useful in the detection of LT-
and ST-encoding genes in stool samples. The LTnpalgotide probe provides good sensitivity
and specificity when labeled with radioisotopes vath enzymatic, non-isotopic detection
systems /62/. Lately, the use of a highly reliaddialine phosphatase-based detection system in
polynucleotide probe colony-blot hybridization isora popular /8/. The ST polynucleotide
probes have had problems of poor sensitivity aretifipity, presumably because of the small
size of the gene. Hence, oligonucleotide probesategenerally more sensitive and specific for

ST detection have been developed /63/.
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Multiplex polymerase chain reaction (PCR).

A useful adaptation of the PCR is tmeiltiplexPCR assay, so that the simultaneous diagnosis of
LT- and ST-producing organisms as well as otherrloégagenicE. coli can be accomplished
/56/. Several PCR primers are combined with the afndetecting one or more of several
different diarrheageni€&. coli pathotypes in a single reaction. After multiplex BBGrarious
reaction products can usually be differentiatedplyduct size, but a second detection step (for
example, nonisotopic probe hybridization) is gelgraerformed to identify definitely the

respective PCR products /64/.

2.5TREATMENT

At present, the recommendations for treating ETBR anly be stated for surety in the treatment
of traveler’s diarrhea for which ETEC are knowrb®the most frequent cause /65/. An effective
treatment of diarrheal disease has the potentisubstantially lower morbidity and mortality.
The reduction of mortality from diarrheal disease primarily related to the effective
management of dehydration /66/. In general, orhlydeation plus bismuth subsalicylate or
loperamide is adequate therapy for mild to modedierhea (less than four stools per day).
Several prophylactic and treatment drug regimens Hzeen described for ETEC diarrheal
disease /67-68/, with quinolones being the curdrngs of choice for both prophylaxis and
treatment. Yet, the use of quinolones in the p&adigpopulation remains controversial.
Antibiotics should generally be reserved only fargons with traveler's diarrhea who have
moderate to severe symptoms. Double-blind randaimsredies have demonstrated the efficacy
of several antibiotic regimens in treating acutavéter's diarrhea: single doses of either

levofloxacin 500 mg or azithromycin 1000 mg, or deddaily dosing of rifaximin 200 mg or
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ciprofloxacin 500 mg, for three days, appear todaghly equivalent /69-70/. In countries where
the bacteria are likely to be resistant to the ridgoinolones, azithromycin or rifaximin have

been recommended for use in empiric treatment.

More than half the enteric bacterial isolates frpatients with traveler’s diarrhea are
resistant to trimethoprim-sulfamethoxazole, thiss Hamited utility for treating traveler's
diarrhea. Studies have demonstrated that ETECnstfaom Egypt are routinely resistant to
ampillicin, streptomycin, and chloramphenicol (Ddvet al, unpublished data). Some
investigators have reported an association betwedtiresistance and enterotoxin phenotype.
Multiresistance occurred more often in ST-producstrgins /71/, whereas such resistance was
observed to be more common in LT-producing strafi2é. One study in Bangladeshi adults in
which tetracycline was used to treat ETEC diarrfiEdermined retrospectively) showed only a
minimal effect on the severity or duration of diega /73/. When ETEC were first recognized,
the bacteria were usually highly sensitive to allimicrobials, including the tetracyclines and
trimethoprim-sulfamethoxazole /74/. With time, hawg antibiotic resistance emerged,
necessitating the use of newer antimicrobials reaiting traveler’s diarrhea. Antimicrobials that
have been used in effective treatment include dgliyee, trimethoprim-sulfamethoxazole,

erythromycin, norfloxacin, ciprofloxacin, ofloxagiazithromycin, and rifamycin /18/.

Due to the increasing microbial resistance of ETEEwer drugs have been used.
Fluoroquinolones such as ciprofloxacin, levofloxacdr ofloxacin are currently the drugs of
choice because no significant resistance to thesgsdas yet developed /18, 75/. A newer non-
absorbed drug, rifaxamin, has also been shown asl@ffective as the fluoroquinolones and has

only recently been approved for use in the UnitedeS /69/.
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2.6 PREVENTION

2.6.1 Public health interventions

The prevention of the spread of this strain of rieagenicE. coli depends on ensuring
appropriate sanitary measures like hand-washirapeprfood preparation, chlorination of water
supplies, and efficient sewage treatment and da&pésrecent systematic review and analysis
revealed that interventions to improve water quadite generally effective for preventing
diarrhea in all age groups, including those lesntb years of age /76/. Therefore, proper
surveillance of water, food, and sanitation faieitit using public health diagnostic and detection

procedures as mentioned before is necessary tegbiafants and travelers from infection.

Environmental health protection measures thatbmapplied in the agricultural use of
wastewater for irrigation include wastewater treatin crop restriction, control of wastewater
application and human exposure, and promotion gfigme. Because consumers of irrigated
crops that are likely to be eaten uncooked areigit hisk for direct contact with pathogens
leading to infection, the irrigation of fruit tresbhould cease two weeks before the fruit is picked.
No fruit should be picked off the ground, and skien irrigation should not be used /77/. As
with drinking water quality surveillance, findindgf@rdable ways of monitoring the presence of

harmful contaminants in wastewater that can acerseil and crops is essential.

In aquaculture (farming of fish, shellfish and agic plants in fresh or salt water), the
quality of the water is of paramount importanceptevent the contamination of fish or plants
grown in wastewater ponds. Reliance has been pladedarily on minimizing the risk of

pathogen transmission by thorough cooking of thedpets, but this approach has not always
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been satisfactory and, where the pond productsearen uncooked, no health protection is
provided.

Overall, most interventions have been found to cedthe levels of diarrheal illness
significantly, with the greatest impact being sefem hygiene and household treatment
interventions /78/. Personal preventive measurdsade the following:

* not drinking tap water;

* not using ice in beverages (including alcohotiokks);

* not eating salads or other forms of raw vegetble

* not eating fruits that cannot be peeled on tlu; §nd

* not eating mayonnaise, unpasteurized dairy pitsduemncooked fish, or undercooked

shellfish.

2.6.2Vaccines

Limited and often outdated information compoundediricreasing drug resistance has made
empirical treatment difficult. Therefore, the dey@mihent of vaccines has been aggressively
pursued for the control of ETEC infections (for gmehensive review, see reference /28/). The
use of short-term chemoprophylaxis and self-treatnfier diarrhea are effective for travelers’
who are unwilling to accept even a short periodlloéss because of the serious impact it may
have on their overall mission /79/. The routine aspharmaceutical anti-microbial prophylaxis
for the general traveler is not recommended, howdwecause of the potential for associated
adverse drug reactions and the potential to wattsemproblem of antibiotic resistance of enteric
bacteria /24,29,80/. All these factors make thestigpment of vaccines against ETEC a priority.

To develop a vaccine offering the broadest protecpotential and to assess the extent of
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antibiotic resistance, the characterization of @spntative ETEC strains from different
geographic regions is a necessity /81/. Nevertbeldge development of a vaccine will not

eliminate the need for effective antibiotics taatrdiarrhea caused by ETEC.

2.7CONCLUSION

EnterotoxigenicE. coli remains a threat to both humans and animals becehisdren,
particularly those under 5 years of age, adultd,amimals die every day from infections caused
by this strain. The biggest challenge in preventing spread of these pathogens is poverty,
which leads to lack of sanitization. Hence, deveigmrountries are affected at higher rates than
developed nations. The development of vaccinesiisgbaggressively pursued to stop the spread
of this pathogenic strain. Most important, the @nopurveillance of water, food, and sanitation
facilities must be implemented. For this purposapid, efficient, and specific detection

techniques are required, and this is a subjectitefnsive investigation in our laboratory.
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ABSTRACT

Failures of sewage treatment systems both withthanside South Africa are most commonly
ascribed to inadequate facilities and other facteslting in the production of poor quality
effluents with attendant negative consequencesherrdceiving watershed. The impact of the
final effluent of a wastewater treatment facilitya sub-urban community of the Eastern Cape
Province of South Africa on the physico-chemicablgies of the receiving watershed was
assessed between August 2007 and July 2008. Waltaityq parameters were analyzed
according to South African Department of Water Aaand Forestry standards. The effluent
quality was acceptable with respect to the pH ®8); temperature (13.8-22.0 °C), dissolved
oxygen (DO) (4.9-7.8 mg/L), salinity (0.12-0.17 psiotal dissolved solids (TDS) (119-162 mg/
L) and nitrite concentration (0.1-0.4 mg/l). Thénet physicochemical parameters that did not
comply with regulated standards include the follogvi phosphate (0.1-4.0 mg/L); chemical
oxygen demand (COD) {811 mg/L); electrical conductivity (EC) (237-3@5/cm) and
Turbidity (7.762.7 NTU). Results suggest that eutrophicatiomtenisified in the vicinity of the
effluent discharge points, where phosphate anateitwere found in high concentrations. The
discharged final effluents had detrimental effemtsthe receiving water body, thus suggesting
the need for regular and consistent interventionappropriate monitoring and compliance

agencies to ensure adherence to acceptable staridadischarged effluents.

Keywords: effluent, physico-chemical qualities, sub-urban ommity, wastewater treatment.
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3.1 Introduction

Water is perhaps South Africa's most critical reseuLocated largely in a semi-arid part of the
world, the country's water resources are, in glééahs, scarce and extremely limited [1] and a
key environmental problem facing the country is ewgbollution. This pollution arises from

many sources, including industrial, mining and noipal effluents, and runoff of biocides,

nutrients and pathogens from agricultural landbanrareas and informal settlements with their
characteristic poor sanitation [2, 3]. Biologicaldachemical contaminants [4, 5, 6] represent a
health risk if suitable health protection measwaes not taken. Typical examples of those of

greatest concern are shown in Table 1.

An epidemiologic study in South Africa [7] found artrease in methemoglobin levels in
infants that are fed water with nitrate > 20 mg/Litrate-N. However, clinical
methemoglobinemia was rarely found. Severe meth&bhogmia has been documented in
India [8] and was found to be related to elevatachte in drinking water. More recently, a
retrospective, nested case-control study in Romdoiand an association between nitrate
exposure from drinking water and clinical methermobgiemia, as well as some evidence of an

association with diarrheal and respiratory dis¢@s&0, 11].

Since 2004 a spate of surveys and technical pd@ers noted that up to 70 percent of
municipal waste treatment facilities in South A#riface collapse for lack of proper maintenance
and extension, while about a third require "immediantervention” and another third
intervention "within the short to medium term" [123]. Experts point out that the country’s
local authorities are increasingly unable to coptl Whe constant demand for effective sewage

treatment [14, 15]. Recent studies on wastewatatrtrent plants have shown that small
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Table 1. Selected Contaminants of Health Concern Identifiad Untreated Municipal

Wastewater.

Contaminant Health Effect Maximum
Contamination
Level (mg/L)

Heavy metals

Arsenic Gastrointestinal, skin, and nerve damage, cancer | 0.01
Cadmium Gastrointestinal, kidney and lung damage 0.005
Chromium Lung and skin damage, cancer 0.1
Mercury Brain and kidney damage, embryo/fetotoxic 0.002
Nickel Lung, brain, kidney, liver, spleen and skin damadel
cancer
Inorganic
chemicals )
Brain and heart damage, shortness of breath, death0.2
Cyanide Dental and skeletal fluorosis 4
Fluoride Methemoglobinemia 10
Nitrate
Organic
chemicals o :
Anaemia, dizziness, leukaemia 0.005
Benzene . i
Brain and kidney damage 1
Toluene _ . -
Confusion, dizziness, memory loss, embryo/fetotoxjc0
Xylenes
Nutrients
Nitrite (as Cause eutrophication which facilitates the growth b
Nitrogen) toxin-producing cyanobacteria and other harmfubealg

Source: U. S. Environmental Protection Agency (USEPrinking Water Standards and Health

Advisories (2006).
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wastewater treatment plants are often situatedarrfling peri-urban or rural areas where
technical and management capacity is hard to coymfl® 17, 18]. With sewage pollution,
rivers and dams become eutrophic and algal bloaukl develop, rendering the water difficult
to treat with normal water treatment methods, andsequently impacting the water with
unpleasant taste and odors. In this paper, we treporthe physicochemical qualities of
discharged final effluents of a sub-urban wastew#teatment facility in the Eastern Cape

Province of South Africa and its impact on the réiog watershed.

3.2 Materials and Methods

3.2.1 Plant description:The wastewater treatment plant located in a subrugettlement in the
Eastern Cape Province within the geographical coatds 32°51'274"S and 27°14'167"E,
accepts municipal domestic sewage and wastewatdainoong a heavy industrial contribution.
The wastewater treatment system is of a basic nle#ig inlet works comprises of two screens,
three grit channels and a flow recorder. The plad two aeration tanks, each equipped with
three vertically mounted mechanical aerators, tnaeaobic tanks and two sedimentation tanks.
There is a return activated sludge (RAS) pump atatvhich lifts the recycle sludge from the
sedimentation tanks to the aeration tanks. A spliibx controls the flow of the raw sewage and
RAS to the aeration tank. The plant has a wastesdnliquor pump station which pumps the
waste mixed liquor from the aeration tank to twadgle lagoons. Chlorine contact is carried out
by means of a water pressure operated, wall mougsl chlorinator in a baffled reinforced
concrete contact tank. Thereafter the final efftusrppumped to a pair of final effluent reservoirs

and into Tembisa sewerage dams. The plant is da$igntreat an average dry weather flow of 7
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000 n¥/day and an average wet weather flow of 21 0G@lay. The plant accounts for large
daily inflow due to the high number of industriexdted in the area and high population of
residents. According to the Geospatial Analysisf&lm (GAP) — The Presidency, dti and CSIR,
July 2007, estimates that the population per mesoro 2004 of Dimbaza was between 30,000

to 80, 000.

3.2.2 Sampling: Water samples were collected once monthly fromust@007 to July 2008
from the final effluent, discharge point, 500 m twpam and 500 m downstream of the discharge
points. The samples for chemical analyses weredeltl in clean Nalgene bottles according to
standard procedures [19, 20]. Before sampling,straple bottles were cleaned by soaking in
detergent for 24 h, followed by rinsing several@mwith tap water until free of detergent, rinsed
with 5% nitric acid and then thoroughly with diktd-deionised water. All samples collected

were transferred in ice to the laboratory and aedywithin 2 to 4 h of collection.

3.2.3 Physico-chemical analysisEleven physicochemical parameters considered asitgri
pollutants by the Department of Water Affairs amatdstry of South Africa were selected as
target indices in this study. pH, temperature, telgad conductivity (EC), total dissolved solids
(TDS), salinity and dissolved oxygen (DO) of thengées were determinedn site using a
multiparameter ion specific meter (Hanna instruregnersion HI9828) equipped with three
different probes for pH; electrical conductivitglisity and total dissolved solids; and dissolved
oxygen and temperature. A one point calibratiorhwlite customized buffers was used for each

sampling day as recommended by the manufacturerbidity was determined using the
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microprocessor turbidity meter (Hach Instrumen®)e Chemical Oxygen Demand (COD),
concentrations of orthophosphate as phosphategtenitand nitrite were determined by the
standard photometric method [21] using the Speuatint NOVA 60 photometer (Merck).
Samples for COD analyses were digested with a Toéewactor Model TR 300 (Merck) and

then analysed by the Spectroquant NOVA 60 photangbterck).

3.2.4 Data analysisThe data were analyzed using analysis of variaAbEO(/A) and Duncan
Multiple Range Tests (DMRT) to test differences amall possible pairs of treatment means.
Statistical test of the effect of season on thespwychemical parameters was conducted.
Correlation was performed using Proc Corr procedidr6AS (SAS version 8, SAS Institute,

Cary, NC).

33 Results and Discussion

3.3.1 Results
The profile of the physico-chemical parameters mesb for the water samples are given in
Table 2. In addition, nitrate concentration andnsizal oxygen demand (COD) values of the

samples are presented in Figs. 1. and 2.

3.3.1.1 pH
The pH of the samples varied between 6.9-7.6 ioranf 7.1-7.6 in spring; 7.1-7.8 in summer;

and 7.5-7.8 during winter (see Table 2). Theseatians are nevertheless not significant.
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Table 2. Seasonal changes in physico-chemical propertieBimbaza wastewater treatment
facility over a period of twelve months.

Location
Parameter Seasofi | Final Effluent | Discharge Pt Upstream Downstream
(500 m) (500 m)
Autumn 6.9+0.2 7.4+0.1 7.6+0.4 7.1+0.1
oH Spring 7.1+£0.3 7.4+0.2 7.6+0.1 7.4+0.1
Summer 7.1+0.2 7.5+0.2 7.8+0.1 75+0.1
Winter 7.1+0.5 75+0.2 7.8+0.4 7.3+0.6
Autumn 18.8 £0.3 18.8 £ 0.7 16.7 £ 0.8 18.0 £ 0.2
Temperature Spring 19.9+0.1 20.0+0.1 20.3 +0.2 20.9+0.5
Summer 21.7+1.3 21.6+1.8 21.7+1.9 220+ 1.6
Winter 16.9+1.9 154+1.3 13.8+2.3 15.6+1.9
Autumn 40+£04 3.9+0.5 16+15 3.4+0.6
Phosphate Spring 0.8+0.2 0.9+0.2 0.2+0.1 0.7+0.2
Summer 26+1.0 27+1.0 0.5+0.2 2.0+0.8
Winter 0.4+0.5 0.4+0.5 0.1+0.1 0.3+0.4
Autumn 5.3+0.8 6.1+0.7 6.5+0.4 57+0.4
Dissolved Spring 51+0.2 6.3+0.1 59+0.3 55+0.2
oxygen (DO) | Summer 49+0.3 5605 5505 50+04
Winter 49+0.3 7.3+0.6 7.8+0.9 6.7+1.0
Autumn 237 £ 10 243 +2 309 + 17 264 +11
Electrical Spring 295 + 20 208+ 1 3257 311+10
Conductivity (EC)| Summer 245 + 27 263+ 7 322+ 14 2817
Winter 252 + 36 264 +13 315+12 284 + 35
Autumn 0.3+0.1 0.3+0.1 0.2+0.1 0.3+0.1
Nitrite Spring 0.1+0.0 0.1+0.1 0.1+0.0 0.2+0.1
Summer 0.3+0.1 0.3+0.1 0.2+0.1 0.4+0.1
Winter 0.3+0.3 0.3+0.3 0.1+0.0 0.4+0.2
Autumn 0.12 +0.01 0.16 + 0.07 0.16 + 0.0 0.13&1
Salinity Spring 0.15+0.01 0.16 + 0.01 0.17 +£0.01 0.1610
Summer 0.12 +0.02 0.14 +0.02 0.16 £ 0.01 0.1404 0
Winter 0.13+0.02 0.14 +0.02 0.17+0.01 0.15620
Autumn 119+5 122 +4 155+ 8 132 +5
Total Dissolved | Spring 148 + 10 149+ 9 162 + 4 155+5
Solids (TDS) | Summer 123 +£13 133 +18 1617 140+ 4
Winter 126 + 18 133+ 17 154 £ 10 144 +21
Autumn 104 +2.0 16.3+2.0 45.6 £10.8 25.4% 5.
Turbidity Spring 8.5+0.7 8.0+0.7 31.4+0.5 17.1+2.1
Summer 7.7+1.7 15.1+7.0 62.7+ 211 36.7 +11.
Winter 194+124 21.2+12.9 24.7+11.4 21.73 9

*Values are means of triplicate determination sndtad deviations (SDY.Summer (November
to March); autumn (April to May); winter (June taigust); spring (September to October).

55



WIeaI) SO

weansdn)

1d 281ePsIq

=N

Winter

WesnsuwModg

ureansdn

1d 281ePsIq

wangig

Sununer

WIeaI) SO

ureansdn)

1d @31eosI(]

wangig

Spring

WIeaI) SO

weansdn)

1d 281ePsIq

=N

Autumn

[sov oI oI =

—

(7/8wn) sanjep .ON

——3ca30118

Figure 1 Seasonal nitrate profile across the four sampbaitg

56



eaISUMO(]

weansdn

1d 28measi

Juangrg

Winter

WE2I)SUMO]

weansdn

1d 28measi

uengIg

Sunumer

We2I)SUMO(]

weansdpn

1d 28measi

JuangIg

Spring

eSO

weansdpn

1d 28measi

uangIg

Autumn

T T
- =

v, o
o I o I

50
100
5

(7/38urn) sanfea OO

—— Seasons

Figure 2 Seasonal chemical oxygen demand profile acros®thiesampled points.
57



The highest pH values were obtained at the upstteaation throughout the seasons. Generally

the pH ranges obtained fall within the water qyaiinge of 6.5 to 8.5 for any purpose [22].

3.3.1.2 Temperature

As seen in Tab. 2, the temperature regimes of #itervsamples ranged between 16.7-18.8 °C in
autumn, 20.1-21.0 °C in spring, 21.6-22.0 °C in swenand 13.8-16.9 °C in winter. The lowest

temperature values were recorded during winter amimn while the highest was during

summer and spring period. Higher water temperatwas reduces the dissolved oxygen

concentrations in water and hence its availabtlityaquatic organisms [23]. The temperature
profiles observed in this study are comparable hosé reported by Feng [24] and are in

compliance with the recommended limit for no riskb@low 25 °C according to th8outh

African Water Quality Guidelines for Domestic Ug8].

3.3.1.3 Phosphate

The orthophosphate levels ranged from 0.1-4.0 nig/all the sample locations (see Table 2).
The major peaks in orthophosphate concentrationg ¥eind during autumn, followed by a
decline in concentration in winter. Orthophosphades generally limiting factors in aquatic
environments. At concentrations above 0.1 mg/L atewbodies, orthophosphates usually leads
to increased eutrophication [26]. The South Africandelines do not specify the target water
quality ranges for phosphate in water for domesgse and recreational purposes [27, 28].
However the level of phosphate in water systems whi reduce the likelihood of algal and
other plant growth is 0.005 mg/L [23]. Hence, ththophosphate limits were exceeded in the

final effluent of the plant, thus suggesting inadztg removal of phosphate by the wastewater
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treatment facility. The final effluent dischargeh&refore considered a main source of phosphate
to the receiving watershed. Locations where higimceatrations of orthophosphate were
detected could be due to point source pollutioml where low orthophosphate concentrations

were detected could be due to non-point sourceslaftion.

3.3.1.4 Dissolved Oxygen (DO)

In the case of dissolved oxygen (DO), the concéotra varied between 4.9-5.3 mg/L (final
effluent); 5.6-7.3 mg/L (discharge point); 5.5-7r8g/L (upstream); and 5.0-6.7 mg/L
(downstream). For all the locations, the maximum Hlues were obtained in summer and the
minimum in winter with the exception of autumn swadinal effluents. Dissolved oxygen
concentrations in unpolluted water normally rangetiveen 8 and 10 mg/L [29, 30]. Dissolved
oxygen standard for drinking purposes is 6 mg/L iehe for sustaining fish and aquatic life a
concentration of 4 - 5 mg/L [23] is stipulated. Reater quality variable such as dissolved
oxygen, water quality criteria are set at the mummacceptable concentration to ensure the
maintenance of biological functions. Dissolved oxygs an important parameter used for water
quality control. The effect of waste discharge osudace water source is largely determined by
the oxygen balance of the system, and its presmnessential to maintaining biological life
within a system [26]. Our result suggests thatrttean DO concentrations of the final effluents

were acceptable.

3.3.1.5 Electrical conductivity (EC)
The electrical conductivity (EC) values for all gam points appear to be similar and ranged

between 237 and 3286S/cm (see Table 2). This observation corroborageerts of another
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study on the nearby Keiskamma River [31]. Electrmanductivity of water which is a useful
indicator of its salinity or total salt content lsgh in the upstream and downstream points
compared with the final effluent, thus suggestingoatribution to EC levels from source(s)
outside the treatment plant. The South African glum@ for conductivity in effluent that could
be discharged into the receiving water bodies &1Z&Fcm [32] and based on this guideline; the
effluent quality does not appear to be compliarthwihe regulation for electrical conductivity.
Also, the South African acceptable limit for contivity in domestic water supply is 7@5/cm
[27]. This limit was exceeded in the receiving waiedy thus posing a risk to direct domestic

usage of the water from these sources.

3.3.1.6 Nitrite

The United States Environmental Protection AgetdSEPA) safe limit for nitrite is 1.0 mg/L
as N [33]. The mean nitrite concentrations obtaidedng the study was 0.1-0.3 mg/L in both
the final effluent and discharge point; 0.1-0.2 Ingl the upstream; and 0.2-0.4 mg/L in the
downstream. In all locations, minimum values wetgamed during spring while elevated
concentrations were obtained in the effluent anstream points in summer and the discharge
point and downstream locations in winter. The waater treatment facility did not exceed the
regulatory limit and thus nitrite is not consideradpose a risk to the communities when the
effluents are used for domestic and recreationgdgees. Nutrient enrichment of river water can
contribute to algal blooms and die-offs and to degosition and depletion of dissolved oxygen,

reducing water quality and creating unfavorableditbons for other aquatic life [34].
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3.3.1.7 Salinity

Salinity levels ranged from 0.12-0.15 psu in thaafieffluents; 0.14-0.16 psu in the discharge
point; 0.16-0.17 psu in the upstream; and 0.13-Psi6in the downstream samples as shown in
Tab. 2. Freshwater has a salinity of ~0 psu wheseasvater is approximately 35 psu [35] and
the samples were in compliance based on the limi0gsu. The highest values were obtained
in spring while the lowest was in autumn with theeption of the discharge point being low in

summer and winter.

3.3.1.8 Total dissolved solid (TDS)

Total dissolved solids (TDS) levels varied betwé&d® and 148 mg/L in the final effluent and
between 122 and 149 mg/L in the discharge poinstidpam and downstream TDS levels ranged
between, 154-162 mg/L and 132-155 mg/L respecti(@dg Tab. 2). The maximum values were
obtained in spring while the minimum was in autumth exception for the upstream location in

winter. The TDS values are in compliance with teenissible limits of O to 450 mg/L [36].

3.3.1.9 Turbidity

The turbidity values obtained in this study ran@@sn 7.7-19.4 NTU in the final effluent; 8.0-

21.2 NTU in the discharge point; 24.7-62.7 NTU I tupstream and 17.1-36.7 NTU in the
downstream. There is no South African guidelinettobidity in effluent discharge [32]. The

South African Target Water Quality Range for tuityidn water for domestic water supply is 0
to 1 NTU [27] while World Health Organization stamd is 5 NTU [22]. These values are
grossly exceeded in the water samples in all themes and it disqualifies the effluent for direct

domestic use. Turbidity may be comprised of orgamd/or inorganic constituents. Organic
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particulates may harbor microorganisms in the efftu Thus, high turbid conditions may
increase the possibility for waterborne diseaseascesi particulate matter may harbor
microorganisms and may stimulate growth of baci@7athereby posing some health risk to the
effluent users. Also, the excessive turbidity intevacan cause problems with water purification
processes such as flocculation and filtration, Whitay increase treatment cost [19]. Elevated
turbid waters are often associated with the paddsitmf microbiological contamination, as high
turbidity makes it difficult to disinfect water goerly [19]. When highly turbid waters are
chlorinated there is a tendency for an increasgil@lomethane (THM) precursor formation
[38]. The high turbidity also makes the sight o tieceiving water bodies where the effluent is

being discharged unpleasant for full-contact retarad28].

3.3.1.10 Nitrate

The concentrations of nitrate vary appreciably @hd 8.0 mg/L) with season (Fig. 1). The mean
nitrate concentrations obtained during the studyodeexceeded the regulatory limit of O to 0.5

mg/L as N [27, 25] and thus nitrate is consideetié¢ a potential nuisance to the communities
when the effluents are used for domestic and r&ored purposes. It is important to note that

the nitrate levels in the final effluents coulddsource of eutrophication for the receiving water

bodies as the value obtained in the effluent exeddoe recommended maximum.

3.3.1.11 Chemical Oxygen Demand (COD)
The COD concentrations obtained in this study rdrfgem 31 to 211 mg/L in the final effluent

and from 32 to 52 mg/L at the discharge point. tgasnh of the discharge point the COD vary

62



from 5 to 80 mg/L while downstream concentraticasge between 29 and 87 mg/L (see Fig. 2).
The new South African water quality guidelines dmt specify the COD concentrations for
domestic, recreational, aquatic ecosystems andaudignial purposes. A standard for drinking
water purposes is 4 mg/L [39]. The COD guidelinesailable are for industrial purposes and
ranges between 0 and 10 mg/l [40]. The mean CODegaln all effluents were above the
acceptable limit of no risks [40], thus also sugdiges the inefficiency of the wastewater

treatment facility in removing the chemical oxygdemanding substances.

3.3.1.12 Correlation Matrix of Physicochemical Paremneters

The correlations among the physicochemical progenvere assessed and results presented in
Table 3. There were no significant correlationseosd between pH and temperature as well as
COD and nitrate concentrations. However, there wsarificant (P<0.01) positive correlations
between pH, electrical conductivity, turbidity, isgly, TDS and DO, while pH correlated
negatively with nitrite and phosphate (r = -0.48,37 at P<0.01, respectively). Increased
temperature exhibited a significant positive catieh with the turbidity at P<0.05 and with
concentrations of nitrate and phosphate at P<@iperature with DO indicated a negative
correlation (r = -0.69 at P<0.01). Non-point conitagtion events of the watershed in the seasons
could be contributing to these results. Condugtiekhibited negative significant correlation
with nitrate, nitrite and phosphate (r = -0.35,10and -0.48 at P < 0.01) and positive significant
correlation with salinity, TDS and DO (r = 0.9850.and 0.30 at P < 0.01, respectively). This
will help to understand the nature of these phydiemical variables and their speciation in the

effluent and receiving watershed.
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Table 3. Correlation coefficient of physico-chemical paraens

Electrical

Variables pH Temperature Conductivity Turbidity Salinity TDS DO COD Nitrate Nitrite Phosphate
pH 1 0.08 0.74 0.67 0.72 0.69 0.32 -0.13 -0.16 -0.44 -0.37
ns ** *% *% *% *% ns NS *% *%

Temperature 1 -0.01 0.21 -0.07 -0.02 -0.69 0.08 0.43 0.02 0.29
ns * ns ns *x ns *x ns *

Electrical

Conductivity 1 0.57 0.98 0.98 0.30 -0.07 -0.35 -0.51 -0.48
*% *% *% *% ns *% *% *%

Turbidity 1 0.53 0.56 0.06 -0.14 0.04 -0.21 -0.26
*x *x ns ns Ns ns *

Salinity 1 0.97 0.34 -0.09 -0.36 -0.53 -0.49
*%* *%* ns *% *% *%

TDS 1 0.29 -0.08 -0.35 -0.49 -0.49
*% ns *% *% *%

DO 1 -0.11 -0.39 -0.27 -0.41
ns ** * *%

COD 1 0.11 0.22 0.11
Ns ns Ns

Nitrate 1 0.36 0.55
*% *%

Nitrite 1 0.24
*

Phosphate 1

=P <0.05; * =P <0.01; ns = not significant
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Turbidity with salinity, TDS and DO exhibited sidicant positive correlation and negative
correlation with concentration of phosphate (r 260at P<0.05). During high watershed flow, a
dilution effect of the concentrations of some of tmeasured pollutants was observed
downstream of the discharge point e.g. dissolveghex and TDS. There was an observable
depletion of dissolved oxygen in the downstreamnpaif the discharge point, which was
possibly brought up by decomposition of settlingasic matter which may include algal bloom

biomass.

3.4  General Discussion

The challenges of effective environmental protettfoom the impacts of domestic sewage
disposal in recently developed and rural areasaansatter of international concern. Surface
waters that receive wastewater treatment plantieits are abstracted for domestic and other
purposes in many local communities of South Afriga.far as irrigation is concerned, the two
major factors to be considered when determininger&atsuitability for that use are salinity
(measured by electrical conductivity (EC) or theaentration of total dissolved solids (TDS).
With regards to TDS the effluents appear to beabletfor irrigation without any form of further
treatment [35]. The pH, temperature and dissolvadjen levels observed in this study were still
within recommended limits. Across the seasons) gfffuent discharge into the receiving water
posed critical risk to the inherent ecology withaeds to electrical conductivity (EC) and nitrate
concentrations. A similar trend was also observetbims of phosphate concentration except in
the autumn season. The overall picture suggesethtedphication is intensified in the vicinity of
the effluent discharge points, phosphate and aitvatre observed in high concentrations.The

results of this comprehensive one-year river plogiemical quality monitoring effort have
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demonstrated the necessity for continuous monggomogramme of surface waters and confirm
what previous isolated studies have suggestediitbatource of nutrient loading was contributed
significantly by the wastewater treatment facilifyhe values of chemical oxygen demand
(COD) in the current study were above the recomrmeéromit during most of the seasons, not
minding the turbulence of the water upstream amnndtream of the discharge point.

The increase in turbidity as the water flows dowesin suggests that the final effluent of
the treatment plant could be an important sourceudbidity. Good quality effluent is a
reasonable expectation provided adequate provisionade for the necessary expenditure on
maintenance, skilled operation and meaningful ¢yationitoring. Both within South Africa and
abroad, failures of sewage treatment systems ar cwmmonly ascribed to poor design,
construction and operation, insufficient or no n@mance and mechanical breakdowns. Most
municipal sewerage systems in South Africa area3B( years old, and the ageing process is
taking its toll. In addition to these problemsatraent plant manufacturers face the challenge of

high variability of sewage influent amongst othjdrg].

3.5  Concluding Remarks

In this study, the quality of the final effluent svacceptable with respect to the pH, temperature,
dissolved oxygen, salinity, total dissolved soka&l nitrite concentration. On the other hand, the
phosphate and nitrate concentrations of the fiffflests being outside the acceptable limits
could contribute to eutrophication of the receivimgtershed and if not controlled could result in
other serious pollution problems. The effects oflyted water on human health, the aquatic

ecosystem and on various sectors of the econorolydimg agriculture, industry and recreation,
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can be disastrous. Deteriorating water quality detmdincreased treatment costs of potable and
industrial process water, and decreased agricultyedds. Also, the turbidity, electrical
conductivity and chemical oxygen demand did not glgrwith regulated standards.

Continuous pollution of source waters is a globabtem that is particularly debilitating
to rural communities that are directly dependentintreated source water for all their domestic
and other needs. To reduce pollution and consehat i8 left of this precious resource, there is
need to ensure that wastewater is properly trelédare discharge into the environment. The
communities must be informed of the impact of effiioutfalls that result in deterioration in the
water quality. Since several areas of the receivivader body in this study are used for
recreational and agricultural purposes, the pubbalth implications need to be addressed.
Approaches and methods on how to eliminate or atiigthe problems associated with
municipal sewerage systems includes the propempigndesign, construction, operation and
rehabilitation of municipal sewerage systems. Aadgguneasures to remove the nutrients as well
as the oxygen demanding components from the wastevshould be adopted, and proper
maintenance of the treatment facility are suggestexoid further deterioration of the receiving

watershed’s quality.
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ABSTRACT

Escherichia coliremains a major threat in many places around kbigegas a major causative
agent of diarrhea, and its reservoir in the esteaegnvironment may play an important role in the
survival and transport of pathogenic strains. Timalfeffluents of a peri-urban wastewater
treatment facility were assessed for survivigg coli community as free-living or plankton-
associated cells in relation to some physicochdnpeaameter for a year period. Standard
culture and molecular based techniques were emgloybe free-livingE. coli population
densities varied from 0 to 3.13 x*du/ml, while the plankton-associat&d coli densities vary
with plankton sizes as follows: 180 pm (O - 4.300kcfu/ml); 60 pum (O - 4.20 x f@fu/ml); 20
um (0 - 5.00 x 1bcfu/ml). The seasonal variations in tHe coli densities among the plankton
size categories were significaf® € 0.05). Correlation analysis suggested that thents ofE.
coli correlated negatively with salinity€ 0.001) and positively with temperature, pH, tdity
and dissolved oxygerP(< 0.001) in the final effluent. The study suggdstleat wastewater
treatment final effluents could be a significanume of pathogeni&. coli in the receiving

watershed.

Keywords: Escherichia colifree-living, plankton-associated, wastewaterlfefuent.
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4.1 Introduction

Escherichia colis a member of thEnterobactericeaéthe intestinal bacteria) and belong to the
order Eubacteria[1-3]. These bacteria are facultatively anaerobic, Gragatiee rods that can
grow under both aerobic and anaerobic condition}s If3molecular oxygen is available, the
bacteria rely on respiratory metabolism to survilrethe absence of molecular oxygen, the
organisms use fermentation as an alternate meassraival [2-3]. Bacteria belonging to the
genus Escherichia are motile by means of peritushaultiple flagellum and it is unable to form
spores to survive unfavourable environmental caoonit[4].

Escherichia coliis an important cause of disease in animals andahamvorldwide.
Strains of E. coli can be classified as (i) commensal, (i) intestinghthogenic
(enteric/diarrheagenic), or (iii) extraintestinadtipogenicE. coli (EXPEC) [5]. An increasing
number of categories of pathogertic coli isolates have been identified over the past few
decades, which has led to the current situatiowhich there are now at least 11 recognized
pathotypes ofE. coli in humans [6]. These pathotypes are defined by presence of
combinations of virulence and virulence-related agnconversely, the pathotype of an
uncharacterized strain can be inferred from itslgimce gene profile [6]. These pathotypes are
defined by the presence of combinations of virubeaad virulence-related genes; conversely,
the pathotype of an uncharacterized strain camfegred from its virulence gene profile [6].
PathogenicE. coli strains are also divided into pathotypes on theshafstheir distinct clinical
symptoms of the host [7]. Three main types of chhisyndrome can result from infection with
one of these pathotypes: enteric and diarrheal agess urinary tract infections, and

sepsis/meningitis.
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The E. coli pathotypes responsible for intestinal infectiondude enteropathogente.
coli (EPEC), enterohemorrhagicE. coli (EHEC), enterotoxigenicE. coli (ETEC),
enteroaggregative. coli (EAQgEC), enteroinvasiv&. coli (EIEC), diffusely adhereni. coli,
necrotoxicE. coli, and cell-detaching. coli. Three additionaE. coli pathotypes, collectively
called extraintestinal pathogeni€. coli [5], are responsible for extraintestinal infecgon
Extraintestinal pathogeniE. coli is composed of uropathogeriic coli (UPEC) isolates that
cause urinary tract infections, neonatal meningiisociated. coli(MNEC), andE. coli strains
that cause septicemia [5, 8]. Diarrheal diseasegimee to be a health problem worldwide
[9-10], especially in developing countries, where they eseémated to be responsible for 2.5
million infant deaths per year, with an annual rality rate of 4.9 per 1,000 children and an
incidence of 3.2 episodes per child per year anadmigren under 5 years of age [10]. In South
Africa it has been estimated that diarrheal disease the primary cause of death in infants that
are younger than 5 years, leading to about 160d2@ths per day [11].

PathogenicE. coli bacteria are known to be associated with food-baliseases;
contamination of drinking or recreational watersthwisome pathotypes has resulted in
waterborne disease outbreaks and associated mort@lutbreaks of pathogeniE. coli in
Canada [12] have been associated with contamindtatking-water obtained from rural
catchments. In 2000, in the town of Walkerton, @otaCanada, an estimated 2300 people
became ill and 7 died from exposure to EHEC contated drinking-water [13] and a
recreational water outbreak in 2001 at a beach iantial, Quebec, resulted in the
hospitalization of 4 children [14]. During Octob#992, a large outbreak of bloody diarrhea
affecting thousands of individuals, some of whomeddioccurred in South Africa and Swaziland

[15]. Escherichia coliO157 was isolated from 22.5% of 89 stool sampled, epidemiological
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investigations implicated waterborne spread. Inesameas, cases were mainly men, who drank
surface water from field€scherichia coliO157 was also isolated from 14.3% of 42 samples of
cattle dung confirming that agricultural animalsncserve as a vector fdE. coli 0157:H7

[16-17].

UropathogenicE. coli strains are frequently isolated from biofilms fodniea the lumen
of catheters, where they resist antibiotic treatmesmd shear forces [18]. Pathogegiccoli is
found in aquatic ecosystems physically isolatednfrany source of faecal contamination [19].
Studies have been performed to determine theiriloligion in environmental surface waters
including ponds [20], recreational waters [21],dags [22], rivers [23], streams [24] and lakes
[25]. Isolation of EHEC from municipal sewage haseb reported [287]. Prevention of the
spread of strains of diarrheagegiccoli depends on ensuring appropriate sewage treatmdnt a
disposal [28]. Marine research has also providedsnabout the health aspects of pathogens
living in association with plankton. Previous seglihave demonstrated strong relationships
between abundance of both free-living and planktsseciatedE. coli [29] and indicating that
potentially pathogenic organisms living in close@sation with zooplankton have considerable
epidemiological and ecological implications. In sthpaper, we report the prevalence of
potentially pathogeni&scherichia colias free living and plankton associated entitiethéfinal
effluents of a wastewater treatment facility inyaital peri-urban community of the Eastern

Cape Province of South Africa, as well as theiattehship with some physiochemical variables.
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4.2 Results and Discussion

4.2.1 Physicochemical analysis

In our previous study [30] we reported the tempemof the final effluents to range
from (13.8 - 22.0 °C), while the pH, turbidity, saly and dissolved oxygen varied from 6.9 -
7.8; 7.7 - 9.4 NTU; 0.12 - 0.15 psu and 4.90 - 51331 respectively (Table 1). Also water
temperatures of the effluent samples were higrebrrary and the lowest was in July which was
characterized with lovie. colidensity. A positive correlation betweEn coli densities and water
temperature was observed=< 0554;p < 0.001). The highest pH was observed in the mohth
August which had high density & coli. There was an association betweend&g coil density
and pH. The lowest pH was observed in July. Thédsgturbidity value was observed in the
month of August and the lowest in the month of daypwand there was a similar trend with pH
during the same period. Also, increasing turbiditgs associated with increasirig coli
abundance, suggesting a positive correlation.

The highest salinity value was observed in thetmof September and the lowest in the
months of January to April and June to July. S$@linegatively correlated witk. coli density
(r = - 0.982;p < 0.001) over the entire sampling period. Alsgsdived oxygen levels were
highest in summer, and lowest in winter with theegption of the autumn season final effluents.
Dissolved oxygen negatively correlated whh coli densities in the final effluent, and water

temperature correlated the most withcoli abundance.
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Table 1. Profile of some physicochemical parameters of thal feffluent of thewastewater

treatment facility over a period of twelve montkesgtfacted from Osode and Okoh, 2009 [30]).

Variables Seasorf Final Effluent F-value Pr>F
Autumn 6.88 +0.19 75.98 0.0001
Spring 7.05+0.29 1154.20 <0.0001
pH
Summer 7.11 +0.18 3516.90 <0.0001
Winter 7.05 +0.47 957.59 <0.0001
Autumn 18.82 +0.25 5876.36 <0.0001
Spring 19.91+£0.14 804.79 <0.0001
Temperature (°C)
Summer 21.65+1.28 4558.87 <0.0001
Winter 1691 +1.91 113.66 <0.0001
Autumn 0.12+0.01 598.85 <0.0001
Spring 0.15+0.01 2839.89 <0.0001
Salinity (psu)
Summer 0.12 +0.02 389.55 <0.0001
Winter 0.13+0.02 768.93 <0.0001
Autumn 10.42 +1.91 16584.6 <0.0001
Spring 8.51+£0.75 857.21 <0.0001
Turbidity (NTU)
Summer 7.68 +1.65 998.80 0.001
Winter 19.45 +12.37 14965.85 <0.0001
Autumn 5.33+0.79 674.58 0.0001
i +
Dissolved Spring 5.11+0.20 1434.70 0.0001
oxygen (mg/l) Summer 4.90+0.32 529.20 0.0001
Winter 4.91+0.27 1349.85 0.0001

*Values are means of triplicate determination indtad deviations (SDY.Summer (November

to March); autumn (April to May); winter (June tagdust); spring (September to October).
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4.2.2 Free chlorineesidual

The profile of the chlorine residual in the firgfluents is as shown in Figure 1. Chlorine
residual varied significantly< 0.05) from 0.10 in the month of September tottighest level
of 3.85 mg/L in the month of October. In this studlge chlorine residual range for domestic
water (0.3 to 0.6 mg/l) [31] was considered asdsah since the South African guidelines do

not specify any standard for final effluents in sge treatment plants.

4.2.3 Abundance of Escherichia coli

The abundance of presumptiEe coli in the effluents varied appreciably between
sampling period and plankton sizes and is presant&jure 2. Presumptivié. coliassociated
with 180 pm plankton size ranged from 0 to 4.3%ciu/ml. The highest density was observed
in September while low densities were observed f@ctober to February, April, May and July
(Figure 2). In the 60 um plankton size categbryoli densities ranged between 0 and 4.2 % 10
cfu/ml being highest in September and low in thenthse of October to May and July. Also in
the 20 pm plankton size category presumpEveoli density varied from 0 to 5.0 x 16fu/ml
with the highest counts in September and low coumtee months of October to December and
July. The free-living presumptivE. coli density ranged between 0 and 3.13 % &fQ/ml with
the highest in January and lower counts in the hwof October to December and July. With
regards to season, low densities of presumgdveoli was observed in summer (October to
February) as well as the later end of spring (Jahgd were found to be more associated with 20
pm plankton size. There was no significant corretabetween presumptive. coli abundance
and seasons either as free-living or plankton-aatatcells. The densities of free-livilkg coli

in summer varied significantly with those of spriffty< 0.05), but not with other seasons. In
83



Cl residual mg/!

g | mEa
Aug-07

Sept

Oct

MNow

Dec

Jan-08 reb

Months

Mar

Apri

May

June

July

Figure 1. Residual chlorine profile of the final effluentstbe wastewater treatment plant.
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general, the presumptie coliwas most predominant as 20 um plankton assoogstities (40
%) followed by the 180 um (25 %), 60 um (20 %) gtan associated entities respectively,
while the free-livinge. coli constituted only 15 %.

Escherichia colifound in domestic sewageome predominantly from human fecal
material [32]. Thus, sewaggolates may serve as representatives of the stadif. colipresent
within the human population in a given locale. Ajonggoal of wastewater treatment facilities is
to reduce pathogen loads in order to decreasemhbélth risks associated with exposuriee
effectiveness of pathogen control is indirectlyeased through routine monitoring of the final
effluent by using grab samples to detect standadicator bacteria such as total or faecal
coliforms. In this study we usdgl coli as an indicator of the presence of pathogens featal

contamination.

The final effluent outfalls in October, Novembedadecember 2007 and July 2008 only
complied with the South African General and Spe8tdndards which stipulate that treated
sewage effluents must have a standard of 0 faeti&brens/100 ml (Act 96 of 18 May 1984 No.
9225, Regulation 991), and according to [33] theximam limit for no risk of faecal coliforms
is 0 cfu/100 ml. The standard of The World Healttg&hization for drinking water is 6. coli
in a 100 ml sample [34]. Higk. coli counts suggest inefficiency of the wastewaterttneat
plant in removing the bacteria. Crops such as ades can become contaminated with human

and animal pathogens when irrigated with wateraiaing this organism [35].

Disinfection is a common final step in wastewateeatments. In recent years,
disinfection by Ultra violet radiation or microdiation has been proposed because of the

sanitary and ecological risks associated with ushgmical compounds.
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However, in South Africa, disinfection by chemiaents, mainly chlorine, is still the most
widespread process [36]. In this study we consttlasestandard, the free chlorine residual range
of 0.3 to 0.6 mg/l for domestic water and 0.6 t8 @ng/l as good free chlorine residual
concentration with insignificant risk of health efts [31] since the South African guidelines do
not specify any standard for final effluents in sg& treatment plants. Based on this
concentration, the free chlorine residual in tHeiehts complied with the regulatory standard in
about 33.3% of the sampling periods. The highestties ofE. coliin August and September
2007 as well as in January and June 2008 were algélorination activity which was under
dosed at the wastewater treatment plant. Chlonreedosing was observed in the October to
December 2007 and July 2008 sampling periods, quesely resulting in lower densities of
presumptiveE. coli. It is evident from the result that there is aatieinship between chlorine
residual and densities &. coli. The wastewater treatment plant contained higlsitlea ofE.

coli in the final effluent which was supposedly disinégt However, densities dE. coli
remained high after treatment due to the inefficienf the wastewater treatment plants in
removing the bacteria. For sewage treatment plantseet national and international standards,
there is a need to improve treatment processest@ratlopt stringent policies in terms of
monitoring and control of the quality of the fineffluent. This includes the use of effective

methods for the detoxification and disinfectiortlué sewage effluent.

The abundance dE. coli in the final effluent was been found to be asgediawith
temperature. Water temperature fluctuated through $easons thereby affectiriy col
abundance and corroborating previous studies by38J7which reported correlations between

E. coliabundance and water temperature.
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However, the fact that plankton-associated coli were more abundant in the final
effluent compared to free-living. coli, suggests that bacterial attachment may play aimdige
indecisive effect of the chlorine residual Bncoli populations in the final effluent. Some other
factors that may affect the efficiency of disinfatls such as chlorine include contact time,
temperature and pH [39]. There is little or no mepo literature with regards to the occurrence
and distribution oE. coli as free-living and /or plankton-associated cellthe wastewater final
effluents and its receiving watershed. The dynamixserved in the sizes of the most numerous
plankton-associated cells describes a system tteahates between populations dominated by
large cells (20 um, possibly cryptophytes or diapnBacteria associated with particles have
been shown to survive in aquatic environmentsdagér times than suspended forms—40.
This includes bacterial species of concern to pubkalth such a¥ibrio and Enterococcus
[42-44]. Particle attachment of pathogens can playrgoitant role in the ultimate fate of these
microbes and the dynamics of the fraction attaghegt be as important as the total population
numbers. For example, aggregation and particléirggtiresents an efficient mode of bacterial
removal from surface waters [45], potentially atigrthe exposure of local populations using the

affected water body [46].

E. coli abundance correlated significantly € 0.01) with seasons in this study either as
free-living or plankton-associated cells. Simil&aservations have been reported by other authors
[46-48]. The counts of free-livindge. coli during spring varied significantly with those of
summer P < 0.01), but not with other seasons or planktaesi The findings of this study
suggests that bacterial discharge into aquatiesysthrough inadequately treated wastewater
posses a potential health hazard to communitiegerdi#pg on such receiving watershed for

domestic and other uses. Moreover, even when nidsed&. coli cells are destroyed or at least
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injured by chlorination to make them non-culturabkvidence have shown that after
chlorination, non-culturable cells of enteropathadge strains of E. coli retain their

enterotoxigenic activity and can recover and exppeghogenicityn vivo [49].

4.3 Materials and methods

4.3.1 The study area

The wastewater treatment plant located in a subrudettlement in the Eastern Cape Province
within the geographical coordinates 32°51'274"8 2Rn°14'167"E, accepts municipal domestic
sewage and wastewater containing a heavy industigfibution. The plant is designed to treat
an average dry weather flow of 7 00&/day and an average wet weather flow of 21 0@ ay.
The plant accounts for large daily inflow due te tiigh number of industries located in the area
and high population of residents. The wastewagatinent system is of a basic design; the inlet
works comprises of two screens, three grit chanagt$ a flow recorder. The plant has two
aeration tanks, each equipped with three vertiqalbyinted mechanical aerators, two anaerobic
tanks and two sedimentation tanks. There is aneativated sludge (RAS) pump station which
lifts the recycle sludge from the sedimentatiork&ato the aeration tanks. A splitter box controls
the flow of the raw sewage and RAS to the aeratiok. The plant has a waste mixed liquor
pump station which pumps the waste mixed liguomfitbe aeration tank to two sludge lagoons.
Chlorine contact is carried out by means of a waerssure operated, wall mounted, gas
chlorinator in a baffled reinforced concrete cohtack. Thereafter the final effluent is pumped

to a pair of final effluent reservoirs and into Tesa sewerage dams.
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4.3.2 Treatments of samples

All samples were collected aseptically using ekl Nalgene bottles and transported on
ice from the sampling site to the laboratory foalgees. Water samples from the final effluents
were dechlorinated by adding 0.5 ml of sterile @nrated sodium thiosulphate solution to give
a final concentration of 100 mg/l. Samples wereest@t 4 °C until analyses were complete. All

samples were processed after 24 h of collection.

The procedure was as described by Altral. [19], one liter of wastewater was filtered
successively through 180 pm, 60 pm and 20 pm ngkis (MilliporeCorp., Bedford, MA),
sequentially arranged in that order to a collectiase. After filtration, each nylon nets and its
content were suspended in 25 ml physiological-atfesaline containing sterile glass beads (0.1
mm BioSpec Products) and homogenized for 2 min glaas homogenizer at 3,000 x g to

dislodge the attached bacteria, and the homogeunséekfor direct plating.

4.3.3 Physicochemical analysis

The measurement of sample pH, temperature, taybghlinity and dissolve oxygen has
been described elsewhere [30]. The concentratibfre® chlorine residual in the final effluents
were determined using a multi-parameter ion-speaifieter (Hanna BDH-laboratory) and

analysis was carried out in triplicate.

4.3.4 Estimation of Escherichia coli densities
For direct plate count analyses of plankton-fraengles, the samples were serially

diluted and appropriate aliquots used to inoculadsine Methylene Blue agar (Merck, South
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Africa) (EMBA) agar and incubated at 8C for 24 h. For the plankton-associated samples, th
E. coli densities were obtained using the same agar aaddordance with the description of
Alam et al.[19]. Colonies showing greenish metallic sheetramsmitted light were considered

total presumptivé&. coliand counted as described elsewhere [50].

4.3.5 Statistical analysis

In assessing the relationship betwen coli abundance in the final effluent and
physicochemical variables of the environment, limegression was performed on the collected
data.E. coliabundance was natural log transformed to achiewmal distribution before use as
the dependent variable. All other measured enviemial factors were used as independent
variables in regression analysis. The relationgl@fween independent variables was examined
by analysis of variance (ANOVA). All statistical @gses were performed using SAS (SAS

version 8, SAS Institute, Cary, NC).

4.4 Conclusion

The finding of this study further reaffirms theigience of association between planktons
and potentially pathogeniE. coli. Association of general, pollution-indicator andthpgenic
bacteria with zooplankton is a common feature f9,5153]. Also, the survival oE. coli at
densities outside acceptable range suggest thaffinhé effluents as veritable sources of
pathogens in the watershed. This observation asdirg inferences of this study are useful for
managing effluent outfall into coastal ecosystemd demonstrated the necessity for regular

monitoring of effluent quality prior to dischargeto the environment. We conclude that when
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evaluating disinfection efficiency, the effect ofsidfected wastewater effluents on the self
depuration process and bacterial survival in rengiwaters should be considered, and this is a

subject of ongoing investigation by our group.
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CHAPTER 5

PREVALENCE OF POTENTIALLY PATHOGENIC ESCHERICHIA COLI IN THE
FINAL EFFLUENTS OF A WASTEWATER TREATMENT FACILITY  IN THE

EASTERN CAPE PROVINCE OF SOUTH AFRICA
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ABSTRACT
Escherichia colremains a major threat in many places aroundltitgecas the causative agent of
diarrhea, and its reservoir in the estuarine envirent may play an important role in the survival
and transport of pathogenic strains. The finaluefft samples of three wastewater treatment
facilities were screened for the presence of pathiod=. colistrains as free-living or planktonic
cells. The screening was carried out monthly foe gear period, the samples were collected
according to standard guidelines and extraction grasiped by size into three fractions (180
pm, 60 um and 20 um) based on culture method amecmiar technique. In Dimbaza location,
the free-living presumptive. colidensities varied frorf to 3.13 x 18cfu/mL, while plankton-
associated presumpti coli densities varied frord to 4.30 x 16cfu/mL (180-pum); O to 4.20
x 10" cfu/mL (60-um); 0 to 5.00 x f@fu/mL (20-um). In Alice, the free-living presumysiE.
coli counts ranged between 0 to 6.20 *chi@mL (180 pum), O to 3.88 x t@fu/mL (60 pm), O
to 3.75 x 16 cfu/mL (20 pum) and 0 to 8.0 x 1@fu/mL (free-living sample). Lastly the
presumptiveE. colidensities in East London location were between .86 x 16 cfu/mL (180
pum), 0 to 8.75 x 10cfu/ml (60 pm) cfu/mL, 0 to 9.0 x 1@fu/ml (20 pm) and 0 to 9.5 x 10
cfu/ml (free-living sample). The antibiogram rewvehlthat 100% ofE. coli isolates from
Dimbaza and East London were resistant to linezofidlymyxin B, penicilin G and
sulfamethoxazole. Nine of the té&nh coli isolates from Dimbaza and all 8 isolates from East
London were resistant to erythromycin. Target ggfi&3y7, rfbEo;s7 ial andaap) that encode
pathogenicity forE. coli were successfully amplified by PCR confirming tha isolates were
pathogenic strains.
Keywords: Antibiotic, Escherichia coli free-living, plankton-associated, virulence maske

wastewater effluent discharge.
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51 Introduction

There are two fundamental reasons for treating evaser: to prevent pollution, thereby
protecting the environment, and perhaps more imaptst, protecting public health by
safeguarding water supplies and preventing theadpo# waterborne diseases (Gray, 2004).
Proper wastewater treatment is particularly impudréa South Africa where majority of the
populace rely on surface water sources such assrivetheir daily water needs (Venter, 2001).
In developing countries, a large population depesrdsintreated water from rivers, lakes, wells,
and other surface water resources for drinkindhibgt laundry, recreation, and other domestic
purposes (Qadet al, 2005; Ashbolt, 2004). Surface water resourcee leanerged as reservoirs
of fecal coliforms including diarrheagenic forms Bf coli exhibiting virulence genes and
resistance to multiple antimicrobial agents duaddition of municipal sewage and wastes from
animal production industries and hospitals (Retral, 2007 Hamelin et al, 2006, Edge and
Hill, 2005).

Wastewater treatment plant effluents can be amitapt source of pathogenic bacteria in
surface waters (Okobt al, 2007; Auerbactet al, 2007). Previous reports on the microbial
guality of effluent outfalls in the Eastern Cap@Wnce of South Africa showed that they were
unsafe for human consumption or recreational pwpenrsd Escherichia coliwas one of the
predominant pathogens isolated (Osode, 2006). tiofex due to pathogeniE. coli may be
limited to the mucosal surfaces or can dissemittat@ughout the body. Three general clinical
syndromes result from infection with inherently lpagenicE. coli strains: (i) urinary tract
infection, (ii) sepsis/meningitis, and (iii) ent&diarrheal disease (Nataro and Kaper, 1998).
Basically, the causes of diarrhea are well knowsh @n be summarized as poor access to a good

water source and poor sanitation. In South Afrtba, provision of water and sanitation to the
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previously unserved is a priority development gaall one of the important Millennium

Development Goals as set by the United Nationseldiillum Summit in 2000. An estimated 3.7
million people have no access to any form of wateply infrastructure and an additional 5.4
million people who have some access have to beghtoup to a basic level of service (Info,

2006). With regard to sanitation services, 16 wnllpeople (3.9 million households) are without
adequate sanitation services (Info, 2006). In teofriargets the UN aims to halve, by 2015, the
proportion of people without sustainable accessatie drinking water and basic sanitation. In
South Africa the government is committed for redgcthe backlog in services by 2008 in the

case of water and 2010 in the case of sanitatio®WAB, 2003).

Each year diarrheal disease affects childrereirelbping countries some 5 billion times,
claiming the lives of nearly 1.8 million (UNDP, 280 In South Africa, the prevalence and
incidence statistics in general for diarrhea isested to affect 44,448,470 (US Census Bureau,
International Data Base, 2004). In addition, estéware that diarrheal diseases are the primary
cause of death in infants that are younger thaedssyof age, leading to about 160-200 deaths
per day (Nemarudet al, 2007). Although the provision of clean water gigs will reduce the
levels of infection in the short term, in the lotegm it is vital that the environment is protected
from faecal pollution. This threat to natural wasempplies is also manifest in the Eastern Cape,
where the State of South Africa Population Rep@@0Q) notes that only about 34% of
households have access to sewage treatment &xilitihe provision of sewage treatment
facilities does not in itself ensure satisfactofffuent water quality. In a study conducted by
Mohale (2003), it was found that of the 190 treattmeorks listed in the Eastern Cape, only 98
(51.6%) were monitored by DWAF between 2002 and32@f those that were monitored only

12% were meeting all the set discharge limits. @ftipular concern are the high levels of
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indicator organisms in some of the effluent. Sorh¢he treated effluents in this area showed

faecal coliform counts that were 100 times thelthsge limit (Antrobus, 2003).

Antibiotic resistance is a major public healthetlty and the presence of resistant
organisms in environmental waters is an emergingcem around the world. Antibiotics are
released daily into the natural environment witrated wastewater effluent and through use in
animal husbandry, leading to increasing concernth wegard to their contribution to the
abundance and persistence of antibiotic resistempepulations of pathogenic, commensal, and
nonpathogenic microorganisms (Auerba&ttal, 2007, Yang and Carlson, 2003). The overuse of
antibiotics, chemicals such as disinfectants, aptiss, pesticides together and the practice of
sewage discharge that is improperly treated inteivéng waters, has resulted in a significant
increase of antibiotic resistant bacteria in aguativironments. These antimicrobial agents are
washed off into streams and rivers during raindaknts resulting in development and spread of
antibiotic resistant bacteria (Schwagtal., 2003). Bacteria may be defined as resistant when
they are not susceptible to a concentration ofv@atobial agent such as antibiotics and this is
indicative of the selection pressure exerted onteoac (Cloete, 2003). The occurrence of
antibiotics in hospital, residential, and dairyl@$ht, municipal wastewater have been reported
in other parts of the world (Browet al.,2006; Miaoet al.,2004; McArdellet al.,2003; Alderet
al., 2001). Reinthaler and co-workers (2003) reporteitbearic resistance oE. coliin sewage
and sludge. There are no reports (to my knowledgnailable on antibiotics susceptibility
patterns in pathogeniEscherichia coliwith reference to treated final effluent ecologicizhes
in the Eastern Cape Province of South Africa. Tstigly therefore hypothesize that the final
effluents of wastewater treatment facilities instliRrovince are potential reservoirs of multi

resistant antibiotics and pathogeritscherichia colistrains. This study also reports on the
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prevalence of pathogeni€scherichia colistrains in the final effluents of some wastewater

treatment facilities in the Eastern Cape Provismith Africa as either free or attached cells.

5.2 Materials and methods

5.2.1 Plant description

The wastewater treatment plants that serve theaBuffity (Dimbaza and East London) and
Nkonkobe (Alice) Municipal areas in the Eastern €adprovince of South Africa were

investigated in the present study. The wastewagatrhent plants are located in urban (East
Bank Reclamation Works, East London), peri-urbamfiaza Sewage Treatment Works) and in

rural area (Alice Sewage Treatment Works).

5.2.2 Sample collection and treatment

Water samples were collected once in every moratim fthe final effluent over a period of one
year from August 2007 to July 2008. The water sasygrom the final effluents were

dechlorinated by adding 0.5 mL of sterile concarttasodium thiosulphate solution to give a
final concentration of 100 mg/L. The samples wearkected aseptically using sterile 1L Nalgene
bottles and transported on ice from the sampliteytsi the laboratory and analyzed within 24 h

of collection.

As described by Alanet al. (2006) one liter of wastewater was filtered susnegy

through 180 um, 60 um and 20 um nylon nets (MibgGorp., Bedford, MA), sequentially
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arranged in that order to a collection base. Afiteation, each nylon nets and its content were
suspended in 25 mL physiological-buffered salinetaming sterile glass beads (0.1 mm
BioSpec Products) and homogenized for 2 min ineaagghomogenizer at 3,000 x g to dislodge
the attached bacteria, and the homogenates usedirémt plating ofEscherichia coli.The
filtrate waterfrom the 20-um nylon net was collected as represieetof water, to be analyzed

for planktonic (unattached, free-living) coli.

5.2.3 Microbiological analysis of the effluent sapies

For direct plate count analysis of plankton freengies, the samples were serially diluted in
sterile distilled water and used to inoculate Eesuethylene Blue Agar (Merck, South Africa)
according to standard pour plate culture technigoe incubated at 37C for 24 h. For the
plankton associated samples, Bseherichia colidensities were obtained using the same culture
medium and in accordance with the description odnlet al. (2006). The samples were
enriched in Nutrient Broth (NB) 35 * 2°C for 18-Bdursbeforeplatingas described previously
by (Obi et al, 2004; Maieret al, 2000). Briefly, 1 mL of homogenate were inocethtunto
Nutrient Broth (NB) (Merck, South Africa), and ingated at 35 + 2°C for 18-24 hours before
streaking onto eosine methylene blue agar (MerokitSAfrica), and incubated at 35 + 2°C for
18-24 hours. For the direct plating, 0.1 ml of 8&mnples was used to inoculate the plates in
triplicates. Colonies showing greenish metallic eshen transmitted light were considered

presumptiveE. coliand counted as described elsewhere @hi.,2004).
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5.2.4 Identification of Escherichia coli

Aliquots of the plankton-free and plankton ass@dasamples were inoculated into Nutrient
Broth (NB) and incubated aerobically at 37 for 18-24 h. Turbid cultures were streaked onto
EMBA and incubated at 37 for 24 h. Five to ten isolated colonies per platre randomly
picked from each sample and subsequently subcdltumdresh EMBA plates. The pure isolates
were subjected to Gram staining and oxidase tesy Gram-negative, oxidase-positive isolates
were selected for biochemical identification usiigl 20E kits. The strips were then read and
the final identification was secured using APl LAB.US computer software (BioMerieux,

Marcy I'Etoile, France). Only excellent identifioah reports were accepted.

5.2.5 Antimicrobial Susceptibility Tests

The identifiedE. coliisolates were subjected to antibiotic sensitivésting by the disc diffusion
method (Baueet al, 1966). The inocula of thE. coliisolates were prepared using the colony
suspension method (EUCAST, 2003). Colonies pickesh 24 h old cultures grown on Nutrient
Agar (NA) were used to make suspension of the deganisms in saline solution to give an
optical density of approximately 0.1 at 600nm. Thespension was then diluted 1:100 by
transfer of 0.1 ml of the bacterial suspension.rfl of sterile Nutrient Broth (NB) before use.
Isolates were subcultured onto Mueller-Hinton a@4HA) (BD Bioscience, Sparks, MD) and
screened for susceptibility to locally produced owmencial antimicrobial discs (Davies
Diagnostics Pty Ltd) by the disk diffusion methoNQCLS 2000). E. coli strain 25922
(American Type Culture Collection) was used asfaremce control strain. Isolates were also

tested for susceptibility to 37 antibiotics as shaw Table 5.3. Plates were incubated #iC35

110



and zones of inhibition were interpreted as restsba sensitive using the interpretative chart of

the zone sizes of the Kirby — Bauer sensitivity tasthod (Cheesbrough, 2000).

5.2.6 Molecular characterization ofE. coli using the polymerase chain reaction (PCR)

526.1 DNA extraction

DNA was extracted from identified. coliand from a positive control strains fér coli (ATCC
8739) (SABS No ESC 20) purchased from the Southca&fr Bureau of Standards (SABS),
Pretoria, South Africa. The extraction was dondofeing the method of Maugest al. (2004)
and Torreset al. (2003) with little modification. Single colonies presumptiveE. coli grown
overnight at 37”C on EMBA plates were picked, suspended in 200figterile nuclease free
water (Fermentas Life Sciences, SA), vortexed usngVS2 Minishaker (IKA Works
Incorporation) and the cells were lysed using aBdock DB.2A (Techne, SA) for 15 min at 100
°C. The cell debris was removed by centrifugatiohGa000 rpm for 5 minutes using a MiniSpin
microcentrifuge (Eppendorf) to remove any partiteilanaterial that might still be present after
processing. The lysate supernatant was placedeofoicc min. Nuclease free water (Fermentas
Life Sciences, SA) was included in each PCR assayreegative control. The cell lysates (10 pl)

were used as template in the PCR assays immedadtelyextraction.

5.2.6.2 Amplification ofuidA, fliCy7, rfbEoss7, @aap, andial genes

Oligonucleotide primers targeting thaidA structural gene,fliCy; gene encoding for
Enterohemorrhagic E. coli structural flagella antigen H7,rfbEois; gene encoding
Enterohemorrhagi&. coli somatic antigenaap gene encoding for antiaggregation protein

(dispersin) of Enteroaggregati¥e coli andial gene encoding for invasion-associated locus of
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EnteroinvasiveE. coliwas used in the polymerase chain reaction (PCR).pfimers (Southern
Cross Biotechnology, SA) sequences that were wsatkentify the target genes and the expected
amplifications sizes are listed on Table 5.1. TERRRassays were carried out in a 25 pl reaction
volume. The PCR Master Mix (2X) which was compos&@.05 units/ul Taqg DNA polymerase
in reaction buffer, 4mM MgGJ 0.4mM dATP, 0.4 mM dCTP, 0.4mM dGTP and 0.4mM &TT
(Fermentas Life Sciences, SA). The PCR reactioncaased out in the Eppendorf model AG
22331 Thermocycler (Merck, SA).

The PCR was used to confirm the identities of Eseherichia colistrains using the
specific primers targeting theidA structural gene as described by Teaial (1993). The
following PCR conditions fowidA genes optimized in our laboratory were similartiiose
previously used by Tsat al (1993). The thermal cycling profile was as folkva 2 minutes
denaturation at 92C followed by 25 cycles at € for 1 minute, 58C for 1 minute and 72C
for 1 minute and final extension at &2 for 2 minutes. The amplified products were held 3
after completion of the cycles.

To confirm the virulence of thEscherichia colistrains, the specific primers described in
Table 5.1 were used. The following PCR conditiomsfliC 7, rfbEoc157genes optimized in our
laboratory were similar to those previously usedVidgng et al. (2002). The following PCR
conditions foraap genes optimized in our laboratory were similathtose previously used by
Samieet al (2007) and the following PCR conditions fat genes optimized in our laboratory

were similar to those previously used by Preseal (2003).
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Table 5.1: Primer sequences and expected size of PCR-amptjéad targets of the pathogenic

strains ofEscherichia coli

Target strain Gene target Primer sequence (5'- 3) Amplicon
size (bp)
E. coli uidA AAA ACG GCA AGA AAA AGC AG 147

ACG CGT GGT TAACAG TCTTGC G

EAEC strain aap CTT GGG TAT CAG CCT GAA TG 232
AAC CCATTC GGT TAG AGC AC

EHEC strain rfbEo1s7 CTA CAG GTG AAG GTG GAATGG 328
AATT CCT CTCTTT CCT CTG CGG

EHEC strain fliCuz TAC CAT CGC AAAAGC AAC TCC 247
GTC GGC AAC GTT AGT GAT ACC

EIEC strain ial CTG GAT GGT ATG GTG AGG 320

GGAGGC CAATTATIT CC
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For enteroaggregativie. colithe PCR condition consisted of 1 cycle for 2 misuae 50 °C; 1
cycle for 5 minutes at 95°C; 40 cycles for 45 sesoat 95°C, 45 seconds at 55°C, and 45
seconds at 72°C; and a final extension step fanib@ites at 72°C. For enterohaemorrhagic and
enteropathogeni&. coli the PCR condition consisted of initial denatunatiat 95°C for 8
minutes followed by 30 cycles of heat denaturaab®5°C for 30 seconds, primer annealing at
58°C for 30 seconds and DNA extension at 72°C @se®onds. After the last cycle, the samples
were kept at 72°C for 7 minutes to complete thdh®gis of all strands. For enteroinvaskve
coli the PCR condition consisted of 1 cycle for 2 masuat 50 °C; 1 cycle for 5 minutes at 95°C;
40 cycles for 45 seconds at 95°C, 45 seconds &, 56% 45 seconds at 72°C; and a final
extension step for 10 minutes at 72°C to completesynthesis of all strands. Amplifications

were carried out using a Bio-Rad MyCycler thermaller with the specified conditions.

5.2.6.3 DNA electrophoresis

The PCR products (10 pl aliquots) were resolved.$1% agarose gel (Merck, SA) containing
0.5 png/Ethidium bromide (EtBr) (Merck, SA) in 1X BAbuffer (40 mM Tris—HCI, 20 mM Na-
acetate, 1 mM EDTA, pH 8.5) (Cagneyal, 2004; Wanget al, 2002) before being visualized
and photographed under the BioDoc-It System (UVRakgh CA 91786, USA). A 100-bp DNA
ladder (Promega, White Head Scientific) was inctlude each gel as a molecular size standard.

The electrophoresis was carried out at 76 V for 1 h
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5.3  Results

5.3.1 Abundance oEscherichia coli

The abundance of presumptig coli in the effluents varied appreciably between sangplin
period and plankton sizes and is as presented bileTa2. Presumptiv&. coli associated with
180 um plankton size ranged from 0 to 4.30 *cfG/ml in Dimbaza, O to 3.88 x 16fu/ml in
Alice and 0 to 8.00 x f@&fu/ml in East London. The highest density in Dimdavas observed
in September 20007 while low densities were obskefuen October 2007 to February, April,
May and July 2008. The highest density in Alice whserved in November while low densities
were observed from January to February and Apriuky (Table 5.2). The highest density in
East London was observed in April while low demsitivere observed only in November 2007
(Table 5.2).

In the 60 um plankton size categdgy coli densities ranged between 0 and 4.2 % 10
cfu/ml in Dimbaza, 0 and 2.13 x Yi€fu/ml in Alice and 0 and 8.75 x 16fu/ml in East London.
The highest density observed being in Septembetamdn the months of October to May and
July in Dimbaza. The highest density observed b&ingugust 2007 and low in the months of
January to July in Alice. The highest density obsdrbeing in August 2007 and low in the
months of November 2007 and January to March i E@sdon.

Also in the 20 um plankton size category presuvedi colidensity varied from 0 to 5.0
x 10" cfu/ml in Dimbaza, 0 to 3.75 x i@fu/ml in Alice and 0 to 9.0 x fafu/ml in East
London. The highest densities from Dimbaza wereenlesl in September and low counts in the
months of October to December and July. The highesants from Alice were observed in

August 2007 and low counts in the months of Agriuly. The highest density from East
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TABLE 5.2: Population densities @&scherichia colin the final effluents for one year period.
Months Locations 180 um 60 um 20 pym Free-living
2007 Aug Dimbaza 329x10| 3.80x16 4.65 x 10 2.34 x 10
Alice 1.63 x 16 2.13 x 16 3.75 x 10 5.80 x 10
East London 1.00x 10 | 8.75x 16 6.25 x 10 7.50 x 10
Sept Dimbaza 430x10| 4.20x 16 5.00 x 10 1.92 x 10
Alice 0 0 0 0
East London 750x10 | 2.50x16 0 9.50 x 16
Oct Dimbaza 0 0 0 0
Alice ND ND ND ND
East London ND ND ND ND
Nov Dimbaza 0 0 0 0
Alice 3.88 x 10 1.08 x 10 1.98 x 10 1.20 x 16
East London 0 0 1.18 x 10 5.50 x 16
Dec Dimbaza 0 0 0 0
Alice 1.25 x 16 1.25 x 16 0 8.00 x 16
East London 6.13x 10 | 2.13x16 9.00 x 10 2.20 x 10
2008 Jan Dimbaza 0 0 4.79 x'10  3.13x 16
Alice 0 0 0 0
East London 1.25 x 10 0 1.25 x 18 2.60 x 10
Feb Dimbaza 0 0 3.87 x10 2.38 x 10
Alice 0 0 0 0
East London 1.25 x 10 0 5.00 x 16 4.00 x 16
Mar Dimbaza 3.14 x 10 0 3.10 x 16 2.16 x 10
Alice 2.50 x 16 0 1.25 x 16 0
East London 205x10 | 6.13x16 5.00 x 10 1.20 x 10
Apr Dimbaza 0 0 2.99 x 10 2.40 x 10
Alice 0 0 0 0
East London 8.00x 10 | 3.50x 16 1.60 x 16 7.20 x 16
May Dimbaza 0 0 0 2.14 x 10
Alice 0 0 0 0
East London 475x10 | 1.00x 16 0 5.00 x 16
Jun Dimbaza 395x10 | 3.59x16 4.73 x 10 2.21 x 10
Alice 0 0 0 0
East London 238x10 | 1.35x16 4.75 x 16 8.00 x 16
Jul Dimbaza 0 0 0 0
Alice 0 0 0 0
East London 150x 10 | 2.63x16 0 0

London were observed in December 2007 and low tiessn the months of September, 2007

and May and July 2008.
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The free-living presumptive. colidensity ranged between 0 and 3.13 *cf0/ml in Dimbaza,
between 0 and 8.0 x 16fu/ml in Alice and between 0 and 9.5 x'&fu/ml in East London. The
highest density in Dimbaza was observed in Janaaxy lower densities in the months of
October to December and July. The highest densi#lice was observed in December, 2007
and lower densities in the months of January tg.Jhihe highest density in East London was
observed in September, 2007 and lower density e rtionth of July. High densities of
presumptiveE. coli was found to be more associated with 20 um planktpe. There was no
significant correlation between presumptizecoli abundance and seasons either as free-living

or plankton-associated cells.

5.3.2 Antimicrobial Susceptibility Profiles of theE. coli isolates

The antibiotic susceptibility tests (Table 5.3) ealed that 100% oE. coli isolates from
Dimbaza (10/10) and East London (8/8) respectivedye resistant to linezolid, polymyxin B,
penicillin G and sulfamethoxazole. Tke coli isolates from Dimbaza (9/10) and East London
(8/8) respectively were resistant to erythromycithe isolates from Dimbaza showed an
intermediate susceptibility to tetracycline (60%yytetracycline (60%) and carbenicillin (80%).
The isolates from East London showed an intermedsasceptibility to cephalexin (12.5%),
doxycycline (62.5%) and nalidixic acid (12.5%). Alle isolates were found to be susceptible to
amikacin, ceftazidime, ciprofloxacin, colistin shige, ceftriaxone, cefotaxime, cefuroxime,
ertapenem, gatifloxacin, gentamycin, imidazole, ataycin, meropenem, moxifloxacin,

neomycin, netilmicin, norfloxacin and tobramycin.
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Table 5.3: Antibiograms ofE. coliisolates from final effluent samples.

Antibiotics Antibiotic disc content (Lg) Antibiotic resistant no. (%)
Dimbaza (n=10) East London (n=28)

Amikacin 30 0 (0) 0 (0)
Amoxicillin 25 2 (20) 6 (75)
Ampicillin 25 2 (20) 6 (75)
Aztreonam 30 0 (0) 1(12.5)
Carbenicillin 100 2 (20) 5 (62.5)
Ceftazidime 30 0 (0) 0 (0)
Ceftriaxone 30 0 (0) 0 (0)
Cefotaxime 30 0 (0) 0 (0)
Cefuroxime 30 0 (0) 0 (0)
Cephalexin 30 0 (0) 2 (25)
Cephalothin 30 0(0) 2 (25)
Chloramphenicol 30 2 (20) 4 (50)
Ciprofloxacin 5 0 (0) 0 (0)
Colistin sulphate 25 0 (0) 0 (0)
Doxycycline 30 7 (70) 2 (25)
Ertapenem 10 0 (0) 0 (0)
Erythromycin 15 9 (90) 8 (100)
Gatifloxacin 5 0 (0) 0 (0)
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Gentamycin
Imipenem
Kanamycin
Linezolid
Meropenem
Moxifloxacin
Nalidixic acid
Neomycin
Netilmicin
Nitrofurantoin
Norfloxacin
Oxyteyracycline
Polymyxin B
Penicillin G
Streptomycin
Sulfamethoxazole
Tetracycline
Trimethoprim

Tobramycin

10

10

30

30

10

30

10

30

200

10

30

300

10

25

25

30

10

0(0)

0(0)

0 (0)
10 (100)

0(0)

0 (0)

0 (0)

0(0)

0 (0)

0 (0)

0 (0)

3 (30)
10 (100)
10 (100)

2 (20)

10 (100)

3 (30)

0 (0)

0 (0)

0(0)

0 (0)

0 (0)

8 (100)

0 (0)

0 (0)

0(0)

0 (0)

0 (0)

1 (12.5)

0 (0)

2 (25)
8 (100)
8 (100)

6 (75)

8 (100)

2 (25)
5 (62.5)

0 (0)
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5.3.3 Molecular Characterization ofE. coli

The E. coli isolates identified by biochemical profiles thaére positive by PCR fofliCy-,
rfbEo1s7 aap, andial genes are summarized in Table 5.4. The molecliaracterization
confirmed that 3 of the presumpti®e coliisolates from Alice were positive for tlie coli uidA
structural gene. The molecular analysis usind/A-specific primer confirmed that a genetic
region homologous in size to tlie coli uidAstructural gene, including the regulatory region,
was present in 3 of tHe. coliisolates from Alice, 10 from Dimbaza and 8 fronsHaondon. Of
the 3E. coliisolates, 1 (33.3%) was positive for €7 genes and 3 was positive fdbEo;s7
genes. Out of the 10 isolates from Dimbaza, 4 vperstive forfliCy; genes, 6 were for the
rfbEo1s57 genes and 1 was positive for thap genes; and of the 8 isolates from East London, 1
was positive forfliCyz genes, 2 were for thdbEo157 genes, 6 were positive for the genes.
Escherichia coliisolates from Dimbaza (10) were confirmed usingdpecific primers targeting
theuidA structural gene. The entire target geneis.afoli 0157 {liCy7, rfbEois7) were noticed in
the isolates obtained from all the final effluemples. Representative gel electrophoresis
profiles of amplified products of target genes pathogenicE. coli strains are illustrated in

Figures 5.1 to 5.5.
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Table 5.4: Occurrence of pathogent€. coli isolates from the wastewater treatment plants as

indicated by presence of the target gene marker.

Location Amplified genes

fliCq7 rfbEois7 aap ial uidA
Alice +(1) +(3) - - +(3)
Dimbaza + (4) + (6) + (1) - + (10)
East London + (1) +(2) - + (6) + (8)

“+” target gene present, “-” target gene absent.28 Representative number of presumpkve

coli characterized by PCR. In parenthesis are nundfesslates carrying the gene markers.
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M 1 2 3 4 5 6 7 8 9 1011 12

Figure 5.1: The amplification product for theidA gene. Lane M: Ultra Low Range DNA
Ladder (Fermentas Life Sciences, SA); Lane 1 PCsttige control Escherichia coliATCC

8739 - SABS No ESC 20); Lane 2 to Lane 4 (Sampias fAlice), Lane 5 to Lane 8 (Samples
from Dimbaza), Lane 9 to Lane 11 (Samples from Easton), Lane 12 negative control. The

expected molecular size oidA fragments was 147 bp.
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M 1 2 3 4 5 67 8 9 10 11 12

Figure 5.2: The amplification product from the oligonucleotigemer pair for theliCy7 gene.
Lane M: Low Range DNA Ladder (Fermentas Life SceiSA); Lane 1 PCR positive control
(Enterohaemorrhagi€&€scherichia coliNSCC ESCCO 06), Lane 2 to Lane 6 (samples from
Dimbaza) Lane 7 to Lane 11 (samples from East Lojjdbane 12 negative control. The

expected molecular size tiC 7 fragments was 247 bp.
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M 1 2 3 4 5 6 7 8 9 10 1n2

Figure 5.3: The amplification product from the oligonucleotidiémer pair for thefbEois,gene.
Lane M: Low Range DNA Ladder (Fermentas Life SceiSA); Lane 1 PCR positive control
(Enterohaemorrhagi€&€scherichia coliNSCC ESCCO 06), Lane 2 to Lane 4 (samples from
Alice), Lane 5 to Lane 11 (samples from Dimbazagné 12 negative control. The expected

molecular size offbEp;s7 fragments was 328 bp.
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M 1 2 3 45 6 7 8 9 10 1m2

850bp —»
anNhn—>

200bp—>
50bp —»

Figure 5.4: The amplification product from the oligonucleotigemer pair for theaap gene.
Lane M: Low Range DNA Ladder (Fermentas Life ScemSA); Lane 1 PCR positive control
(Enteroaggregativé=scherichia coliNSCC ESCCO 14), Lane 2 to Lane 10 (samples from
Dimbaza), Lane 11 (sample from East London), La@enggative control. The expected

molecular size ohap fragments was 232 bp.
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M 1 2 3 45 6 7 8 9 10 112

iﬁ'i

850bp——»

400bp——> PN

200bp —» . a ;

- SRR L L LT T

Figure 5.5: The amplification product from the oligonucleotigieémer pair for theal gene. Lane
M: Low Range DNA Ladder (Fermentas Life Sciences);3ane 1 PCR positive control
(EnteroinvasiveEscherichia coliNSCC ESCCO 03), Lane 2 to Lane 11 (samples fromt Eas

London), Lane 12 negative control. The expectecemdar size ofal fragments was 320 bp.
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5.4 Discussion and conclusion

This study revealed that the final effluent oufall October, November and December 2007 and
July 2008 only complied with the South African Gearleand Special Standards which stipulate
that treated sewage effluents must have a staradari faecal coliforms/100 ml (Act 96 of 18
May 1984 No. 9225, Regulation 991), and accordm@XWAF, 1998) the maximum limit for
no risk of faecal coliforms is 0 cfu/100 ml. Thearstard of The World Health Organization for
drinking water is nde. coliin a 100 ml sample (WHO, 2003). However duringshedy period,
the E. coli counts were above the recommended limit indicabiogr microbiological quality of
the effluent and its unfitness for human consunmptiithout prior treatment. HigB. coli counts
suggest inefficiency of the wastewater treatmeanisl in removing the bacteria. Crops such as
vegetables can become contaminated with human amdahpathogens when irrigated with
water containing this organism (DWAF, 1996). Thigdy revealed important findings on the
prevalence of pathogeni€. coli strains in the final effluent discharge to the camities of
Alice, Dimbaza and East London. The presence aflemt Escherichia colistrains in the
effluents is a cause for concern as most commasnitiethe region rely on surface waters for

drinking, recreational, domestic and irrigation mses.

The results of this study confirm the poor micmbgical quality of the effluents that is
produced by many of the wastewater treatment pliantse Eastern Cape Province. The PCR
assays successfully amplified the target gefl&3.¢, rfbEois7) which are characteristic of the
Enterohaemorrhagidcscherichia coli O157:H7; f{al) characteristic of the Enteroinvasive
Escherichia coliand @ap) characteristic of the Enteroaggregatis&cherichia coliEscherichia
coli O157:H7 has been associated with water relatdatenits. It has been isolated from surface

and ground waters (Hamnetr al, 2007; Gagliardi and Karns, 2000), and it is tdgaf survival
127



in water for days or weeks (Nwachukwu and Gerb&820EnteroinvasiveEscherichia coli
(EIEC) cause dysentery; howevdr,is less widely reported than other etiologicgleats in
studies of diarrhea worldwide. EIEC has principdlgen associatedth contaminated food and
water (Gordilloet al, 1992; Mariergt al, 1973) although cases of person-to-petsmmsmission

of EIEC have been noted (Hargsal, 1985). Enteroaggregati#scherichia colis an emerging
diarrheagenigpathogen associated with diarrheal illnesses anpatgentsin developed and
developing countries. Enteroaggregati&scherichia colihas beenncreasingly isolated and
characterized around the world frémaman clinical, animal, and environmental sampkagh@li

et al, 2004; Falcacet al, 2004; Yamamoto and Nakazawa, 1997). Howeveqgug&acies of
Enteroaggregativ&scherichia coliamong patient&ith diarrhea in the Eastern Cape Province,
South Africa, are noknown. The outcome of the findings of Samie andwvookers (2007)
highlights the need for the design of surveillarstetegies to control Enteroaggregative
Escherichia colidiarrhea and to prevent the transmissibinteroaggregativEscherichia coli

in the region through water or food contaminati@onsidering the microbiological quality of
the effluent outfalls in the Eastern Cape Provimcgeneral and the Buffalo City and Nkonkobe
Districts in particular and the profile of the moldar results of the present study, monitoring and

strict compliance with effluent standard should®enforced.

The antibiotic resistance patterns of the isolatethis study corroborate results from
previous investigations (Olanira al., 2009; Obiet al,, 2004). Most of the strains were resistant
to linezolid, polymyxin B, penicillin G and sulfattmxazole. Tetracycline has sequentially been
replaced by trimethoprim-sulfamethoxazole and, maeently, quinolones, because of the
emergence and spread of resistant straistherichia coliis the most frequently isolated

etiological agent of urinary tract infections (UYland trimethoprim-sulfamethoxazole (TMP-
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SMZ) is one of the primary antibiotics empiricaflyescribed for the treatment of community-
acquired UTls (Karlowsket al, 2002). In the United States, there has beenableincrease in

the isolation of uropathogente coli strains resistant to TMP-SMZ (Karlowskyal, 2002).

Travelers to developing areas are often concewidld the development of traveler’s
diarrhea and may seek a means of preventing it. y©mhkne and trimethoprim-
sulfamethoxazole have been shown to be effectithignregard, although increasing resistance
would suggest that fluoroquinolones administeredeotaily would be more effective (Heek
al., 1994). However, the growing problem of antilmatesistance and the possibility of adverse
effects from antimicrobial agents weigh stronglyaiagt recommending antimicrobial
prophylaxis routinely. Rather, experts have recomaed (i) avoiding potentially contaminated
food and drink while traveling, (ii) bismuth subisglate given four times daily, and (iii) the use

of antibiotics empirically if significant diarrheevelops (DuPont and Ericsson, 1993).

The adequate long-term protection of South Afgoaater sources is of vital importance
for sustained economic growth and developmens thus critical that no more watersheds be
destroyed and that the existing ones are protquectularly in the Buffalo City and Nkonkobe
communities and in the Eastern Cape in generalastewater effluent quality is not maintained,
it is not only the environment that will suffer tctemmercial and recreational values of surface
water resources will also diminish. The personnial’all the wastewater treatment plants should
be armed with skills that will aid improved runniod the facilities, maintaining and thereby
uplifting the standard of the effluent dischargéoithe Eastern Cape community as well as

protecting it against waterborne diseases.
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GENERAL DISCUSSIONS

The activated sludge process is the most wideld is@logical wastewater treatment for both
domestic and industrial plants in the world, antias been in use in many sewage treatment
plants around the world (Chext al.,2004) and one of the most used in South AfricaniS&t
al., 2008). In the activated sludge process, a batt@nanass suspension (the activated sludge)
is responsible for the removal of pollutants. Depeg on the design and the specific
application, an activated sludge wastewater treattmpknt can achieve biological nitrogen (N)
and phosphorus (P) removal, besides removal ofnargearbon substances (Gernagtyal.,
2004). The process considerably reduces the pathogacentration of the effluent. Fecal
coliform bacterial (FEB) populations along with ethpathogens are destroyed in significant
numbers in the course of wastewater treatment. $ewioval of FEB has been distinguished
from combined physical, chemical and biological gggses and from purposeful disinfection
process such as chlorination and UV irradiatiora iwastewater treatment plant. Some studies
show that overall removal efficiency for FEB in threinicipal wastewater treatment plants may
vary in the range of 90%—-99% (Koivunehal., 2003; Roset al., 1996; James, 1985; Miescer
and Cabelli, 1982). Even though high removal edficy may be achieved for FEB in a
wastewater treatment plant, high concentratiorfS&8 are still discharged in treated effluents to
receiving water bodies due to abundance in rawenis.

The quality of wastewater discharges has traditignbeen controlled by the use of
physical and chemical parameters (Harty, 2001)s important that wastewater discharge is
characterized so that its impact on the receivingrenment is assessed and to assist in the

identification of priority actions to eliminate oeduce hazardous substances. When wastewater
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has been characterized license conditions can akedrto protect the aquatic environment

which receives treated wastewater (Environmentatieetion Agency, 1999).

In this study, the quality of the final effluerd§ some wastewater treatment facilities in
the Eastern Cape Province, South Africa were ntaede acceptable with respect to the pH,
temperature, dissolved oxygen, salinity, total @issd solids and nitrite concentration. pH is an
indicator of the acidity or basicity of water bgt seldom a problem by itself. The normal pH
range for irrigation water is from 6.5-8.4; pH veduoutside this range are a good warning that
the water is abnormal in quality. The pH of mosnhenal waters is 6-9. The pH remains
reasonably constant unless the water quality clsadge to natural or anthropogenic influences,
adding acidity or basicity. As most ecological Iftems are sensitive to pH it is important that
the anthropogenic impact of the effluent dischargeaninimized (Kiely, 1997).

Water temperature is a fundamental and importatemquality variable; for example,
most chemical and biological activities are a fiorctof temperature, and fish habitat in
particular is sensitive to water temperature. Waster from municipal treatment plants is
probably the largest anthropogenic heat sourcestioface water bodies. Its effect on stream
temperature depends on the temperature and volumeastewater added to the stream
(Kinouchi et al.,2007). In this study, the quality of the finalleint was acceptable with respect
to temperature. The results of the dissolved oxylgeerls from this study indicate the final
effluent could support the oxygen requirement efaljuatic organisms (Belmoettal, 2004).

Solids concentration is another important charatie of wastewater (Lee and Lin,
1999). The solids may in fact consist of algal gtesvand hence be indicative of severely
eutrophic conditions; they will reduce light pemion in surface waters and interfere with

aquatic plant life; they will seriously damage &sh waters and may affect fish life; they may
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form deposits on the bed of rivers and lakes whichurn give rise to septic and offensive
conditions; and they may indicate the presencenshitisfactory sewage effluent discharges. In
this study, the quality of the final effluent wascaptable with respect to the total dissolved
solids concentration.

Increased nutrient loading can lead to eutroplungiGuckeret al.,2006) and temporary
oxygen deficits (Ruedat al., 2002). Increased organic matter can alter enegl@tionships in
the stream, disrupting biotic community structunel &unction (Spanhofét al.,2007; Guckeet
al., 2006; Dyeret al., 2003). In this study, nutrient concentration pautarly phosphate and
nitrate concentrations of the final effluents weratside the acceptable limits which could
contribute to eutrophication of the receiving waked and if not controlled result in other
serious pollution problems. The effects of polluteater on human health, the aquatic ecosystem
and on various sectors of the economy, includingcaljure, industry and recreation, can be
disastrous. Deteriorating water quality leads tyeased treatment costs of potable and industrial
process water, and decreased agricultural yields i§ worthy to note as wastewater accounts
for 2-10% of the total water production in watezatment plants (Le Gouelleat al., 2004;
Nasseret al., 2002; Cornwell and MacPhee, 2001; Dotremeinal., 1999; Vigneswaraet al.,
1996). The turbidity, electrical conductivity anbetnical oxygen demand did not comply with
regulated standards.

Contamination of natural aquatic ecosystems byemasgter is a major human health and
environmental issue. Contaminated water from waastewtreatment plants and or animal
operations has been implicated in disease outbi@gaggs DPLG 2001; MacKenziet al., 1994,
Drenchen and Bert, 1994). In South Africa, studewe shown the outbreak of diarrhea

originated in the town’s water supply, suspectetidoe been contaminated with human faeces
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(Osode 2006; DPLG 2001). Certain types Edécherichia coliare among the pathogens
commonly found in wastewater effluents which canseagastrointestinal illness. For example,
enterotoxigenicE. coli causes diarrhea in children in developing cousitded in travelers to
those countries, whereas enterohemorrh&gicoli (EHEC) may cause bloody diarrhea and
hemorrhagic colitis as well as hemolytic uremicdrgme (HUS) because of the production of
Shiga toxins (STx). Enteropathogeitic coli (EPEC) shares several key virulence determinants
with the most common varieties of EHEC but does produce Shiga toxins (STx) nor cause
hemorrhagic colitis or hemolytic uremic syndromestéad, it causes nonspecific gastroenteritis,
especially in children in developing countries @ubsi et al., 2002; Robins-Browne, 1987). In
several reports, from countries as diverse as INorway, Peru, Poland, South Africa, the
United States, and the United Kingdom (Afsetl.,2003; Paciorek, 2002; Galane and Le Roux,
2001; Knuttoret al.,2001; Bouzaret al.,2000; Boketest al.,1997; Natarcet al.,1985), as well

as Australia (Robins-Brownet al.,2004; Kukuruzovicet al.,2002), atypical EPEC strains have

been identified in children with acute diarrheaddise.

The current study investigated the prevalenceatfiggenicE. coli strains in the final
effluents. The high levels of presumptikze coli corroborate the findings of other studies (Samie
et al., 2007). This study revealed that the final efflsedischarged from all the wastewater
treatment plants were above the recommended lifrtihed South African General and Special
Standards which stipulate that treated sewage eefftu must have a standard of O faecal
coliforms/100 ml (Act 96 of 18 May 1984 No. 922%drilation 991), and according to (DWAF,
1998) the maximum limit for no risk of faecal colims is 0 cfu/100 ml. This indicates poor
microbiological quality of the effluent and its unkss for human consumption without prior

treatment
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The findings of this study revealed that the Alwastewater treatment plant located in
the rural area was found the most efficient asrddpced the final effluent with the least
pathogenicE. colifollowed by Dimbaza wastewater treatment plant Wheclocated in the peri-
urban area of the Eastern Cape Province of SouibhaAfThis led to the conclusion that although
urban wastewater treatment plants may be betteipged than those in rural areas, rural
wastewater treatment plants can achieve relatigebd microbiological qualities of effluents by

taking good care of the resources available.

To date, chlorination is the most widely used nsetm inactivate pathogenic micro-
organisms in water and wastewater and is the p@hamethod for preventing waterborne
infectious diseases throughout the world. Howewaveral studies have reported that the
effectiveness of the process is reduced by tushiditspended solids and the presence of
nitrogen compounds such as ammonia and nitritegficaaet al., 1999). Furthermore, the use of
chlorine in wastewater gives rise to undesirableptmducts suspected to pose a hazard to
humans and the environment (Minear and Amy, 19B6)iew of these problems, alternative
technologies have been developed in recent years ag ozonization, Ultra Violet (UV)
disinfection, and paracetic acid (Libeetial.,2000). Membrane technologies offer an alternative
to the disinfection process. Disinfection by reagamby UV irradiation requires a pre-treatment
stage to remove suspended solids or reduce twb{tlézarovaet al., 1999). Similarly,
membrane technologies require suitable pretreatmeontder to maintain membrane efficiency
by preventing fouling and module damage (Marcuetial., 2002). Traditionally, the most
frequently applied pre-treatment for tertiary treaht has consisted of macrofiltration processes

(Mujeriego and Asano, 1999), which have provenatffe in reducing certain pathogen groups
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(Gomezet al., 2003). The study revealed that the free chloriesdual concentration in the

effluents complied with the regulatory standarelout 33.3% of the study period.

The emergence and spread of antibiotic resistandcteria is a major public health
issue (Levy, 2002). Previous studies have cormlaa increased incidence of antibiotic
resistance among culturable bacteria in surfacem@&einthaleret al., 2003; Harwoockt al.,
2000) and groundwater (McKeoat al., 1995), with wastewater treatment plant effluent
discharge. While much effort has been directed tdwaanagement and monitoring of antibiotic
use and the prevalence of bacterial resistanceirwtdbmmunities, bacterial resistance to
antibiotics in the aquatic environment has receieedhparatively little attention. Bacterial
contamination of surface waters, particularly canteation with fecally derived bacteria, has
long been a water quality issue due to the potefaiadisease transmission. Because of this and
the potential for antibiotic resistance, there isesv level of risk associated with these bacteria.
Recent studies have also identified antibioticsmigeves in surface waters (Batt al., 2006;
Costanzeet al.,2005;Calamariet al.,2003; Kolpinet al.,2002), and the role of these antibiotics
in the development, transfer, and maintenance sistence is largely unknown. In a limited
number of studies workers have identified antilsioisistant bacteria in the aquatic
environment. In a study of 16 United States Rivandibiotic-resistant bacteria were found to be
widespread, and the resistance included resistemaghemically modified and synthesized
antibiotics (Ashet al., 2002). Parveen and coworkers (1997) showed tratfrdquency of
antibiotic-resistant and multiple-antibiotic-resist Escherichia coliisolates was higher close to

point source discharges.
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Resistance is common where antibiotics are heawld, and additionally antibiotic
resistant bacteria are present in wastewater, @isfaater, ground water, sediments and soils,
and increasingly in aquatic environments (Zhangl., 2009; Baquereet al., 2008; Martinez,
2008; Kummerer, 2004; Klaret al., 1995). Antibiotic use selects for existing regis&@
mechanisms and for novel resistance mutations (Bywa004, 2005; Finch, 2004; Wassenaar,
2005). Resistance can also be acquired througadmaal gene transfer via uptake of resistance
determinants via conjugation, transduction and sfiamation (Davison, 1999; Lorenz and
Wackernagel, 1994; Thomas and Nielsen, 2005). Wasée treatment plants are important
reservoirs of commensal human and animal bacteriahich antibiotic resistant organisms,
and/or, determinants persist in the final effluant are released to the environment (Davison,
1999; Lorenz and Wackernagel, 1994; Thomas andsélel 2005). By linking different
environmental components including municipal sewagg surface water, wastewater treatment
plants may facilitate spread of antibiotics, amtil@ resistance genes, and antibiotic resistant
bacteria between these compartments (Schettesl., 2007). Furthermore, the high microbial
density and diversity of biofilms and activated dga may facilitate genetic exchange in
wastewater treatment plants (Schluwteml., 2007) and antimicrobial agents were found present
in wastewater (Kummerer, 2003). These conditiony lead to selection of antibiotic resistant

bacterial populations in wastewater treatment glant

The antibiotic resistance patterns of the isolatethis study corroborate results from
previous investigations (Okt al.,2004; Olaniraret al.,2009). Most of the strains were resistant
to linezolid, polymxin B, penicillin G and sulfanietxazole. Tetracycline has sequentially been
replaced by trimethoprim-sulfamethoxazole and, maeently, quinolones, because of the

emergence and spread of resistant straistherichia coliis the most frequently isolated
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etiological agent of urinary tract infections (UYlsnd trimethoprim-sulfamethoxazole (TMP-
SMZ) is one of the primary antibiotics empiricaflyescribed for the treatment of community-
acquired UTIs (Karlowskwgt al.,2002). In the United States, there has been dleoitacrease in

the isolation of uropathogente coli strains resistant to TMP-SMZ (Karlowskyal.,2002).

PCR amplification usinguidA specific primers confirmed that a genetic region
homologous in size talidA structural genes oEscherichia coliwas present in th&. coli
isolated from the effluents. An explanation for thdra bands in three lanes is that the primers
are hybridized to secondary sites of template and gesult of miss priming (Titus, 1991). The
PCR amplification usin@iCy7; andrfbEo;57 confirmed that a genetic region homologous in size
to fliCy7 andrfbEoss7 structural genes of Enterohemorrhagiccoli somatic antigen was present
in the E. coli isolated from the effluents. This was equally otsd for the PCR amplification
usingaap and confirmed that a genetic region homologousize toaap structural genes of
Enteroaggregativ&. coli somatic antigen was present in thecoli isolated from the effluents.
Similar observation was noted for the PCR amplifwausingial and confirmed that a genetic
region homologous in size tal structural genes of Enteroinvasike coli somatic antigen was

present in th&. coliisolated from the effluents.

The broad aim of this study was to evaluate tiyeothesis that virulent pathogenic
Escherichia colistrains very easily survive the treatment processfethe activated sludge
system of wastewater treatment facilities in thet&a Cape Province either as free cells or as
plankton associated entities and secondly thaethestewater treatment facilities are veritable

sources of pathogentkt. coil and abiotic pollutants in the receiving watershed.
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In summary this chapter presents a series of cdmguremarks regarding the set
objectives. The prevalence and distribution of keinti E. coli strains was ascertained. The
occurrence of the virulenE. coli strains as free and plankton associated cells enfitial
effluents was investigated. The antibiotic susd®@gf profiles of the isolatecE. coli strains
were elucidated. Lastly a comparison of the datenfurban, semi-urban and rural settings in

relation to the microbiological quality of the effint was accomplished.

6.2 CONCLUSION

Assessing the effects of effluent discharge on Health of receiving waterways is of
considerable environmental consequence, espedmlbatchments with variable stream flows
and where population pressure through urbanizatiah peri-urbanization is placing increasing
pressure upon wastewater treatment plant infrastrei@nd the health of freshwater ecosystems
(Daniel et al., 2002; Singer and Battin 2007; Taylet al., 2002). South Africa and the Eastern
Cape Province in particular need to address theadpf wastewater effluent on its water
resource to enhance the wellbeing of the populadeeapecially those in the rural communities

of Buffalo City and Nkonkobe.

Recommendations:

* We suggest that to maximize public health protectivastewater treatment system
effluent quality should be monitored diligently puant to ensuring high quality of final

effluents.
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Wastewater treatment plant problems should notlloeved to continue after they have
been detected. A deterioration of treated watetityuat the treatment plant should be
cause for immediate, careful, and informed remeadisures.

Design engineers can enhance the ability of plgrgraiors to cope with difficult
treatment situations by providing for operationkgxibility and comprehensive plant
performance monitoring capability at wastewateatireent plants.

Due to the heightened risk involved in times of rajiag source water or changing
treated water quality, wastewater treatment plaetrators should be particularly diligent
to detect deviations from normal operating condsgioA deterioration of source water
quality should signal the need for special caregatment plant operations.

To ensure compliance with future discharge requemres) upgrading of the existing
wastewater treatment facilities and implementabbmew technologies is envisaged as
the next step in improvement of wastewater treatmen

The wastewater treatment plant staff needs to la@#eawf sources of contamination in the
watershed. Examples include wastewater treatmeatt pbutfalls, combined sewer
overflow points, sanitary sewer overflows, and famnmal waste sources.

Proper technical training for wastewater treatnmeerators will be needed to enhance

competence in proper water sampling and wastewat@ment facility operations.
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