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EXECUTIVE SUMMARY

BACKGROUND TO THE STUDY AND STATEMENT OF PROBLEM

The majority of Wastewater Treatment Plants (WWTPs) discharge their effluents into
environmental water bodies. Hence guidelines were established for the qualities of such
wastewater effluents destined for discharge into the environment. However, production of
effluents of acceptable quality has become a major challenge for wastewater treatment
facilities in South Africa, especially in the Eastern Cape Province. This is based on the
acknowledgement that it is mostly non-urban, poor and without adequate infrastructure, and
that a significant proportion of its communities lack pipe-borne water, and as such rely on
beaches, streams, rivers, groundwater and other water bodies for recreation, drinking and
domestic purposes. Many of these water bodies are often polluted by industrial and
municipal wastewater effluents. These effluents harbour the potential to impact on
agricultural, recreational and drinking-related water uses, and their characteristics may,
depending on the health status of the community contributing wastes to a WWTP, contain
enteric bacterial and viral pathogens.

Human enteric viruses are causative agents of many non-bacterial gastrointestinal and
respiratory tract infections, as well as other clinical syndromes, including conjunctivitis,
hepatitis and other diseases such as aseptic meningitis, encephalitis and myocarditis with
high morbidity and mortality especially in immunocompromised individuals. The majority of
these viruses are non-enveloped, which makes them highly resistant to decontamination
processes used in both wastewater and drinking water treatment. The monitoring of sewage
effluents for viral and bacterial pathogens may prove a suitable approach for the study of
circulating pathogens and their persistence in treated effluents.

The efficiencies of the WWTP in the Eastern Cape Province with regards to producing final
effluents of acceptable bacteriological and virological qualities remains inadequately
documented, and are to a significant extent reflective of the shortage of skilled manpower in
the water sector in the Province especially in the area of microbial water quality. This study
was therefore designed to assess the prevalence of human viral, faecal indicator bacteria
and Vibrio bacteria pathogens in the final effluents of 14 WWTP in Eastern Cape Province
as a vehicle for skills development in microbial water quality science amongst previously
disadvantaged demographic groups.

PROJECT AIMS
The aims of this project were as follows:

1. To carry out a survey of existing wastewater treatment facilities in the entire Eastern
Cape Province, noting their dates of establishment, working capacity and current
statuses.

2. To assess the incidence of human viral pathogens, faecal coliform and Escherichia
coli in the selected WWTP effluents.



3. To assess the incidence and antibiogram characteristics of Vibrio bacteria pathogens
and pathogenic E. coli in the selected WWTP effluents.

4. To determine the physicochemical qualities of the selected WWTP effluents.

5. Compare data obtained from typical urban, semi-urban and rural communities of the
seven main districts that make up the province.

6. Submit a report of our findings to the WRC and Eastern Cape Provincial Government

METHODOLOGY

Wastewater final and discharge point (where available and accessible) effluent samples
were collected from 14 WWTP in the Eastern Cape Province over a period of a year from
September 2012 to August 2013 and transported in cooler boxes to the Applied and
Environmental Microbiology Research Group (AEMREG) Laboratory at the University of Fort
Hare, Alice for analyses within 6 h of collection.

Free chlorine, Turbidity, Electrical conductivity, total dissolved solids, temperature, pH,
dissolved oxygen of the effluent samples were determined in situ using a multi-parameter
ion-specific meter. Concentrations of orthophosphate, total nitrogen (nitrate + nitrite),
chemical oxygen and biochemical oxygen demands, were determined by standard
photometric methods.

Faecal coliforms and Vibrio counts were determined by membrane filtration and direct
plating methods. Viruses in water samples were concentrated using the adsorption-elution
method, followed by extraction of viral nucleic acids and purification done using
commercially available kits. The concentrations of human enteric viruses in the river-water
samples were estimated using quantitative PCR. The RNA viruses were quantified in a two-
step protocol where RNA was first transcribed into cDNA in a separate reverse-transcription
step.

Antibiogram characterisation was carried out for confirmed pathogens to determine the
prevalence of antibiotic resistant determinants in the environment.

SUMMARY OF MAJOR FINDINGS
The major findings of this study are as summarised below:

+ About 78.5% of the WWTPs chlorinated their effluents to compliant levels for = 50%
of the times. Cases of chlorine under-dosing were also reported, with 50% of the
plants applying substandard dosages of chlorine for > 20% of the times.

« With regards to temperature and pH, effluents from all the 14 WWTPs were
compliant with the set regulatory guideline values.

+ With the exception of effluents from Amalinda, Fort Beaufort and Queenstown
WWTPs, effluents compliance to set guidelines for both DO and BOD was higher
than 50% indicating the efficiency of the WWTPs in removing organic matter from the
effluents.
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With respect to phosphate concentrations, there was overall compliance indicated by
75% of the effluents from Amalinda, 92% of effluents from Keiskammahoek and
Komga and 100% for the remaining effluents throughout the study period.

The levels of nitrates, nitrites, EC and TDS were largely compliant to set guidelines
and, where non-compliance was observed, the overshoot was mostly marginal.

We conclude therefore, that with respect to physicochemical parameters, the
WWTPs performed optimally and produced effluents of acceptable standards for
discharge into freshwater ecosystems without upsetting their nutrient balance. These
effluents can potentially be used for irrigation without increasing the salinity of the
soils.

On the average, 86% of the WWTPs had a compliance rate of = 50% with respect to
the faecal coliform guideline of 1000 CFU/100 ml in their effluents. This contrasts
with the Green Drop 2012 average compliance value of 36% for the selected
WWTPs. E. coli 0157 was not detected at all.

An independent samples T-Test (IBM SPSS version 20) comparison of mean faecal
coliform bacteria counts from the discharge point samples with the mean faecal
coliform bacteria counts from the final effluent samples (of all WWTPs) showed no
significant differences (P > 0.05) between the bacteriological qualities of the final
effluent and discharge point samples.

Both Vibrio and E. coli pathotypes were detected in final effluent samples. Confirmed
Vibrio pathogens included V. parahaemolyticus (11.6% prevalence), V. fluvialis
(28.6% prevalence) and V. wvulnificus (28% prevalence) while 31.8% belonged to
other Vibrio spp. not assayed for in this study. Confirmed E. coli pathotypes includes
Enteropathogenic E. coli (EPEC) (1.2%), Enteroaggregative E. coli (EAEC) (2.7%)
and Uropathogenic E. coli (UPEC) (3.8%).

Multiple antibiotic resistance patterns were also evident especially against such
antibiotics as tetracyclin, polymixin B, chloramphenicol, penicillin G, sulfamethazole
and erythromycin against which prevalence of resistance was greater than 60% for
Vibrio pathotypes.

While prevalence of antibiotic resistance of E. coli pathotypes to the test
antimicrobials was remarkably lower than what was observed for Vibrio pathotypes,
resistance against sulfamethazol, tetracycline and ampicillin was > 50% for all the
three E. coli pathotypes detected.

The dynamics of RNA viruses (hepatitis A virus, enterovirus and rotavirus) in
wastewater effluents were acutely different from those of adenovirus, the only DNA
virus in this study. Enterovirus and hepatitis A virus were not detected in any of the
14 WWTPs while rotavirus was detected in 4 of the 14 WWTPs. Detection
frequencies of rotavirus were, by WWTP, Amalinda (33%), East Bank (17%), Komga
(33%) and Whittlesea (8%). Adenovirus was detected in 93% of the WWTPs.
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Risk of infection calculations (with adenovirus) showed that effluents from the Alice
WWTP presented the highest risk of infection values for irrigated crop consumption
and accidental ingestion of pond water. Other WWTPs whose effluents presented
substantial risk of infection when irrigated crop is consumed fresh and wet (with
irrigation water) included Mdantsane, Fort Beaufort and Amalinda.

Also, the calculated risk arising from inhalation of aerosol during irrigation using
wastewater effluents was negligible even though the risk presented by ingestion of
fruit or salad crop irrigated with wastewater was quite substantial for some WWTPs.

The presence of enteric viruses in wastewater final effluents suggests that a
significant portion of the human population contributing wastes to these WWTP are
infected with these viruses.

SUMMARY OF CONCLUSIONS REACHED
The following conclusions were reached:

*

We conclude that 24% of the WWTPs did not comply to set microbiological (faecal
coliform) guidelines and the release of pathogenic enteric micro-organisms into
aquatic environments can be a source of disease when water is used for drinking,
recreational activities or irrigation.

The public health risk is increased if the pathogenic enteric bacteria present in
wastewater effluents (and hence in receiving water sources) are antibiotic resistant
because of the reduced efficacy of antibiotic treatment against human diseases
caused by such bacteria.

WWTPs constitute important reservoirs of enteric bacteria which carry potentially
transferable resistance genes which are aided by a large concentration of donor and
recipient bacteria of transferable genes and availability of nutrients in the wastewater
matrix.

Presence of viruses in treated sewage will considerably contribute to the virus burden
of the receiving water bodies.

Consumption of even treated drinking water may result in infection if it coincides with
failed water treatment while exposure to recreational activities and shellfish
consumption may present a public health risk.

RECOMMENDATIONS FOR FUTURE INTERVENTIONS

+

Municipalities may need to consider installing influent flow meters and automated
chlorine dosing systems to curb cases of irregular chlorine dosing regimens. This will
result in economic, public health and ecological gains.

Municipal managers may also need to assess the qualifications of the technical staff
employed to operate the WWTP and to conduct refresher courses for their technical
staff to keep them up-to-date with the latest operating and maintenance procedures

Vi



for optimal WWTPs performance. This will positively contribute to the municipalities
improving in their compliance with the green drop assessment.

¥

Detection of bacterial and viral pathogens in sewage effluents points to large pockets
of infected individuals in the communities, most of which go unreported and
untreated. Health awareness campaigns may need to be carried out to educate
people on the benefits of hygiene and seeking early treatment in cases of illness.
This may be a collaborated effort between the municipality and the local public health
practitioners.

=

The design of some WWTPs may have to be modified to allow for the minimum
chlorine contact time before effluent discharge as stipulated by the operational
guidelines of the WWTP.

*

Other pathogens such as Salmonella, Shigella and Vibrio may need to be included in
routine monitoring of wastewater final effluent quality to complement general faecal
indicator bacteria.

< Municipalities may consider beneficial disposal of wastewater effluents by using them
for irrigation purposes. The properly planned use of municipal wastewater for
irrigation purposes will alleviate surface water pollution problems and not only
conserve valuable water resources but also take advantage of the nitrogen and
phosphorus content of sewage to grow crops with reduced requirements for
commercial fertilizers. This may be accomplished through a collaboration between
the municipalities and the local water user association (farmers’ association).

RECOMMENDATIONS FOR FUTURE RESEARCH

+ Enteric viral and bacterial pathogens have been detected in sewage final effluents,
implying that they are in circulation in the communities concerned. These findings
provide a strong link with the findings of our previous study (Assessment of the
incidence of faecal indicator bacteria and human enteric viruses in some rivers and
dams in the Amathole District Municipality of the Eastern Cape Province of South
Africa WRC Report No. 1968/1/12) where viruses were also detected in surface
water sources noted to receiving effluents from some WWTP along its course. As the
previous study as well as the current study only evaluated viral nucleic acids, there is
need for a large scale investigation on the “prevalence of infectious enteric
viruses including epidemiological survey of diarrheal infections in the
catchment”.

4+ An interesting observation was made with regards to chlorine dosing regimens and
prevalence of viral pathogens at the Reeston WWTP:

o Was it that there were no viruses in the influent sewage for the whole year?;

o Did the high chlorine concentrations completely eradicated intact viruses from
wastewater effluents?

o How about the resultant nucleic acids that could not be detected by PCR?

+ We recommend a laboratory based investigation into the effects of different chlorine
dosing regimens on the survival and detectability of viral particles in water. Also, the
isolation of some bacteria from effluents with high chlorine dose supports previous

reports on increasing incidence of chlorine resistant bacteria. There is need for future
vii



#

i

in-depth study on this subject pursuant to coming up with probably new guidelines for
chlorine dosing.
Huge disparities were observed between the faecal coliform based microbiological
compliance of the WWTPs in this study compared to the Green Drop Report 2012
results. While the results might suggest that the WWTPs have an improved
performance since 2012, the conclusion is hard to make because of the different
analytical methods used. We recommend that the Colilert Method (used by the
municipalities) and the Membrane Filtration Method (used in this study) be evaluated
against samples containing standardised inoculum and the best performing method
be adopted for the Green Drop requirements.
Multiple antibiotic resistant bacterial pathogens (Vibrio and E. coli) were also isolated
from sewage effluents in this study; the general assumption is that these pathogens
acquired their resistance either by lateral gene transfer or from repeated exposures
to antibiotics in human or animal bodies:

o But, what role(s) could antibiotic residues contribute to the multiple antibiotic

resistances observed?

We recommend a future in-depth investigation of “the role of final effluents of
WWTP as reservoirs of antibiotic resistance determinants in the watershed, to
also include development of biosensors for the detection and quantification of
relevant antibiotic resistance genetic elements in final effluents, and probably

results in development of set guidelines for nucleic acids in final effluents”.

CAPACITY-BUILDING: The following students listed in the table below were trained directly

on this project:

Student name | Nationality | Project title Programme | Status

Miss Vuyokazi RSA Evaluation of final MSc Submitted

Nongogo effluents of some (Microbiology) | dissertation
wastewater treatment for external
plants as source of Vibrio examination.
pathogens in the aquatic Will graduate
environment of the in October
Eastern Cape Province: 2014.
Amathole and Chris Hani
district municipality

Miss Sinazo RSA Evaluation of some waste | MSc Submitted

Mazwi water treatment plant (Microbiology) | dissertation
facilities in Chris Hani and for external
Amathole District examination.
municipalities as potential Will graduate
sources of Escherichia in October
coli in the Environment 2014.
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Student name | Nationality | Project title Programme | Status
Miss Unathi RSA Prevalence of Vibrio MSc Submitted
Badela species in the final (Microbiology) | dissertation
effluents of three for external
wastewater treatment examination.
facilities in the Buffalo City Will graduate
Local Municipality of the in October
Eastern Cape Province, 2014.
South Africa
Miss Nozuko RSA Prevalence of pathogenic | MSc Submitted
Seti Eschericia coli isolated (Microbiology) | dissertation
from final effluents of four for external
wastewater treatment examination.
plants in the Buffalo city Will graduate
municipality in Oct 2014.
Mr. Thanduxolo | RSA Evaluation of MSc Writing up
Kulati physicochemical qualities | (Chemistry) dissertation.
and heavy metal levels of
some wastewater
treatment facilities in the
Eastern Cape, South
Africa.
Miss Onele RSA Quality indices of the final | MSc Submitted
Gcilitshana effluents of two suburban | (Microbiology) | dissertation
based Wastewater for external
treatment plants in examination.
Amathole District Will graduate
Municipality in the Eastern in October
Cape. 2014.
Mr Siyabulela S | RSA Studies on the Green PhD Writing up
Gusha Drop status of some (Microbiology) | thesis.
wastewater treatments
facilities in the Eastern
Cape Province with
respect to the
physicochemical and
microbiological qualities of
their discharged effluents.
Mr Olayinka O Nigeria Evaluation of the quality PhD Writing up
Osuolale indices of the final (Microbiology) | thesis.

effluents of three selected
wastewater treatment
plants in Buffalo city
metropolitan municipality
in the Eastern Cape
Province.




Student name | Nationality | Project title Programme | Status

Mr Adefisoye Nigeria Assessment of the MSc Graduated in

Martins physicochemical, (Microbiology) | May 2014.
bacteriological and Registered
virological qualities of two for PhD

wastewater treatment
plants in Amathole district
municipality area of the
Eastern Cape Province of
South Africa.

Students not directly involved

their projects.

in project K5/2145, but benefit from the facilities for

Miss Nolonwabo | RSA Prevalence and MSc Submitted
Nontongana antibiogram profiling of (Microbiology) | dissertation
Eschericia coli isolated for external
from the Kat river and Fort examination.
Beaufort abstraction Will graduate
water. in October
2014.
Miss Phindiwe RSA Enterococcus pathotypes | MSc Submitted
Ntloko as reservoirs of antibiotic | (Microbiology) | dissertation
resistance determinants in for external
the Kat river and Fort examination.
Beaufort abstraction Will graduate
water. in October
2014.
Mr Olayinka Nigeria Assessment of the quality | PhD Data
Titilawo indices and  prevalence | (Microbiology) | collection.
of Escherichia coli

pathotypes in selected
rivers of Osun State,
South Western, Nigeria.
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CHAPTER ONE : BACKGROUND

1.1 INTRODUCTION

Wastewater may contain an array of pathogens that are excreted by diseased humans and
animals (Wen et al., 2009). Whenever wastewater effluents are to be discharged into
sensitive water courses, wastewater treatment and/or disinfection is required in order to
protect both environmental integrity and public health. Wastewater treatment technologies,
although primarily designed to remove such contaminants as biodegradable organic
compounds, toxic metals, suspended solids and nutrients (nitrogen and phosphorus) from
wastewater (Bitton, 2011; Godfree and Farrell, 2005; Horan, 1990), can, with optimised
performance, also reduce bacterial and viral pathogens by approximately 90%, protozoan
(oo)cysts by 0-1 log unit and helminth eggs by around 2 log units, depending on the
concentration of suspended solids (Jiménez et al., 2004; Asano and Levine, 1998).

Removal/ inactivation of pathogens and parasites is important to prevent the potential
outbreak of waterborne diseases, including enteric bacterial and viral diseases like cholera
and gastroenteritis, as well as parasitic diseases such as cryptosporidiosis and giardiasis.
Typical pathogen removals by primary sedimentation and the activated sludge processes
are 30-65% and 80-90%, respectively (Fu et al., 2010; Godfree and Farrell, 2005; Rao et al.,
1977) and occur by a combination of physical, chemical and biological processes (Figure
1.1). Mara and Horan (2003) reported that the rate of adsorption of bacteria and viruses onto
sludge flocs is directly related to the rate of sedimentation and thus, removal. Bacteria and
viruses have been observed to adsorb onto sludge flocs either chemically by ion exchange
and/or physically by electrostatic attraction, as they are relatively too small and of low
density to settle (Bitton, 2011; Gray, 1999). Higher doses of coagulants (higher rates of
coagulation) will, therefore, increase the removal of pathogenic microorganisms (Mara and
Horan, 2003). Also, it was found that temperature is directly related to the rate of digestion of
bacteria by protozoa.



Figure 1.1: Typical wastewater treatment plant, receiving watershed in the
background

Sherr et al. (1988) reported that the digestion rate increased exponentially from 12°C to
22°C although bacterial ingestion rates varied significantly depending on protozoan cell size
and total bacteria abundance. Water resource pH also plays an important role in pathogen
removal. Bitton (2011) reported that most microorganisms are sensitive to pH of water
because the pH affects the ionization of chemicals and therefore plays a role in the transport
of nutrients and toxic chemicals into the cell.

Whereas removal of helminth eggs, bacteria and viruses is commonly achieved by ‘natural’
treatment processes like wastewater stabilization ponds, disinfection methods such as
chlorination, ozonation and UV radiation are required for pathogen inactivation when more
conventional (energy-intensive) processes like the activated sludge process are used
(Jiménez, 2003). While disinfection methods are effective for the removal of bacteria and
viruses, they are less efficient in the removal of helminth eggs as these are very resistant to
disinfection methods and as such, techniques like sand filtration of final or treated effluent
prior to disinfection are recommended to deal with helminth eggs and round worms. Chlorine
kills microorganisms by destroying cellular materials and can be applied to wastewater as a
gas, liquid or in a solid form (Okoh et al., 2007). However, free residual chlorine remaining in
the water, even at low concentrations, is highly toxic to beneficial aquatic life (Hijnen et al.,
2006) and, if in excess of acceptable levels (0.2 mg/L), may need to be removed by
dechlorination to protect fish and aquatic life.

The public can be exposed to wastewater by several routes; the most common of which is
through ingestion during recreational activities such as swimming, through bathing for health
and when undertaking religious ceremonies. In the rural areas where the availability of piped
water is limited and in most cases non-existent, the communities utilise stream/ river water
for drinking and other domestic uses. The water used may include ground water sources that
may also be contaminated with wastewater. These are direct exposure routes.
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People can also be indirectly exposed to wastewater through consumption of shellfish
produced in contaminated waters. Filter feeders such as molluscs have been found to
concentrate pathogenic microorganisms occurring in contaminated water by filtration leading
to the infection of consumers (Tamburrini and Pozio, 1999). For instance, Hernroth (2002)
reported that enteric viruses were found in 50-60% of mussel samples at a mussel-farm
used for bioremediation. Many of these viruses are stable in water and have long survival
times with half-lives ranging from weeks to months (Banks et al., 2001).

In agriculture, people can be directly exposed to aerosols during irrigation using wastewater
as well as through contact with the irrigated area or ingestion of irrigated crops. Since
gastrointestinal pathogenic microorganisms do not occur as a natural part of the normal
intestinal microbiota, their presence (and density) in wastewater is dependent on the number
of infected people in the population contributing to the wastewater flow.

The production of effluents of acceptable quality by WWTP in South Africa is a challenge,
especially in the Eastern Cape Province acknowledged as mostly non-urban, poor and
without adequate infrastructure. Also, the documentation of final effluent compliance of the
WWTP to set guidelines with respect bacteriological and virological quality remains poor in
the Province.

This study was therefore designed to assess the prevalence of human viral, FIBs and Vibrio
bacteria pathogens in the final effluents of 14 wastewater treatment facilities in Eastern Cape
Province as a vehicle for skills development in microbial water quality science amongst
previously disadvantaged demographic groups.

1.2 PROJECT AIMS

The aims of this project were as follows:

1. To carry out a survey of existing wastewater treatment facilities in the entire Eastern
Cape Province, noting their dates of establishment, working capacity and current
statuses.

2. To assess the incidence of human viral pathogens, faecal coliform and Escherichia
coli in the selected WWTP effluents.

3. To assess the incidence and antibiogram characteristics of Vibrio bacteria pathogens
and pathogenic E. coli in the selected WWTP effluents.

4. To determine the physicochemical qualities of the selected WWTP effluents.

5. Compare data obtained from typical urban, semi-urban and rural communities of the
seven main districts that make up the province.

6. Submit a report of our findings to the WRC and Eastern Cape Provincial
Government.

1.3 CHANGES TO ORIGINAL WORKPLAN

When the proposal was submitted to the Water Research Commission (WRC) the interaction

between the Project Team and the Eastern Cape Department of Water Affairs (EC DWA)
3



had not materialised. The original (signed contract) required selection of two wastewater
treatment facilities in each of the seven District Municipalities in the Province making a total
of 14 study WWTP. The EC DWA made inputs as follows which altered the project proposail:

e The need to stick to the total humber of plants to the selected (14) due to budget
constraint, noting that the budget as initially proposed was drastically reduced.

e The plants should fall within the EC DWA priority target plants based on current
functionality and interests of the department.

e The need to ensure that plants are not located more than three hours’ drive from
Alice such that sampling will be a day return event, and as such spare the project
logistic inconveniences of overnight accommodation and related HR expenses as
initially proposed

Hence, the only change from the original plan was in the selection of the study plants to
reflect the interests articulated above.



CHAPTER TWO : LITERATURE REVIEW

Clean, safe and readily available water is critical to the survival of human and other life
forms. While safe water remains a critical resource world over, South Africa, being a country
located in a semi-arid part of the world faces some challenges in preserving and conserving
this scarce and limited resource. Compounding these challenges are the concerns over the
environmental health and economic implications of water pollution (Osode and Okoh, 2010;
Basson et al., 1997). Water pollution arises from many sources, and occurs when pollutants
or contaminants are discharged into water bodies without adequate treatment to remove
harmful substances. Of major importance is the concern over pollution from untreated or
inadequately treated municipal wastewater (sewage) effluents (Owili, 2003).

South Africa is one of the few countries in the world that enshrines the basic right to
sufficient water in its Constitution, stating that "Everyone has the right to have access to
sufficient food and water" (Constitution of South Africa, 1996 Chapter 2, Section 27b), and,
though the South Africa government made it mandatory from the old South African Water
Act (Act 54 of 1956) that effluent be treated to acceptable standards and returned to the
water course where water was originally obtained, much remains to be done to fulfil that right
(Mema, 2009; Morrison et al., 2001). Significant problems remain concerning the financial
sustainability of service providers, leading to poor maintenance culture. The uncertainty
about the government’s ability to sustain current funding levels in the sector is also a
concern (Mema, 2009).

According to a Water Supply, Sanitation and Hygiene (WASH) news Africa report in 2010,
“Many of South Africa’s municipal wastewater treatment plants (WWTP) are not performing
to acceptable water quality standards and there are several issues surrounding the
performance of these plants. Contributing to the challenges experienced by municipalities is
a lack of skills for the operation of facilities and a lack of infrastructures investment over the
past decades. A lack of good-quality drinking water leads to health problems, which is
serious, given the fact that many poor citizens source water directly from the rivers, where
not only municipalities, but also industrial water users, discharge polluted water. Since South
Africa does not have large rivers, the discharged effluents concentrate into small
watercourses” (WASH news Africa, 16 July, 2010). This situation is more pronounced in
such poor provinces as the Eastern Cape Province.

The Eastern Cape Province has been well acknowledged as mostly non-urban, poor and
without adequate infrastructure, with a significant proportion of its communities lacking pipe-
borne water, and as such rely on beaches, streams, rivers, groundwater and other water
bodies for recreation, drinking and domestic purposes. Many of these water bodies are often
polluted by industrial and municipal wastewater effluents (Igbinosa et al., 2011; Igbinosa and
Okoh 2010; Momba et al., 2009; Okoh et al., 2007; Fatoki et al., 2003; Obi et al., 2002)
amongst others. The attendant negative consequences of the impact of such pollutions on
the water bodies is the compromising of the primary health of people especially with death
threatening gastrointestinal diseases and other infectious illness (Momba et al., 2006, 2009;
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Hoebe et al., 2004; Obi et al., 2004; Bourne and Coetzee, 1996) caused by several viral and
other pathogens (such as toxic Escherichia coli and Vibrio bacteria), especially amongst
children as well as the immunocompromised.

There is evidence that suggest that the organisms causing many of these illnesses are not
necessarily the ones that are routinely tested for in microbial water quality assessments, in
order to establish the quality of water. Hence the need to monitor not only the classical
pollution indicator organisms like culturable total, faecal coliforms and coliphages as are
seldom done, but also viral pathogens (Wyn-Jones et al., 2011; Lipp et al., 2001) and such
specific, highly infectious bacterial pathogens as Vibrio bacterial and toxic E. coli, more so in
the light of the emergence of E. coli O157:H7 that is causing serious havocs in Europe since
mid-2011 (CDC, 2012). The prevalence of this new toxic E. coli strain in the South African
environment remains to be ascertained; neither is there adequate information on the
epidemiology of pathogenic Vibro bacteria in the Eastern Cape aquatic environment. Also,
though some studies have been carried out on the occurrence of Vibrio pathogens in the
Eastern Cape Province by the AEMREG group (lgbinosa et al., 2011; Okoh and Igbinosa,
2010; Igbinosa et al., 2009), the studies were restricted to the final effluents of only three of
the WWTP studied, and as such not a good representation of the picture in the Eastern
Cape Province.

Furthermore, several studies have indicated that levels of indicator bacteria do not correlate
with those of viruses, particularly when faecal indicator concentrations are low (Contreras-
Coll et al., 2002). Also, in our previous reports on final effluents of three WWTP, some Vibrio
species appeared to survive the activated sludge based WWTP as free cell and as plankton
associated entities (Igbinosa et al., 2009; 2011). In the same vein we observed that Hepatitis
A virus and Coxsackie virus also escaped the treatment processes of typical sub-urban and
rural wastewater treatment facilities in the Eastern Cape (unpublished report). We
hypothesize that these scenarios are common occurrences in the entire Eastern Cape
Province and hope to confirm this through this proposed research.

Also, viruses are known to be more resistant to environmental degradation than bacteria (de
Roda Husman et al., 2009; Rzezutka and Cook, 2004; Thurston-Enriquez et al., 2003). The
enteric virus group is the most meaningful, reliable and effective virus index for
environmental monitoring. These viruses, cause diseases such as paralysis, meningitis,
respiratory disease, epidemic vomiting and diarrhoea, myocarditis, congenital heart
anomalies, infectious hepatitis, and eye infections mostly in children or elderly among
bathers at recreational beaches (van den Berg et al., 2005).

Literature search revealed that aquatic virology research in South Africa was pioneered by
one of the seminal names in that field, Grabow and his colleagues in the 1980s, in Gauteng
(Grabow, 2007; Taylor et al., 2001; Grabow et al., 1996; Grabow, 1986; Grabow et al.,
1983). In one of their studies, they reported on the molecular epidemiology of Group A
rotaviruses in water sources and selected raw vegetables in South Africa; studied water
samples collected from water treatment plants, and irrigation waters and associated
vegetables located in the Western Cape, Gauteng and Limpopo (van Zyl et al., 2006).
Similar studies on aquatic virology in the Eastern Cape Province were reported by the
AEMREG and include reports on the Buffalo and Tyume Rivers (Chigor et al., 2014; Sibanda
6



and Okoh, 2012, 2013). Nevertheless, shortage of skills in microbial water quality remains a
major problem in the water sector in South Africa. Hence the need to increase skills
development especially amongst the previously disadvantaged demographic groups on
microbial water quality science becomes imperative.



CHAPTER THREE : DESCRIPTION OF STUDY AREA

The Eastern Cape Province borders the provinces of the Western Cape, Northern Cape,
Free State, and KwaZulu-Natal, as well as Lesotho in the north (DWA, 2009). The province
is mostly rural with high percentage of people living in poverty (67.4 %) and a very low
Human Development Index (HDI) of 0.52 (Eastern Cape Department of Social Development,
2008). It is the second largest province in South Africa and mainly comprised of rural
settlements with little or no adequate sanitary facilities. The Eastern Cape Province is
divided into seven district municipalities, namely, Alfred Nzo, Amathole, Chris Hani,
Ukhahlamba, O.R. Tambo, Cacadu and the Nelson Mandela Metropolitan Municipality
(Figure 3.1).

Alfred Nzo
District

Joe Ggabi District

OR Tambo
District
Chris Hani
District

Amathole District
Cacadu

District

" i—
Nelson Mandela
Bay District

Figure 3.1: The seven District Municipalities of the Eastern Cape Province

In collaboration with the Eastern Cape Department of Water Affairs, 14 WWTPs were
selected for study from two district municipalities viz Amathole District Municipality and Chris
Hani District Municipality based on the criteria articulated earlier.



Amathole District Municipality is situated in the central part of the Eastern Cape stretching
along the Sunshine Coast from the Fish River Mouth, along the Eastern Seaboard to just
south of Hole in the Wall along the Wild Coast. It is comprised of eight local municipalities:
Mbhashe, Mnquma, Great Kei, Amahlathi, Buffalo City, Ngqushwa, Nkonkobe and Nxuba.
According to the Greendrop report (2012), Buffalo City being the largest, is also the best
performing district with 15 out of 15 plants being in low and medium risk positions.

Also, according to the Greendrop report (2012), Chris Hani District Municipality represents
one of the highest risk municipalities in the Eastern Cape with 93% of its WWTPs in critical
and high risk positions. Tables 3.1 and 3.2 are summaries of the WWTP indicating the
treatment technology, design capacity and compliance ratings according to the Green Drop
Report of 2012. Also included are the motivations for the inclusion of each of the plants in
this study.
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Fort Beaufort WWTP is under the management and authority of Amatola Water Board
(AWB)" and currently operates without a license. This WWTP discharges its final effluents
into the Kat River. The Alice sewage treatment works? discharges into the Tyume River.
Some communities living downstream of the river use the water for irrigation purposes. The
Komga WWTP discharges its effluents into Kei River while Stutterheim WWTP discharges
its final effluents into Cumakala River (DWA, 2009; DWA, 2012). Keiskammahoek WWTP
discharges its effluents into the Keiskamma River (DWA, 2009; DWA, 2012) while the
Dimbaza WWTP discharges into Mdizeni River, which links to the main Keiskamma River.
The Amalinda and East Bank WWTPs discharge their effluents into the Indian Ocean® while
the Mdantsane WWTP discharges its effluents into the Buffalo River as does the Reeston
WWTP, and while the Whittlesea WWTP discharges its effluents into the Klipplaat River.

! The works are owned by Amathole District Municipality who is the Water Services Authority in the area.
Amathole District Municipality then appointed on contract a Water Service Provider, Amatola Water Board
(AWB) to operate these works. However, Amathole District Municipality are still responsible for compliance of
these works.

? Alice WWTP is owned by the University of Fort Hare, and operated under a contract between the University
and a service provider namely: Pollution Control Technologies. However, in terms of compliance, the
University is held responsible

* This discharge is at Bat’s Cave and effluent shall comply with quality requirements of General Standards
except for bacterial quality E. coli, which shall not exceed 1000 per 100 ml
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CHAPTER FOUR : PHYSICOCHEMICAL ANALYSIS

4.1 Introduction

Whereas rivers and other open aquatic ecosystems have a self-purification capacity that
enables the quality of the water thereof to maintain some equilibrium, continuous discharge
of sewage effluents into these systems gradually decreases their self-purification capacity
and increases the accumulation of pollutants within the river systems as well as in the
sediments Plants and animals living in these systems, as well as humans and land animals
which drink from these water bodies may be poisoned or otherwise harmed if discharged
effluents contain excessive amounts of salts, nutrients, detergents, toxic metals or organic
matter which may harbor or encourage microbial growth. The physicochemical qualities of
wastewater effluents must be routinely monitored to ensure that the discharged effluents are
of acceptable quality so as to preserve the integrity of the receiving water bodies. Even in
cases where effluents are used for irrigation purposes, there are maximum allowable
standards in terms of salinity, pH, heavy metals and microbial concentrations which will not
either directly harm the crops or the people who either ingest the crop or the irrigation
aerosol.

In this chapter, we report on the sampling methodologies and results of the physicochemical
analysis of effluent samples from the 14 WWTP assessed in this study.

4.2 Sampling and Analytical Procedures

Samples were collected once monthly from each of the 14 WWTP for twelve months in the
period commencing September 2012 to August 2013. Effluent samples were collected from
the final effluents (as it leaves the works) and the discharge point (end-of-pipe)*. There were
onsite analysis of some parameters (Figure 4.1, see also Table 4.1) while other parameters
assessed in the laboratory. The collected samples were transported in cooler boxes to the
AEMREG laboratory at the University of Fort Hare, Alice for analysis following standard
methods. Storage of samples in the laboratory was done within 6 hours of collection.

* There is a dearth of information regarding the scientific significance of increased contact time between
chlorine and microbes in chlorinated final effluents in the pipeline between the final effluent tank and the
discharge point. This study therefore sought to investigate if there could be a significant improvement in the
microbiological qualities of the effluent at the discharge point as compared to the final effluent tank. This was
done by collecting samples from both the final effluent tank and the discharge point, analysing them
concurrently and comparing the results. It is presumed that the longer the distance between the two the more
the contact time of the chlorine and more efficient in eliminating the bacteria.
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Figure 4.1: Students carrying out on site physicochemical analyses

The physicochemical parameters assessed in this study, the methodologies employed and
the regulatory guidelines by different statutory bodies are as presented in Table 4.1.

Table 4.1: Physicochemical parameters, methodology and regulatory guideline values
for wastewater effluents®

Parameters, units

Methodology

Regulatory Guidelines
(General limit)

pH”

Total Dissolved Solids*
(mg/l)

Multiparameter ion specific
meter (Hanna_BDH laboratory
supplies)

5.5-9.5 (DWAF, 2004)

450 mg/L (DWAF, 1996D)

Electrical Conductivity*
(MS/cm)

Conductivity meter (CRISON
CM35, Crison instrument)

70 mS/m above intake to a
maximum of 150 mS/m
(DWAF, 2004)

Dissolved Oxygen Merck DO meter, Model Ox 330 | = 5mg/L (WHO,2006)
(mg/l)* (Merck Pty Ltd)

Biochemical Oxygen Oxitop WTW BOD meter (Merck | 3-6 mg/L (EU standard)
Demand (BOD)** Pty Ltd)

Temperature (°C)* Thermometer Maximum of 35°C (DWAF,

> All WWTPs discharging final effluent less than 2000 m?/day need to comply with General Limit Values
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Parameters, units Methodology ?gf:;?;??m(i;tl;ldelmes
2004)
Microprocessor turbidity meter <5NTU (WHO, 2008)
Turbidity (NTU)* (HACH company, model 2100P)
Multiparameter ion specific 0.25 mg/l (DWAF, 2004)
meter (Hanna_BDH laboratory
Free chlorine (mg/l)* supplies)
Nitrite (NO,) (mg/l)** Standard photometric method 15 mg/l (DWAF, 2004)
Nitrate (NO3) (mg/l)** (DWAF, 1992) using the 15 mg/l (DWAF, 2004)
Phosphate (P) (mg/l)** Spectroquant Pharo 100 10 mg/l (DWAF, 2004)
Chemical Oxygen photometer (Merck Pty Ltd) 75 mg/| after removal of algae
Demand (COD) (mg/l)** (DWAF, 2004)

*analysed onsite
**analysed in the laboratory

4.3 Data Analyses
Detailed analysis of the data is focussed on the few of the parameters as detailed below.

4.3.1 pH Analysis

pH is defined as the negative logarithm to base 10 of the hydrogen ion concentration
(UNESCO, WHO & UNEP, 1996), any whole number change in the pH level of the receiving
water bodies as a result of discharging highly acidic or basic effluents will result in the water
conditions being either 10 times more acidic or alkaline. This is especially so in rivers with
low flow volumes which receive high volumes of effluent, resulting in minimal dilution effect.
This may create unconducive environments for aquatic organisms, from microbes to higher
organisms like fish, most of which can only live in a narrow pH range. Also, pH affects the
solubility of both nutritive metals and heavy (toxic) metals and whole number changes in the
pH of lotic systems can affect primary productivity as well as increase toxicity, which may
result in fish kills and have long reaching socio-economic consequences.

4.3.2 Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD)

The DO and BOD levels in wastewater effluents are directly related to its organic load and
microbial oxidation of the organic matter (Davies and Walker, 1986). Highly biodegradable
wastes are rapidly oxidised and oxygen is rapidly depleted. Aquatic ecosystems are able to
support a greater number of species of organisms when the dissolved oxygen concentration
is high. Oxygen depletion due to waste discharge has the effect of increasing the numbers of
decomposer organisms at the expense of others (Meertens et al., 1995). Not only does the
water then become devoid of aerobic organisms, but anaerobic decomposition also results in
the formation of a variety of foul smelling volatile organic acids and gases such as hydrogen
sulphide and methane, the stench of which can be quite unpleasant to residents in the
vicinity.
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4.3.3 Phosphates

Phosphates are an essential plant nutrient and are often the most limiting nutrient to plant
growth in freshwater. If effluents containing high concentrations of phosphates are
discharged into a river, algae and water weeds grow wildly as a result of eutrophication,
choke the water way and use up large amounts of oxygen resulting in the death of aquatic
organisms (Mosley et al., 2004), thus having negative impacts on nature conservation,
recreation and drinking water production. It is, therefore, necessary to control the emission of
phosphates from discharges of wastewater (van Larsdrecht, 2005).

4.3.4 Free Residual Chlorine

While chlorine is still the widely used disinfectant especially for wastewater treatment
(Tchobanoglous et al., 2003), it does not only disinfect, but also rapidly reacts with
contaminants such as NH**, NO%, H,S, Fe?" and other organic compounds, leading to the
formation of compound called trihalomethanes, which are considered health hazards (Akpor,
2011). Besides, high concentrations of free residual chlorine is directly toxic and so has
ecological consequences while very low (under-dose) may result in inadequate removal of
pathogens in the wastewater matrix and effluents will tend to have high concentrations of
pathogens, which may have public health consequences especially where people rely on
untreated surface water for drinking or recreation.

4.3.5 Temperature

Temperature is the driver of all physicochemical processes that happen in the aquatic milieu
and the discharge of effluents with a temperature of > 35°C can result in thermal pollution.
This may result in lessening of the dissolved oxygen in water creating hypoxic conditions
which are detrimental to the survival of aquatic organisms.

4.4 Results and Discussion

The physicochemical qualities of the effluents during the 12 month reporting period for the
14 WWTP under investigation are as summarised in Figures 4.2 to 4.25. Compliance to
effluent quality guidelines varied with parameter and with WWTPs as shown in Table 4.2.
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Table 4.2: Physicochemical parameter range of values and compliance levels

Parameter Range Guideline value | Compliance level
pH 3.6-8.7 5.5-9.5
Turbidity 1-567 NTU <5NTU
EC 92-1429 uS/cm | 70 mS/m
TDS 27-915 mgl/l 450 mg/I
DO 0.7-17.9 mg/| =5 mg/l
Temperature 12-31°C <35°C
Free Residual Cl | 0-8.8 mg/I 0.25 mg/I
BOD 0.1-17.0 mg/l 3-6 mg/l
COD 4.67-3283 mg/l | 75 mgl/l
Nitrite 0-19.1 mg/l 15 mg/l
Nitrate 0-21 mg/l 15 mg/l
Phosphate 0-68 mg/l 10 mg/l

19



0¢

€10z Aeniqay
pue z10zZ Joquaydag usaamiaq aduinold aden uidlse] ay} ul d1IMM P2303]9S {1 JO Sjuan|yd 19)eMa)sem Jo S|aAd] Hd :Z'y 9anbi4

"(yurod abieyasip) d@ :(Juaniys jeuy) 34 ((eysydamz) Mz ‘(easapium) LM (wisysapnig) LS (aljiAuioydas) 9s (uoisaay) Iy (umojsuaanp)
10 ‘(suesjueply) 1A ‘(eBwoy) WY ‘(¥ooyewweysidy) Y (Moyneag Ho4) g4 ((jueg ise3) g3 ‘(ezequia) WA ‘(epuljewy) WY (2211Y) TV :Aay

€L €L L €L €L €L €L €L €L €L €L €L L L 8/ v/ €8 L L €l-ged m
€L €L €L €L €L 69 €L 69 L €L €L €L €L €L i 89 vl €L €L cl-uefm
69 69 69 69 69 69 69 69 69 69 69 69 69 69 vl 98 69 69 |Z1-220m
98 98 £9 i i 89 i £9 €L i 69 i 69 A i i 69 6/ |{T-"ONm
9/ 9/ S9 9/ A 69 9'€ L 69 vl 69 £9 '8 €L f 89 vl L L Z1-Ponm
vl S/’ A 89 €L 98 €L €8 9/ A i 89 A v 6°€ vl 89 £9 71-dasm
MZ 1M 1S S Bl 10 1dnW IAIA A a4 g3 Wa NV w

dd 34 34 dd 34 34 34 34 34 34 dd 34 34 34 dd 34 34 dd 34 0

.

c

€

v

s =

9

i

8

6

o
—




T¢

€10¢C

3snbBny pue €10z Y2Je Usamlaq aduinodd ade) uiaseq ayj ul d1 MM P33098S 1| JO SJUSN|YD J19JeMd)SeM JO S|aAd] Hd g ainBi4

"(3utod abieyasip) da ‘(Juaniye jeuy) 34 (eyspiamz) Mz (easapiym) LM (wisyiannig) 1S (3l)1auioyds) S (uojsasay) 3y (umojsuaanp)
10 ‘(suesjueply) 1aN ‘(eBwoyf) WY ‘(ooyewweysidy) Y ‘(Moyneag Hod) g4 ‘(jueq ise3) g3 ‘(ezequi@) WA ‘(epuljewy) WY (211Y) TV :Aay

€L €L [ara €L €L €L €L €L €L €L VL €L €L €L 99 9 9L €L | €1-8nym
€L €L €L €L €L €L €L €L €L €L €L €L €L 8’9 6°S VL €L €L er-nrm
€L €L €L €L €L €L €L €L €L €L €L €L €L €L 99 S9 €8 €L €L er-unrm
€L €L €L €L €L €L €L €L €L €L €L €L €L €L S9 8 '8 €L €L |et-henm
€L €L €L €L €L €L €L €L €L €L €L €L €L €L 9L SL 7’8 €L €L | €1-1dvm
€L €L [ara €L €L €L €L €L [ara €L €L €L €L €L VL 69 8 €L €L |ET1EAm
MZ 1M 1S s 3d 10 1dW WX EY| g4 g3 WY w
dd 34 34 dd 34 34 34 34 34 34 dd 34 34 34 dd 34 34 dd 34 0
I
4
€
14
-
=
S
9
L
8




[44

€10z Arenuga4
pue z10z Joquaydag usamiaq adulnold aden ulajse] ayl ul J1IMM P3123|3S f| JO Sjuan|j}a 19)eMI)SEM JO S|9A3] ANpIgan] ' ainbi4

*aouejdwos-uou ajedipul |/Bw G je aul| pjoq 3y} anoqge
sanjep "(jutod abieyasip) 4@ ‘(3uaniys |euy) 34 (eysHiamz) Mz ‘(easaiym) LM (widysannig) LS (aliAuioyag) s (uojsaay) Iy ‘(umojsuaanp)
10 ‘(suesjuepy) LA ‘(eBwoyf) WY ‘(oyewweysiay) Y (Moyneag Hod) g4 (ueq ise3) g3 ‘(ezequi@) WA ‘(epuljewy) WV (3211Y) TV :Aay

Sz L€ 69 | T¥L | €¥T | C€¢ €S | LTT | LT | TT TTT | 86 | zer | VLT | TS Ss | 6TT | T9 €/ |€1-994m
1C [4rd £9 v S€ &S 8L | LTr | Tvy | T €971 | L'€T | 84T | T9 [s s’ ¥'s 4 6€ | €Tuerm
4 €7 Ll €€ S€ &S [ [T | 8% v 0C¢ | voz | TOoC | S€ 87T | TTT | TS ¥ |z1-09am
97 1C £9 88 86 7S | ver | 9€1 | TS 9¢ 8S | §/4S | TSC | L9 [ ¥ 9/ S€ |[ZT-AnONm
€ €€ 89 VA 4 68T | ¥/ | 98T | €¢ | 781 | 66% | €IS | §C¢C | €6 8S 85 | £9T | €81 8T | I POm
1€ 8¢ ¥'9 9C 8€ | 60T | S9T | T'6 | T'6T | £0OC | S€¢ | ¢ev | 6€ | T€L | 8¢T | £9T | #TT | TIT |¢i-dosm
MZ 1M 1S IS EN| 10 | 1aw | EN a4 a3 na WY w
da EE EE EE EE EE EE EE EE da EE EE o
ot
0¢
g
=
0€ &
-
or =
os
09
0/




€¢

€102 Isnbny
pue £10Z Y24\ usaamjaq asuinoid aded uiajseq ay} ul dLMM P3}09]3S {7 JO SJUdN|D 19JeMI)SBM JO S|9A3] AJIpIgun] Gy ainbi4

-aoueldwod-uou ajesipul |/bw G Je aul| pjoq 3y} anoqe
sanjep “(jutod abieyasip) 4@ ‘(yusniye euy) 34 (eyspemz) Mz ‘(easapiym) LM (wisysannig) 1S ((aliauioydag) oS (uoysaay) Iy (umoisuaanp)
10 ‘(suesjueply) 1aN ‘(eBwoyf) WY ‘(ooyewweysiay) Y (Moyneag Hod) g4 ‘(ueq ise3) g3 ‘(ezequi@) WA ‘(epuljewy) WY (211Y) TV A8y

T T S v €9 11 €8 cl S £¢E v 1) €c 91 €€ 1c €9¢ 9¢ €T-8nym
T T LL S L'y €01 €L €€ € Lece | L0S Le €L €Le | €Eve | v 0s 15 €l-nrm
T 4 14 €L L 9 8 11 4 £95 | S€C | 90¢ LE 81 91 L1 €y L9 Le er-unrm
T 4 € LT LT 14 €9 8 4 VL 919 | 9ttt €€ L 98 LS 66 6'S v'9 |c1-henm
T T € v 6 € €9 6 4 81 L9 [ara vl L S 9°s 8 LL 9L €r-1dv m
4 14 € €c 91 14 € €1 Sc €1 €1l L11 Sc 9 9 9 €l 96 88 |€lleNm
MZ 1M 1S s 3d 10 1dW WX EY| g4 g3 wda WY w
dd 34 34 34 34 34

(nLN) Auprgang

oct

ovl




144

€10z Areniga pue z10g Joquiajdag
uaamjaq aduinoid aden uiajse] ay} ul d1MM Po}29]9S | JO SJuan|yo 19)}eMa)SEM JO S|9A3] AJIAI}ONPUOD |BDLI3O3|T (9" 94nbi4

"(3utod abieyasip) da (3uaniye jeuy) 34 (eyspamz) Mz (easapiym) LM (wisyiannig) 1S (3l)1auioyds) S (uojsaay) 3y (umojsuaanp)

10

‘(auesjuepy) LA (eBwoy]) WY ‘(yoyewweysiay) Y ‘(Moyneag uod) g4 (ueq ise3) g3 ‘(ezequi@) WA ‘(epuljewy) WV :(211Y) TV :Aay
86¢ L6€E LVT T¢e (444 6¢ L6¢C VA4 e V.6 891 6.1 1433 13747 SET 9€T 8¢V €0¢ 90¢ | €T-9odm
¢6€ 10]% 6ST 891 0LT €0¢ T1€ [4°Y4 6veE LSS 00¢ T0¢ 90¢ SEV 9€T 6€T 6TV 691 69T | €T-uerm
€G€ 8¢ 8T 66T T0¢ €0¢€ 6LC (414 v9€ 44y €¢c 6T¢C 6€ 66¢€ 9T 174017 €LT €LT |TT-5%2dm
08¢ 6LE 88T 6€C |5 24 Y43 (153 9/LC LLE €eT 99¢ 99¢ €LE [48)7% 991 9971 14%17 I8T |CT-AONm
€8Y €8y 68T 0€¢ e S6¢ SLE 8¢ 8TV 9¢L (44 SEC 8Y [443 86T qqtl L6€ 8¢C¢C 8¢C | CI-POMm
(01774 Y47 68T VLT Y47 G8¢€ S0€ €9¢€ 144" e ov¢ ocy (2% 9T 6LT Y4 €0¢ 10T | Z1-desm
MZ 1M 1S JS Eb| 10 1A IADI ED| a4 d3 ANQ ANV v
dd 34 34 dd 34 34 34 34 34 34 dd 34 34 34 dd 34 34 dd 34 0
00z
o
Q
oor 8§
0
[«]
>
o
009 §
-+
)
5
008 =
%
[£)
g
000T

00¢T




S¢

€102 ¥snbny pue ¢10g
UoJe|\ Uaamjaq adulnold aded uldjseq ay} ul d1 MM P3303|3S §] JO S}UBN|YD 19)}EMI)SBM JO S|9A3| AJAIFONPUOI |BOLIIO3|T L' 24nbi4

"(yurod abieyasip) 4@ :(Jusniys jeuy) 34 ((eysydamz) Mz ‘(easapium) LM (wisysapng) LS (aljiAuioydas) Js (uoisasay) Iy (umojsuaanp)
10 ‘(suesjuepy) 1A ‘(eBwoyf) WY ‘(ooyewweysiday) Y (Moyneag Hod) g4 ((ueq ise3) g3 ‘(ezequi@) WA ‘(epuljewy) WV (211Y) TV :Aay

L0V 90y 8.1 08T 61 88¢ 0L¢ ¢6¢ [44% vt LLT 81 0¢s 699 (44" IZA" S0S €1€ | €T-8nvy m
8€¢C LEC 701 o1 891 81 TLC €0¢ 1514 661 €6l 68vY 89¢ 174 0ST 14513 Eve 0S¢ €T-Inrm
1413 95¢ SGT e LT 66¢ 85¢ S6¢ 88¢ 586 LEC S€C [44% 86V 611 65T [474% L61 | eT-unrm
1513 6v¢c 8T¢ LST LST SEC 8t¢ ¥9¢ 133 988 TT¢ 9T¢ osv 5174 691 661 vov T0¢ 66T |€T-AeANm
17453 L0€ 6GT 191 €91 oce 88¢ 69¢ 8€¢ 159 16t 961 ave viv 14" LT LEY [444 €77 | €Tdv m
5143 0S¢ 6 691 T0¢C 96¢ T1¢ e6¢ LSE 869 08T €8T 09v 8¢ 0sT 611 6€v 0T¢ €TC |€ET-1eA W
Mz 1M 1S N Iy 10 | 1LaN A P a4 43 NWa WV v
dd 34 EE| dd 34 EE| 34 34 34 34 dd EE| EE| 34 dd ER| EE| dd 34 0
00c¢

m
— o
=1
1 00y m.uh
0
o
3
Q.
009 §
2
2
008 E
wn
~N
0
3
0001

00¢T




9¢

€10z Areniga pue z10g Joquiajdag
Ud9M}a(q ddUINOId ade uialse] ay} Ul 1 MM Pa103]9S {7 JO SJUSN|D 19JBMBISBM JO S|9A3| SPI|OS PaAjossIq [elo] 8 @inbi4

-aoueldwod-uou ajesipul |/Bw QG Je aul| pjoq 3y} aroge
sanjeA "(jutod abieyasip) 4@ :(3uaniys |euy) 34 (eysHiamz) Mz :(easapym) LM (wiaysapnig) LS (aliauioysg) s (uojsaay) Iy ‘(umojsuaanp)
10 ‘(suesjuepy) LA (eBwoy]) WY ‘(oyewweysiay) Iy (1oyneag Hod) g4 (ueq ise3) g3 (ezequi@) WA ‘(epuljewy) WV :(3211Y) TV :Aay

S5 S5 v6 i i 681 061 91 6L¢ €9 01 STl vie 8¢ 18 18 vie 0el CET | €1-Qedm
15¢ 65¢ 0l 01 601 Vel 861 191 €ce FASS 961 8l¢ 18 18 89¢ 801 801 | €T-uerm
9cec ave L11 Lel 6C1 Vel 8.1 191 €el 0L¢ evl ovl 15¢ 95¢ vo1 65¢ 11 TIT |ZT-2=0m
£9¢ 19¢ Tt €51 Sl 80¢ 4 8.1 ove €58 0L1 L1 6tC ave 901 901 16¢ 911 |ZT-AON®
60€ [4%s Tt vl evl 681 S1E 80¢ £9¢ S9v 8l 0S1 60€ 80¢ 101 66 T4 9l 91 | Z1-1P0Nm
8¢ S8¢ Tt 111 S8¢ sve S61 A4 98~ SS1 FAS)) 69¢ £8¢ il Vil 9ge ocl 6¢T |¢T-desm
MZ 1M 1S s 3d 10 1dW WX EY| g4 g3 wda WY w
34 34 34 34 34 34

(1/3w) saL




LC

€102 ¥snbny pue ¢L0z
yoJep usamjaq adsuinold ade) uiajseq ay} ul dLAMM P3129]9S ] JO SJuan|}jo 19JeMa)}SEM JO S|9A3] SPI|OS PaAjossIq [elo] 6 24nbi4

-aouejdwos-uou ajesipul |/Bw QG Je aul| pjoqg ay} anoqe
sanjeA “(jutod abieyasip) 4a ‘(yusniye [euy) 34 (eyspEemz) Mz ‘(easapiym) LM {(wisysannig) 1S (aliauioydag) s ((uoysaay) Iy {(umojsuaanp)
10 ‘(suesjuepy) 1A ‘(eBwoyf) WY ‘(ooyewweysiay) Y (Moyneag Hod) g4 ‘(ueq ise3) g3 ‘(ezequi@) WA ‘(epuljewy) WY (211Y) TV :Aay

19¢ | 09¢ | ¥IT | SIT | €CT | S8T | ¢/T | 1SC | 8SC | SI6 | ¥IT | /IT | C€€ | ¥9€ | OIT | TIT | €CE 70¢ | €1-8nvm
T/€ | OLE | 79T | 90T | 80T | /8C | €LT | [I€ | €6€ [T | ¥CT | €1€ | 6IF | S6 96 | €5¢ | 9ST | 6ST | €I4nrm
[¢C | 8TC | 66 | SST | 8ST | ¢6T | S9T | 88T | 6bC | T€9 | ¢ST | IST | 0O/C | 6T€ | 96 | COT | ¢8C | 9¢T | 0CL | €I-unrm
G¢¢ | €c¢ | OvT | TOT | TOT | ¥I¢ | SPT | 69T | ¥TC | 1SS | GET | 8€T | 88C | 187 | 80T | £L¢T | 86C | 6CT | L1 |c€T-AenNm
T0¢ | £6T | S6 | €0T | ¥OT | SOC | 9€T | ¢/T | 9T¢ | {Iv | ¢CU | 9¢v | ¢¢t | C¢I€ | €6 76 [T | il | €T | €1-dvm
€CC | vee | vwT | 61T | 6CT | 9€T | 66T | (8T | ¢vC | Lvv | €IT | (IT | ¥6C | SvC | ¥6 S6 | 78T | SET | 9ET |€l-lenm
mz 1m 1S S 3y 10 | 1AW | A EY a4 a3 I\ v
da EE EE da EE EE EE EE EE EE da EE EE EE da EE EE da EE o
“ ] “ M -
00¢
00€
oor
w
00s T
<
009 £
00Z
008
006

000T




8¢

€10z Aenuqag pue z102
Jaquiaydag uaamjaq asuinold aded uidlseq ay} ul d1MM P3303|3S | JO SjUaN|YD 19)}eMI)SBM JO S|dA3] UBBAXQ paAjossiq 0}y 91nbi4

-9oueldwod-uou ajesipul |/Bw G Je aul| pjoq 3y} anoqe
sanjep “(jutod abieyasip) 4q ‘(yusniye [euy) 34 (eysHemz) Mz ‘(easapiym) LM {(wisysannig) 1S (aliauioydag) oS (uoysaay) Iy {(umoisuaanp)
10 ‘(suesjuep|y) 1aIN ‘(eBwoy) WY ‘(Meoyewweysiay) ) (Moyneag uod) g4 ‘(queg jse]) g3 ‘(ezequuq@) NG ‘(epuljewy) WV :(9911Y) TV Ay

91'¢ | €8T | 91°L | 81T | 95V SL 8 19T | v¥l 'S 618 | S8L | ¢L'1 S'S 7’8 vi'L | 8% | S08 | 618 |E1-Godm

0’8 | 808 | ¥6'9 | LSL | €EVS | VO'L LL ISV | 6L1 S'S €S ¥9'¢ | 6'ST | SI'S | 658 SL vy | LEL | ELS | gT-Uuerm

€6'Ss | 199 | 959 | 8L | 859G | VO'L 7’8 ISV | EEL L 9¢'s | IS¢ | 6LV | LLS vS'L 96 £L£9 | EVE | C1-2°dm

€01 | LOT VL '8 ves 6°S 98 14 L8 9°s 10°S [ard r'y | 09 | PS8 6L 86’V S/CT |ZT-AON B

8L | 6L | 669 | 1I8L | 88V | 8E9 | I¥F8 | L6V | 669 | 19'G | ¥6'S 9¢ | €SCL | 8L'S | #L'8 8 19 | €9 | 66'C | 1 POMm

L8 | 91'8 8¥'8 | 8.S | ¥I'S | ¥T'01 | €S S06 | 869 | 89S | 1¥'¢C 'y 119 6 88/ | 9¥'S | 949 | STT |cI-desm
MZ 1M 1S s 3d 10 1dW WX EY| g4 g3 wda WY w

(1/3w) uadhxp paajossiq




6¢

€10z ¥snbny pue
€102 Y2Je\ usamiaq aduinoid aden uidiseq ay} ul d1LMM P33123]9S {1 JO SJUdN|d 19)eMA)SEM JO S|9Ad] UBBAXQ paajossIq :L L' 2inbi4

-aoueldwod-uou ajesipul |/Bw G Je aul| pjoq 3y} anoqe
sanjeA “(jutod abieyasip) da ‘(usniye |euy) 34 (eyspemz) Mz ‘(easapiym) LM (wisysannig) 1S ((aliauioydag) oS (uoysaay) Iy {(umoisuaanp)
10 ‘(suesjuepy) 1A ‘(eBwoy) WY ‘(¥ooyewweysiay)) ) (Joyneag uo4) g4 ‘(queg jse3]) g3 ‘(ezequuq@) NG ‘(epuljewy) WV :(3911Y) TV Ay

L 8 8 1€8 q1'g 9 6 9 01 v V.6 V6 81 9 00T 9€'6 v0'S 76’8 | €T-8nym

s L 1L '8 6C°S '8 6 7’9 1L V6 [6°8 v 89 TT0T LT6 16°€ 169 6C¢C crinrm

€L €L '8 €8 P 8 '8 q'q 8V L0 L6 16 oy €€ L6 €8 14 16'8 o'V cr-unfm

v q s 8 6'S 9 '8 L9 S0T 69 16 '8 14 L'V L6 '8 Sv 8/ 181 |€T-AeNm

S’ €€ 7’9 8/ €9 6L '8 99 vl 99 '8 8/ Ta v 6’8 '8 q 90, vy | €T-udym

18 s ] 969 €eEV 1L L Sv €8 AR 997/ L STaya v'eE q'q 608 €69 SO [¥9 T19°E | €T1eiAm

MZ 1M 1S oS J4 10 1A A B g4 g3 wda WY v

dd EE| EE| dd EE| EE| EE| EE| EE| dd EE| EE| EE| dd EE| EE| dd EE| 0
l

=]

Z

v z

(1]

o

(@]

9 =

o

(1]

=

8 El

@

=
01

cl




(013

€10z Aenuqag pue
210Z 1aquiaydag uaamjaq asuinold aden uiajseq ay} ul d1MM P3393|3S ¥| JO S}UaN|HYD 19)}EMI)SBM JO S|9A3] ainjesadwa] :Z} ¢ 91nbi4

"(yurod abieyasip) 4@ :(Juaniys jeuly) 34 ((eysyudamz) Mz ‘(easapium) LM (wisysapnig) LS (aljiAuioydas) Js (uoisaay) 3y (umojsuaanp)
10 ‘(suesjuep|y) 1aIN ‘(eBwoy) WY ‘(Meoyewweysiay) ) (Moyneag uod) g4 ‘(queg jse]) g3 ‘(ezequuq@) NG ‘(epuljewy) NV :(9911Y) TV Ay

X 74 €¢ 74 €¢ ¥ €¢ 9¢ €¢ X [44 €¢ 74 [44 €¢ ¥ 1¢ 24 ¥Z | €194 m
74 74 9¢ €¢ [44 74 8¢ 74 1€ X 1¢ [44 74 9¢ 1¢ [44 8¢ 24 ¥Z | €T-uerm
9¢ 9¢ €¢ [44 €¢ 74 1¢ 74 74 8T 1¢ [44 €¢ ¥ 1¢ [44 €¢ 7¢ |ZT923Qm
74 ¥ 74 0¢ [44 [44 ¥ 8¢ 0¢ ¥ 1¢ €¢ €¢ 0¢ ¥ 74 €¢ ST |ZT-nOoNEm
74 9¢ 9T ¥ 1¢ 74 €T 8T 6T [T 8T 8T 9¢ 6T 74 74 6T 0¢ 1¢ |ZT-P0Om
[T [T 9T [T [T €¢ 8¢ 0¢ 6T ST 9T 1¢ 6T 6T 0¢ ¥ [T [T |z1-dosm
MZ 1M 1S IS EN| 10 | Law | EN a4 a3 na WY w
da EE EE da EE EE EE EE EE EE da EE EE EE da EE EE da EE o
“ g
ot
o
3
sT B
_ 3
=
0z 3
fa)
74
0€

SE




143

€102 ¥snbny
pue €10z Yo4e|N usaamjaq asuinoid aded uiajse] ay} ul dLMM P3}09]3S {7 JO SJUdN|YD 19}eMI)SBM JO S|9A3] ainjesadwa] gLy ainbi4

"(yurod abieyasip) d@ :(Juaniys jeuly) 34 ((eysyudamz) Mz ‘(easapium) LM (wisysapnig) LS (aljiauioydas) Js (uoisasay) Iy (umojsuaanp)
10 ‘(suesjueply) 1aN ‘(eBwoyf) WY ‘(ooyewweysiay) Y (Moyneag Hod) g4 ‘(ueq ise3) g3 ‘(ezequia) WA ‘(epuljewy) WY (211Y) TV A8y

[T [T [T 91 91 61 [T 0¢ 81 91 €1 €1 Q1 [T Q1 Vi [T A" €T-8ny m
91 [T €1 Q1 Vi 0¢ 81 Vi 61 €1 Vi 1 61 Vi €1 61 Vi €1 €L nrm
Vi Vi Vi Vi Vi 91 61 [T 81 61 1 €1 1 81 Q1 91 61 Vi 1 cr-unfm
0¢ 61 81 81 [T 1¢ 1¢ 61 c 61 91 Q1 Vi c 91 91 v 91 91 cT1-Aey m
€ c 1¢ 81 81 1¢ qZ qZ € 81 [T 81 81 € 0¢ 81 v 61 81 €1-1dy |
8¢ 8¢ 1¢ 9¢ v 8¢ v c 9¢ qZ v v 0¢ qZ 6¢ qZ qZ c c ET-1ElN W
MZ 1M 1S asS J4 10 1dN A IA a4 g3 Wa NV v
dd 34 34 dd 34 34 34 34 34 34 dd 34 34 34 dd 34 34 dd 34 0
0T
o
3
Q1 M
—._ r. r. g
=
0¢ o
3
qZ
0¢g

SE




[43

€10z Aenuqag pue
2102 1oquaydag uaamlaq aouinold aded uiajse] ayj ul d1MM PO)I3|3S 17| JO SJUBN|YD 19)EMI)SEM JO S|9AI] dULIO|YY) 3344 Py 91nbBi4

"(yurod abieyasip) d@ :(Juaniys jeuy) 34 ((eysydamz) Mz ‘(easapium) LM (wisysspnig) LS (aljiAuioydas) 9s (uoisasay) Iy (umojsuaanp)
10 ‘(suesjueply) 1aN ‘(eBwoy) WY ‘(ooyewweysiay) Y ‘(Moyneag Hod) g4 ‘(ueq ise3) g3 ‘(ezequia) WA ‘(epuljewy) WY (211Y) TV A8y

€0 €0 €00 810 10 <0 88 €10 €10 6€0 AN ST0 SO0 91’0 97’0 10 0 SO0 10 clgedm
<00 SO0 10 610 8C°0 88°¢ 810 €0 €0 S9°0 190 SED 810 AN <0 AN ST°0 610 | €ET-Uefm
<10 €10 900 AN LT0 8C°0 T 810 €0 600 6€0 FASHD) €10 610 600 SO0 <0 60 |[ZT220m
10 10 10 €0 €10 AN LT0 €0 AN €0 810 10 T1°0 600 8C°0 9g0 SO0 0 |[CT-A\ONm
97’0 90 AN ST0 €10 0 1S9°¢C 10 €10 g0 ¥0 6%0 10 600 €€°0 T€0 €10 €10 fC0 [ ZT-100Om
610 ST0 ¥0 €0 ST0 G.'9 €0 SED 70 10 ST0 79 600 | rd 1€¢ 120 0 810 |zr-desm
MZ 1M 1S oS J4 10 1A A B g4 g3 wda WY v
dd EE| EE| dd EE| EE| EE| EE| EE| EE| dd EE| EE| EE| dd EE| EE| dd EE|
IS e n . . .lll-ll'n-l'll o J 0
.
l
gl
€ 3
[i]
vo2
=}
q 5
[i]
> 3
L B
8
6
01




€€

€10z ¥snbny
pue €10z Yo4e\ usamlaq 9duinold aden uiajse] ay} ul 1 MM P33}23]|3S P JO SJUBN|YD 19)EMI)SEM JO S|9A3] dULIO|YD) 3314 G| 91nbBi4

"(yurod abieyasip) 4@ :(Juaniya jeuy) 34 (eysydmz) Mz ‘(easapium) LM (wisysapng) LS (aljiauioyds) Js (uoisaay) 3y (umojsuaanp)
10 ‘(suesjuepy) 1aIN ‘(eBwoy) WY ‘(Meoyewweysiay) ) (Moyneag uod) g4 ‘(queg jse3]) g3 ‘(ezequuq@) NG ‘(epuljewy) NV :(9211Y) TV Aoy

8T°0 8T°0 S00 91’0 AN0) ¢T0 TT €C0 ¢T0 0 0 LT0 S00 ST0 91’0 €T0 S00 6T0 |€T-8nV m
9¢'0 T€0 600 ST0 €T0 vC0 7T 10 ¢T0 8C0 6C0 600 ¢T0 900 900 AN0) 9T'0 910 ET-INMm
[44] [44)] 900 8C°0 €0 TO0 € 70 TO 0 S€0 LEO0 ¢00 ST0 600 AN0) S00 LT0 c00 ET-unf m
STO [AN0) S00 0 €C0 €C0 0 ¢T'0 | 9T'0 | S€°0 | 8T'0 | 9T0 7’0 [4A0) €EV’'0 | 8T'L 0] T€0 €0 |[€T-AeAm
S¢0 | LCO €0°0 | LT'0 | 9T'0 | ¥0O'0 79 10 0 €€0 | 600 T0 900 | 800 €T0 | ¥VTO €T0 0 vZ0 | €T4dV m
STO €C0 100 €T0 €€0 | ¥80 (8T 10 | ¥€0 €E0 | LSO 19°0 | 8€'0 6T°0 ST0 | 9T0 YAV €10 | 6T0 |€ET-EAm
MZ 1M 1S oS I 10 1AN A E)| a4 g3 Ad NV v
dd EE| 34 dd EE| 34 34 34 34 34 dd 34 34 34 dd 34 34 dd EE|
B - Iy - 0
T
4
b
3
€ (@]
=
o
v 3
[¢]
I 3
Q
=
9
L
8




Ve

€10z A1enigad pue z10z Joquiaydag
uaamjaq asulnold aden uialseq ay} ul JLMM Pa109]3S y| JO Sjuan|yd 19)JeMa)SeM JO S|aAd| puewag uabAxQ |esiwayoolg 9Ly ainbi4

*aoueldwos-uou ajesipul |/Bw g je aul| pjoq ay} anoqge
sanjeA “(jutod abieyasip) 4@ :(3uaniys |euy) 34 (eysHiamz) Mz :(easapym) LM (wiaysapnig) LS (aliauioysg) s (uojsaay) Iy ‘(umojsuaanp)
10 ‘(suesjuepy) 1A ‘(eBwoy) WY :(¥aoyewweysiay)) ) (1o0yneag uod) g4 :(queg ise3) g3 :(ezequiq) NG (epuljewy) WV :(3211V) TV Ay

VT €0'T 69°S G8'9 590 3T 0T 6€°C 199 Ty ST 7T 980 9'v SEL 78T 9/'¢ g’s LT9 |€T-0°d m
Iv'e STV 819 LL'E V'€ 8T°S 1T 9/'¢ 9691 e S'¢C LS'T | T6'VT | LSV 9¢'/L 96t v'E S'C 68T cT-uefm
88'C g0 1’9 9T’y 40N % 8T°S 97 9/'¢ S'9 ¥'9 98¢ [ vy 9S9'v 9/'9 668 LSV GE'C |CT-9°A m
89S 99 89 L'T 9'¢ L'T €T'8 T v'E 8€'S 6EY LT 9/'¢€ €€ 6'Y Vv 74 1T CT-\ON m
L6°T 8G9°C 819 G8'9 €9°¢ €90 9t'0 30V 4% 1% Q97 vO'T |EV'CT 1284 8’ TS S6'Y €09 ¢6'C | CT-P0Om
18T 6T'T €T’0 80T LTV T 9¢'v Y9 44 9LV L9'T (584 LT'C 13 7A0) €10 9¢'v LL0 99°0 | ¢T-das u
MZ 1M 1S oS ER] 10 1AN NI E)| a4 d3 INd NV v
EE| EE| EE| EE| EE| dd 34 EE| EE] dd 34 EE| dd 34 0
m L N
-_ i ¢
9
— s
8 9
| 5
o &
- =
T
71
97

8T




S€

€102 ¥snbny pue ¢10zZ yoiew
uaam}aq adsuinoid ade uidlse] ayj ul d1MM POIO3I3S 7| JO SJUDN|ID 19)}BMI)SEM JO S|OAD| purwdg uabAxQ |esiwayoolg : /L'y 24nbi4

*aouejdwos-uou ajedipul |/Bw g je aul| pj|oq 3y} aroge
sanjep “(jutod abieyasip) da ‘(usniye |euy) 34 (eyspemz) Mz ‘(easapiym) LM {(wisysannig) 1S ((aliauioydag) oS ((uoysaay) Iy {(umoisuaanp)
10 ‘(auesyueppy) 1AW ‘(eBwoy]) WY ‘(Meoyewweysiay) Y :(Hojneag Hod) g4 ‘(queg ise3) g3 ‘(ezequuq) NQ ‘(epuljewy) WV :(9211Y) TV :Ae
A

SC0 | ¥ED 9°s 65°¢ 9t €8S | €01 6t LL°C 9t vl'9 | 90°'S | ev'E 61T 15°L | ¢O'L | SEV v6'L | €1-8nvm
91 [ard 9 650 | 8C0 60 60 L0 Lc ¥5'0 | 6€E0 | LS'E 'S 80°'L | 999 | ¢v'E | LO9 | W1 er-nrm
66T | S6'T | ¥6'F | 690 €0 91 1 89v | 69t | 650 LT 86'C | €L'E | ¥vE'E | ¥8'8 | 6EL | BOE | 65C | €L°E | €ET-UNf A
€0 10 14 vco | 9¢0 T T 6°S 6% L€0 | €L | SOV | 8T'€E L'y SL°E | LEO0 | €ECE | LSO 10 |cT-AeNm

¢ LT 9 LT L'y 8t L0 vy 6% €€ 6t 6t 8E'C 6t 9 s 14 S¢ GE'T | €T-1dvm
Sy 9 9 SE9 | 88¢€ | I¥9 | €S°C L'E 8 v 8€'0 | L0 | 98¢ 6% 659 6% €6'E | 91t | 9F'C |ET-HEIA M
d

1S s 3d 10 1dW 3 g4 g3 wda WY w
34 dd

N

MZ 1M

34 34 34 34 34

(V]
(1/3w) aog

ot




9¢

€10z Arenuqa4
pue z10z 1oquajdag usamiaq aduinold aded ulajse] ay} ul d1MM P33}29]3S P JO SJUaN|D 19)EMI)SEM JO S|9A3] d)J}IN 8L 91nbBi4

‘aoueldwod-uou 3ajesipul |/Bw G| Je aul| pjoq 3y} aAoqge
sanjep “(jurod abieyasip) da ‘(3uaniye |euy) 34 (eysHiomz) Mz ‘(easaym) LM (widysannig) 1S (aliauloysg) S (uoisaay) Iy ‘(umolsuaanp)
10 ‘(suesjueply) 1A ‘(eBwoy) WY ‘(ooyewweysidy) Y (Moyneag Ho4) g4 ((jueq Ise3) g3 ‘(ezequia) WA ‘(epuljewy) WY (2211Y) TV :Aa)y

Y20 | 810 | ££0 | ZTCO | €O | 9T0 | ¥00 | £SO | €0 | ¢S0 | 810 | CO TO0 | TZ0 | 6T0 | 80 | TO | ¥€0 | SE0 |€T-Uodm
[TO | £T0 | €€0 | 810 | 610 | ¥O0 | /10 | ¥OT | 80 | TO | TL0 | £0 | 910 | 980 | 910 | 910 | SZO | 610 | 910 | €T-uerm
900 | TO | 680 | CO 70 | ¥00 | ¥00 | ¥OT | £80 | L£0 | ¥T0O | €C0 | 600 | SL0O €70 | ¥0 | 920 | ¥T0O |ZT2°Qm
€70 | ¢r0 | ZEO | CTO | 60 | €10 | Y00 | VO | 99 | TL0 | €C0 | €20 | 600 | 950 | SI'O | 100 | 9¥0 120 |ZT-nON =
S00 | 900 | ¥Z0O | ¥T0 | ¥T°0 | YOO | £00 | €€0 | 6¥0 | ¥ET | SEO | ¥€0 | SO0 | 8T0 | £10 | 600 | 90 | SE0 | CTEO |ZTPOMW
Y10 | LTO €10 | 910 | ZE0 | SO0 | ¥€EO | T6T | L#FO | €0 | T¥0 | ££20 | 610 | 810 | 810 | ££0 | /95 | €09 |¢I-dosm
MZ 1 1S IS BN 10 | Law | EN a4 a3 na WY w
da EE EE da EE EE EE EE EE EE da EE EE EE da EE EE da EE
m—— T E— L 1 nll4| T N T — e 0
g
Z
ot g
=
m
3
ST T
=
0¢

Sc




LE
€102
3snBny pue g0z YoJe\ usamjaq asulnold aded uiaiseq ayj ul dLMM Pa309]as | JO SJUaN|yd 19JeMa)SeM JO S|9Ad] dJIJIN 61 1 @4nbi4

"(3utod abieyasip) da ‘(3uaniye jeuy) 34 (eyspiamz) Mz (easapiym) LM (wisyiannig) 1S (3|)1auioyds) S (uojsaay) 3y (umojsuaanp)
10 ‘(suesjuepy) 1A ‘(eBwoy) WY ‘(¥eoyewweysiay)) ) (11oyneag uod) g4 ‘(queg jse3) g3 ‘(ezequiq) NG ‘(epuljewy) WV :(3211V) TV Ay

70 T0 €0 a0 6T0 0 €00 0 70 0 €C0 | €C0 | 800 T 0 [y 10 V€O |ET-8NV m
€C0 | 9C0 | ¥vCO | SCO | 9C¢0 | LTO | €00 | 8T0O | CT'O €C0 | TCO | 9T0 | ¢CO 0 8T0 0 8T°'0 | LT'O €T-INMm
€0 9¢'0 | 8€0 0 0 S0°0 | €000 | 9T0 | TCO | ¢¥'T | SCO | €C0 | VOO | ¢£0 | ¥YT'O | ¥CO | CCO | €00 | YOO | €ET-UN(m
€0 0 €0 LT'0 | 8T°0 0 vT0 0 70 EV'0 | €C0 | 8CO 0 7’0 LT'0 | 8T°0 0 910 | ¥T'0 |ET-AeNm
(4] ¢1’0 | 9¢0 (4] 8C°0 | SO0 | €00 | 9T°0 | 8T'0 | LOO | €C0 | €C0 | 600 | CT'0 | CTO | LT'O | LEO | YOO | SO0 | €T-dy m
(4] €0 €0 10 (4] (40 SO0 (4] S0 L0 T¢0 | TCO0 | 800 [4 L00 | YOO | €CO | TTO | TTO [€ET-EBANm
MZ 1M 1S N 3d 10 1dN A E)| a4 43 Wa NV v
dd 34 34 dd 34 34 34 34 34 34 dd 34 34 34 dd 34 34 dd 34 0
S0
T z
=
o
3
<
ST -
4
S¢




8¢

€10z Aenuqgag
pue z10z Joquajdag uaamiaq 9duinold aded u1a)se] ay} ul 1 MM P93129]3S | JO SjUdN|D 19)EMI)SEM JO S|9AI] de}IN :0Z 1 91nbBi4

*aouejdwos-uou ajesipul |/Bw G| Je aul| pjoq ay} anoqe
sanjep “(jutod abieyasip) da ‘(usniye |euy) 34 (eyspemz) Mz ‘(easapiym) LM (wisysannig) 1S ((aliauioydag) oS {(uoysaay) Iy {(umoisuaanp)
10 ‘(suesjuepy) 1AW ‘(eBwoy) WY ‘(Mooyewweysiay)) ) (Joyneag uo4) g4 ‘(queg jse3]) g3 ‘(ezequuq@) INQ ‘(epuljewy) WV :(3211Y) TV Ay

€67 v 1T 9/’ £q 8T v CTT 6°'GT Qv T8T 76T £9°0 €Ly 8TT [ETT 8’7 €S9CT | ESET |ET-gedm
/6’8 '8 A feri v €981 rie] ra N TA'ar €€ '8 L9 71 £1's LTT £80T 9y /98 (V'8 ET-uerm
g9 9q LT 90 £0's 98T qq ra N 0L EEC 'S 9q T €67 €08 TS 80T P07 [ €T-2=20m
89 g9 /6’6 i v rie] 17’8 15971 £6 T€E L'y 9% 6T ot I8F%T £9T 19 eV 1T |ZT-A\ON |
9/°8 Lf 61T 67 T€E 6V £9°0 T0T ot raran 9 £E'S 0 £E9 E9TT QT vy { 60T 1320 m
SZvT | SC9T 0 0 CE'6 s QET viT Q'S £1L9 /59 QT TS CT'ST | S8'/T QT v €1'8 | zT-dosm
M7 1M 1s a8 4 10 1awn ] I a4 a3 Wda WY w
dd 34 34 dd 34 34 34 34 34 34 dd 34 34 34 dd 34 34 dd 34 0
1118
Z
0T =
5
QT m.m.
=
07

Sc




6€

€102 ¥snbny
pue ¢€10zZ YoJe\ usaamlaq aduinold aded ulajse] ay} ul 1 MM P33103]3S p| JO Sjuan|ya 19)eM3)SEM JO S|9A3] dJed}IN L2 9inbi4

*aoueldwos-uou ajesipul |/Bw G| e aul| pjog ay} anoqe
sanjeA "(jutod abieyasip) 4@ :(3uaniys |euy) 34 (eysHiamz) Mz :(easapym) LM (wiaysapnig) LS (aliauioysg) s (uojsaay) Iy ‘(umojsuaanp)
10 ‘(suesjueply) LA (eBwoy]) WY ‘(oyewweysiay) Iy (1oyneag Hod) g4 (ueq ise3) g3 ‘(ezequi@) WA ‘(epuljewy) WV :(211Y) TV :Aay

6 S'6 e Tt (474 T8 8'C €9°'S | LS89 60 89T | 9°LT T L6C |ELTT | LEVT 14 L9T | €18y m
A% TS L'T v 9Y 1234 8¢ €1 9L 69T | T61 S9 L0 |L6ST | €SV 0 6L€ | LT'9 €T-1INMm
L L 9 ev'y 174 6 8¢ € 14 ST 791 69T L0°0 14 €0T | LVOT | LLY 8€L L00 €T-unfm
LLL | €ETL €6 €6°€ 14 L'L €€ 8’9 69 (47 ¥'9T | ¥'ET 6'T 9 |LLTT | L6ET | 8P LL'8 | ¥O'S |[€T-AeN m
69 L S9 S 9’9 LS S8 8’9 L'ET TC €0C | TTC | 620 | LT'T |LELT |L8ST | TS 9 I¥0 | €T-1dV m
LTE | LT'E | €T9 14 €0'S | LES €y LT6 9L €T LSL S8 £L8°0 8S |E€ETLT | L'8T | €T9 | 8CT | T'ET |€T-4eANm
MZ 1M 1S S EL| 10 1A A ER g4 43 Wa NV v
dd 34 EE| dd 34 34 34 34 34 34 dd 34 34 34 dd 34 34 dd 34 0
2
0T =
g
- o
&
ST =
0¢

S¢




ov

€10z Aenuqag pue

Z10Z 1aquia)dag uaamjaq aduinold aded uiaise] ayj ul d1IMM Pa329]as | JO SJUBN|LD 19JeMB)}SEM JO S|9A3] djeydsoyd :Zz'y ainbi4

‘aouerdwod-uou ajeaipui |/Bw g je aul| pjoq a8y} anoqe

sanjep “(jutod abieyasip) da ‘(usniye |euy) 34 (eyspemz) Mz ‘(easapiym) LM (wisysannig) 1S ((aliauioydag) oS (uoysaay) Iy {(umoisuaanp)
10 ‘(suesjueply) 1A ‘(eBwoyf) WY ‘(¥ooyewweysidy) Y (Moyneag Ho4) g4 ((jueq ise3) g3 ‘(ezequid) WA ‘(epuljewy) WY (2211Y) TV :Aay

/6°8 9’8 8¢l 86 101 11 1€ A eVl 61T vl vl 4" 116 7Sl ST | LP9T | €£°8 06 | €ET-Cedm
6eETV v 9y’ G8'1 L'l 60°¢ 680 vi'E ST'1T 1€ 9y ¢ 8¢ Ly 9'¢c ST 6l'l qe’S 19°¢ T19°¢C | €T-Uefm
Ge'€ 9c o'V faswd e 60°¢ 1€l vi'E e 9¢'1 vl 98°¢ 6/°€ /570 99°¢ /579 16°¢ 68°C | ¢T1-220m
11 vel Sy ST 9Vl 91 '€ JASH 181 9’8 v Sy 96°¢ 6e’l ST'E e vy ev'¢ |{1-"ON m
4" /6T LT 651 891 86T SOT ST'¢ q5°¢ 6'C 9’¢ Jrard e’/ 681 e 6l'C 8V €08 €L 110l
78’1 9/'1 1€l 0’1 60 60 6l'v 9¢'1 frd GlL'e vO0'€ 991 6e’/ Te'€ [ S 991 c€ec 97’7 |7T-dasm
M7 1M 1S s J4 10 1dnN A ) g4 g3 wWa NV v
dd 34 34 dd 34 34 34 34 34 34 dd 34 34 34 dd 34 34 dd 34 0
i | qRqriar " 1f 0 i LLl L 11 |
A 1H. HEREEEAE I des BRI Bulnim
iHIEREININ 111 L T 111
iNINENININ il B LI
=
8 2
=
a HiR s
. 0T ]
E)
4" @
=
vl
91
81

0c¢




1474

€102 ¥snbny
pue €10z Y2Je|\ uaamjaq asuinold aden uiajseq ay} ul d1MM P3303|3S 7| JO S}UaN|YD 19)}eMa)SeM JO S|dA3] djeydsoyd :£Z'v 24nbi4

*aouejdwos-uou ajesipul |/Bw g} e aul| pjoq ay} anoqe
sanjeA "(jutod abieyasip) da ‘(3uaniys |euy) 34 (eysHiamz) Mz ‘(easaiym) LM (widysannig) LS (aliauioyag) S (uojsaay) Iy ‘(umolsuaanp)
10 ‘(suesjuepy) LA ‘(eBwoy}) WY ‘(oyewweysiay) Y (Moyneag Hod) g4 (jueg ise3) g3 ‘(ezequi@) WA ‘(epuljewy) WV :(3211Y) TV :Aay

TL L T 660 | LO'T 69 0ot 6'T ST €T S0'€E | 80°€E | €€¢C 7’0 TT'E | 64°C | LS0OC WYy | T8Ny m
7T 6'T 60 0 0 ST SS'T | ST0 9'C TL'E | 8L¢€ | 9€T S0 coe | Toe | ICTY | €TT | TT1T €T-INMm
v'e 7T 91 fare €T'C 8'C 90 ST 4 T8 yT'e | 9C¢€ | 8C€ 80 6C'E | 6T'E | L6V | S¥'E | 8C€E | €T-unfm
T T € 6'8 6'8 T £9°0 € 4 4 ST €LT | 8LC T vL'T 8'C 6TV | TT'C | 67T |€T-AelAm
S60 | TOT 6'L TT T1T wT €1 S'6 ST €€ 6'€T | 6CT | S¥'C 7T €€'8 [68'TT | 68°€ | CTE | ¢SE | €T-4dV m
€8'TT | 6'ET | ¥9°C | 9€T | ¥v'¥T s LT TEE |€6VT | 89 SET | €€T | 8CT | €COT |€ETT | 86 |LLI9T | LV6 | LS8 |ET-EANm
MZ 1M 1S JS Eb| 10 1AN IADI E) a4 a3 Ad ANV v
dd 34 34 dd 34 34 34 34 34 34 dd EE| 34 34 dd 34 34 dd 34 0
S
)
¥
0T 2
o
F
3
o
3
ST ®
=
0¢
Y4




[4%

€10z Arenigad pue z10g Joquiajdas
Ud9M}aq ddUIn0Id aden uiayse] ay} Ul 1 MM Po103]8S {7 JO Sjuan|yd 19}eMa)SBM JO S|9Ad] puewag uabAxQ [esiway) :yZ'y ainbi4

"(yurod abieyasip) d@ ‘(Juaniys jeuy) 34 ((eysydamz) Mz ‘(easapium) LM (wisysapnig) LS (aljiAuioydas) Js (uoisaay) Iy (umojsuaanp)
10 ‘(suesjueply) 1aN ‘(eBwoyf) WY ‘(ooyewweysiay) Y ‘(Moyneag Hod) g4 ‘(ueq ise3) g3 ‘(ezequi@) WA ‘(epuljewy) WY (9211Y) TV A8y

e61 | 266 | 69T | 221 | ozt | 99 | ozz | ovs | 11 |zt | svt | 1er | set | szt | 21 | ot | 29 | o6 | vsT |er-go4m
Gz | otT | seT | 96 | v | T | or | 0ot | Ter | €1t | 98 | f0T | 60z | v | ze | 1z | 9t | e | ev | er-uerm
16 | 8vT | /ST | 29 | 68 | TZT | ¥8 | 09T | €1 | €T | Ov | 99 | S9T | 671 oc | v | T | 00T |zTo°am
66/ | 7zt | Sor | 1€T | ovT | TwS | €T | £e2 | TIT | sz | 19z | fvz | €81 | 89€ | ST | 1T | 1L 87 |z1-noNm
6v | €L 68 (9 | 108 | 187 | w1 0z | €z | Sv | 9/ | €T |z1om
9% | 61 oov | sec | sot | 1€ | 4tz | o6 | w61 | 61z | w8y | zsz | 152 | ese | 78 | 65 | 66 | 91 |zi-desm
MZ m 1S 35 ™ | 10 | 1aw | W e a4 | @3 Na Y W
60 | 34 | 33 | da | 33| 33 | 3 | 3 | 3 | 3| dd | 3| 3| 3| dD | B | 3H 40| P |
\_rn_. - 1 i 00¢
il 00v
[w]
008 7
<
= 000T
0071
- 00vT

0091




134

€10z ¥snbny pue ¢10zZ yaiew
uaam}aq asuinoid adeo uidlse] ayl ul d1MM POJ03I3S {71 JO SJUBN|YD 19}eMI)SEM JO S|9Ad| purwag UuabAxQ |ea1way) Gz 91nbi4

"(yurod abieyasip) d@ ‘(Jusniys jeuy) 34 ((eysydamz) Mz ‘(easapium) LM (wisysspnig) LS (aljiAuioydas) 9s (uoisaay) Iy (umojsuaanp)
10 ‘(suesjueply) 1A ‘(eBwoyf) WY ‘(¥ooyewweysidy) Y (Moyneag Ho4) g4 ((jueg ise3) g3 ‘(ezequid) WA ‘(epuljewy) WY (2211Y) TV :Aa)y

19 i7" 6L¢C 8L €9 89 ve €¢s Il Sty e £0¢ 98 evl LL ve 11e 69 | €T-8nvm
89 v Ss el Sel 9 Sc €€ 19 c0¢ S1e 65€ S9 YAy (44 661 CEE 89¢ er-nrm
€EY 14 al oct €01 /9€ 0S1 18 S1E €8 0L1 LLT 91 18¢ ov €1 €Ll €L 991 | €1-unfm
e 6LE iy i €51 9l€ 0l LEV v 16 9gc 89¢ 6L 00% 0L YAy €91 Sy 0 |eT-henm
L11 oce SLE 11 Le vie €6 60t 6€9 191 9G1 0l 6L 98/, 89 88 6S Sy (013 €r-1dv m
9cl 6Ly [43 8l Sce 6 Sc 181 98¢ 081 911 611 0S1 16¢ [ay 1) S 8¢ 8T |€T4eA M
MZ 1M 1S s 3d 10 1dW WX EY| g4 g3 wda WY w
34 34 dd 34 34 dd 34

1 00¢

00€

00%

00Ss

(1/3w) aod

009

00L

006




4%

aog pue QQ 40} auljapinb }as 03 spuan|yd .d1MM 2Y3 o asueljdwod Jo |9AdT :9Z 1 94nbi4

0ot 00t 0ot 00t 001 0ot 6 0ot 00t €8 00t 00t 00t 6 (aogm

6 00t 0s St 001 0ot 6 SL 00t L1 St 00t (474 00t Odm

%90 u
wiayl | 3a|as | umols ey Bas u aues yeww | ojneag | jueg e Ep
1911Ms | uloyos | usany | suemz ey | o1saay | wueppy | eBwoy | exsiay | 104 1se3 | zequiq | ugewy | 201y

0t
0¢
0¢
or
0s
09
0/
08
06
001

asueldwod 9




4.4.1 pH

The 14 WWTP effluents were compliant with the set regulatory guideline values for pH
(Table 4.1).

4.4.2 DO and BOD

With the exception of effluents from Amalinda, Fort Beaufort and Queenstown WWTPs,
effluents compliance to set guidelines for both DO and BOD was higher than 50% indicating
the efficiency of the WWTPs in removing organic matter from the effluents. The oxygen
balances of the receiving water bodies are therefore unlikely to be altered by the discharge
of these effluents. This is further helped by the fact that nutrient concentrations, especially
nitrates and nitrites were also compliant to set guidelines for the prevention of
eutrophication. While the set guideline for phosphate concentrations in wastewater effluents
is < 10 mg/l, concentrations of between 10 and 15 mg/l were treated as marginally non-
compliant (in this study) and unlikely to cause eutrophication owing to dilution, especially in
rivers with high flow volumes.

4.4.3 Phosphate

Taking phosphate concentrations of > 15 mg/l to be overtly non-compliant, effluents from
Amalinda WWTP showed a compliance quotient of 75%; those from Keiskammahoek and
Komga WWTPs were 92% compliant while the rest were 100% compliant (Figure 4.27).
Judging from these findings, these WWTPs are efficient in nutrient removal and the
discharged effluents are unlikely to cause eutrophication in receiving water bodies.

4.4.4 Free Residual Chlorine

The concentrations of free residual chlorine for the 12 months sampling period for all the 14
WWTPs were categorised into compliant (0.15-0.4 mg/l), marginal under-dose (0.1 to < 0.14
mg/l), extreme under-dose (< 0.1 mg/l), marginal overdose (0.5-0.9 mg/l) and extreme
overdose (= 1 mg/l) in relation to the regulation guideline of 0.25 mg/l (Table 4.1). Results
were expressed as percentages and are presented in Figure 4.26. With the exception of the
Fort Beaufort, Reeston and Whittlesea WWTPs, the rest of the plants chlorinated their
effluents to compliant levels for = 50% of the times. Reeston WWTP recorded the highest
incidences (83%) of extreme chlorine overdose in its effluents, a result that mirrors on the
results of the bacteriological analysis of its effluents (Figures 5.4, 5.6, 5.8 and 5.9). While the
results of bacteriological analysis for this plant were “outstanding”, the effects of chlorine
overdosing have both ecological and economic implications as already discussed above.
Cases of chlorine extreme under-dosing were also rampant with 50% of the plants applying
substandard dosages of chlorine for > 20% of the times. Fort Beaufort WWTP (42%) and
Amalinda WWTP (33%) are some of the plants whose under-dosing regimens had a counter
effect in their bacteriological results (Chapter 5). However, cases of chlorine overdose were
not as rampant as those of chlorine under-dose. When workers at these WWTPs were
asked about their chlorine dosing methods they indicated that the amount they put depends
on the volume of influent and most importantly, that they use manual methods of chlorine
application, basing on experience.
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4.4.5 Temperature

The effluents of all 14 WWTP were compliant with the set regulatory guidance Value (Table
4.1).

4.6 Conclusion

The levels of temperature, nitrates, nitrites, phosphates BOD, EC, pH and TDS were largely
compliant to set guidelines (shown in Table 4.1), and where non-compliance was observed,
the overshoot was mostly marginal. WWTP with high margins of non-compliance with
respect to DO may need to make sure that their aerators are optimally functional. The
observed cases of extreme chlorine over-dosing, the most severe of which were observed at
Reeston WWTP, and under-dosing, recorded in 50% of the plants, suggests the need to put
in place automated mechanisms for chlorination of effluents as part of the disinfection
process. We conclude therefore, that with respect to physicochemical parameters, the
WWTPs performed satisfactorily and produced effluents of acceptable standards for
discharge into freshwater ecosystems without upsetting their nutrient balance. These
effluents can potentially be used for irrigation without increasing the salinity of the soils.
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CHAPTER FIVE : BACTERIOLOGICAL ANALYSIS

5.1 Introduction

Wastewater treatment plants (WWTPs) can, depending on their treatment technologies,
maintenances and technical abilities of the workers, be very effective in removal or reduction
of microbial loads. However, it is not possible for the microbial quality of the effluents to
match the microbial quality of the water in the receiving water bodies. Discharge of effluents
will therefore, despite the level of treatment, potentially alter the microbial content of the
receiving water bodies (Drury et al., 2013). This is especially the case in highly urbanised
societies which tend to have numerous large WWTPs whose effluent discharges end up
contributing significant portions of the flow of receiving riverine systems. One good example
is the Chicago Area Waterway System (which includes all segments of the Chicago River as
well as the North Shore Channel) whose annual flow comprises more than 70% of treated
municipal wastewater effluent (lllinois Department of Natural Resources, 2011). Routine
analysis of the microbial quality of treated wastewater effluents is therefore warranted in
order to maintain the microbial load of receiving water bodies within acceptable limits for
both human use and lotic ecosystems survival. In this chapter we report on the analysis and
findings of the bacteriological qualities of the final effluents of 14 WWTPs around the Eastern
Cape Province.

5.2 Sampling and Analytical Procedures

Wastewater samples for bacteriological analysis were collected in sterile 2 litre
polypropylene bottles in which 0.1% of a 3% (w/v) solution of sodium thiosulphate had been
added. Samples were collected from the final effluent tanks and discharge points (where
accessible) and transported to the Applied and Environmental Microbiology Research Group
(AEMREG) laboratory in cooler boxes for analysis within a period of 6 h after collection.
During analysis for all groups of bacteria studied, water samples were serially diluted and
concentrated on nitrocellulose membrane filters (0.45 um pore size, Millipore) by passing
100 ml® of each dilution through the filter using the membrane filtration method (Figure 5.1)
as recommended by Standard Methods (2005).

6WHO(‘I997) recommended 100 ml and 10-100 ml as typical volumes for microbiological analyses for treated
water and partially treated water when using the membrane filtration technique. The final effluents under study
are disinfected and as such considered as treated.

WHO (1997). Water sampling and analysis. In: Surveillance and control of community supply. Guidelines for
drinking water quality.
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Figure 5.1: (a) Equipment setup for the membrane filtration assay and (b) A student
uses the membrane filtration technique to process wastewater samples
for bacteriological analysis

For the enumeration of faecal coliforms, the filters were then placed on mFC agar using
sterile forceps and incubated at 44.5°C for 24 h. Colonies that exhibited any shades of blue
were counted and reported as CFU/100 ml of water. For E. coli counts, the filters were
placed onto E. coli-Coliform chromogenic agar and incubated at 35°C for 18-24 h. Blue-dark
violet colonies were enumerated and reported as CFU/100 ml of water. Presumptive E. coli
isolates were recovered from these plates, purified and preserved in 20% glycerol at -80°C
until ready for pathotypes characterisation. Presumptive E. coli O157:H7 counts were done
using E. coli O157:H7 chromogenic agar and confirmation was done using the E. coli 0157
latex test reagent kit (Pro-Lab Diagnostics). For Vibrio counts, the filters were placed onto
thiosulphate citrate bile salts sucrose agar (TCBS agar). For the purposes of quality control,
the spread plate technique was also employed where known (100 ul) volumes of effluent
samples were spread on TCBS agar as previously described by Igbinosa et al. (2011).
Presumptive Vibrio were isolated from the plates, purified and subjected to Gram staining
and oxidase test. Only Gram-negative, oxidase positive isolates were selected and
preserved in 20% glycerol at -80°C until ready for further analysis.

5.3 Results and Discussion

Counts for faecal coliforms, presumptive E. coli and presumptive Vibrio ranged variably from
0 to 10° cfu/100 ml. Figure 5.2 shows the appearance of the colonies of each of these
groups of bacteria on their respective differential media.
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Figure 5.2: Appearance of colonies of (a) faecal coliforms on mFC agar (b)
presumptive E. coli (blue colonies) on E. coli-Coliform chromogenic
agar and (c) presumptive Vibrio on TCBS agar

Only 46% of the plants were positive for presumptive E. coli O157:H7 at densities of zero to
the order of 10° cfu/100 ml. However, confirmation tests done using the E. coli 0157 latex
test reagent kit (Pro-Lab Diagnostics) revealed that the presumptions were wrong as none of
the presumptive E. coli O157:H7 were positive for the test.

Figures 5.3-5.8 present the detailed results for mean faecal coliform counts (cfu/100 ml),
mean presumptive E. coli counts, and mean presumptive Vibrio counts respectively, for all
the fourteen WWTPs studied
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The proportion of WWTPs whose samples exceeded the 1000 cfu/100 ml set guideline for
faecal coliforms in the final effluent of WWTP as set by DWAF (1984) was 35% in
September 2012, 50% in October and November 2012 respectively, 36% in December 2012,
21% in January 2013, 36% in February and March 2013 respectively, 29% in April 2013,
36% in May 2013, 29% in June 2013, 36% in July and 57% in August 2013. Figure 5.9 gives
a summary of the percentage compliance of each WWTP to the 1000 CFU/100 ml guideline
for faecal coliforms in wastewater effluents as obtained in this study and further compares
those values with the Green Drop 2012 values for microbiological compliance.

W Final Effluent

guideline
(v
()

W Discharge Point

Green Drop 2012 value

Alice
Amalinda
Dimbaza
East Bank
Komga
Reeston
whittlesea
Zwelitsha

% compliance with the 1000 cfu/100 ml
Fort Beaufort
Mdantsane
Queenstown
Schornville
Stutterrheim ‘

Keiskammahoek

WWTP

Figure 5.9: Effluents percentage compliance to the 1000 CFU/100 ml guideline for
faecal coliforms

On the average, 86% of the WWTPs had a compliance rate of 2 50% to the faecal coliform
guideline of 1000 CFU/100 ml in their effluents. This contrasts with the Green Drop 2012
average compliance value of 36% for the selected WWTPs. This could be indicative of either
an improvement in the microbiological compliance of these WWTPs or the differences in the
methodologies employed by the project team (this study; Membrane Filtration Method)
versus those of the municipalities in their microbiological analysis. The Amathole District
Municipality has enlisted the services of Amatola Water for the microbiological analysis of
their wastewater effluent samples and this service provider uses the Colilert Method (which
uses the most probable number [MPN] method) for microbiological analysis. It is, however,
difficult to judge, basing on the separate findings of Amatola Water and the project team,
which were equally done in separate time frames and on different sets of samples, to make
a conclusion as to which of the two methods is preferred. There is need, therefore, for the
two methods to be used to simultaneously analyse samples to improve reliability of data.
The following were of particular note: Schornville WWTP had a compliance score of 92%
(this study) against a score of 0% (Green Drop 2012); Dimbaza WWTP 100% (this study)
against 8% (Green Drop 2012); Stutterheim WWTP 67% (this study) against 5% (Green
Drop 2012); Zwelitsha WWTP 100% (this study) against 16% (Green Drop 2012) and
Mdantsane WWTP 83% (this study) against 0% (Green Drop 2012). With the exception of

Alice and Queenstown WWTPs for which information was not submitted to WISA for the
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compilation of the Green Drop 2012 report, comparable results were obtained for the
remainder of the WWTPs.

Cases of chlorine under-dosing were observed among the 14% poorly performing WWTPs,
with free chlorine levels as low as 0.09 mg/ml being recorded at the East Bank (EB) WWTP
for three months running (September 2012-November 2012). Very low chlorine levels (0.05
mg/ml) were also recorded at the Amalinda (AM) WWTP for two months running (November-
December 2012). It was also observed that WWTPs which had performed poorly during the
first six month sampling period (September 2012-February 2013) had a dramatic turnaround
in the last six months of the sampling where some plants with previously high coliform
counts came down as low as zero counts for consecutive months running. The high
incidences of indicator bacteria in the final effluents of most of the plants are worrisome as it
suggests the possible presence of enteric pathogens. Of significant note was the high
prevalence of presumptive Vibrio and E. coli in the final effluents and in some cases in
effluents with adequate chlorine dosing.

In the face of climatic change and increasing water scarcity, issues of both water quantity
and quality are of concern. The reuse of wastewater is one of the main options being
considered as a new source of water in regions where water is scarce (Blumenthal et al.,
2000). Guidelines have therefore been set to regulate use of wastewater for various
purposes which might expose the public or even workers, to health risks. For restricted
irrigation for example, guidelines for exposure to faecal coliform bacteria have been put in
place to protect farmworkers, their children and nearby populations from enteric viral and
bacterial infections (Blumenthal et al., 2000). In setting the appropriate guidelines, irrigation
methods used and exposed groups of people, is taken into consideration. Data from
epidemiological studies in Israel (Shuval et al., 1989) and the USA (Camann et al., 1986) on
situations in which spray or sprinkler irrigation was used suggest that a level of < 10° faecal
coliform bacteria/100 ml would protect both farmworkers and the nearby population from
infection transmitted through direct contact or aerosols from wastewater. If this guideline (<
10°) were to be applied to effluents of WWTPs in this study, then almost all effluents, except
those from the Amalinda WWTP, would be fit for sprinkler irrigation use.

However, a reduced guideline of < 10° faecal coliform bacteria/100 ml has been set (WHO,
1989) when adult farmworkers are engaged in flood or furrow irrigation and when children
under age 15 are regularly exposed through work or play. Again, if this guideline were to be
used to determine the suitability of effluents in this study for irrigation use, effluents from all
WWTPs under this study, with the exception of the Amalinda and Fort Beaufort WWTPs,
would qualify for use on = 60% of the cases. WWTPs whose performance surpassed others
in this regard were Reeston WWTP (whose final effluents had less than 10° faecal coliform
bacteria/100 ml throughout the study period), Dimbaza (both final effluent and discharge
point samples had less than 10° faecal coliform bacteria/100 ml throughout the study period)
as well as Zwelitsha final effluent samples which also had less than 10° faecal coliform
bacteria/100 ml throughout the study period. DWAF (1984) set a guideline of 0 E. coli
counts/100 ml for treated wastewater effluents. Using this guideline, only effluents from the
Reeston and Dimbaza WWTPs make the grade, implying that of all the WWTPs under this
study, these two surpass the rest. While this guideline uses a no detectable risk approach
(total protection of the public from any risk arising from exposure to wastewater effluents), it
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is in many cases unachievable and makes wastewater treatment technology quiet
expensive, especially for developing countries whose resources are thin. Also, effluents from
WWTPs which meet this guideline tend to be high in salinity and therefore less preferred by
farmers for use in irrigation.

Besides faecal coliform bacteria or bacterial pathogens such as Vibrio, E. coli and
Salmonella among others, wastewater plays a major role in the environmental transmission
of protozoan pathogens such as Giardia, Cryptosporidium and Cyclospora (Robertson,
1999). Research shows that protozoan (oo)cysts are not effectively removed by conventional
wastewater treatment processes, with reported efficiencies varying from 26-100%
(Robertson, 1999; Bukhari et al., 1997). In addition, human oral challenge studies have
shown that the median infectious dose for Giardia is between 10 and 100 cysts and for
Cryptosporidium between 30 and 1000 (oo)cysts (Cooper, 1998).

Statistical analysis using Minitab 16 shows that effluents from the Amalinda WWTP had
significantly higher faecal coliform counts than the rest of the WWTPs (P < 0.05). The
statistical output is displayed below.

Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean Sthev ----+--------- - - -
Alice 12 866 2174 (----%---)
Amalinda 12 43105 40251 (m==%-=2)
Dimbaza 12 111 213 (---*%---)
East Bank 12 1333 3684 (-=-=-*---)
Fort Beaufort 12 470 621 (-==*----)
Keiskammahoek 12 1602 3938 (-=-=-*---)
Komga 11 172 198 (---*----)
Mdantsane 12 216 301 (---%---)
Queenstown 12 958 2399 (----%---)
Reeston 12 9 25 (-=-%-=--)
Schornville 12 1578 5298 (-=-=-*---)
Stutterheim 12 529 683 (---*----)
Whittlesea 11 60 66 (=--%---)
Zwelitsha 12 60 74 (--=-%---)
————————————— e B
0 15000 30000 45000

As with faecal coliforms, statistical (Minitab 16) comparisons of the mean presumptive Vibrio
and presumptive E. coli densities in the wastewater effluents also showed that effluents from
the Amalinda WWTP had significantly higher counts (P = 0.00) than those from the rest of
the WWTPs, for both groups of bacteria.

Results for presumptive E. coli O157:H7 were not subjected to statistical scrutiny owing to
the fact that none of the presumptive isolates was confirmed to be O157:H7 when subjected
to serum agglutination tests. These results point to the inadequacy of the methodologies that
were employed for isolation of E. coli O157:H7 in this study. Much more accurate methods
are required. This also highlights the importance of not making any conclusions based on
presumptive microbiological results as it may cause undue panic to the public.
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An independent samples T Test (IBM SPSS version 20) comparison of mean faecal coliform
bacteria counts from the discharge point samples with the mean faecal coliform bacteria
counts from the final effluent samples (of all WWTPs) showed no significant differences (P >
0.05) between the bacteriological qualities of the final effluent and discharge point samples.
This is despite observed higher compliance percentages in discharge point samples as
compared to final effluent samples (Figure 5.9).

5.3.1 Bacteriological characterisation: confirmation, pathotyping and antibiogram
analyses.

Three hundred confirmed Vibrio isolates, randomly selected from a pool of 668 confirmed
Vibrio isolates taken from across all sampling sites, were characterised into three
pathotypes. Of these, 11.6% (35) were confirmed to be V. parahaemolyticus, 28.6% (86)
were confirmed to be V. fluvialis, 28% (84) were confirmed to be V. vulnificus while 31.8%
(95) belonged to other Vibrio spp. not assayed for in this study. When these confirmed
pathotypes were subjected to antibiogram profiling, the outcome was as articulated in Table
5.1 below.

Table 5.1: Antibiogram profiling results for three Vibrio spp.

Antibiotic V. fluvialis (n = V. parahaemolyticus (n | V. vulnificus (n =

35) = 86) 84)

S I R S(%) [1(%) |R(%) |S | R

(%) | (%) | (%) (%) | (%) | (%)
imipenem 100 | O 0 100 0 0 100 |0 0
nalidic acid 40 40 |20 90 0 10 71 14 141
erythromycin 10 0 90 0 0 100 15 14 |71
sulfamethazole 0 0 100 | O 125 | 87.5 142 |0 85.7
cefuroxime 60 0 40 75 0 25 64 7.1 | 285
penicillin g 0 10 |90 12.5 0 87.5 0 0 100
chloramphenicol 10 0 90 75 0 2.5 92 0 7.1
polymixin b 0 0 100 [ 12.5 0 87.5 0 0 100
Trimethroprim & 40 0 60 100 0 0 90 0 10
sulfamethazole
tetracycline 0 0 100 |0 0 100 0 0 100
gentamicin 100 | O 0 100 0 0 100 | O 0
meropenem 100 | O 0 100 0 0 100 |0 0
trimethoprim 10 0 90 86 0 100 10 0 90

About 50% and above of the all three Vibrio species categories showed susceptibilities
against gentamycin, cerufoxime and imipenem. Multiple antibiotic resistance patterns were
also evident especially against such antibiotics as Tetracyclin, Polymixin B,
Chloramphenicol, Penicillin B, Sulfamethazole and Erythromycin against which prevalence
of over 60% of the bacteria were resistant.
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Equally, a randomised sample of 600 isolates confirmed to be E. coli by PCR was first
characterised into E. coli pathotypes which were subsequently subjected to antibiogram
profiling. Of the seven E. coli pathotypes assayed for, only three were detected and these
include enteropathogenic E. coli (EPEC), enteroaggregative E. coli (EAEC) and
uropathogenic E. coli (UPEC). Antibiogram results are shown in Table 5.2.

Table 5.2: Antibiogram profiling results for E. coli pathotypes

Pathotype
Antibiotic EPEC (n=7) EAEC (n = 16) UPEC (n =23)
S (%) 1(%) | R(%) | S(%) | 1(%) | R(%) | S(%) | 1(%) | R(%)

Streptomycin 10 ug 80 0 20 100 0 0 100 0 0
Ciprofloxacin 5 g 80 0 20 100 0 0 100 0 0
Ampicillin 25 pg 14 14 72 44 0 56 22 8 70
Chloramphenicol 10 ug | 60 0 40 40 60 0 100 0 0
Meropenem 10 pg 100 0 0 100 0 0 100 0 0
Cefuroxime 30 pg 100 0 0 60 40 0 100 0 0
Norfloxacin 10 ug 80 0 20 100 0 0 100 0 0
Gentamycin 120 ug 100 0 0 100 0 0 83 0 17
Imipenem 10 ug 100 0 0 100 0 0 100 0 0
Amikacin 30 pg 100 0 0 100 0 0 100 0 0
Tetracycline 30 pg 30 0 70 44 0 56 30 0 70
Cefatoxime 30 ug 100 0 0 100 0 0 100 0 0
Nalidixic acid 30 pg 60 20 20 80 20 0 100 0 0
Polymyxin B 300 Units | 100 0 0 80 0 20 100 0 0
Sulphamethoxazole 0 0 100 20 0 80 0 0 100
25 pg
Colistin Sulphate 10 ug | 100 0 0 80 0 20 100 0 0
Cephalexin 30 pg 20 80 20 40 20 40 100 0 0
Nitrofurantoin 300 ug | 100 0 0 80 0 20 100 0 0

While prevalence of resistance of E. coli pathotypes to the test antimicrobials was
remarkably lower than what was observed for Vibrio pathotypes, over 50% of the E. coli
pathotypes were resistance against sulfamethazol, tetracycline and ampicillin. These
findings concur with the findings of Byarugaba (2004) who reported that water is an
important source for human infections with antimicrobial resistant bacteria. Also, James et al.
(2003) and Okoh et al. (2007) reported that that wastewater effluents, treated or untreated,
are a veritable source of enteric bacteria in aquatic environments. The release of pathogenic
enteric micro-organisms into aquatic environments can be a source of disease when water is
used for drinking, recreational activities or irrigation (Atieno et al., 2013). The public health
risk is increased if the pathogenic enteric bacteria present in wastewater effluents (and
hence in receiving water sources) are antibiotic resistant because of the reduced efficacy of
antibiotic treatment against human diseases caused by such bacteria (Tendencia and De la
Pena, 2002; Wenzel and Edmond, 2009). Baine et al. (1977) reported that a large water-
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borne outbreak involving R+ bacteria (bacteria with R factors for antibiotic resistant gene
transfer) led to a large number of deaths in Mexico, partly due to the failure of the patients to
respond to antibiotics of choice. The New York Times (Tue 17 Sep 2013) quoted Centre for
Disease Control (CDC) officials as having reported that at least 2 million Americans fall ill
from antimicrobial-resistant bacteria every year and that at least 23 000 die from those
infections. The paper reported that one particularly lethal type of drug-resistant bacteria,
known as CRE (carbapenem resistant Enterobacteriacea), has become resistant to nearly all
antimicrobials on the US market, further stating that though still relatively rare, CRE causes
about 600 deaths a year in the US alone. Should the proliferation of antimicrobial resistant
organisms be allowed to go unchecked, society will return to a time when people died from
ordinary infections. This point is further buttressed by Torrice (Undated), in an article entitled
“Multidrug Resistance Gene Released by Chinese WWTP”, where he wrote;

"In recent years, increasing numbers of patients worldwide have contracted severe
bacterial infections that are untreatable by most available antibiotics. Some of the gravest of
these infections are caused by bacteria carrying genes that confer resistance to a broad
class of antibiotics called beta-lactams, many of which are treatments of last resort. Now a
research team reports that some wastewater treatment plants in China discharge one of
these potent resistance genes into the environment. Environmental and public health experts
worry that this discharge could promote the spread of resistance."

There is also the possibility of antibiotic resistance genes being transmitted to
autochthonous bacteria if such genes are carried by transferable and mobile genetic
elements such as plasmids, thus contributing to the spread of antimicrobial resistance
(Sayah et al., 2005). Development of drug resistance may be caused by the occurrence of
antimicrobial agents at low concentration both in human bodies by continued usage and also
in the wastewater matrix via leaching. The correlation between antimicrobial use and
antibiotic resistance of commensal bacteria has been documented (Van den Bogaard and
Stobberingh, 2000). We can assume therefore, that the extent to which bacterial isolates are
exposed to antibiotics before their release in the environment could be one of the reasons
for the levels of antibiotic resistance shown by Vibrio isolates in this study. While hospitals
and other health care facilities have taken steps to prevent drug-resistant infections (New
York Times, Tue 17 Sep 2013), less is known about preventing infections outside hospitals,
especially once those organisms find their ways into the environment.

5.4 Conclusion

Based on the outcome of this and other studies (Silva et al., 2006; Andersen et al., 1993;
Mezrioui and Baleux, 1994), we conclude that WWTPs constitute important reservoirs of
enteric bacteria which carry potentially transferable resistance genes which are aided by a
large concentration of possible donor and recipient bacteria of transferable antibiotic
resistance determinants and availability of nutrients in the wastewater matrix. In view of the
fact that antibiotic resistance is to a greater extent mediated by genetic determinants, and
considering that there are no guidelines for antibiotic resistance determinants in water, we
propose the need for establishing set guideline at least for free nucleic acids in water.
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CHAPTER SIX : VIROLOGICAL ANALYSIS

6.1 Introduction

Infectious enteric viruses originating from human faeces can be spread to rivers, lakes and
oceans via the discharge of wastewater effluents because of their resistance to most
wastewater treatment technologies (Hot et al., 2003; Gerba et al., 1996). Therefore,
monitoring the occurrence of enteric viruses in wastewater effluents may prove a suitable
tool to study the circulating viruses in certain communities and the persistence of such
viruses in treated effluents (La Rosa et al., 2010), of which information can be useful for
epidemiological surveys and microbial risk assessments. While studies elsewhere
(Haramoto et al., 2006; van den Berg et al., 2005) have demonstrated that enteric viruses
persist in high levels in treated wastewater effluents, no such data exists for wastewater
effluents in the Eastern Cape Province of South Africa. We hereby report on the quantitative
detection of adenoviruses, hepatitis A virus, rotaviruses and enteroviruses in wastewater
effluents from 14 WWTP in the Eastern Cape Province.

6.2 Concentration of Viruses in Water

Viruses in the effluent samples were concentrated following the adsorption-elution method
as described by Haramoto et al. (2005), with some modifications. This method is based on
electrostatic interactions. Under neutral pH conditions, viruses are negatively charged but
are positively charged under acidic conditions. Multivalent cations (Mg®*, AI**) can change
the surface charge of viruses thereby allowing adsorption to negatively charged membranes.
Five millilitres of 250 mM AICI; was passed through an HA filter (0.45 um pore size and 47
mm diameter, Millipore) to form a cation (Al**)-coated filter. Then, a 500 ml aliquot of the
water sample was passed through the filter. A volume of 200 ml of 0.5 mM H,SO, was then
passed through the membrane to wash off the multivalent cations, leaving viral particles
(now positively charged due to the addition of the acid) attached to the HA filter. Viral
particles were then eluted by addition of 10 ml of 1 mM NaOH. Eluates were kept in tubes
containing 0.1 ml of 50 mM H,SO, and 0.1 ml of 100x Tris-EDTA (TE) buffer for
neutralisation before further concentration. The concentrates/eluates were subjected to
further concentration using a Centriprep YM-50 ultrafiltration device (Millipore) to obtain a
final volume of approximately 700 ul. Further filtration and concentration of more water
samples was done to have a final concentrate volume of about 2 ml. The concentrates were
then pooled together per sample and stored at -80°C until ready for use.

6.3 Nucleic acid extraction and real-time PCR assays

Extraction of adenovirus (AdV) DNA was performed using commercial kits (Quick-gDNA
MiniPrep, Zymo Research) according to the manufacturer’s instructions. Purified viral DNA
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was eluted in 60 yL of DNase-free water. Quantification of AdV genomes was done using a
StepOne Plus Real time PCR System (OPTIPLEX 755, Applied Biosystems) in a one-step
reaction using 96-well microtiter plates. The wells were loaded with 20 uL of a reaction buffer
containing 12.5 uL of 2 x TagMan universal PCR MasterMix, 400nM forward primer, 400nM
reverse primer, and 250nM TaqMan probe (Applied Biosystems) and PCR grade water. Five
microliter (5 pL) aliquots of sample DNA were then added to the wells with mixing to give 25
WL total reaction mixtures. The amplification protocol included one cycle of 15 min at 95°C
for Taqg polymerase activation followed by 45 cycles of denaturation at 95°C for 10 s,
annealing at 55°C for 30 s, and extension at 72°C for 20 s using the primers sets JTVX 5’-
GGA CGC CTC GGA GTA CCT GAG-3’ (forward primer), JTVX 5-ACI GTG GGG GTT TCT
GAA CTT GTT-3’ (reverse primer) and 5-FAM-CTG GTG CAG TTC GCC CGT GCC A-
MGBNFQ -3’ (probe). Data was collected at the extension step. To enable absolute
quantification of the viral genomes, a standard curve was formulated as follows; DNA was
extracted from an adenovirus ATCC positive strain (ATCC VR-930), the DNA was then
quantified using a Qubit fluorometer (Invitrogen) and diluted by serial tenfold dilution. The
sample extracts and standards’ samples were subjected to real-time PCR simultaneously,
followed by analysis using SDS software (Applied Biosystems) to obtain quantitative data on
the titre of viral DNA in each well. Three wells each were used for the standard, no template
control and samples, and the average used for subsequent calculations. The total number of
viral genomes in the samples was calculated by multiplying the titre of viruses per 5 uL by
the volumes of the samples.

6.4 Risk characterisation

Microbial risk assessment (MRA) procedure contains four steps which are: hazard
identification, exposure assessment, dose-response assessment (probability of infection)
and the risk characterisation step (Haas, 1996).

6.4.1 Hazard Identification

This study focuses on wastewater as a possible transmission route of waterborne disease.
In that regard, the faecal-oral transmission of gastrointestinal pathogens is the main hazard
emanating from inhalation of irrigation aerosol, ingestion of effluent irrigated crops, surface
or sub-surface water that has been polluted by wastewater or its effluents or even the
accidental ingestion of the wastewater itself. A major part of waterborne disease outbreak
with unknown etiological agents is believed to be viral (Schwartzbrod, 1995). Gastrointestinal
viral diseases usually have a shorter duration compared to bacterial and parasitic ones
(Hedberg and Osterholm, 1993). Noroviruses are the most infectious causative agents of
epidemic gastroenteritis (De Wit et al., 2001) with concentrations as low as 10 to <10*
norovirus PCR-detectable units (PDU) being sufficient to cause infection, leading to
gastrointestinal disease in two-thirds of the individuals infected (Lindesmith et al., 2003).
They have previously been detected in raw urban sewage (Loisy et al., 2000; Lodder et al.,
1999). Rotaviruses are the most common cause of diarrhoea in children though adults can
also be infected, depending on their immune status (AWWA, 1999). The incubation period
for rotaviral gastroenteritis is less than 48 hours with duration of iliness of 5 to 8 days. Its
symptoms usually include vomiting, diarrhoea and dehydration, but fever and respiratory
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problems can also occur (AWWA, 1999). Rotavirus has the highest infectivity of the
waterborne viruses (Gerba et al., 1996). Maximum shedding of virions coincides with the
third to fourth day of disease with excretion of as much as 10" virions g™ faeces (Faechem
et al., 1983).

Adenovirus comes second, after rotavirus, as the most important viral pathogen of infantile
gastroenteritis (Fong et al., 2010). Additionally, adenoviruses are associated with respiratory,
urinary tract and eye infections (Fong and Lipp, 2005; WHO, 2011). At present, there are 51
known adenovirus serotypes which are classified into six species, species A to F (Metzgar et
al., 2005; Fong and Lipp, 2005). Species F contains two fastidious enteric serotypes, 40 and
41, which constitute the majority of waterborne isolates and are among the leading causes of
childhood diarrhoea (Tiemessen and Nel, 1996; WHO, 2011), although older children and
adults may also be infected (Logan et al., 2006). Various research works have concluded
that primary and secondary sewage treatment processes do not efficiently reduce the
concentration of viruses (Fleischer et al., 2000; Hovi et al., 2001). Therefore, depending on
the applied processes, treated sewage discharged onto surface waters may significantly
enhance virus concentrations in receiving water bodies. In instances where the impacted
water bodies serve as sources for drinking water, inadequate or failing treatment processes
have led to the insufficient removal of viruses from source waters (Boccia et al., 2002).
Adenovirus was used for the risk analysis assay in this study because of its ability to be
transmitted via aerosols, in addition to the faecal oral route.

6.4.2 Exposure Assessment

The exposure assessment step determines the exposure routes, concentrations and
distribution of the microorganisms. The dose of a pathogen is calculated from the density of
the organism in the water times the volume ingested. Table 6.1 presents some estimated
exposure volumes involving wastewater.

Table 6.1: Examples of treated wastewater end-uses, human exposure pathways and
approximate exposure volumes

Exposure route | Exposure type Approx. exposure | reference
volume
Toilet flushing Inhalation of | 0.01 ml (Dowd et al., 2000)
aerosol
Crop irrigation Ingestion of crop 10 ml (Asano et al., 1992,
Shuval et al., 1997)
Inhalation of | 0.05 ml (Dowd et al., 2000,
aerosol Kincaid et al., 1996)
Pond (as part of | Accidental 1ml (Ashbolt, 1999)
treatment) ingestion
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6.4.3 Dose-Response Assessment

Baseline information to establish a relationship between the dose of a microbial agent and
the rate of infection in a population has been compiled by Haas et al. (1999) and Teunis et
al. (1996) from human volunteer studies. Two main equations have been used to describe
the relationship; exponential (1) and Beta-Poisson (2). When organisms are distributed
randomly and the probability of infection for any organism equals r, then probability of
infection is calculated using:

Pinf = 1 _ e-rDose (1)

€«

However, when “r” is not constant, then two parameters, a and B, describe the relation as:

Pint ~ 1- (1 + Dose/B)® (2)

Compared to the exponential model, the Beta-Poisson model fits well with many dose-
response datasets and adds plausibility to the assumption that ingestion of a single
organism is sufficient to cause infection. It is also conservative when extrapolating to low
doses (Teunis et al., 1996).

6.4.4 Risk Characterisation

The information from the hazard identification, exposure assessment and dose-response
relationship steps is then integrated in the risk characterisation in order to estimate the
magnitude of the public health problem. Most often the microbial risk is presented as the
total number of infections per annum or system lifetime (Fane et al., 2002) which takes into
consideration the infected/exposed number of people.

6.4.5 Acceptable Microbial Risk

It is important to define acceptable risk, as well as to know when to take preventive
measures as when integrating information from the different aspects of sustainability. The
most widely used acceptable microbial risk level is 1 infection per 10 000 people per annum,
as proposed by the US EPA and Dutch regulation for microbial risks from treated drinking
water (Anonymous, 2001; Regli et al., 1991) although Haas (1996) argues that it should be
lowered to 1:1 000.

6.5 Results and Discussion

6.5.1 Viral Detection in Wastewater Samples

Table 6.2 shows the frequency of AdV detection as well as the detection ranges at each of
the 14 WWTPs over the 12 month study period. Results for AdV detection are
comprehensively presented in Figures 6.1 and 6.2.
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Table 6.2: Detection frequency and detection range of AdV in discharge point*

samples of the 14 WWTPs over a 1-year period

WWTP Detection | Detection WWTP Detection | Detection
frequency | range (gc/l) frequency | range (gc/l)
(%) (%)
Alice 67 6.88 x 10° to | Amalinda 67 1.0 x 10" to
3.11 x 10° 6.75 x 102
Fort 42 2.11 x 10° to | East Bank 17 1.09 x 10% to
Beaufort 5.92 x 102 6.27 x 102
Mdantsane | 50 3.67 x 10° to | Queenstown 33 26 x 10" to
6.28 x 10? 2.13 x 10?
Komga 17 44 x 10" to | Whittlesea 17 1.0 x 10" to
2.75 x 10? 1.47 x 10?
Zwelitsha | 25 1.7 x 10" to | Stutterheim 50 1.0 x 10°
4.94 x 102 to 3.8 x 102
Reeston 0 - Dimbaza 17 39 x 10" to
7.9 x 10
Schornville | 33 25 x 10" to | Keiskammahoek | 50 1.0 x 10
6.62 x 10? to 7.2 x 10’

*Discharge point samples where available and reachable, otherwise data is for final effluent

samples.
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The Alice WWTP had by far the most prevalence of AdV in both its final effluent and
discharge point samples compared to any other WWTP under this study. Statistical analysis
(One-way ANOVA, SPSS Version 20) also showed that effluents from the Alice WWTP had
significantly higher (P = 0.00) concentrations of AdV genomes compared to effluents from
the rest of the other WWTP. Although less discharge point samples were positive for AdV
compared to the final effluent samples, there was an uncharacteristic increase in AdV
concentrations in the discharge point samples compared to the final effluent samples from
the Alice WWTP, similar to the trend which was also observed in the final effluent and
discharge point for faecal coliform densities from the same plant. Could this indicate
recontamination of the effluent between the final effluent tank and the discharge point at the
Alice WWTP? While this may be a possibility, it has not been investigated. The second
highest prevalence of AdV genomes in wastewater effluents was observed at the Amalinda
WWTP, although it was not statistically significantly different from the other WWTPs (with the
exception of Alice WWTP).

The dynamics of RNA viruses (hepatitis A virus, enterovirus and rotavirus) in wastewater
effluents were acutely different from those of AdV, the only DNA virus in this study.
Enterovirus and hepatitis A virus were not detected in any of the 14 WWTPs while rotavirus
was detected in 4 of the 14 WWTPs. Detection frequencies of rotavirus were, by WWTP,
Amalinda (33%), East Bank (17%), Komga (33%) and Whittlesea (8%). Comprehensive
results for rotavirus detection are shown in Figure 6.3.

But what could be the main reason for the differences in the mean viral concentrations in
effluent samples of different WWTPs? The answer could lie in the differences in health
conditions of people living in the different communities which cause the pathogen content of
wastewater effluents to be notably different as reported by Jiménez (2003). The evaluation
of viruses occurring in sewage samples can therefore be used as an indicator of viruses
circulating in a community (Katayama et al., 2008). Asked in another way, could the
observed pattern of RNA viruses distribution imply that the wastewater treatment
technologies employed by these WWTPs were more effective in removing RNA viruses as
compared to DNA viruses? The answer could be a “No” considering that, with the exception
of Reeston WWTP, bacterial pathogens were still detected in these WWTPs effluents, and
we know from literature that viruses (whether RNA or DNA) are more resistant to wastewater
treatment technologies than are bacteria (La Rosa et al., 2010; Okoh et al., 2010; da Silver
et al., 2007). The only tangible explanation still goes back to the dynamics of these viruses in
the human populations contributing to the wastes that are treated in these plants.

70



Log,, g/l

1000000

100000

10000

1000

100
10

1

Amalinda East Bank Whittlesea Komga

mSep-12 190

B Oct-12 16

B Nov-12 10678

B Dec-12 5235 401 111580

M Jan-13

W Feb-13

Mar-13 4374 1945 225336

Apr-13 1870

May-13 11214

Figure 6.3: Rotavirus detection data for the four WWTPs where it was detected

This explanation is more befitting considering that viruses are not a normal gut flora, and
mostly occur in sick individuals who thus release them in their stools. In addition to the
probable fluctuating occurrences of enteric viruses in human populations and hence in
sewage effluents, rotavirus (among the RNA viruses) exhibits greater resistance to common
disinfection strategies than most other enteric RNA viruses (Li et al., 2011; Clark and Graz,
2010; Lia et al., 2009), probably because of its double stranded genome. This could be
another reason why, despite the non-detection of hepatitis A virus and enterovirus, rotavirus
was still detected, as also was AdV. This finding is similar to that of Lodder and de Roda
Husman (2005) in the Netherlands in which one of their objectives was to compare the
concentration of RNA viruses in raw and treated sewage samples. They found out that the
average virus concentrations in treated sewage were lower than in raw sewage, except for
rotaviruses. Similarly, in that same study they also found out that the concentration of
enteroviruses were the lowest of all viruses studied, both in raw and treated sewage
samples.

The virtual absence, at Reeston, of both AdV and RNA viruses must be treated with caution
considering the high frequency of acute chlorine over-dosing at that plant. However, the
findings as they stand still raise an important question, “Can chlorine over-dosing totally
eliminate viruses from effluent samples?” If so, “Can the chlorine dosing regimens in
wastewater treatment be upped with an option to de-chlorinate before discharge? Will the
attended public health gains justify/offset the cost implication of such an action?” This
question can only be answered if carefully planned epidemiological, environmental impact
and cost-benefit surveys are carried out.
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While detection of enteric viruses by molecular methods does not distinguish infective virions
from inactivated viral nucleic acids, enteric viruses have been known to be able to survive
wastewater treatment (Carter, 2005; Baggi and Peduzzi, 2000). Such viruses have the
potential to pollute water sources of socio-economic importance (Gerba, 2007; Pinto” and
Saiz, 2007; Carter, 2005) and the low infectious dose of enteric viruses makes their
presence in water sources to be of public health concern (Teunis et al., 2008). Human
illnesses caused by waterborne viruses range from severe infections such as myocarditis,
hepatitis, diabetes, and paralysis to relatively mild conditions such as self-limiting
gastroenteritis (Banks et al., 2001).

6.5.2 Probability of Infection (Pi,s) with Adenovirus

Using a ratio was 1:2 to represent the fraction of infectious adenovirus to total adenovirus
particles (van Heerden et al., 2005) recovered by real-time PCR and the equation P; = 1-e"™
to calculate the daily risk of infection from adenovirus; Table 6.2 below shows the calculated
infectious doses for the various categories of wastewater end-uses. Figure 6.3 and 6.4
represent the probability of infection from adenovirus. For human adenovirus, the probability
distribution, r, has been calculated to be 0.4172 (USEPA/USDA/FSIS, 2012; van Heerden et
al., 2005).
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Effluents from the Alice WWTP presented the highest risk of infection values for irrigated
crop consumption and accidental ingestion of pond water. Other WWTPs whose effluents
presented substantial risk of infection when irrigated crop is consumed fresh and wet (with
irrigation water) included Mdantsane, Fort Beaufort and Amalinda. Some leafy salad
vegetables can absorb pathogens from the environment (e.g., lettuce, sprouts), leading to
prolonged survival of some pathogens (Strauss, 1985). Effluents from the Reeston WWTP
presented a zero risk level for all categories of wastewater end-uses while effluents from the
Dimbaza, Whittlesea, Queenstown, Keiskammahoek and Komga WWTPs also presented
negligible risk of infection for all categories of wastewater end-uses.

Also, the calculated risk arising from inhalation of aerosol during irrigation using wastewater
effluents is negligible even though the risk presented by ingestion of fruit or salad crop
irrigated with wastewater is quite substantial for some WWTPs. Results from this risk
calculation, as also were those from the bacteriological analysis, revealed that treated
wastewater from these WWTPs may be used to irrigate cereal and fodder crops or any other
crop which will need to be dried and/or processed before utilisation, with negligible or
minimal risk of infection to either the consumer or the farm worker. At the most,
enteroviruses have been known to survive for up to 59 days on crop surfaces (all conditions
being favourable), otherwise they usually die off within two weeks (Feachem et al., 1983).
Direct sunlight onto crop surfaces leads to rapid pathogen inactivation through desiccation
and exposure to UV radiation while high temperatures and dry environments lead to rapid
die-off (Strauss, 1985). Use of wastewater for irrigation facilitates convenient disposal of
waste, adds valuable plant nutrients and organic matter to the soil (van der Hoek et al.,
2002), provides reliable irrigation water supplies and, generally improves food security
(Abaidoo et al., 2010). Should municipal authorities, farmers and the relevant stakeholders in
the Eastern Cape Province decide to channel wastewater effluents for irrigation, it is our
opinion that such a step would boost agriculture production in the Eastern Cape Province
and raise its GDP.

Inhalation of aerosol during toilet flushing presented the least (almost negligible) risk of
infection for all WWTPs. Basing on these results therefore, and in the face of a looming
water crisis due to climate change, municipalities could also consider diverting wastewater
final effluents for possible use in toilet flushing, with minimal risk to the user. Although this
would require establishment of dual water supply systems, with potable and wastewater
systems running parallel to each other, the expense would in the long term diminish
compared to the millions of gallons of potable water that would be saved for other purposes
for which use of potable water is non-negotiable. This however will require strict compliance
to set guidelines for effluents to be used for this purpose.

With the exception of the Alice WWTP which had a substantial risk of infection from
accidental ingestion of pond water, it seems workers at other WWTPs are faced with
negligible risk of infection with AdV. However, we still maintain that utmost care should be
taken when working with effluents, and workers should always have protective clothing on to
avoid contamination and subsequent infections.
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6.6 Conclusion

The presence of enteric viruses in wastewater final effluents suggests that a significant
portion of the human population contributing wastes to these WWTP are infected with these
viruses. Still, their detection in final effluents implies that the faecal-oral cycle of infection is
likely to repeat itself especially if these communities draw drinking water from the same
rivers/streams into which the WWTPs discharge their effluents. While subjecting the water to
treatment before drinking may reduce or completely eradicate the chances of re-infection,
the drinking water treatment plants and distribution systems will have to be at their optimum
performance to eliminate chances of re-infection.
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CHAPTER SEVEN : CONCLUSION AND
RECOMMENDATIONS

South Africa is a semi-arid country and water is becoming an increasingly scarce resource.
Municipalities may soon be forced to consider alternative sources of water in order to meet
consumption requirements as well as to promote further development. At the same time,
with South Africa’s population expanding at a high rate, the need for increased food
production is apparent. The potential for irrigation to raise both agricultural productivity and
the living standards of the rural poor is a looming reality. Growing urban populations and
increased domestic water usage result in greater quantities of municipal wastewater
discharges which are spewed onto the environment, chiefly rivers. Paradoxically, these are
the same rivers from which municipalities again draw water for potable water production
purposes. With the current emphasis on public health, environmental health and water
pollution issues, there is an increasing awareness of the need to dispose of these
wastewaters safely and beneficially. Results of this study indicate that wastewater effluents
in the Eastern Cape Province are contaminated with both bacterial and viral pathogens and
that disposing of these effluents into public water courses may expose the public to risk of
infections. We conclude that 24% of the WWTPs did not comply to set faecal coliform
guidelines while Vibrio and E. coli were also detected in all of the WWTPs under this study.
The release of pathogenic enteric microorganisms into aquatic environments can be a
source of disease when water is used for drinking, recreational activities or irrigation. Greater
than 50% of both the Vibrio and E. coli pathotypes exhibited multiple antibiotic resistance
and we conclude that WWTPs constitute important reservoirs of enteric bacteria which carry
potentially transferable resistance genes which are aided by a large concentration of donor
and recipient bacteria of transferable genes and availability of nutrients in the wastewater
matrix. Presence of viruses in treated sewage (noted in 93% of the WWTPs effluents in the
case of adenovirus) will considerably contribute to the virus burden of the receiving water
bodies. Consumption of even treated drinking water may result in infection if it coincides with
failed water treatment while exposure to recreational activities and shellfish consumption
may present a public health risk. However, risk characterisation of these wastewater
effluents for different categories of water use indicated that the use of effluents for irrigation
purposes presents negligible risk of infection to either the workers or the consumers.

We therefore recommend the following as possible future interventions by municipalities:

e For as long as municipal wastewater treatment facilities still discharge effluents into
public water courses, national and local governments should prioritises the provision
of potable water services to their residents, regardless of whether they are in urban
or rural areas so as to protect public health and people’s dignity.

e Municipalities may need to consider installing influent flow meters and automated
chlorine dosing systems to curb cases of irregular chlorine dosing regimens. This will
result in economic, public health and ecological gains.
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Municipal managers may also need to conduct refresher courses for their technical
staff to keep them up-to-date with the latest operating and maintenance procedures
for optimal WWTPs performance.

Detection of bacterial and viral pathogens in sewage effluents points to large pockets
of infected individuals in the communities, most of which go unreported and
untreated. Health awareness campaigns may need to be carried out to educate
people on the benefits of hygiene and seeking early treatment in cases of iliness.

The design of some WWTPs may have to be modified to allow for the minimum
stipulated chlorine contact time before effluent discharge.

Other pathogens such as Salmonella, Shigella and Vibrio may need to be included in
routine monitoring of wastewater final effluent quality to complement general faecal
indicator bacteria.

Use of wastewater for irrigation purposes as this will result in the conservation of
higher quality water in rivers and streams and make it more available for uses other
than irrigation. The properly planned use of municipal wastewater for irrigation
purposes will alleviate surface water pollution problems and not only conserve
valuable water resources but also take advantage of the nitrogen and phosphorus
content of sewage to grow crops with reduced requirements for commercial
fertilizers. For WWTPs yet to be built, it will be advantageous to consider effluent
reuse at the same time as wastewater collection, treatment and disposal are planned
so that sewerage system designs can be optimized in terms of effluent transport and
treatment methods as the cost of transmission of effluent from inappropriately sited
WWTPs to distant agricultural land can be prohibitive. In the case that municipalities
are able to completely divert effluents from WWTPs that have for long been
discharging into rivers, to agricultural land, a staggered withdrawal may have to be
done to avoid unforeseen ecological consequences.

Compared to the microbiological and physicochemical compliance levels contained in the
Green Drop Report 2012, there was a significant improvement in compliance levels in this
study, especially microbiological compliance. Whilst that may suggest an improvement in the
functional performance of these WWTPs to produce effluents of acceptable standards, it
also raises a question about the analytical procedures used by the municipalities against
those that were used in this study. Our observations and recommendations for future studies
are, therefore, as follows:

Enteric viral and bacterial pathogens have been detected in sewage final effluents,
implying that they are in circulation in the communities concerned. These findings
provide a strong link with the findings of our previous study (Assessment of the
incidence of faecal indicator bacteria and human enteric viruses in some rivers and
dams in the Amathole District Municipality of the Eastern Cape Province of South
Africa WRC Report No. K5/1968) where viruses were also detected in surface water
sources noted to receiving effluents from some WWTP along its course. As the
previous study and this current study only evaluated viral nucleic acids, there is need
for a large scale investigation on the prevalence of infectious enteric viruses including
epidemiological survey of diarrheal infections in the catchment.

An interesting observation was made with regards to chlorine dosing regimens and
prevalence of viral pathogens at the Reeston WWTP. Was it that there were no
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viruses in the influent sewage for the whole year or the high chlorine concentrations
completely eradicated intact viruses from wastewater effluents? How about the
resultant nucleic acids that could not be detected by PCR? We recommend a
detailed investigation into the effects of different chlorine dosing regimens on the
survival and detectability of viral particles in water. Also, the isolation of some
bacterial from effluents with high chlorine dose supports previous reports on
increasing incidence of chlorine resistant bacteria. There is need for future in-depth
study on this subject pursuant to coming up with probably new guidelines for chlorine
dosing.

Huge disparities were observed between the faecal coliform based microbiological
compliance of the WWTPs in this study compared to the Green Drop Report 2012
results. While the results might suggest that the WWTPs have an improved
performance since 2012, the conclusion is hard to make because of the different
analytical methods used. We recommend that the Colilert Method (used by the
municipalities) and the Membrane Filtration Method (used in this study) be evaluated
against samples containing standardised inoculum and the best performing method
be adopted for the Green Drop requirements

Multiple antibiotic resistant bacterial pathogens (Vibrio and E. coli) were also isolated
from sewage effluents in this study; the general assumption is that these pathogens
acquired this resistance either by lateral gene transfer or from repeated exposures to
antibiotics in human or animal bodies. But, what role(s) could antibiotic residues
contribute to the multiple antibiotic resistances observed? We recommend a future
in-depth investigation of the role of final effluents of WWTP as reservoirs of antibiotic
resistance determinants in the watershed, to also include development of biosensors
for the detection and quantification of relevant antibiotic resistance genetic elements
in final effluents, and probably results in development of set guidelines for nucleic
acids in final effluents.
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