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EXECUTIVE SUMMARY
BACKGROUND

South Africa has a low rainfall with an annual average of 497 mm which is well below the
world average of 860 mm (Anon, 1986a).

The ever increasing demands for fresh water have placed a severe strain on the available
water resources. The estimated total annual water demand in South Africa is expected to
exceed 22 x 10° m? by the year 2000 of which about § x 10° m?/a is for urban and industrial
use (Anon, 1986b).

Although the indirect reuse of treated wastewaters is well established in Southern Africa,
especially in the inland areas, direct reuse, which is the planned and deliberate use of a
treated wastewater, has only been used to a limited extent, e.g. Windhoek - Namibia.
Growing water shortages, however, may well force direct reclamation before the turn of the
century, especially in coastal centres where indirect use is generally not desirable
(Odendaal, 1989).

As in the other centres around Southern Africa, Cape Town can no longer be assured of
unlimited supplies of fresh water.

Against this background an investigatory pilot plant programme for the reclamation of
treated wastewater was initiated in the Western Cape.

CONTRACT AGREEMENT

The agreement between the Water Research Commission (WRC) and the Cape Town City
Council (CCC) stipulated that the WRC would make funds available on request to the
CCC for the following:

: construction of the Cape Flats plant

. modifications as deemed necessary during the project

" surveillance of the reclaimed water quality

The CCC in turn would:

. provide the necessary personnel and facilities

. carry out the working programmes

* assume responsibility for the design and construction

. operate the plant

' be responsible for the financial administration




compile a comprehensive final report on the results and findings for submission to
the WRC.

OBJECTIVES

I'he main objective was 1o develop a practical process configuration to consistently produce
potable water from the Cape Flats wastewater treatment works effluent as a possible
resource for augmentation of existing potable water supplies.

Various secondary objectives were pursued in order to achieve this objective, namely:

the application and evaluation of techniques and operating procedures

the integration feasibility of reclaimed water with available resources

the development and execution of chemical, bacteriological and virological surveil-
lance programmes.

PROCESS DEVELOPMENT

The wealth of information which had already been obtained from the Windhoek, Pretoria
and Athlone water reclamation projects was used as the basis of design and process
development at the Cape Flats plant.

The flexible design of the plant provided a number of process configuration options. After
the feed water was characterised with respect to its organic. inorganic and microbiological

constituents an initial combination of unit processes was selected.

Subsequent thorough optimisation of the plant resulted in the selection of the following se-
quential process configuration:

. feed water quality equalisation and buffering
. chemical flocculation using ferric sulphate and a polyelectrolyte

. primary sedimentation

primary chlorination

rapid gravity sand filtration
ozonation

two stage activated carbon treatment
final chlorination

final calcium hydroxide stabilisation




PLANT OPERATION

The plant was commissioned during May 1982 and operated until December 1986. During
this period various process adjustments were made and the flocculants ferric chloride, fer-
ric sulphate and aluminium sulphate were successfully optimised. Ferric sulphate was
chosen and used predominantly during the project as it was locally available and produced
a good quality reclaimed water.

Throughout the project many operational and process configuration changes were made,
viz:

. The variability in quality of the feed water from the adjacent wastewater treatment
plant resulted in an optimisation programme of the activated sludge process being
carried out by the University of Cape Town (UCT) (Ekama and Marais, 1984).

B An equalisation pond was constructed as a buffer between the activated sludge
works and the reclamation plant.

. Break point chlorination between the primary settling and sand filtration processes
resulted in the production of undesirable trihalomethanes (THM). The chlorine
dose at this point was subsequently reduced but the final chlorine dose after ac-
tivated carbon treatment was increased to achieve disinfection.

s Due to mechanical and operational problems the o ginal pressure sand filters were
found unacceptable and replaced with rapid gravity tvpe sand filters.

' Ozonation, as an intermediate disinfection stage, was introduced during the final
year of operation.

. Introduced a dry calcium hydroxide feed in place of a slurry feed.

SURVEILLANCE OF THE QUALITY OF THE RECLAIMED WATER.

An intensive surveillance programme using external testing laboratories was undertaken
during the final three months of the project to obtain independent views of the quality of
the reclaimed water. These included the CCC, UCT and the National Institute for Water
Research (NTWR) now the Division of Water Technology (Watertek) of the CSIR.

The overall findings of the respective laboratories showed that the reclaimed water quality
was well within the generally accepted standards for potable water.

CONCLUSIONS

1 Water reclamation, by the production of a potable water from an activated sludge
plant effluent is a viable source for the supplementation of potable water supplies
but should only be used when all other economical aspects of water supplementa-
tion have been explored and implemented.

2 The operational, maintenance and surveillance programmes proved conclusively

xiv
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that larger local authorities are capable of owning, maintaining and running a water
reclamation plant which consistently produces a water of potable quality.

The total cost of producing reclaimed water at the Cape Flats reclamation plant was
about 88 ¢/m® which is much higher than the cost of about 20 ¢/m” of producing
tresh water in the Cape Town area (1986 costs). Approximately 33% of the total
cost was associated with the activated carbon process. It is envisaged that ozonation
prior to activated carbon treatment and on site carbon regeneration would sig-
nificantly reduce the production cost of a full scale plant. The costs of fresh and
reclaimed waters will tend to converge in future.

The wastewater treatment works supplying the feed water to the Cape Flats
reclamation plant is a nutrient removal plant of the five stage Bardenpho type and
the process configuration of the reclamation plant was specifically selected for this
type of effluent. Pilot or prototype plant studies should be undertaken before full
scale implementation of a water reclamation scheme.

It is essential that the wastewater treatment works supplying the feed water to the
reclamation process is properly optimised, operated and controlled. This would en-
sure that the quality of the feed water to the reclamation process would be free from
major fluctuations in quality and that the consistent supply of an acceptable feed
water would always be available. During periods where the quality is unacceptable
this feed water should bypass the reclamation process,

The inclusion of a feedwater quality equalisation and buffer pond is essential to
prevent water of fluctuating quality from being supp!lied to the reclamation plant.

The provision of backup or standby mechanical equipment is essential to maintain
the uninterrupted production of a potable water supply.

A comprehensive virological study of the reclaimed water was conducted during the
surveillance period. All the samples examined during this time were clear and no
viruses or coliphages were detected. By virological standards the reclaimed water is
perfectly potable (Hodgkiss er al, 1989).

The chemical quality of the reclaimed water, during the intensive surveillance
period, conformed to the recommended limits for drinking water (Kempster and
Smith, 198S).

Bacteriological examination of the reclaimed water during the intensive surveillance
period indicated that, except for the standard plate count, the quality of the
reclaimed water was well within generally accepted limits for drinking water.
However, the occasional high standard plate count does not necessarily constitute a
health risk but it does reflect occasional inadequate final disinfection.

The trihalomethane (THM) results obtained during the intensive surveillance
period showed that the quality of the reclaimed water was well within the USEPA
criterium of 100 ug/! for drinking water. An increase in the THM values over the
last three weeks of the surveillance period indicated that the activated carbon had
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become saturated with respect to the adsorption of THM's.

Consistently low dissolved organic carbon (DOC) concentrations were obtained on
the reclaimed water throughout the intensive surveillance period.

The ongoing surveillance programmes which will be used in a full scale application
will have to be intensive and will require more detailed analyses than for fresh water
plants. It is essential that automatic surveillance equipment is provided.

Aluminium sulphate, ferric chloride and ferric sulphate were all successful as floc-
culants. Ferric sulphate however was used predominantly. Polyelectrolytes aided
the flocculation process when added in low dosages.

The combined use of ferric sulphate and chlorine together with the poorly buffered
feed water produced a corrosive water with a depressed pH value. Calcium
hydroxide was used to stabilise this water to a pH value of about 9. This however
resulted in the precipitation of relatively small quantities of calcium carbonate in
the reclaimed water. This precipitate did not affect the final disinfection process as
final chlorination preceded final stabilisation.

The use of ozonation prior to activated carbon treatment was found to increase the
life of the carbon by about 40%. This concurs with other research findings (Van
Leeuwen, 1988).



CHAPTER 1

1.1  INTRODUCTION

Water is by far one of the earth’s most important narural resources and although it occurs
abundantly, there are regions where water 1s scarce,

The amount of fresh water available for exploitation by man is limited to that present in
the natural water cycle. In countries not blessed with high rainfall, the ever increasing
demands for fresh water have placed a severe strain on the available water resources.

South Africa is blessed with fertile ground, abundant raw materials and labour, but water is
the overall limiting factor. South Africa is among the drier regions of the world with an
average annual rainfall of 497 mm which is well below the world average of 860 mm.
(Anon, 1986a) Our largest river, namely the Orange, has an estimated flow rate of less
than 149 of that of the Zambezi and only 0,3% of that of the Amazon in South America
(van Leeuwen, 1988).

In South Africa today the supply of water from natural resources such as lakes and rivers is
being tapped to the full. These natural resources are being extended through dam con-
struction, supplementing underground aquifers and through the pumping of water from one
catchment to another.

The estimated total annual water demand in South Acrica will have increased from
16 x 10 ¥ m?/a in 1980 to 22 x 10” m?/a in the year 2000 aad to 26 x 10° m*/a by 2010. Of
this 2,5 x 10, 5,3 x 10° and 7.4 x 10° m?/a for 1980, 2000 2010 respectively is for urban and
industrial use (Anon, 1986b).

According to projections by the Department of Water Affairs, the water demand and
supply curves for South Africa as a whole will meet at about the year 2020. Meeting
demands beyond that stage will involve considerable incremental cost (Odendaal, 1989).

The supplementation of natural resources by the indirect reuse of treated wastewater is al-
ready well established in Southern Africa, especially in the inland areas. The indirect reuse
of treated effluents implies the reuse of treated wastewaters which have already been used
one or more times and then discharged into fresh or underground waters from which it is
extracted and used again in its diluted form. Direct reuse, which is the planned and
deliberate use of treated wastewater in an undiluted form, has only been used to a limited
extent in Southern Africa, i.e. Windhoek - Namibia, and by and large this source remains
untapped.

It was in this light that the contract, as presented in the following report, between the Cape
Town City Council (CCC) and the Water Research Commission (WRC) came into being.




CHAPTER 2
HISTORICAL BACKGROUND AND CONTRACT AGREEMENT
2.1 Historical background
Throughout the world and particularly in Africa, many countries are experiencing shortages
of conventional fresh water supplies. The reasons for these shortages vary from country to
country but can be summarised into the following:

ever increasing population growth

industrial and agricultural development

ever improving living standards
- droughts etc

Effective use of the available water supplies worldwide is being hampered by the discharge
of increasing volumes of untreated and partially treated wastewaters. This problem is fur-
ther aggravated by the growth in the number of synthetic chemicals produced, many of
which reach the water environment and are suspected to contain toxic Or carcinogenic
properties. Certain of these substances are resistant to degradation in conventional
biological wastewater treatment facilities and to the seli-purification properties of the
water environment and can subsequently pass through conventional water treatment plants
to reach consumers (Meiring, 1982).

In the USA, although direct reuse of municipal wastewaters for agricultural purposes has
been practised since the beginning of this century, a more direct approach was taken by the
South Lake Tahoe Public Utility District in 1968 and the Water Factory 21 at Orange
County Water District in 1976, with the reclaimed water being put into reservoirs and
aquifers which could be used for recreation and drinking water purposes (Hart, 1981).

The first case history of direct domestic reuse of sewage effluents was that of Chanute,
USA, where because of five years of drought the City of Chanute was forced to recycle
secondary sewage effluent through a 17-day retention pond directly to a water treatment
plant. Although the water was bacteriologically acceptable it had a pale yellow colour
which led to poor consumer acceptance (Hart, 1981).

Southern Africa is no stranger to water shortages although the rate of quality deterioration
of fresh water supplies in this region has been retarded through the imposition of strict dis-
charge regulations in terms of the Water Act (Act 54, 1956) and various subsequent regula-
tions e.g. the phosphate standard of 1 mg/I.

In 1968, Windhoek, in Namibia, became the first city in the world to commission a reclama-
tion plant as an integral part of its water supply system. During its first two years of opera-
tion this plant contributed an average of 13,4% of the total water consumed. Throughout
this period the quality of the final water conformed to the criteria of the World Health Or-
ganisation (WHO) for potable water (Hart, 1981).




The importance of water reclamation for Southern Africa compelled the then National In-
stitute for Water Research (NIWR), now Watertek, of the CSIR to continue its research
and in 1970 the Stander water reclamation plant at the Daspoort sewage works near
Pretoria, in the Republic of South Africa, was commissioned (Hart, 1981).

As in other centres around Southern Africa, Cape Town can no longer be assured of un-
limited supplies of fresh water. During the seventies it was estimated that the water supply
to Cape Town and environs from the Steenbras and Wemmershoek dams, the minor reser-
voirs on Table Mountain and the allocations of water by the Department of Water Affairs
from the Voélvle: and Theewaterskloof dams would within the next two decades be insuffi-
cient to meet demands. Future fresh water supplies will have to come from Phases 1 & 2 of
the Palmiet Scheme, the augmentation of water in the Theewaterskloof dam through the
Elands River/Klein Drakenstein dam project and the extraction of ground waters.

Against this background an investigatory pilot plant programme of water reclamation of
treated sewage effluent was initiated in the Western Cape. This included the design, con-
struction and operation of the 1,6 x 10° m’/a Cape Flats pilot water reclamation plant lo-
cated adjacent to the wastewater treatment plant.

A survey carried out during the mid eighties by the City Engineer’s Department of the CCC
has shown that if all the proposed fresh water projects are completed by the year 2000 less
than 60% of the water resources of the south-western Cape will have been utilized, of
which 70% will be used for agriculture. It is considered that the reclamation and reuse of
sewage effluent on a large scale should be for a future period when at least 80% of the
region’s exploitable natural resources is being used. Therefore no provision has been made
for water reclamation in the planning of the region’s water resources to the year 2000
(Anon, 1985/1986).

22  Contract agreement

As a result of these envisaged water shortages, intensive investigatory research was under-
taken to pre-empt any future water reclamation requirements and accordingly the CCC en-
tered into various contracts for the design, construction and operation of the water
reclamation plants. The project relating to the Athlone and Phase I of the Cape Flats
agreements was completed during the latter part of the 1970’s. The second phase of the
Cape Flats project resulted in a new agreement. This project was completed at the end of
1986 after a seven year experimental period and forms the basis of this report.

This agreement between the WRC and the CCC stipulated that the WRC would make
funds available on request to the CCC for the construction of the Cape Flats plant,
modifications as deemed necessary during the project and the quality surveillance of the
reclaimed water. The CCC in turn would provide the necessary personnel and facilities,
carry out the working programmes approved by the steering committee, assume respon-
sibility for the design, construction and operation of the plant, provide the funds necessary
for the running of the plant, be responsible for the financial administration of the project
and compile a comprehensive final report on the results and findings of the project for sub-
mission to the WRC,

The agreement was initially to remain in force for a period of five years from January 1980,
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however, due to unforeseen problems encountered with some of the unit processes the
duration of the project was lengthened by a further two vears until December 1986.

[nvestigations leading up to this agreement were initiated in 1966. During the course of
these investigations the following aspects were investigated:

surveys of the volumes and qualities of sewage from different sources and areas

the possible segregation of predominantly industrial effluents from those of essen-
tially domestic origin

-+ modernization and upgrading of existing sewage works and construction of new
regionalized works

- application and evaluation of reclamation technology for the treatment of sewage
effluents to a potable quality standard

geohydrology of the coastal sand deposits to determine the potential of this aquifer
for the exploitation of ground water and the possible storage of reclaimed water
during periods of decreased demand

- hydraulics of the sand aquifer to determine water mass balance and associated
parameters in relation to the infiltration and abstraction of reclaimed water.

These investigations were initially guided by a steering committee of the Cape Provincial
Administration. The contributing bodies i.e. CCC, Watertek of the CSIR etc were financed
by the WRC. These contracts had all expired by the time the aforementioned new contract
between the CCC and WRC was initiated.
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CHAPTER 3

PROJECT OBJECTIVES

Objectives

The main objective of the Cape Flats project was to develop reclaimed water as a possible
resource for augmentation of existing fresh water supplies. In order to achieve this the fol-
lowing secondary objectives each pertaining to a specific aspect have been pursued:
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the application and evaluation of techniques and operational procedures to reclaim
treated sewage effluents from the adjacent Cape Flats activated sludge wastewater
treatment works to a potable quality.

the integration feasibility of reclaimed water with available resources in order to en-
sure adequate supplies for the future.

the development and execution of suitable programmes for independent surveil-
lance and control of the chemical, bacteriological and virological quality of
reclaimed water in order that assurance can be given that the reclaimed water can
be safely integrated into the existing water supply distribution system.

the development and execution of virological surve . programmes of the population
in areas that will possibly be supplied with reclaimed water, both before and after
the introduction of reclaimed water.

Comments on objectives

The main objective of the project was accomplished. With respect to the secondary objec-
tives the following comments apply:

the application and evaluation of techniques and operational procedures were es-
tablished.

integration feasibility of reclaimed water; this was established in Windhoek.
development and execution of independent surveillance programmes: independent
surveillance merely reinforced in-house plant control surveillance and showed that

the various quality specifications of existing water supply systems could be attained.

Virological studies were carried out by the Medical School virological laboratories
(UCT) on samples taken at various stages throughout the process.
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CHAPTER 4

PROCESS DEVELOPMENT AND DESCRIPTION

4.1  Plant design and process development

Laboratory and/or pilot plant scale experiments often comprise the initial step in the
design of a water reclamation scheme but this necessity is questionable for those regions in
which similar reclamation schemes are already operational and from which design data
may be obtained.

In the case of the design of the Cape Flats water reclamation plant, the great wealth of in-
formation which had already been obtained from earlier projects, like those carried out in
Windhoek, Pretoria and Athlone, virtually eliminated the need for laboratory or pilot plant
experiments being carried out prior to the design and the construction of the 1,6 x 10° m3/a
demonstration plant.

42 Phasel

Discussions held between the CCC and the WRC during 1976 led to an agreement for com-
mencement of phase I of the project. This took place during 1977 and included high cal-
cium hydroxide dosing as well as flocculation, sedimentation, recarbonation and chlorina-
tion units. The plant was officially opened during March .978 and remained in operation
until the end of July 1978. Operation recommenced during January 1979 and continued up
to May 1979. The objective of the interim plant was to provide water of good quality for
the NIWR aquifer infiltration studies. During these periods oxidation pond effluent was
used as feed water followed by flocculation and coagulation with ferric chloride and a
polyelectrolyte. This was followed by clarification and chlorination after which the
renovated water was pumped to the infiltration bed site. The plant configuration for
phase I is shown in Fig 4.1.

43  Phasell

The wastewater to be treated was characterised with respect to its organic, inorganic and
bacteriological constituents. A tentative combination of unit processes to achieve the re-
quired objectives as far as quality of the reclaimed water was concerned, was then drawn

up.

The initial configuration consisted of the following unit processes: flocculation using cal-
cium hydroxide, ferric chloride and a polyelectrolyte, primary sedimentation, breakpoint
chlorination, secondary sedimentation, pressure sand filtration, activated carbon treatment
and final chlorination. This plant configuration is shown diagramatically in Fig 4.2.

4.3.1 Operation

The Phase II configuration was commissioned during May 1982, and operated intermit-
tently until August 1982 to eliminate any problems. During the first year or so of opera-
tion a number of design faults were isolated, investigated and subsequently rectified.
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432 Design problems

The major design problem encountered was the operation of the three pressure sand fil-
ters. The problems included improper design of the pipework, poor hydraulics, loss of sand
from the filters through the poorly designed nozzles and uneven nozzle support plates and
the operation of the pneumatic actuators and the butterfly valves.

Various improvements were tried which included changing the media. continuously servic-
ing the pneumatic actuators and buttertly valves, modifying the nozzle seats by replacing
the thin rubber seat with a thicker and larger version and finally replacing the nozzles with
a more advanced type. Most of these remedies were unsuccessful and a decision was taken
to replace the three pressure filters with two rapid gravity sand filters. These filters were
constructed and commissioned during October 1984, Although these filters operated suc-
cessfully from the start, a point of concern was that of relatively short filter runs. An inten-
sive investigation indicated that by reducing the polyelectrolyte dose and installing a
pipeline which increased the available head to the sand filters the filter runs could be
lengthened from about 10 h to0 about 20 h.

Another problem area was the effect on the reclamation processes of the fluctuation in the
feed water quality (the adjacent activated sludge works final effluent). It was frequently
found that large diurnal variations in the ammonia, chemical oxygen demand, suspended
solids and total phosphate concentrations created abnormal chemical dosing conditions on
the reclamation plant. The most serious of these was the effect of the frequently high am-
monia concentration on the disinfection process and the resulting trihalomethane con-
centrations which resulted from the very high chlorine doses.

An adjacent oxidation pond was converted into a quality equalisation and buffer pond for
the reclamation plant feed water. An earth berm was constructed within the pond to
eliminate short circuiting thereby ensuring that the theoretical retention time of about 16
days would be maintained. Furthermore this pond would permit the reclamation plant to
continue operating for a limited period if the wastewater treatment works was shut down
due to mechanical or operational failure. Fig 4.3 shows the flow pattern through the
reclamation plant via the quality equalisation pond.

The disinfection process assumes a very important role when one is reclaiming a secondary
treated sewage for potable reuse. It was felt that three stages would be more effective in
placing an impenetrable barrier between the end user and any waterborne bacteriological
or pathogenic contaminants than the two chlorine stages which were already provided. A
decision was taken to incorporate ozonation between the sand filtration and activated car-
bon adsorption stages. An ozone generator was thus obtained from the WRC and after a
lengthy period of restoration and installation was commissioned during July 1986.

Throughout the early years of operation of the plant problems were experienced with most
of the control and measuring instruments, as they were unable to withstand the extreme
climatic and corrosive conditions experienced at the plant. Certain instruments were re-
placed with a more suitable type whilst others were modified. Instrumentation modifica-
tion, repairs and maintenance were an ongoing process.
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Pumping of a calcium hydroxide slurry proved unsuitable. This facility was substituted by a
manual dry feed system.

After implementation of these design modifications the process configuration was as fol-
lows: chemical flocculation, primary sedimentation, primary chlorination (primary
disinfection), sand filtration, ozonation (secondary disinfection), activated carbon adsorp-
tion, final chlorination (tertiary disinfection) and final calcium hydroxide stabilisation. The
final process flow sheet is given in Fig 4.4.

4.4  Process description

The choice of the unit process sequence was aimed at ensuring effective removal of all un-
desirable contaminants in order to produce a potable water. The overall control strategy
therefore included the most effective and fail-safe procedures guaranteeing the attainment
of the operating objectives set out for each unit process. A brief description of each stage
is given below:

Feed water

The feed water used is a secondary effluent obtained from the adjacent five stage Barden-
pho activated sludge wastewater treatment works. Before entering the reclamation plant
the water passes through a quality equalisation and buffer pond which has a retention time
of about two weeks. This pond evens out any fluctuations in the secondary effluent quality
and provides additional but limited storage capacity in t"c event of the activated sludge
plant being either shut down or being unable to provide an <ffluent of acceptable quality.

Chemical flocculation

The reclamation of water is possible using calcium hydroxide, Fe’* solutions or Al** solu-
tions as coagulants. [n the reclamation of a secondary effluent containing high ammonia
concentrations calcium hydroxide is usually considered the most suitable. At the Cape
Flats plant where the ammonia values are generally low, ferric sulphate, ferric chloride or
aluminium sulphate solutions can be used. However, for various reasons ferric sulphate was
found to be most suitable and was thus used for most of the project. Jar tests are used to
determine optimum chemical doses. After the coagulant addition the mixture passes
through the flocculators where through a process of slow stirring, the sludge is formed into
larger floc particles. A polyelectrolyte is generally added as a flocculation aid. Optimisa-
tion of the polyelectrolyte dose is critical as it was found that slightly high doses tend to
shorten sand filter runs considerably.

Primary sedimentation

Sedimentation was effected in a circular clarifier with an inner four minute retention floc-
culation zone. The total retention time is approximately two and a half hours. Separation
due 1o gravitational forces occurs in this unit between the liquid and the sludge. The
clarified water is drawn off from the surface of the tank whilst the settled chemical sludge is
withdrawn from the bottom. The thickened sludge is wasted and recirculated. Sludge is
recycled to the feedwater in order to control the sludge density in the clarifier and to assist
in the formation of a denser sludge blanket and to reduce flocculant requirements.
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Chilonination

Chlorine is the disinfectant most commonly used in water treatment. In water reclamation
the chlorine dose required is only to a minor extent determined by the type and guantity of
microbes to be inactivated and depends primarily on the concentration of substances such
as nitrogen compounds which are chiefly in the form of ammonia. Sufficient chlorine was
added in order to maintain a low residual to prevent biological growth on the sand filters.

Sand filtration

Sand filtration is probably the most commonly applied unit process in water treatment
practice. While filtration alone will not remove viruses, research has shown that in waters
with rurbidity of <1 NTU, free chlorine residuals and acceptable contact times, viruses can
be effectively inactivated. In water reclamation complete disinfection is secured through
turbidity removal by filtration followed by disinfection. The mechanism of filtration is
complex and is believed to consist of a number of different processes which effect the
removal of suspended impurities in combination with one another. These processes vary-
ing in predominance are straining, sedimentation, flocculation, adsorption and biological
activity. The Cape Flats plant has two rapid gravity sand filters which required backwash-
ing approximately once a day. These filters replaced the pressure filters which proved un-
reliable.

Qzonation

In advanced water treatment ozonation is one of the most popular methods of disinfection.
At the Cape Flats plant ozone was produced from air by electrical discharge using a
Degremont type MB110 ozone generator and was injected into the filtered water before
entering a contact tank with a 17 min retention time. Ozonation does not replace chlorina-
tion but is used in conjunction with it. Ozone was injected between the sand filtration and
the activated carbon treatment stages and because of its powerful oxidation properties was
able to lengthen the life of the activated carbon.

Activated carbon treatment

The primary function of the activated carbon columns is adsorption of both toxic and non-
toxic dissolved organic compounds. Colour, taste, odour and a number of heavy metals
such as mercury and cadmium are usually removed at the same time. The plant at Cape
Flats has the option of using two sets of carbon columns. One set of three columns was
capable of treating the full 1,6 x 10° m*/a flow whilst the smaller set of two columns treats
a maximum of 1,1 x 10° m%/a. Due to the excessive cost of activated carbon the smaller
columns were used. The smaller columns are of the fixed bed, downflow type and during
operation each bed was backwashed regularly to prevent an excessive build up of pressure.
These two columns were operated in series with the first being a roughing and the second a
polishing column.

Final chlorination and calcium hydroxide stabilisation

All the free chlorine and free ozone in the water is removed during activated carbon treat-
ment. This then permits bacteria to build up in the columns and can result in fairly high
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bacterial counts in the effluent. Chlorine was added after the carbon columns to coun-
teract this and to ensure a disinfected reclaimed water with sufficient residual to protect
against contamination in the water distribution system. Chlorination results in a corrosive
water and this is rectified by stabilisation with calcium hydroxide. The pH is set at a
predetermined value which prevents corrosion as well as precipitation in the water distribu-
tion system.
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CHAPTER 5

PLANT CONSTRUCTION

After the iuual process configuration had been established it was agreed at an early techni-
cal sub-commuittee meeting that the CCC would be responsible for the necessary design and
construction of the required additional units.

Certain units which were to be added to the process configuration had been supplied under
the original contract but due to various circumstances had never been installed. As the
original supplier was not prepared to install this equipment so long after delivery, it was
proposed and agreed upon that the CCC would install this equipment.

The original design of Phase I of the project was carried out by the consultants, P G J
Meiring and Partners, for the NIWR and the structural and hydraulic design of the addi-
tional units for phase Il was carried out by consultants, A M Mendonca Inc for the CCC.

All the additional civil construction work comprising of the concrete settling tank, inter-
stage pump station and the final water holding tank was carried out by the CCC. The instal-
lation of all the mechanical equipment as well as the construction and installation of all the
interconnecting pipework was also carried out by the CCC. The supply and installation of
all the mechanical work associated with the concrete settling tank was, however, carried
out by Messrs R J Consani on contract to the CCC.

The electrical work which was carried out by Messrs Electron (Pty) Ltd comprised the
supply and installation of all cabling, instrumentation panels, switchgear and the wiring of
the mechanical equipment installed by the CCC.

The CCC installed all the instrumentation required to operate the plant.

The design, manufacture and commissioning of the microprocessing system was carried out
by the Department of Chemical Engineering at UCT. This system received inputs from the
instrumentation, updated the displayed information every 12 s and calculated an hourly
average which was stored and printed out every 24 h.

The design and construction of the following was undertaken by the CCC:

replacement rapid gravity sand filters
interlinking walkways

. inlet screenings structure for feed water
the building to house the ozone generator.

The refurbishing and installation of the ozone generator, which was obtained from the
WRC, was carried out by the CCC.




The costs involved in the design and construction of all the additional process units and re-
lated equipment which included the new rapid gravity sand filters, walkways, inlet screen-
ings structure and the ozone facility amounted to about R900 000. These costs were borne
by the WRC.
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CHAPTER 6

PLANT REQUIREMENTS

6.1 Staff requirements

Operation of the Cape Flats water reclamation plant requires that it be classified as per
Schedule | of Section 26 (1985) of the Water Act (Act 54 of 1956) (Govt Printer, 1984a).
The minimum number of suitably qualified persons required to be employed at this
A-grade works as per schedule Il (Govt Printer, 1984b) of the abovementioned act is:

1 x Class V operator - Supervisor
Ix Class IV  operator

Ix Class I operator

Ix Class Il operator

Ix Class 1 operator

Ix  Trainee operator.

Although the reclamation plant was not subject to this grading the minimum staff require-
ments were actually exceeded. The following lists the actual gradings of the operating per-
sonnel who were employed at the reclamation plant.

I1x Class V operator - (Supervisor)
Ix Class IV  operator
3x Class I operator
Ix Class I operator

The operating staff complement in conjunction with the total personnel input is given in
Fig 6.1.

62  Maintenance requirements

The reclamation plant had its own mechanical maintenance team, which consisted of a
mechanical fitter, a handyman and a workshop assistant. This small but efficient team
operated out of an on site workshop and handled preventative maintenance as well unex-
pected mechanical failures. The maintenance fitter was also responsible for the running of
the workshop, keeping a small store in which certain spare parts for all the mechanical
equipment was kept as well as ensuring that accurate maintenance and history records were
kept of the equipment and the maintenance or repairs that were carried out on them.

Electrical and iwstrumentational maintenance and repairs were carried out by staff who
were available from the adjacent wastewater treatment facility.

All other routine maintenance with regard to the buildings, structures and grounds was also
carried out by staff from the adjacent treatment works.

The maintenance personnel involved in the Cape Flats project is given in Fig 6.1 along with
the total personnel input.
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63  Surveillance requirements

The surveillance requirements of the process can be subdivided into three distinct groups:
on site control analyses carried out by the operating staff, in depth control analyses carried
out by a recognised laboratory and intermittent independent surveillance.

6.3.1 On site control analyses

The duty operator carried out a number of routine as well as intermittent laboratory
analyses in order to control the operation of the various unit processes and to indicate
whether previously determined process objectives were being achieved. This work was
carried out on a 24 h basis in the on site control laboratory.

The operator was required to intermittently carry out jar tests to control the chemical addi-
tion and flocculation stages, ie. to ensure that optimum doses of chemicals were used.
These tests were carried out on the feed water to the reclamation plant and indicated
whether the correct coagulant or polyelectrolyte was being used. In addition optimisation
of the chemical doses, coagulation pH value, sludge recycle rates and other variables were
determined.

The requirements for proper control of the disinfection process are that the concentrations
of residual chlorine and chlorine derivatives are regularly measured. The residual chlorine
content of the reclaimed water was measured automaticall' on a continuous basis. In addi-
tion to this the duty operator manually carmied out various chlorine determinations every
four hours. These tests comprised: residual chlorine (or free available residual),
monochloramines, dichloramines, nitrogen trichloride and the total free chlorine deter-
minations. These tests were carried out on the primary chlorination tank effluent and the
reclaimed water.

Research has shown that viruses can effectively be inactivated in waters with a turbidity of
<1 NTU, reasonable free chlorine residuals and adequate contact times (Van Vuuren,
1981). Turbidity measurements were carried out on the following samples : feed water,
primary sedimentation tank effluent, breakpoint chlorination effluent, sand filtration ef-
fluent, activated carbon column effluent and the reclaimed water; in order to measure the
efficacy of the unit processes.

Other important determinands which were carried out by the operating staff included pH,
alkalinity, colour of water and sludge settlement tests.

Although these determinands do provide sufficient information for the satisfactory opera-
tion of the water reclamation plant, visual observation of each unit process, as well as
general plant appearance, are equally important. The operator must be alert for changes
in the physical appearance of a process and be able to relate these changes to its perfor-
mance. Much can be learned from simple, but perceptive sensory observation of process
features. By combining careful observation with experience, the operator can determine
what is happening on the plant and make any adjustments that may be necessary. Observa-
tion can also direct him towards making more specific control tests that will indicate
process demands and determine the type and extent of the control adjustments needed
(Harr, 1981).
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The plant should be equipped with various measuring devices 10 supplement these control
procedures. These should include the on-line measurement of certain quality parameters as
well as the measuring and recording of flows to the various unit processes. Table 6.1 lists
all the on-line measurement equipment which was used on the plant

632 Control analyses by a recognised laboratory

An in depth quality surveillance programme, as carried out on any production line, is re-
quired on a water reclamation plant. In addition to the analyses carried out by the operat-
ing staff, a recognised laboratory should be available to measure the more complicated
determuinands or those where sophisticated and expensive equipment is necessary. The
Scientific Services Branch of the CCC provided the staff and laboratory facilities to under-
take these analyses.

At the Cape Flats plant the operating staff were responsible for all the sampling of the
various unit processes, and these samples were then submitted to the Scientific Services
Laboratory, for analysis. Most samples submitted for chemical analyses were 24 h com-
posite samples and those submitted for bacteriological analyses were grab samples.

The following list of determinands should be undertaken by a laboratory for the proper
control of a water reclamation plant. A description of the methods for these parameters, as
well as the frequency of analyses, can be found in Appendix 6.

Sanitary analysis
Conductivity
pH Mg
Alkalinity as (CaCO,4 ad
Turbidity SO,
Colour NO;-N
COD-O NH4-N
Na POP
K Organic-N

Organic-P
Trace metals

Al Fe
B Mn
Cd Ni
Co Pb
Cr Zn
Cu

Organic chemicals
Total halogens (THM)
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Sand filtration
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treatment
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Fiow meter ang integrator

Flow meter
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Wwaste sludge flow meter and integrator
Waste sludge flow recorder

Recycled slucge flow meter and integrator
Recycled slucge flow recorder

pH-meter ang recorger
pH=control

Flow meter anc ntegrator

Flow recorger

Backwash flow meter and integrator
Air scour flow meter
Turbidimeter and recorder

Residual ozone analyzer

niet flow meter and integrator

niet flow recorder

Backwash flow meter and integrator
Ultrasonic fish bio-surveillance system
Dissolved organic carbon analyser

pH-meter ang recorcer
pH=control
Resigual chlorine analyser

Central microprocessor display and daily
printout of selected parameters




Bacteriological analysis

Faecal coliforms

6.3.3 Intermittent independent surveillance

[n the reclamation of a secondary effluent for potable reuse, a comprehensive independent
surveillance programme is essential. This surveillance programme carried out by an un-
biased third party will give the necessary assurance that the augmentation of the natural
water supply with reclaimed water is in no way harmful to human health.

The independent surveillance programme for the Cape Flats project took the form of inter-
mittent virological examination by UCT throughout the duration of the project and an in-
tensive eleven week surveillance programme during the final months of the project by the
following participating laboratories:

Cape Town City Council - Scientific Services Branch

UCT - Medical School Virological laboratories
CSIR - Watertek - Pretoria laboratories

CSIR - Watertek - Bellville laboratories




CHAPTER 7

PLANT OPERATION

0y | Introduction

During the duration of the project many changes were introduced, both in the process con-
figuration as well as in the types and doses of chemicals which were applied to the plant. A
record was kept of all these changes and these are reflected in this chapter and appendix 7.
['he optimisation of all the chemicals used and certain unit processes is discussed in Chap-
ter 8.

72 Summary of operational periods
All ferric sulphate and ferric chloride doses are in mg// Fe’* and chlorine in mg/! Cl,.
72.1 May 1982 to July 1982

The plant was operated on an intermittent basis to locate and solve teething problems.
Ferric chloride was used as coagulant and the following equipment and units were
operated: feed water pump, ferric chloride dosing equipment, flocculators one and two,
primary sedimentation tank (PST), waste sludge facility, and the stabilisation tank.

722 August 1982 to November 1982

The plant was operated as in the previous period but on a continuous basis. The optimisa-
tion of the flocculators took place between September and November resulting in the deci-
sion to use two flocculators (16 min retention) instead of one (eight min retention). The
chemical surveillance programme started in earnest during September with the regular sub-
mission of samples to the CCC laboratory. The pilot carbon columns were operated inter-
mittently during October and November facilitating the sampling of the effluent for
virological examination by UCT.

723 December 1982 to January 1983

Jar flocculation tests indicated the optimum ferric chloride dose to be approximately
43 mg// in the range of pH values from 5,0 t0 5,5. As the calcium hydroxide equipment was
undergoing maintenance very low pH values of about 2 were obtained and the ferric
chloride dose was subsequently reduced to 19 mg/l. During December a sludge recycle of
four per cent (¥/v) was brought into operation as well as breakpoint chlorination at a dose
of 8,0 mg/l. Two of the three pressure sand filters were in continuous operation during this
period.

72.4 February 1983 to March 1983

Operation was as in the previous months with the exception that the sludge recycle was in-
creased to eight per cent (*/v). Problems were experienced with the PST sludge
withdrawal system. The pressure sand filters were taken out of operation on 1983-03-06.
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The whole plant was shut down from 1983-03-15 10 1983-04-28 due to the depletion of fer-
ric chloride supplies resulting from delays in delivering consignments.

7.2.5 April 1983 to June 1983

Operation using ferric chloride continued from 1983-04-28 and units in operation excluded
the sand filtration and activated carbon treatment stages. A polyelectrolyte was introduced
as a flocculant aid from 1983-05-23 and Magnafloc 156 was dosed at a rate of 0,5 mg/l.
Ferric chloride doses ranged from 17 to 29 mg/l. The whole plant was shut down on 1983-
06-17 to effect repairs to the sludge withdrawal system, compressed air lines and the cal-
cium hydroxide equipment.

7.2.6 July 1983 to September 1983

Ferric sulphate replaced ferric chloride as coagulant as from 1983-07-18. Initially a 14 day
trial run was planned but due to encouraging results this was extended to a month and later
indefinitely. Jar tests indicated the optimum dose to be between 53 and 64 mg// within the
range of pH values 5,0 to 6,0. Sand filtration was implemented from 1983-08-03 by making
use of one recently refurbished pressure filter. The calcium hydroxide dosing equipment
was used intermittently during this period and doses in the range of 90 mg// were required.
Breakpoint chlorination was implemented from the end of July.

7.2.7 October 1983 to June 1984

Ferric sulphate was used as coagulant and doses ranged from 17 to 47 mg/l.
Polyelectrolytes were used to aid the flocculation process. Magnafloc 156 was used up to
1984-03-06 with doses varying from 0,3 to 1,8 mg/l and Magnafloc LT27 was introduced
from 1984-03-07 with a constant dose of 0,5 mg/l. Between 5% and 10% (¥/v) of the
sludge flow was recycled and 119 (*/v) was wasted. Breakpoint chlorination was ter-
minated during May due to unusually high ammonia values in the feed water. Calcium
hydroxide was dosed from 1983-11-25 to facilitate pH correction prior to breakpoint
chlorination. Sand filtration was still limited to one pressure filter.

728 July 1984 to October 1984

During thjs?eriod aluminium sulphate was used as coagulant. The dose varied from 6 to
19 mg/I AI°*. Results from jar tests indicated an optimum aluminium sulphate dose of
about 16 mg// and favourable plant results were obtained at doses higher than 13 mg/l.
However, problems were encountered with the dosing equipment which was specifically
designed to dose liquid ferric solutions. Magnafloc LT27 was used at doses of 0,5 to
1,0 mg/l. Waste and recycled sludge volumes remained constant with flows of 11% and
5% (¥/v) respectively. There was no sand filtration during this period.

7.2.9 November 1984 to February 1985

Ferric sulphate was dosed at between 33 and 42 mg/l. Sand filtration was implemented
from 1984-10-30 making use of the recently completed rapid gravity sand filters. The use of
these filters resulted in favourable effluent turbidities being obtained almost immediately.
Activated carbon treatment using the 1,1 x 10° m?/a pilot columns was implemented on
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1985-02-14 and produced favourable results.
7.2.10 March 1985 to June 1985

The plant was operated up to and including activated carbon treatment. The buffer or
quality equalisation pond came into operation during April. Ferric sulphate was dosed at
+2 mg/! and Magnafloc LT27 was dosed at between 0,12 and 0.5 mg//. Sludge was wasted
and recycled at 10 and 5% (*/v) respectively. Chlorine was dosed to breakpoint with
doses ranging from 3 to 18 mg/l. Calcium hydroxide was dosed to obtain a pH value of 7,0
for breakpoint chlorination. Rapid gravity sand filtration and activated carbon treatment
were used throughout this period. Final calcium hydroxide dosing in order to stabilise the
reclaimed water commenced during June 198S.

7.2.11 July 1985 to December 1985

The ferric sulphate dose was maintained at 42 mg// and reduced to 38 mg// on 1985-09-05.
The Magnafloc LT27 dose was maintained at 0,12 mg/l. Waste and recycled sludge rates
were maintained as wn the previous period and breakpoint chlorination required doses of 4
to 22 mg/i. Final chlorination commenced on 1985-07-01 and doses of 1,4 to 22 mg// were
recorded. The calcium hydroxide dose required for pH correction at the breakpoint
chlorination stage as well as the reclaimed water stabilisation stage continued as in the pre-
vious period. During August 1985 the pilot activated carbon columns were refilled with
Nonit Supra 0,8 ROW activated carbon. The fish bio-survei!'ance system was operated from
September to early December 1985 when, due to an elec:-onic fault, the system was shut
down. Activity counts of 1 000 to 1 500 /h were obtained during this period.

7.2.12 January 1986 to April 1986

Ferric sulphate and Magnafloc LT27 were dosed at 38 mg/!/ and 0,12 mg/! respectively.
Chlorine was dosed to breakpoint at doses of 4,2 to 25,4 mg// and for reclaimed water dis-
infection at doses of 1,5 to 13,3 mg//. Calcium hydroxide dosing prior to breakpoint was not
required but doses giving a reclaimed water pH value of 8,5 to 9,5 were required. Sludge
was wasted and recycled as before.

7.2.13 May 1986 to January 1987

The plant was run for the first time incorporating the full process configuration viz: ac-
tivated sludge process, equalisation pond, coagulant addition, flocculation, polyelectrolyte
addition, pnmary sedimentation, intermediate chlorination, sand filtration, ozonation, ac-
tivated carbon treatment, final chlorination and final calcium hydroxide stabilisation. The
ozonation stage was added to the process configuration during July. The 11 week intensive
surveillance programme was carried out during this period.

These operational periods are described in full detail in Appendix 7.




CHAPTER 8

OPTIMISATION AND OPERATION OF THE INDIVIDUAL UNIT PROCESSES

8.1 Introduction

All the unit processes which were used at the Cape Flats plant were identical to or deriva-
tives of previously tried and tested processes. Optimisation of these individual processes
was a lengthy procedure and this chapter gives a description of these procedures as well as
a brnief outline of the mode of operation of each unit process.

82 Feed water

The quality of the feed water to the reclamation plant was generally good except for vari-
able ammonia and nitrate concentrations on occasion. In an attempt to reduce these con-
centrations optimisation of the operation of the activated sludge process was carried out by
the Civil Engineering Department of UCT between September 1983 and March 1984
(Ekama and Marais, 1984). Although the implementation of the findings of their report
had a positive effect on the nitrification and denitrification processes, ammonia values,
especially during the colder months remained high intermittently. Therefore an existing
maturation pond adjacent to the reclamation plant was modified into a quality equalisation
and buffer pond for the reclamation plant feed water. This pond was commissioned during
April 1985 and remained in operation for the remainder of the project. The plant con-
figuration is given in Fig 4.4. The influent to and effluent from the equalisation pond were
chemically analysed to determine the pond's efficacy. These results and findings are
presented in Chapter 10.

83  Chemical addition and primary coagulation stages

During the course of the project ferric chloride, ferric sulphate as well as aluminium sul-
phate were optimised as coagulants. The iron salts were cheaper than aluminium sulphate
but had the disadvantage of their solutions being highly corrosive. Ferric sulphate, al-
though similarly priced to ferric chloride, had the advantage of being available locally.

8.3.1 Ferric chloride

Ferric chloride was available in both the powdered and liquid form with the latter being
used at Cape Flats. Ferric chloride solution is a dark brown, acidic aqueous liquid contain-
ing 15% Fe3* (™/v). Ferric chloride is not manufactured in the Western Cape area and
thus had to be railed from the Transvaal. During the period that ferric chloride was used
delays were experienced with deliveries which resulted in large quantities having to be
stored on site to prevent plant shut downs.

Jar tests indicated the following average results (Fig 8.1):

Optimum dose:  about 43 mg/l Fe?*
Optimum pH: 501055
Polyelectrolyte: 0,3 to 0,5 mg/! (Magnafioc 156)
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Generally, no significant turbidity reduction was obtained with increased ferric chloride
doses, in fact, the turbidity values increased with increasing coagulant dose after the op-
timum concentration had been surpassed. The optimum pH value was found to be between
5,0 and 5.5, thus requiring an appropriate calcium hydroxide dose to counteract the
depressed pH value. The low pH values resulted from the strong acidic nature of the ferric
chlorice.

Implementation of the optimum ferric chloride dose was not possible as it depressed the
pH value to unacceptable levels of approximately 2,0. As the calcium hydroxide equipment
was not in operation at this stage the plant was operated at a dose of 19 mg/! Fe'~. This
dose was later increased o .0 mg// Fe” ™ to counteract increased rurbidities.

Although suitable clanfication was obtained without the use of polyelectrolytes, a well
tormed floc with rapid settling characteristics was obtained with the introduction of Mag-
nafloc 156 at doses of between 0,3 and 0,5 mg//. Even though the plant was operated well
below the optimum dose, reductions in COD, turbidity and phosphate were obtained. To
optimise the ferric chloride dose lower dosing rates of 17, 21, 26 and 29 mg/l were used.
The average results are reflected in Table 8.1. A significant improvement with an increase
in dose from 21 to 26 mg/! was obtained (Table 8.1). Therefore a dose of 26 mg// was used
since additional doses were not warranted.

8.32 Ferric sulphate

Ferric sulphate solution was used as coagulant after July 33 and is a brown acidic solu-
tion containing between 10 and 12% Fe?*.

A two week trial run, during which time AECI undertook :0 supply ferric sulphate free of
charge, was initially planned. This period was not long enough to make a final decision
even though favourable results were being obtained. The trial was then extended by
another month, during which time the supplier undertook to supply the chemical at cost.
After this six week period and taking into account the satisfactory results being obtained
and the envisaged financial saving due to reduced transport costs it was decided to use fer-
ric sulphate for an indefinite period. Numerous jar tests were carried out throughout this
period and the following average results were obtained (Fig 8.1):

Optimum dose: 53 to 64 mg// Fe**

Optimum pH: 5,0t06,0
Polyelectrolyte: 0,5 mg/! (Magnafloc 156)
0,5 mg/! (Magnafloc LT27)

During the full scale operation ferric sulphate was optimised by applying the following
doses 28, 31, 42, 48 and 56 mg/l Fe’~. The average results of the feed water and the PST
overflow quality at these doses are reflected in Table 8.2.

Optimum clarification of the water was obtained with a dose of ferric sulphate in the range
of 42 t0 48 mg// (Table 8.2.). The plant was initially operated at a dose of approximately
42 mg/! but this was successfully reduced to and set at 38 mg// from September 1985 until
the end of December 1986.
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Table 8.1

Optimisation of ferric chioride dose anc its effects on the
chemical quality of the overflow of the primary sedimentation tark (PST)

Fe’ ~eed water PST overflow
dose
Determinand —mmm - — ' -
. | number of standara number of standarg
mg// 4 mean mean
analyses deviation analyses deviation
17 G 51 8.5 3 38 4
21 5 69 19 2 45 6
CcoD ’ —
26 1 55 9 5 33 8
29 11 44 6.5 4 i 35 4.7
17 El El 6.3 3 | 10 9
= 1 L
‘ :
21 B 10 3.6 2 14 ' 0
Suspended | ’
solids ‘
26 11 11 6 5 | 7 5
29 11 13 7.9 4 9.5 54
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Table 8.2

~
o~

Optimisation of ferric sulphate cose and its effects on the
chemical quality of the overflow of the primary sedimentation tank (PST)

Fa*
- Feed water PST overflow
dose
Oeterminand ————— R L S ——
number of standargd number of | standard
mg/ mean mean
analyses deviation analyses deviation
28 7 69 18 3 34 7.9
42 31 70 14 13 | 25 3
CcCD —_— ‘
48 6 58 18 3 | 21 2.1
1) 7 71 6.2 3 | 25 8.5
28 7 32 16 3 |44 | 25
—T
42 31 18 8.5 13 | 6 3.7
Suspended . ; |
solids {
48 6 , 9 3.7 ‘ 3 2.8 ‘ 2.8
56 7 18 | 11 3 24 l 19
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833 Aluminium sulphate

Aluminium sulphate (alum) was used as coagulant during July and October 1984. The
change from ferric sulphate 10 aluminium sulphate was only implemented for a short
period as a trial run. Once the trial run was completed operation using ferric sulphate con-
tinued.

Aluminium sulpnate was available in the lumped (kibbled) or powdered form. As no
suitable facilities for making up the solutions were available, AECI undertook to supply an
aluminium sulphate solution which was made up at the Somerset West factory at no extra
expense to the CCC.

Jar tests which were carried out throughout the aluminium sulphate trial run indicated the
following (Fig 8.1):

Optimum dose: 11 to 16 mg/! A**
Optimum pH value: about 6,5

Table 8.3 gives the quality comparison between the feed water and the PST overflow with
varying alum dosages. Favourable plant results were obtained at a dose of 13 mg// and
higher (Table 8.3.) '

The aluminium sulphate solution contained approximately 5% AI**. At the beginning of
the trial run undiluted aluminium sulphate solution was ¢ sed, but sediment in this solu-
tion resulted in blockages occurring in the dosing equipment. The solution was therefore
diluted 1o one which contained approximately 2,5% AI*.

Aluminium sulphate dosing by gravity was not possible, and it was not considered economi-
cally viable ar that late stage to effect the necessary changes 1o the existing equipment for
the relatively short aluminium sulphate trial run. An active ingredient comparison is given
in Table 8.4 with respect to ferric chloride, ferric sulphate and aluminium sulphate.

Examples of the type of optimisation graphs as obtained from the jar tests are given in
Fig 8.1.

83.4 Polyelectrolytes

Polyelectrolytes are used to supplement coagulants (e.g. ferric sulphate) thereby promoting
a well formed floc particle which settles well. These polyelectrolytes are available in both
the powdered and liquid forms, although only the powdered form was used at the Cape
Flats reclamation plant.

Jar 1ests were undertaken 1o determine the best type of polyelectrolyte which could be used
to supplement ferric chloride or ferric sulphate. A large number of different types of
polyelectrolytes ‘were used, namely: Zetag 57; Magnafloc 155, 156, 292, 351, E10, E24, and
LT27. Magnafloc 156 and LT27 were the most suitable and both were used during the
project. Once the quality equalisation pond was commissioned and the feed water quality
improved it was found that Magnafloc LT27 was most suitable.
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Table 8.3 (continued)
Cptmisation of alummium sulphate dose and its effects on the
chemical quality of the primary sedimentation tank
(PST) overflow

Al Feeg water PST overflow
gose
Determmnand
number of standargd number of standard
analyses deviation analyses deviation
5 5.8 1.0 S 1.3 0.6
5 6.4 1.2 S 1.4 0.7
2.1 - - 2 0.4 0.3
Total P —
3 4.4 2.0 3 0.3 0.2
3 2.1 1.7 3 0.07 0.06
3 3.8 5.9 3 0.2 0.3
16 2.8 0.8 17 2.8 1.3
14 3.2 0.7 14 1.3 0.3
4 7.6 4.6 4 3.3 L By
Turbidity -  EEE— T
44 7 1.5 0.4
10 | 7 .1 | 04
— ) -
0.5 6 1.8 I 0.3




Table 8.4

Active ingredient comparison

Flocculant Units Fe" Fe,(S0Q), FeCl, AI” ALO, Alum

Ferric sulphate 49 175 " a - -
Ferric chloride mg/l 43 > 125 - " -

Aluminium sulphate = = - 16 30 190
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The LT27 grade of polyelectrolyte is of low toxicity and has been primarily developed for
use in potable water treatment applications and as such is ideally suited to water reclama-
tion.

The optimum dose of both the Magnafloc 156 and LT27 was found to be about 0.3 1o
1.0 mg/l. After commussioning the new rapid gravity sand filters problems were ex-
perienced with premature clogging of the filter beds which was attributed 10 the relatively
high polyelectrolyte dose. This dose was subsequently reduced to 0,12 mg// without any
adverse affect on the PST overflow quality. However it was found on occasions that ex-
tremely high wind velocities stirred up the sludge blanket in the PST which resuited in high
PST overflow turbidities.

8.3.5 Flocculators

The tlocculators comprised of two eight minute retention cylindrical tanks each fitted with
a slow stirrer. These units are situated between the coagulant and the polyelectrolyte
dosing points.

The layout of these flocculator tanks provides for various process options. These options
are:

- operation without the flocculator tanks - these tanks may be bypassed providing
minimal retention time.

. operation using only one flocculator tank - (retention time of eight min).
- operation using two flocculator tanks in series - (re ¢ntion time 16 min).

The optimisation of the use of these flocculators took place between September and
November 1982. Use was made of visual observations a.id turbidity measurements of the
PST overflow to determine flocculation efficiency. The resulty obtained from this optimisa-
tion exercise are presented in Table 8.5.

Operation using two tanks with a retention time of 16 mic. was accepted as the optimum
operating mode of the flocculators.

8.4  Primary sedimentation

Primary sedimentation was effected in a circular sedimentation tank which had an inner
four min. retention flocculation zone with a stirrer and a total retention time of ap-
proximately 2,5 h. In this unit process, solid-liquid phase sepcration occurred. Sludge
withdrawal was intermuttent and could be either wasted, recirculated to the head of the
process or used as a combinaton of the two.

Optimisation of the sludge handling processes proved to be difficult with visual observa-
tions being accepted as a rough indicator for the selection of the mode of operation. A
summary of these visual observations is presented in Table 8.6.
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Table 8.5

Optimisation of the flocculators and the effect on the chemical quality of the pnimary sedimentation tank (PST)

overflow
Turbidity
Mode of operation Relef\tlon { , (NTU) A visual observation
(min) number of minimun | maximun | mean ‘ standard of floc paticles
analyses value value | ! deviation |

Both bypassed minimal " 1.2 | i tr 4.1 [ 3.8 1 Poor

One tank used 8 61 08 53 ' 16 | 0.8 ' Good
A e e .

Two tanks In series 16 22 0.9 l 3.6 ) 1.6 I 0.6 Exellent
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Based on these observations the plant was operated with a sludge recycle rate of 5% (v/v)
and sludge wastage rate of 109 (*/v).

Throughout the exercise problems were experienced with the PST sludge withdrawal vaives
and the flow meter which measured the sludge wastage rate. In any full scale application
dewatering of the waste sludge would have 10 be considered.

8.5  Breakpoint chlorination

Optimisation of the breakpoint chlorination facility, to achieve adequate breakpoint
chlorination and satisfactory disinfection, was not carried out at all during the project as the
following guidelines for this process have been proven and are well documented in various
publications (Van Leeuwen, 1981a).

pH value 7
Cl, dose ratio of Cl, to NH; of between 9 and 12 10 1
ammonia concentration <1 mg/l-.‘f

If ammonia concentrations of greater than 1 mg// as N are regularly experienced in the
feed water to a reclamation plant, then ammonia stripping should be considered as an al-
ternate process.

As a direct result of the high trihalomethane concentrations which were being experienced
due to high chlorine doses, the chlorine dose in the breaipoint tank was reduced to well
below breakpoint requirements and a residual chlorine level of 0,2 mg/! as Cl, was main-
tained. Any residual ammonia in the water then passed through the plant and was
removed in the final chlorination stage. The advantage with this mode of operation was
the reduced THM formation due to removal of organic compounds in the carbon columns
prior to final chlorination.

8.6  Sand filtration

Two sets of sand filters were used during the course of the project. Initially three pressure
filters were provided but proved unsatisfactory and were consequently replaced by the two
rapid gravity filters which came into operation during October 1984 and which were used
for the remainder of the project.

Each of the two rapid gravity filters was able to accommodate the full plant flow. Thus one
filter would be in operation whilst the other filter was being backwashed and put on
standby. The change-over to the standby filter comprised a gradual switch from the duty fil-
ter to the stand-by filter. The first quantity of filtered water from the clean filter would al-
ways be sent to waste as the first discharge of filtered water from a clean filter was usually
contaminated. Although this water was wasted, in a full scale plant it would be redirected
to the initial stages of the process.

During the initial stages of operation the rapid gravity filters only permitted short filter
runs. These short runs necessitated backwashing the filters alternately every 7to 8 h. The
two main contributors to these short runs were found to be the relatively high
polyelectrolyte dosage of 0,5 to 1,0 mg/! and the lack of sufficient operating head between

40




the stabilisation tank and the sand filter. These two problems were solved by:
- reducing the polyelectrolyte dose to 0,12 mg/!

installing a bypass pipeline which linked the chlorination tank directly to the sand
filters thereby increasing the available head between these units. The stabilisation
tank previously situated berween these units was thus taken out of operation.

As a result of the abovementioned changes the filter runs were lengthened to ap-
proximately 17 h. The backwash procedure was also subject to many changes during the ini-
tial periods of operation of the rapid gravity sand filters. The following was finally ac-
cepted as the optimum backwashing procedure:

Air scour plus water wash: @ 72 m3/h for 10 min

Air scour plus water wash: @ 216 m>/h for 10 min
Water wash only: @ 432 m?/h for § to 7 min
Air scour plus water wash: @ 72 m*/h for § to 7 min
Water wash only: @ 432 m?/h for 10 min

8.7 Ozonation

A Degremont type MB110 ozone generator was used to produce ozone from air. Ozona-
tion was applied from July 1986 and 30 m’/h (normal cu“ic metre per hour at standard
temperature and pressure) of the ozone/air mixture was dosed into the sand filter effluent
giving an effective dose of approximately 0,9 mg/! as ozone. Analysis of the ozone/air mix-
ture showed that the production rate was approximately g ozone/m? of air which was
passed through the generating compartment at the setting of 30 m*/h.

The ozone/air mixture was transferred from the generator to the 17 min retention contact
tank via an unplasticised polyvinyl chloride (UPVC) flexible pipeline. Research has shown
that the inclusion of ozonation into the process prior to activated carbon treatment has ex-
tended the effective life of the carbon. In European drinking water treatment plants, the
adsorptive capacity of the active carbon has been increased about tenfold after pre-
ozonation and the operating life is reported to be increased by up to three years. It has
also been found thart the total cost of ozonation followed by activated carbon treatment
could in some instances be lower than that of activated carbon adsorption alone (Van
Leeuwen, 1981b and 1988).

8.8  Activated carbon adsorption

Two sets of activated carbon colums were installed at the plant, one set was capable of
treating the full 1,6 x 105 m3/a flow whilst the smaller pilot columns treated a maximum of
1,1 x 10° m*/a. The smaller pilot columns were used throughout the project due to the ex-
tremely high cost of the activated carbon.

The pilot columns were of the fixed bed, downflow type and were operated in series, with
the first column being the roughing column and the second column being the polishing
column. While the columns were in operation the flow rates and pressure drop across the
beds were recorded. The normal operating pressure drop was in the range between 15 and
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50 kPa. When the pressure drop was equal to or above 50 kPa, the desired flow could not
be easily maintained. At this stage the column would be taken out of operation and back-
washed with reclaimed water.

Three batches of carbon were used during the course of the project and the type of carbon
selected was limited to two brands, namely Filtrasorb F300 and Norit supra 0,8 ROW.

The amount of water treated by each fill is presented in Table 8.7 in terms of m® and bed
volumes treated (one bed volume is equivalent to 6 m>).

The chemical oxygen demand (COD) adsorption data was used to determine the remaining
activity of the carbon fill. Fourteen-day moving averages of the COD were kept to measure
the time taken to reach saturation. The carbon was to be replaced when the average COD
in the effluent from the polishing column reached 15 mg/l. Figs 8.2, 8.3 and 8.4, show that
moving COD averages reached a level of 15 mg/! long after the carbon expired. In fact this
predetermined level was never reached by the polishing column throughout this project. A
better way to detect saturation would possibly be to take the point at which the COD
removal became approximately uniform i.e. points X and Y for the roughing and polishing
columns respectively on Fig 8.3. In real terms this would represent a lifespan for the car-
bon of 3 to 4 months and approximately 4 550 to 6 100 bed volumes of water could be
treated without pre-ozonation.

In an attempt to streamline the process of estimating the saturation, an on-line dissolved
organic carbon (DOC) analyser was installed by Waterte.. Although satisfactory results
were obtained during the first few weeks of operation, the system as a whole was plagued
with problems which resulted in erratic operation.

The positive effect of ozonation on the operation of the activated carbon columns can be
seen by comparing Figs 8.3 and 8.4. Fig 8.3 represents the period prior to ozonation whilst
Fig 8.4 the period whilst ozonation was in progress. A comparison in terms of equivalent
volumes of water treated is given in Table 8.8.

There was a significant difference when ozone was used. There was an average increase in
the carbon life of about 40% in the polishing column as shown in Fig 8.5. This strengthens
other research findings in that, by using ozone in conjunction with activated carbon
columns, the life of the carbon could be extended (Van Leeuwen, 1988).

8.9  Final chlorination

Chlorine was added to the process water just after the activated carbon stage to counteract
the effects of the removal of residual chlorine and ozone on the carbon bed, ensuring a dis-
infected reclaimed water with sufficient chlorine residual to protect against contamination
in the holding tank or in the envisaged water distribution system.

Sufficient chlorine was added to the reclaimed water to maintain a residual of ap-

proximately 1 mg/!/ Cl, after a 1 h retention period. The turbidity of the water during this
period was always well below 1 NTU.
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lTable 8.8

Roughing column COD

—e——

Polishing column COD

Hed volumess
Without O with O, Without O With O

000 10.9 9.5 5.7 /

1000 | 10.9 9.5 /.3 a.1
2000 | 12.3 6.4 /.7 4.1
JOO0 | 14.2 10.6 ‘ 11.4 6.4
4000 | 13.6 /.8 | 11.9 4.0
5000 | 13.7 8.6 11.3 4.7
6000 " 13.6 9.6 12.4 4.1
7000 ' 11.8 12.8 ; 9.9 7.2
8000 ! 14.1 10.8 , 12.7 6./

¢ 1 bed volume is about 6 m''
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8.10 Calcium hydroxide stabilisation

The reclamation of a secondary effluent using ferric chloride or ferric sulphate produces an
acidic and corrosive water,

Final chlorination produces a corrosive water with a pH value of about 5,8. This pH value
is acceptable for disinfection but requires stabilisation with calcium hydroxide before the
water is discharged into the distribution system.

In order to produce a water similar to the existing potable water supplies in the Western
Cape the reclaimed water pH value was adjusted to within the range of 8.5 10 9.5 by using
calcium hydroxide.

[nitially this was carried out by making up a calcium hydroxide slurry in a stirred tank which
could then be dosed in varying amounts in order to set the pH value at the predetermined
level. A calcium hydroxide dose of berween 50 and 70 mg/! was required giving a
reclaimed water with an average pH value of about 9 and an alkalinity which ranged from
20 to 61 mg/l as CaCO,. The pH and alkalinity results which were obtained on the
reclaimed water for the final eight months of the project are presented in Fig 8.6.

An unexpected problem which was encountered with the calcium hydroxide stabilisation
process was an increase in the turbidity of the reclaimed water from an average of
0,32 NTU to an average of 52 NTU. It is thought that the suspended solids in the
reclaimed water was mainly due to the precipitation of exce »s calcium carbonate.

The calcium hydroxide dosing system was changed to a dry feed. The required pH value of
about 9 was maintained with manual dosing into the final holding tank every 15 min. A stir-
rer was fitted to the calcium hydroxide dosing compartment to promote better mixing in
the tank. An immediate improvement in the reclaimed water turbidity was noticed.

Although a vast improvement was noticed the average turbidity still exceeded that specified
for potable water and an additional settling stage would be required to remove these excess
suspended solids. A similar carry-over of suspended solids from the fresh water plants in
the Western Cape area is also experienced intermittently. These solids eventually settle out
in the water distribution system or in intermediate reservoirs both of which requires flush-
ing out from time to time.

A list of criteria was published (Meiring, 1982) to which reclaimed water should comply if it
is to be used for potable purposes. One of these criteria regards the stability of the water
and it is suggested that the water be stable according to the Langelier and Ryznar indices.
The Langelier saturation index is a qualitative measure and results are recorded as posi-
tive or negative only. A positive value indicates a tendency to precipitate CaCO, while a
negative value is an indication that CaCO; may dissolve. Conversely the Ryznar stability
index is a quantitative measure and the result indicates the degree of scaling or corrosion.
A Ryznar index of less than or equal to six indicates scaling, an index of greater than seven
indicates that scaling will not occur whilst indices of greater than 7,5 or greater than 10 in-
dicate corrosive or very corrosive tendencies respectively (Wium & Coetzee, 1985). Both
the Langelier and the Ryznar indices were calculated for the reclaimed water during the
period from September to December 1986. These values are represented in Table 8.9.
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fable 8.9

Langeler and Ryznar indices of the reclaimed water between September and December 1986
|
l).l]n!
Index | ‘
0929 | 1006 | 10-13 | 10-20 | 1027 | 1103 | 11 10 | 1117 11 24 ' 01
| | L d 4 | | |
| | | | | | |
w | Langelier ‘ l ' | ¢ '
ey 1 l . ‘. !
Ryznar 9.1 9.0 8.9 l 8.2 8.0 | /.4 /.9 7.9 6.8 /.1
State ol water vC ’ Ve vC C C OK C C OK OK K

VC = very corrosive
C = corrosive

OK = acceptable

- = pegative

+ = positive




Conflicting results were obtained with the use of these indices (Table 8.9.). Loewenthal
(1986) confirms the inadequacy of the Langelier and Ryznar indices. Previously calculation
of the precipitation potential was tedious but this has been simplified with the development
of conditioning diagrams and the STASOFT computer programme (Loewenthal er al.,
1986). On the whole the above results indicate a corrosive water with regard to the earlier
samples and an acceptable water in the latter samples.

In a full scale application an in depth study into the reclaimed water treatment and

stabilisation would have to be undertaken as variable calcium hydroxide :quirements may
necessitate the additional use of carbon dioxide.
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CHAPTER 9
INTENSIVE SURVEILLANCE PROGRAMME

9.1 Introduction
The contract between the CCC and the WRC called for the surveillance of the quality of
the water produced by the Cape Flats reclamation plant. A quality surveillance programme
was drawn up by the WRC in collaboration with the CCC, the Technical Sub-Committee
and the participating laboratories (Hattingh, 1986). The programme lasted for 11 consecu-
tve weeks
92 Summary of programme
9.2.1 Participating laboratories
The following laboratories participated in the surveillance programme.

Scientific Services Braach (CCC)

Medical School Virological Laboratories (UCT)

CSIR - Watertek - Bellville

CSIR - Watertek - Pretoria
92.2 Sampling points

The following sampling points were selected in order t0 gain an overall picture of the
operation of the plant. Fig 9.1 indicates the position of these sampling points.

CR1 - Raw water inlet
CR2 - Sand filter outflow
CR3 - Ozone tank outflow
CR4 - Carbon column (polishing) outflow
CRS - Reclaimed water.
9.2.3 Groups of analyses

The following groups of analyses were carried out

Group A - Sanitary analyses
conductivity Cl
pH SO,
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alkalinity CaCO,

NO,-N

turbidity NH,-N
colour PO, -P
dissolved organic organic - N
carbon (DOC) COD-0O
organic - P Na

phenol K

CN Ca

F Mg

Group B - Trace metals

Al Fe
B Mn
Ba Ni
Be Pb
Cd Se
Co Sr
Cr Zn
Cu As
Hg

Group C - Bacteriological analsses

standard plate count total coliforms
faecal coliforms coliphage

acid fast bacilli spore formers
faecal streptococcl

Group D - Enteric viruses
Group E - Organic chemicals

organic profile total halogens (THM)

UV absorption (SCAN)
Group F - Bio-assays
conunuous fish bio-surveillance

enzyme analysis
daphnia bio-assay

ames test for carcinogenicity
luciferase test

Group G - Control analyses

Routine analyses for control purposes e.g. chlorine content of the water.




92.4 Type of sample required

Group A 24 h composite

Group B 24 h composite

Group C Grab

Group D Grab

Group E Grab

Group F Grab/continuous

Group G Grab/24 h composite
All the 24 h composite samples were taken on an hourly basis from 01:00 to 24:00 on the
relevant day. During the 24 h period all the samples were stored in a refrigerator at ap-
proximately 4°C to minimise any deterioration of the determinands. The grab samples
were taken at approximately 10:00 the following day and were submitted to the relevant
laboratory immediately thereafter. Watertek (Bellville) sent the relevant samples via air
freight to their Pretoria laboratories.
9.3  Results of quality surveillance programme
All the detailed results received from the participating laboratories for the intensive sur-
veillance period have been included unabridged in appendices. Table 9.1 indicates the
relevant appendix in which the various groups of results may be found.

The following paragraphs contain a summary of the findings as detailed in the aforemen-
tioned appendices.

93.1 Summary of results contained in appendix 1 (Groups A & B)

With the exception of DOC, Ba, Be, Se and Sr which were analysed by Watertek, all the
analyses for Groups A and B were carried out by the CCC.

A statistical evaluation giving the minimum and maximum values, mean values and the
standard deviations of all the results which were reported by the CCC are presented in
Table 9.2. The statistical results for the analyses undertaken by Watertek are presented in
Table 9.3.

Graphs of the COD, NH,, NO,, PO, turbidity, Ca, Mg and SO, concentration in the feed
and reclaimed waters are presented in Figs 9.2 and 9.3.

932 Summary of results contained in appendix 2 (Group C)

The Bellville and Pretoria laboratories of Watertek carried out all the analyses for Group
C. The results obtained by the Bellville laboratory are summarised in Table 9.4

56




<ey tc the appendices containing the unabridged results
n

c
tensive qualty survellance pericd

Appendix Analyses group Type of analyses Ana'ysed by

Group A Sanitary analyses CCC and

Group B Trace ratals Watertek

2 Group C Bactericlogica analyses ' Watertek
Group D Enteric viruses ucT

MJ; I Group E o 3’;353 chemicals Watertek

s BB _3_':_-;: F Si0-assays Watertek




Table 9.2

Summary of results of 11 sets of analyses by the CCC for groups A and B

Feed water (CR1) Sand filter effluent (CR2)
Determinand Unit | mun | max | mean | s min | max | mean | s
H | 7.6 85 78| 0.2 S.7 6.6 63| 03
Conductivity mS'm | 880 970]| 90,1 2.5 890 930/| 91,5 1,2
Turbidity NTU | 2,40 | 9,50 | 4.56] 2.47| 0,241 0,56| 0,38 0,10
Colour ~ |Hazen 40,0 80,0 573 10,5 0,0 0,0 00| 00
'Alhh’nny‘ ull‘.’] 100,0 | 2240 | 122,4 | 33,2 70| 40,0 20,1 9.9
COD-O » 32,0 620 41,1 9.6 13,0 17,0 15,2 1,2
NO3-N * 0.5 1,6 1,0/ 03 1,0 2,1 1,5| 03
NH4-N g 0,2 40 1,3 1,1 0,1 2,2 1,1| 0,6
OrElc-N . 0,2 2.8 1,6/ 08 0,2 1,0 05| 03
PO4-P I 1,88 6,57 356 | 1,27 0,00 0,03 0,01 | 0,01
| ic-P 0,04 232] 055/05 ]| o000| 003] 001] 0,01
Na 1* 117 143 126 | 8,7 114 141 123| 8.8
K \d 14,5 17,9 16,0 1,1 14,0 17,4 15,5 1,2
ICa B 39.5 469| 436| 26 90| 455 428 19
’h_l‘ i 1,7 8.9 85| 04 7.8 9.3 84| 04
SO4 » 78 95 87| S.2 163 192 10| 89
Cl * 1410 1880 1543 | 16,2 | 140,0 | 1960 | 1510 15,3
F o 0,10 0,19| 0,12 0,03 009| 0,14 0,11 | 0,02
Phenol ﬁu'/] 0,0 0,0 00| 00 0,0 0,0 00| 0,0
CN 5 0,0 0,0 00! 00 0,0 0,0 00| 00
B " 150 204 180 | 15,8 147 191 175 | 13,6
Cd g 1,0 2,0 13| 04 1,0 1,0 1,0/ 0,0
Co B 5,0 7.0 6,1 0,7 40 8.0 58 1,1
r = 2,0 16,0 63| 39 0,0 4,0 1,5 1,2
i 5,0 12,0 65| 21 20 12,0 46| 2.5
!L . 0,0 0,0 00| 00 0,0 1,0 03| 04
Ni . 6,0 12,0 94| 1,7 80 12,0 94| 1.4
) . 80| 18,0] 1271 26| 50| 140] 105] 2.5
Za : 140] 920] 288121,2] 7,0] 250] 167] 5.0
As - 0,0 2,0 06| 06 0,0 1,0 01| 03
Al . 73 265 118 | 59.7 7 & M4|170
Fe . 238 S22 420 | 895 48 144 8| 30,5
Mn - 7 61 32| 13,2 35 216 165 | 47,3
* as CaCO3
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Table 9.2 - continued

Ozone tank Acuvated carbon
outflow (CR3) outflow (CR4)

Determunand | Unt | oun | max | mean | s | oun | max | mean | s |
pH | 5.9 69| 65| 03 5.7 67| 62| 04]
Cooductvity mSm | 890! 940] 91,7] 1.4] 80| 940 915 1.4]
Turbidity NTU | 032| 091 062]/0,18] 0,15] 0,42| 0,24] 0,09
Colour Hazen | 00| 200 1.8] 57| 00 00| 00] 00
Alkaliuty * |mg/l 60| 500| 21.4[125] 20| 360] 147] 109
|COD-0O - 120/ 160 13.5] 1.4] 20 7,0 45| 1.4
INO3-N 2 | 1,1 22| LS| 03 2] 27 19| 04
NH4-N . | 02| 2.1 .1] 07 0,1 0,9 04] 02
;o_rpmc-.\a - | 02 0.8 04| 02 00| 03 02| 0,1
PO4-P » | 000| 003] 002]001] 001] o0,11] 0,03 0,03
Organc-P . | 000| 005] 002|001 000| 003] 0,02] 0,01
Na * [ 11| 143 13| 89 113 136 12| 8.1
K - 13,7 173 153 1,2] 13.6] 17.6] 154 1.2
Ca - 02| 49| 28] 15’ 02| 41| 430] 19
Mg . | 78] 93 84| 04 78 9.3 83| 04
SO4 " | 163 197] 181/ 10,2 157 198 182] 10,8
(Cl - 138,0 | 196,0 ] 150,7 | 14,9 | 1380 160,0 | 1475 | 6,0
F » 009/ 0,14] 0,10/002| 009] 021 0,11] 0,03
Phenol ug/l 0,0 00/ 00| o0/ 00| 00| 00| 00
CN - 0,0 0.0 00/ 00| 00/ 00| 00] 00
E] . 140 | 274 181 31,7 98| 219 178 35,0
Cd . 1,0 1,0 1,0] 0,0 1,0 2,0 L1] 03
Co . 4,0 7,0 55| 1,0 3,0 60| 45| 11
Cr . 0,0 6,0 23] 21 0,0 5,0 4] LS
Cu . 20/ 90| 44| 20 30/ 260] 107] 63
Hg . 0,0 1,0/ 03| 04| 0,0 20| 05| 07

1 » 60| 12,0 96| 1,6 80| 200| 11,8] 33
Pb ’ 60| 140] 108] 26| 90 160] 11,S| 21
Za . | 420 1340 863 239] 370 1040 %26/ 192
As 3 | 00 00| 00| 00] 0,0 00| 00| 00
Al . 10 57 26 | 13,7 7 115 50 | 33,1
Fe » 72 188 136 | 29,3 10 46 21| 88
Ma » 71 21§ 171 | 42,3 16| 193] 101] 62,2
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Table 9.2 - continued

Reclaimed water (CRS)
Determunand Unut mun max | mean s

pH 7,3 9.5 8,5 0.8
Conductivity mS/m 870 930 91,0 1.7
Turbidity NTU 042 | 1500| 2,57| 3,99
Colour Hazen 0,0 0.0 0,0 0,0
Alkalinuty* mg/l 240| 460| 354 9.6
COD-O i 2,0 7,0 3,8 1,5
NO3-N - 0,7 2,1 1,7 0.4
NH4-N - 0,1 0,5 0,2 0,1
Organic-N " 0,1 0,5 0,2 0,1
PO4-P - 001 004| 001]| 0,01
Organic-P 9 000/ 004| 001} 0,01
Na " 109 130 117 6,6
K - 130 16,6 14.8 1,1
Ca B 526| 69,1 576 4.5
Mg - 6,2 85, 176 0,7
SO4 . 119 185 168 | 17,3
Cl " 1350 1760 | 1463 | 103
F * 008| 0,12] 0,10| 0,01
Phenol ug/l 0,0 0,0 0,0 0,0
CN * 0,0 0,0 0,0 0,0
B ’ 140 213 180| 19,8
Cd * 1,0 2,0 1,1 03
Co g 3,0 9.0 5.1 15

r . 0,0 5,0 2,2 2,0
Cu & 2.0 4,0 2,8 0,7
l_{' . 0,0 2,0 0.4 0,6
Ni ' 20| 10,0 7,0 2,0
Pb . 10,0 17,0] 139 2,0
Zn " 70 700 273| 16,1
As . 0,0 1,0 0,1 03
Al . 54 132 93| 247
Fe ha 28 60 46 10,7
Mn - 10 125 36| 303
as CaCO3
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Table 9.3 (contnued)

Average analytical results cbtainec by Watertek
of the CSIR for groups A and B

Determinand

Sampling Statistic _“6&30 A '———Be Ba , Sr Se
point |
mg/| ug/l
min 1 5 250 430 5
max 2.4 - - 450 1 -
CR4 mean 1.0 5 250 440 | 5
shoan 1.0 0 o | 7.0 0
deviation i
min 1.0 E 250 | 430 | 5
max 2.8 A - - | 450 | -
CRS mean 1.3 5 250 | 440 5
" atandare | : |
standard 0.8 | 0 0 T 6.7 | 0
deviation 3 | !
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Table 9.4

Average resulls oblamned by the Bellville laboralonies of Walerlek ol the CSIit

Ceterminand
Samplng point
Pliale counts Tolal coliformse+ | Faecal coliformses | Faecal sire plococeis Coliphages s

CHI1 BO/1 49 x 10 56 x 10° 10 I
o CR? 28 J P O U
CH3 1 1 | 0 0

| [ |
CR4 49 161 ' 3 0 0

! ' !
CRS 1 0 ‘ 0 0 0

- 1

¢ count/mi
o count/ 100 mi




The results which were obtained by the Pretoria laboratories are summarised in Table 9.5.

As a comparison of the quality of the reclaimed water a sample of Pretoria drinking water
was analysed at the same time, these comparative results are given in Table Y.0.

9.3.3 Summary of results contained in appendix 3 (Group D)

These analyses were carried out for enteric virus by the Medical School virological
laboratories, LCT.

The virological examinations were carried out only on the reclaimed water (CRS) and in all
12 weekly grab samples which were submitted no virus isolation was obtained.

All samples which were submitted contained a sandy deposit after being decanted. The
standard plate count on this sandy deposit indicated counts of greater than 2 per 100 ml in
mOost cases.

9.3.4 Summary of results contained in appendix 4 (Group E)

These analyses for organic chemicals were carried out by Watertek, Pretoria and a sum-
mary of the results which were obtained is presented in Table 9.7.

9.3.5 Summary of results contained in appendix 5 (Group F)
These bio-assays were carried out by Watertek, Pretoria.

All the results are presented in Tables 3 to 7 of appendix 5. In the Daphnia 24h lethality
test it was found that the feed water (CR1) had no effect and that in most cases the carbon
column effluent (CR4) also had no effect on the young Daphnia. However, the chlorinated
final water (CRS) was lethal to the Daphnia in most cases. This is not cause for concern as
it is well known that chlorine is lethal to aquatic organisms.

In the test showing the effect of the reclaimed water on the growth of Pseudomonas putida
it was found that the feed water (CR1) had no effect in 62% of the samples and showed
stimulation to varying degrees in 38% of the samples tested. The carbon column water
(CR4) was found to have no effect on 50% of the samples, whilst stimulation was found in
25% of the samples and inhibition to growth in the remaining 25% of samples tested. The
reclaimed water (CRS) showed inhibition to growth in 90% of the samples tested and had
no effect on the growth rate in the remaining 109 of samples.

Similar results were obtained on the growth of Pseudomonas putida using a microassay,
these results are presented in Table S of appendix 5.

The tests showing the effect of the reclaimed water on the growth of Aeromonas punctata
showed inhibition to growth in 809 of samples tested and had no effect in the remaining
20% of samples using minimal medium. When a nutrient broth was used 70% of samples
showed no effect whilst 30% of samples showed stimulation to varying degrees on the
growth.




Table 9.5

Average microbwlogical quality as determined by the Prelona laboralones of
Waltertek of the CSIH

Determunand
sampling point I
Clostridia Acid tast bacillis Hactenal toxnss e
CH1 1334
o »
y (;Hx‘ 1”
CH3 26
CH4 19
CRS ‘ 0 12

¢ cownit” 100 mi
e ELL/



Table 9.6

Comparison of microbiclogical quality of reclamed water (CRS)
and Pretoria drinking water
Determinand
Sampling —— — - ——]
- Acid fast acterial
point Clostrigias A ,
bacilli= 10Xins**
CRS 0 J 12
Pretoria 0 3 31

e count/ 100 mi
ee EU/m/
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The tests showing the effect of the reclaimed water (CRS) on the urease enzyme activity
produced the following results.

. inhibition of activity obtained in 119 of samples
no effect on activity obtained in 89% of samples

After aeration the samples showed no effect on activity in 1009% of the reclaimed water
(CRS) 1ests.

The average mutagenic activity of samples of the reclaimed water (CRS) as determined by
the Ames Salmonella mutagenicity assay are presented in Table 9.8. The results are ex-
pressed in mutagenicity ratio (MR). The unabridged results of the mutagenic activity are
given in Table 7 of appendix 2.

9.3.6 Results obtained from the ultrasonic fish bio-surveillance system

The hourly activity printouts, on the days coinciding with the samples for the surveillance
period, have been averaged to give a daily average count per tank. These values as well as
the minimum and maximum hourly value are presented in Table 9.9.

9.4 Discussion

All the results obtained during the intensive quality surve.ilance period indicate that, ex-
cept for Watertek (Pretoria) standard plate count the quality of the reclaimed water (CRS)
was well within the limits for potable water.

Conflicting results have been reported for the standard plate count in appendix 2. En-
gelbrecht (1989) reports that the Watertek, Pretoria results include both aerobic and
anaerobic colonies whilst results reported by the Bellville laboratory include the anaerobic
colonies only.

Although the high standard plate count in CRS may not constitute a meaningful health risk,
it does reflect occasional inadequate final disinfection.

Although viruses were isolated in samples prior to final disinfection the reclaimed water
(CRS) was repeatedly shown to be completely free from viral contamination and is as clear
as tap water. The failure to detect enteric viruses in the reclaimed water indicated that by
virological standards this water is perfectly potable (Hodgkiss er al., 1989).

Although the reclaimed water did not contain viruses or bacteria, a residual sandy deposit
found in the bottom of certain of the sampling containers, when cultured by standard plate
count for bacteria was shown to be variably, but sometimes significantly contaminated with
viable bacteria. The species of bacteria isolated were commensals and no faecal coliforms
were isolated.

Any in situ precipitate would trap bacteria from large volumes of water and the concentra-

tion detected by plate count cannot be extrapolated to a specific volume of water (Moodie,
1987).
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Table 99

Activily counts by the fish in the bio-survellance unit dunng the intensive swevedance pernod

lank numbes
' Avetage
Week 0 I | 2 3 1
] | ] |
min | max | mean | mn max mean | min max mean man max mean min max mean mn 1 nea
| | |
| r !
1 0 238 19 0 J40 104 299 1384 1027 359 1260 ‘ 933 10 Hig 187 ) 1344 613
2 0 0 0 651 154 110 1140 640 139 1264 128 | 629 1012 | 940 0 1284 GG
_ +— — — — -— = 1 — +
3 0 338 132 230 | 1151 665 611 1403 | 9/5 | bLbs 1213 982 | 555 | 133% l 1007 l 230 1403 ' a7
| | | 1% | |
p—— -_— — F—— — —_ | ) '
4 0 0 8 379 101 688 1622 1342 | 503 1341 1062 ‘ 479J 1539 1256 | H 1539 ‘ G940




I'he sandy deposit found is most probably due to the final calcium hydroxide dose which

resulted in the observed increase in turbidity and suspended solids in the reclaimed water
T *=1 T o M1+ 1 ’ . r r - PR - ~ T M ’
1 01S 1ncCrease 1S due Lo the precipitanuon of calcium carbonate and Coes )L reticc 4447
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aulity process on the reclamanon plant. A turther settling stage may have )¢ 1ntroduced
y remove these solids
Tap water trom the domestic supply was 3O tested for viral purity on four occasions. No
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CHAPTER 10

WATER QUALITY EVALUATION

10.1 Introduction

On site control analyses and routine control analyses by the CCC were carried out
throughout the project. The results of the intensive surveillance period as reported in
Chapter 9 are not part of the routine control programme and have therefore been dealt
with separately.

The main objective of the routine control analyses was to initially measure the efficiency of
the various unit processes in order to obtain an optimum mode of operation and thereafter
to measure the performance of the units to ensure that the plant was operated correctly.

102 Selected results obtained from analyses of the individual unit processes
10.2.1 Quality equalisation and buffer pond

This stage was included to provide a feed water of consistent quality. A before and after
evaluation of the pond was carried out from May 1985 up until the end of the project. The
following determinands were measured: ammonia, nitrate. COD, total phosphate and fae-
cal coliforms.

Table 10.1 gives a summary of the findings of this survey as well as the percentage removal
of the relevant constituent.

The 16 day retention buffer pond proved fairly successful in the overall reduction of the
concentrations of the determinands considered. If one considers the percentage removal of
all the determinands which were tested one finds that the high reduction in faecal coliform
counts of around 97% is as expected from a facultative type maturation pond whilst the
average reduction in ammonia, COD, nitrate and total phosphate was low but acceptable.
Fig 10.1 shows the reduction in faecal coliforms across the pond.

There was a significant overall buffering of the vanation in quality during the period when
the feed water to the reclamation plant was passed through the quality equalisation and
buffer pond. Fig 10.2 shows the buffering and reduction in ammonia concentration across
the pond.

1022 Primary settling tank

The quality of the overflow from the PST was measured throughout the project. The fol-
lowing determinands were measured on a regular basis: pH, alkalinity, turbidity, COD,
suspended solids, total phosphate, colour and faecal coliforms and are summarised in
Tables 10.2 and 10.3.

The efficiency of the PST improved after the incorporation of the buffer pond into the sys-
tem. The PST operated successfully throughout the project and the quality of the overflow
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10.1

1985 and Decembor 1986

Ihe eltect of the equalsation pond on the gualty ol the feed water belween
May

Determinand

Pond nlet

Pond outlet

No ol analyses min max mean No ol analyses min l Mmax
|
NH,-N o/ O.1 /.0 0.96 245 o1 | ) 4
1 ]
|
NO,“N S 0.5 44y 4.2 >40 U.h
COD-0 186 16 3/8 bl 229 12 103
PO,-P 167 0.93 1.0 5.29 207 0.46 | 10.0
! !
' .
Faecal coliformse 51 | 94 x 10" | 1.1 x 10° 16 x 10° 51 80 4.1 x 10°

e counts/ 100 mi, other measwements n mg/l and pond outlet water 18 the feed (CR1) to the reclamalon plant
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Fig 10.1 Faecal coliform reduction by pond between
Apr and Dec 1986
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Table 10.2

The qualty of the primary sedimentation tank (PST) overflow belween January 1983 and April 1985 (before the ncorporation

of the buffer pond)

Pk — o __V_Fg_eg water (Cf_%l) PST_ overflow ' | chpval
n min max mean n min max | mean ~

pH 690 6.52 7.57 693 | 690 | 3.23 845 | 578

Alkalinity mg/l CaCo, | 683 | 35 208 96 683 | <1 123 | a8

Exgﬂ NTU 688 | 15 | 47 | 41 | 688 | 0.43 17.6 , 2.3 44
COD-0 548 | 20 505 | 59 236 | 3 74 26 56
m“""d mg/| 525 <1 445 l 15 232 | « 88 7.1 53
| pO.P 230 | 01 | 14 | 656 234 | 0001 3.9 0.54 92
Colowr | Hazen 60 | 40 100 | 57 59 | 5 ‘ 50 14 75
:::ﬁ::m /100 mi 43 | 10x10° | 15x10° | 13x10° | 76 | <200 l 10 x 10° | 14 x 10° il

n = number of analyses




The quality of the primary sedimentation tank (PST) overflow between May 1985 and December 1985 |

of the butter pond)

lable 10.3

atter the incorporabion

Feed water (CH1)

PST overtiow

| Removal
Determinand Units
J n min 1 max ‘ mean n ! mun [ nax mean
r
pH 577 7.06 9.01 7.74 581 495 . 8.53 603
!
Alkalinity mg/l CaCoO, 577 /0 141 109 581 3 226 28
Turbickty NIU 573 1.3 20 46 578 0.72 I 7.3 1.5 67
cOD-0 . 529 12 103 45 202 (3] 66 18 6o
Suspended .
- _p mg/l 515 1 51 14 194 1 27 4.3 69
solids |
PO,.-P | 207 0.46 ’ 10 468 196 0.009 2.2 0.152 9/
{ !
Colour l Hazen 195 40 140 i 194 5 70 1" H3

n

number of analyses




water was acceptable and well within normally accepted PST performance objectives (Hart,
1981). Fig 10.3 show the reduction in COD, PO-P and turbidity concentrations between
the feed water and the PST overflow for the period May 1985 1o December 1986.

1023 Primary chlorination

The objectives of this unit process are to effectively disinfect the water and 1o reduce the
ammonia concentration to <0,5 mg//-N.

Throughout the project, the quality of the primary chlorination tank effluent was measured
on a regular basis. The determinands measured included the ammonia, residual chlorine
concentrations and faecal coliform counts and these are summarised in Table 10.4.

During the period between May 1985 and December 1986 (Table 10.4) results obtained on
the breakpoint chlorination effluent gave faecal coliform counts of <1/100 ml on 92 % of
the samples tested. The reclaimed water faecal coliform counts were <1 in all cases on the
days when counts of >1/100 ml were obtained in the breakpoint sample.

The removal of ammonia between the feed water and the chlorine tank effluent could have
been improved from the 31 % average if consistently higher chlorine doses had been ap-
plied. High chlorine doses were avoided, especially during the period after July 1986, to
counteract the formation of the undesirable trihalomethane compounds which result from
the excessive use of chlorine in the presence of organic compounds. As a result a higher
dose of chlorine was applied during the final disinfection st.ge.

102.4 Sand filtration

Sand filters are used in water treatment primarily to remove residual suspended matter
which may have passed through the sedimentation stages. During the project two sets of
sand filters were used; firstly pressure filters were operated but as these proved unsuccess-
ful two new rapid gravity filters were designed and built.

The results obtained from analysis carried out on the pressure filters will be ignored in this
section and only the results for the rapid gravity sand filters will be considered.

Table 10.5 contains a summary of results obtained from the analysis of the PST and sand
filter effluents between May 1985 and December 1986. The determinands which were
analysed include amongst others: turbidity, suspended solids, COD, total phosphate, colour,
pH and alkalinity.

The removal in turbidity and suspended solids across the filter bed is a function of the ef-
ficacy of the PST process. Fig 10.3 shows the turbidity removal across the sand filter bed
for the period May 1985 to December 1986.

The total phosphate and COD removal efficiencies observed is directly proportional to the
amount of carry-over from the PST and does not reflect any significant soluble removal.
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Table 10.4

The quality of the water after breakpoint chlorination
between May 1985 and December 1985

Feed water (CH1) Chlorine tank Re |
Determinand Units ‘ ‘ un.ova
n min max mean n min max mean B
NH,~-N mg/| 545 <1 94 0.86 207 <0.1 2.8 0.59 31
Residual - |
3 - - - 4 A o8 1.6
ik mg/| ClI, NS 542 0 6.5 5
- —ttt S [
Fascal /100 mi 51 | 80 | 4.1 x10* | 4200 144 <1 90+ < 99.98
coliforms |

* chilorinator faully
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102.5 Ozonation

Due to mechanical and electrical problems the ozone generator was only run for a rela-
tively short period which coincided with the intensive surveillance programme.

10.2.6 Activated carbon treatment

Three batches of activated carbon were used during the course of the project. The types of
carbon used as well as the amount of water treated in each case is presented in Table 8.7.

The average water quality data for the period from February to July 1985 whilst Filtrasord
F300 was used is presented in Table 10.6.

The carbon columns were filled with a new batch of activated carbon, Nont Supra 0,8 ROW,
during early August 1985. Table 10.7 gives the average carbon column influent and outflow
data up until mid July 1986. The carbon columns were refilled with a new batch of Norit
Supra 0,8 ROW during the 2nd half of July 1986 and operation continued up until the end
of the project.

Table 10.8 indicates the average activated carbon column in and outflow quality whilst
Norit Supra 0,8 ROW was in use during the period from July to December 1986. Graphs
indicating moving COD averages of the feed water to the carbon columns, the outflow from
the roughing column and the outflow from the polishing column are shown in Figs 8.2, 8.3
and 8.4 respectively.

Fig 10.4 gives the cumulative COD load removed as a function of cumulative COD applied
for both the roughing and polishing activated carbon adsorption columns for all three
batches of carbon used during the project.

10.2.7 Reclaimed water

Table 10.9 compares the quality of the reclaimed water to that of the feed water for the
period May 1985 to December 1986. The overall percentage removal of the various con-
stituents is also given. Although it is believed that adequate disinfection was achieved, it
cannot be guaranteed that breakpoint chlorination was achieved at all times.

Table 10.10 gives a quality comparison between the reclaimed water, average analyses of
local drinking waters and various local and international standards.



IThe average qualilty of the feed 1o and the elfluent from the activaled carbon column
between February and July 1985 whilst Filtrasorb F300 was used

lable

10.6

Determinand

Unils ‘lr Intluent

Effluent

' Jan/March April/May June/ July
NH, N 0.49 | 0.30 | 0.63
COD-0O mg/| ‘ 15 5 1 1
PO-# ‘ 0.036 | 0.035 | 0.048
Turbidity NTU 0.68 L 0.22 0.35




Table 10.7

The average quality of the feed to and the effluent from the aclivated carbon column
between August 1985 and July 1986 whilst Norit Supra 0.8 ROW was used

Effluent
Determinand Units Influent 1985 1986
Aug/Sept Oct\Nov Dec/Jan Feb/Mar | Apr/May Jun/Jul
R NH,-N 0.52 0.73 1.0 0.30 033 | 032 0.25
| cop-0 mg/A | 15 | 8 12 12 13 T 8
PO,-P 0044 | 0026 | 0026 0.045 | 0032 | 0027 0.021
Tubidty | NTU | 042 | 026 | 033 | o041 | o040 | 030 0.50




lable 10.8

The average quality of the feed 10 and the effluent from the activaled carbon colun
between July and December 1986 whilst Norit Supra 0.8 ROW was used

I Elluent
Determinand l Units Influent
Jul/Aug Sep/0cl Nov/ D
NH,-N 0.64 0.348 0.75 0.2
5 | [ '
COD-0O mg/I| ‘ 15 ‘ 8 ‘ 8 Y 6
PO,.-P | 0.033 0.019 0.023 0.052
Turbidity NTU ‘ 051 | 0.46 0.26 018
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Table

10.9

Feed water and reclaimaed water quality companson

between May 1985 and December 1986
Feed water Reclamed water flemoval
Determinand Units .

Min Max Mean Min Max Mean v
pH 7.06 9.01 7.74 5.54 10.55 A.90
NH,-N <0.1 94 0.86 <0.1 2.2 0.24 72
Organic-N 0.1 3.9 | 2.0 0.1 2.1 041 40
NO,-N O.S 1.3 ' i 0.6 8.0 2.4 3
COD-0 mg/| ! 12 103 45 1 2 l.7 B4
Suspa\dod solids ; <1 51 4 <| 25 8.4+ A0+
Dissolved solids | 241 B08 ‘ 540 287 946 562 0
PO,-P ‘ 0.46 10 ’ 4.1 0.001 0.44 0.028 994
Alkalinity mg/l CaCo, | 70 141 | 100 b 7% 31

« The relatively high suspended solids and twbiaity results of the reclamed water can be attributed
hydroxide dosing. A detaded discussion of this aspect i1s ncluded in chapter 8, section 8.10

(o the vl calcawn




Table 10.9 {continued)

Feed water and reclaimed water quality comparison
between May 1985 and December 1986

Oiharmiad il i Fegd wa‘lef’ Rt}cl.wne(] water Removal
Min Max Mean Min Max Mean *
Turbidity NTU 1.3 20 46 0.45 12 3.8+ 17
_—C—olo; :a_zon— _440— -140 66 7 _ <5 - 0 <5 92
cd 0 2.0 1.0 o | 20 | 0
Co - :_ 4.0_ -_!0 o 6.5 2.0 [ 9.0 6.2 5
Cr 1 16 53 0 5.0 1.3 5
Cu ug/l 20 12 - 6.6 2.0 t 12 53 20
Fe | 359 a | 27 66 82
Mn 7.0 61 29 3.0 125 29 0
Ni 4.0 12 = 8.8 2.0 10 6.6 25




Fable 10.9 (continued)

Feed waler and reclaimed waler quakly companson
between May 1985 and December 1986

Feed wates Reclamed water Removal
Determinand Units |
Min Max Mean Min | Max Mean
Pb | 7.0 17 13 10 21 14 0
Zn ug/l 14 92 27 7.0 70 4
Total THM ' 0.3 6.8 3.0 19 ’ 35300 i 13 0
O | '
R Na 68 43 110 54 ’ 126 10 4
. { |
K 13 19 16 13 17 14 12
mg/l
Ca 26 52 40 34 ‘ 69 l 51 0
|
Mg 54 10 4.2 2 6.9 3
]
Faecal : . ' , l
/100 mi 100 4.1 x 10 4200 <\ ‘ | | 9.9
coliforms 1

e+ Activated carbon spent dwing peviods of madividual

Process optimisation




Tabde 10.10

Qually comparson

—_ l "
B e w:::;;:‘:'e' | SABS s;ﬁ:uln;alion W d:;;p:gl:‘:::t Standards n
Mean Max acceplable | Max alowable 198271983 mean | USA | United Kingdom

pH 8.9 6.0 10 9.0 55 to 95 9.1

Ca@ctlv; mS/m 90.6 70 — 360 N 14
AE— — |

Akalnity 31 26 |

— mg/l CaCo,

Hardness 172 50

Colowr ‘ Hazen - <5 20 R <5 15 | |

Tt;bidly - NTU B 3;3 i 1 5 0.6

6(?0— | - 7.7 34 1

—C:__ | 146 I 250_ o 600 i 18 } 250 |

NO,-N — mg/I 2.4_ 6 ; *—10— _ ? 0 ’ 10
NN o | - oos | |

Organic-N 041 ) | :

The resulfs for the reciaimed waler are the average results for the perod May 1885 fo December 986,




10.10 {continued)

Wuaily compansor

Cape Flals

SALS spec

ihcation

Cape lown

landardas n

Determnand | Units | reclaimed wates dinking waler
| Mean Max acceplable Max alowable 1982/ 1983 mean USA Chontesdd Bancgadom

PO, P | 0017 0.00/
Organic-¥ { 0011
Na 101 100 400 9.3
K ’ | 14 T 0.5

mg/I|
A o1 1/ B0 1o 100
Mg | 6.9 /0 100 1.4 B0 10 100
S0, . 166 200 GO ¥ 2950 200 1o 400
F ! 0.1 1.0 1.5 0.04 1410724 { 1.5
Phenol [ <5 5 10 | |
CN j g/ <100 200 300 10 1o 200 W)
B 179

The results for the reclkaimed waler are the average results for the peviod May 1985 to December 1986




Table 10.10 (contnued)

Qualty comparnson

Cape Flats S Cape Town :

Determina®d | Units | reclaimed water A e drinking water S .

i 7 Mean | Ma—x acceptable ' Max allowable | 1982/ 1983 mean ‘ USA United Kingdom
cd 1 10 20 | ‘ 10 10
Co 6 T |
CT - il 71 - 50— 50 i l 50
CN 5 500 1000 200 to 1000
Hg 1 s | 10 : 2 1

C = 7 | '

R WM T s 100 50 100
Zn_ o - ;4 N - IE— - SULY S000 1500 to S000
As <1 ’ o 100 300 _ 50 50
N 89 B 210
Fo e | w0 | 1000 50 50 to 300
Mn - 29 -—507‘ n ;(_)00 o - 10 to S0

The results for the reclaimed water are the average results for the penod May 1985 to December

1986




CHAPTER 11

FINANCIAL EVALUATION

11.1 Introduction

I'he overall cost of water reclamation is a function of plant size, characteristics of the water
to be treated and the sophistication of the process configuration. At the Cape Flats plant
where water was reclaimed for human consumption it was expected that the reclaimed
water would be significantly more expensive than the existing drinking water supplies.

The cost of chemicals, water, electricity, etc are directly proportional to plant size.
However, maintenance costs and capital expenditure increase with plant size but not at a
proportional rate. It is estimated that the six-tenths power factor is valid in this case (Hart,
1981). Staff and control and surveillance costs should remain relatively constant and are
thus essentially independent of plant size.

112 Production costs

One of the important aspects of this project was to establish the actual operational costs
which could be used to estimate the full scale plant production cost. During the course of
the project a careful record was kept of all chemicals, fre<h water and electricity that was
consumed, as well as capital, maintenance and surveili.nce expenditure. From their
average costs an estimate of the cost of producing potable reclaimed water has been made.
The costs of all the associated services have been taken & a percentage of the actual an-
nual costs whilst the cost reflected for capital (interest and redemption) sometimes called
capital amortisation is a theoretically calculated value.

The costs/m” for the second half of 1986 are reflected in Table 11.1 and Fig 11.1 indicates
the production cost composition per m? of water treated as at December 1986.

Similar cost calculations were carried out throughout the project for the various periods. A
direct comparison of these costs can be deceiving because the full plant was not in opera-
tion throughout the project. For comparison purposes these costs have been adjusted
theoretically to include the full process configuration required to produce a potable water.
The unadjusted as well as adjusted production costs are presented in Table 11.2.

There was a significant cost increase over the duration of the project due partly to a sig-
nificant rise in the purchase price of all the consumptive goods (Fig 11.2). However, the
most significant price increase is that of the activated carbon. The progressive price in-
crease of activated carbon, which is an imported consumable, is directly linked to the
monetary exchange rate. Fig 11.3 indicates the approximate price increase per kilogram of
activated carbon over the duration of the project as well as the exchange rate between the
American dollar and the South African rand.
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Table 11.1

Total cost of producing reclaimed water for the second half of 1986

Cost in c/m’

Cost element Item
J Cost Sub lotals Total
Flocculant - Fe(S0,), | 68
Polyelectrolyte - Magnafloc LT27 ' 0.1
Chlo;ne 14
¥_-Ea_fcium hydroxide - 0.6
Directly due to treatment i 444
| Aclivated carbon 29.1
I Electricity 438
| Frest;hw_ate—f—i - 0.2 885
7 Méinlenance 14
- Salarles, pensions elc. 9.1
Fully or partially independent |  Branch administration - 14 E2
of size Survelllance costs 4.3
Miscellaneous 0.4
_—C;bltal a&wﬂsatlon. (mt;oretnca.l)‘—— ) | 289




Fig 11.1 Production cost composition as at December 1986



Table !

n.2

Cost comparison for the project giving adjusted and
ynagjusted production costs

Costs in c/m’

Peried ,
Unadjusted [ Adjusted
April to September 1983 16.8 I 61.8
October to Decemoer 1983 17.6 62.8
T January to Jﬁné —1;8;__ B N ‘77.21 _ 62.9
July to October 1984 21.5 66.7
November 1984 to February 1985 20.6 65.8
Marci to June 1985 708 70.9¢
July to September 1985 75.1 75.1
October to December 1885 75.8 75.8+
January to April 1986 748 748+
May to December 1986 88.5 88.5+

* no adjustment necessary




cost (cent/cub m)

B Actual cost ....41 Theoretical cost

| - .

2 3 4 5 7 8 9 10

6
: . Period :
Fig 11.2 Production cost comparison (1983 to 1986)
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Fig 11.3 Activated carbon price increase vs exchange rate
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11.3 Discussion

The overall production cost of reclaimed water for this prototype plant is about 88 ¢/m>.
Fifty per cent of this cost is plant size dependent and is much higher than the average
production cost of potable water in the Cape Town area.

At present Cape Town's potable water supplies are from storage dams fed by mountain
run-off making the treatment fairly simple and relatively cheap. The high cost element as-
sociated with the activated carbon treatment accounts for approximately 33 % of the
production cost of reclaimed water. However, the practices of in line ozonation, which is
reported to prolong the life of the carbon (van Leeuwen, 1988) as well as on site carbon
regeneration couvld play a significant role in reducing these costs for a full scale application.
Activated carbon treatment is the most expensive reclamation unit process but remains an
absolute necessity for the production of potable water.

The cost element of 1,4¢/m" related to ozonation is made up of electricity and fresh water
consumption. This is lower than the reported 1,7c/m? at the Stander plant for electricity
only (Hart, 1981). Significantly higher doses of ozone were used at the Pretoria plant which
accounts for the higher electricity consumption.

The theoretical value associated with capital amortisation was obtained by estimating the
plant replacement value at R2,49 million (1986 value) which would be repaid over 15 years
at an interest rate of 17,5%. The following formula was used to calculate the annual or

monthly premium.

P=Vi{l/l1-(1+i)%

where V = capital outlay
P = payment per annum/per month
1 = interest/100
n = number of years/months of loan duration.




L]

CHAPTER 12

DISCUSSION AND CONCLUSIONS

Water reclamation, by the production of a potable water from an activated sludge
plant effluent is a viable source for the supplementation of potable water supplies
but should only be used when all other economical aspects of water supplementa-
tion have been explored and implemented.

The operational, maintenance and surveillance programmes proved conclusively
that larger local authorities are capable of owning, maintaining and running a water
reclamation plant which consistently produces a water of potable quality,

The total cost of producing reclaimed water at the Cape Flats reclamation plant was
about 88 ¢/m® which is much higher than the cost of about 20 ¢/m? of producing
fresh water in the Cape Town area (1986 costs). Approximately 33% of the total
cost was associated with the activated carbon process. It is envisaged that ozonation
prior to activated carbon treatment and on site carbon regeneration would sig-
nificantly reduce the production cost of a full scale plant. The costs of fresh and
reclaimed waters will tend to converge in future.

The wastewater treatment works supplying the feed water to the Cape Flats
reclamation plant is a nutrient removal plant of the five stage Bardenpho type and
the process configuration of the reclamation plant was specifically selected for this
type of effluent. Pilot or prototype plant studies should be undertaken before full
scale implementation of a water reclamation scheme.

It is essential that the wastewater treatment works supplying the feed water to the
reclamation process is properly optimised, operated and controlled. This would en-
sure that the quality of the feed water to the reclamation process would be free from
major fluctuations in quality and that the consistent supply of an acceptable feed
water would always be available. During periods where the quality is unacceptable
this feed water should bypass the reclamation process.

The inclusion of a feedwater quality equalisation and buffer pond is essential to
prevent water of fluctuating quality from being supplied to the reclamation plant.

The provision of backup or standby mechanical equipment is essential to maintain
the uninterrupted production of a potable water supply.

A comprehensive virological study of the reclaimed water was conducted during the
surveillance period. All the samples examined during this time were clear and no
viruses or coliphages were detected. By virological standards the reclaimed water is
perfectly potable (Hodgkiss er al, 1989).

The chemical quality of the reclaimed water, during the intensive surveillance
period, conformed to the recommended limits for drinking water (Kempster and
Smith, 1985).
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Bacteniological examination of the reclaimed water during the intensive surveillance
period indicated that, except for the standard plate count, the quality of the
reclaimed water was well within generally accepted limits for drinking water.
However, the occasional high standard plate count does not necessarily constitute a
health nsk but it does reflect occasional inadequate final disinfection.

The trihalomethane (THM) results obtained during the intensive surveillance
period showed that the quality of the reclaimed water was well within the USEPA
criterium of 100 »g/! for drinking water. An increase in the THM values over the
last three weeks of the surveillance period indicated that the activated carbon had
become saturated with respect of the adsorption of THM's.

Consistently low dissolved organic carbon (DOC) concentrations were obtained on
the reclaimed water throughout the intensive surveillance period.

The ongoing surveillance programmes which will be used in a full scale application
will have to be intensive and will require more detailed analyses than for fresh water
plants. It is essential that automatic surveillance equipment is provided.

Aluminium sulphate, ferric chloride and ferric sulphate were all successful as floc-
culants. Ferric sulphate however was used predominantly. Polyelectrolytes aided
the flocculation process when added in low dosages.

The combined use of ferric sulphate and chlorine together with the poorly buffered
feed water produced a corrosive water with a depressed pH value. Calcium
hydroxide was used to stabilise this water to a pH value of about 9. This however
resulted in the precipitation of relatively small quantities of calcium carbonate in
the reclaimed water. This precipitate did not affect the final disinfection process as
final chlorination preceded final stabilisation.

The use of ozonation prior to activated carbon treatment was found to increase the

life of the carbon by about 409%. This concurs with other research findings (Van
Leeuwen, 1988).
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APPENDIX 1

[ntensive surveillance programme

Chemical analyses of sample groups A and B by the CCC and Watertek
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APPENDIX 2

[ntensive surveillance programme

Microbiological analyses of sample group C by Watertek
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COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH
NATIONAL INSTITUTE FOR WATER RESEARCH
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CAPE FLATS WATER RECLAMATION PLANT : MICROBIOLOGICAL ANALYSES

(Period: 3 September to 2 December 1986)
by
W 0 K Grabow and R Kfir

for
| wWater Quality Division

INTRODUCTION

Water samples froa the following treataent stages were flown to Pretoria
and analysed within 24 h:

CR1 = Raw water intake
l CR2 = After sand filtration
CR3 = Before carbon filtration

CR4 = After carbon filtration
l CRS = After final chlorination
|

Analyses for conventional indicators such as coliform bacteria and
coliphages were carried out by the NIWR Branch Laboratory in Bellville.
Tests for enteric viruses were carried out by Prof. J W Moodie of the
University of Cape Town.




RESULTS

fesults are listed in Tables 1 to 7.

DISCUSSION

lestridia. These anaerobic, Gram-positive spore-formers are
indicators of faecal pollution. Since their spores are aore resistant
to unfavourable environmental conditions, including disinfection
processes, than most pathogenic bacteria or viruses, their absence is
strong evidence of microbiologically safe water. The absence of
clostridia from all samples of CR 5 does, therefore, indicate efficieat
treatzent. The occasional detection of clostridia in Pretoria tapwater
(Table 6) indicates that the reclaimed wvater vas of a better quality.

Acid-fast bacteria. These bacteria are not specific for faecal

pollution. They occur in large numbers in polluted wvater and can
sultiply in sandfilters and activated carbon columns., They are useful
indicators of the efficiency of disinfection processes decause they are
exceptionally resistant due to a protective mucopeptide layer. Their
absence froa all samples of CR 5 does, therefore, indicate efficient
disinfection. The occasional detection of these organisas in Pretoria
tapvater (Table 6) may be due to aftergrowth in the distribution systea.

Legionella bacteria. These bacteria cause legionellosis

(Legionnaires' disease) which is a lung disease reseambling pneumonia.
Infection is generally caused by the inhalation of contaminated wvater in
the form of aerosols such as those generated by showers, cooling towers,
sprinklers and air-conditioning systems. The bacteria are more
resistant to chlorination than colifora bacteria, and can sultiply in
certain water eanvironments, Tests for legionellas were included in




this study because information on their growth requirements indicates
that they zay sultiply in carbon filters.

The results in Tables 3 to 5 show a significantly higher incidence of
legionellas in the water after carbon filtration than before, wvhich
implies multiplication in the carbon columns. The occasional detection
in CR 5 indicates that their numbers were reduced by chlorination, but
the bacteria were not completely inactivated. This is an important
finding because the absence of indicators such as clostridia, acid-fast
bacteria, coliphages and coliform bacteria is generally considered as
reliable evidence of sufficient disinfection. Quality guidelines for
Legionella bacteria in water supplies have not yet been formulated,

and there is no evidence that the levels detected in CR 5 may constitute
a significant health risk. These observations add another pathogea to
the list of health-related micro-organisms which proliferate in
activated carbon columns, and esphasize the importance of efficient
post-disinfection.

Bacterial endotoxins. These are degradation products of bacterial cell

walls which cause endotoxic shock when administered intravenously as in
cases of therapeutic treatment or kidney dialysis. There are also
indications that they may cause gastro-intestinal disorders. Tests for
endotoxins were mainly included because there is reason to believe that
levels may increase during activated carbon filtration due to bacterial
grovth on the carbon. The results in Tables 1 to 6 show extensive
removal during early treatment stages followed by some increase during
carbon filtration. Final chlorination reduced levels considerably, but
not completely. The levels of endotoxins in CR 5 (average 12 EU/at)
vere lover than those in Pretoria tapwater (average 31 EU/mf) and
Windhoek reclaimed water (average 71 EU/mat). There are no quality
guidelines for endotoxins in water supplies, but available information
indicates that it is most unlikely that the very low levels detected in
CR 5 may constitute a meaningful health risk.




Ames Salzonellas sutagenicity assay. The assay detects sutagenic

compounds, about 903 of which are carcinogenic. Mutagens in water are
generally organic compounds, particularly chlorinated hydrocarbons, but
=ay also include inorganic compounds and certain metals. The results
in Table 7 are expressed in mutagenicity ratios (MR). An MR value of
2,0 or more is considered as a statistically significant indication of
sutagenic activity., The very low MR values for CR 5, except for the
sample of 2 Deceamber 1986, indicate that there is no reason for concern.
These values are lower than those recorded for conventional drianking
water supplies.

CONCLUSIONS

The results of analyses carried out in this investigation indicate that,
except for the standard plate count and Legiocnella bacteria, the

quality of the final reclaimed water was well within generally accepted
lizmits for drinking water. Although the high standard plate count and
cccasional presence of Legionella bacteria in CR 5 may not constitute

a meaningful health risk, it does reflect inadequate final disinfection.

-==000===

PRETORIA.
9 March 1987
WOKG/dr.




NATIONAL INSTITUTE FOR WATER RESEARCH

WATER  QUALITY DIVISION

RESULTS 0 F MICROBIOLOGICAL ANALY

SES

TABLE: | SAMPLE: CR | : Cape Flats Water Reclamation Plant, raw water intake

Date 1986 10-07 | 10-14 | 10-21 10-28 | 11-04 | 11-11 | 11-18

11-25

12-02

Average

Standard plate count
per mt

- —t e e e

Total coliforms

Faecal streptococci
| __per 100 =8 e — e | E—

Acid-fast bacteria/
100 mt L

- ettt St Bttt Sttt It t——— SRV S — —
Legionella bacteria/
500 mt
Microscopy
Cultivation 1

Bacterial endotoxins =
EU/mt

Enteric viruses/10 ¢
Type

e ——

T

b

————————

b

ND = not done

»N
in




RESULTS
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0F

TABLE: !¢

SAMPLE

CR 2

WATER

QUALITY

DIVISION

MHICROBIOLOGICAL

ANALYSES

: Cape Flats Water Reclamation Plant, after sandfiltration

Date 1986

0Y-30

10-07

10-14

Standard plate count

Toiui éollfuru

Faecal streptococct
-per 100 w8

hgiogtrldta/wl_) ut

Acid-fast bacteria/

A ——

Legionella bacteria/
500 we
Microacopy

_..Cultivation

Bacterial endotoxing =
EU/mt

| Coliphages
Enteric viruses/10 ¢
Type

( 10-21 10-28 11-04 H-11 1i-18 11-25 12-G2 Average
—— s < e e E—— b— - —~ -~ 4 .- —-—
_T— —————— - - -
25 i3 30 25 12 ND ND 37

ND = not done




NATIONAL. INSTITUTE FOR WATER RESEARCH

WATER _QUALITY DIVISION

RESULTS 0F MICROBIOLOGICAL ANALYSES

TABLE: 3 SAMPLE: CR 3 : Cape Flats Water Reclamation Plant, before carbon filtration

Date 1986 |09-30 | 10-07 [ 10-14 |10-21 |10-28 |11-04 111 fn-is | n-2s | oazeo2 Averagel

Standard plate count

e e - ———————— —— —— e —— - ————— e - v e ——— - — e ———— i IS ISR TSSRRANRRR, wwrem— N —— S

Total coliforams i —

| per 100me | | o] o » | o] B I O . S

Faecal coliforms ] B h

B3 ] TSI NS — -~ 01 L L LN I 0 0

Faecal streptococci r e
per 100wt e T S 3 (. °ojl. °e | o \ 1. 0 0

Clostridia/lo0me | | R R R R P P T e e |

Acid-fast bacteria/ 1 | T
AL N I | S A—

Legionella bacteria/ 11 1
500 mt
Microscopy - - - = - - - - - + 10T +
Cultivation - LN AT LY S - ﬂ - - - . oL +

Bacterial endotoxins = :
EU/mt A _.4.1’.____"3_8_ _____ L 10 35 27 13 10 25 « ND 26

| Coliphages | I R N 1 i I R R

Enteric viruses/10 ¢ .
Type

ND « not done
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OF

WATER

QUALITY

DIVISION

TABLE: 4

SAMPLE ;

CR 4 :

Date 1986

09-30

10-07

10-14

. . ————

BIOLOGICAL

o o

ANALYSES

Cape Flats Water Reclamation Plant, after carbon filtration

10-21

10-28

=04

Standard plate count
per mé

o ————————

Total coliforms
| _per 100 me

Faecal coliforms ~
___per 100 mt

Faecal streptococcl

Legionella bacteria/
500 =t
Microscopy
Cultivation

e = - - - -———— - e 4

Enteric viruses/l10 ¢
Type

_______

_______

9 600

I 720

-

3 370

.......

11-18

11-25

Average

B

————————

o - - -

o 1

4 240

b -

0
0

PR————

ND = not done

——

“wi




NATIONAL INSTITUTE FOR WATER _RESEARCH

WATER QUALITY DIVISION

RESULTS OF HICROBIOLOGICAL ANALYSES
TABLE: 5 SAMPLE: CR 5 : Cape Flats Water Reclamation Plant, after final chlorination
Date 1986 | 09-30| 10-07 |10-14 |10-21 |10-28 |11-04 |11-11 | 11<18 | 11-25 |12-02 Averag
Standard plate count
b g:f__l‘ R I 440 | S 000 820 910 1 790
Total coliforms . . S poe—— +--——-- s et — .S
r 100 mt 2 (
—.E-— ——————— e e e e o ) ————————— e - e — T —— - - —————— pr e - ———— - e - —————— -n--u—-———)—l
Faecal coliforms
per 100 me | [ N . . B N - [ | 0 .0
......................... S ST F—_%
Faecal streptococcl
per 100w | — | I b I -5 - I B y 0
Clostrtataznoome | o | o | o | of o ol o | o] o | w 0
Acid-fast bacteria | R |
100 me / 1 0 0 1 0 0 | 0 0 ND ND 0
e . - - o - —— Al —————— ———— - — - ~ - - —— o = = - - Y ———— -] po e e - ——— - ——— e ——
Legionella bacteria/
500 mt
Microscopy ND ND ND - + - - - - - 142 +
Cultivation ND_( ND_ | | ND_ Yo = i - M A N SN T - t 29% ¢+
Bacterial eadotoxins = | 4, | 4 1 s | 16 12 5 3 12 ND 12
wl.‘ CErErey SErEnEEEEREaY. el esanas anane = s e cean s e - ——— - - . i e aren e an )« cnep-apanane e, [T —— -ﬁ ________________
’_&-,lm!— ———————————— - . L B B Jeommm—— - i S IOV W ———— RgRENn———
Enteric viruses/10 ¢
Type

ND = not done
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MICROBIOLOGICAL

ANALYSES

TABLE: © SAMPLE:

Pretoria tapwates

Date 1986

09~

30

10-07

10-14

Standard plate count
per at

Legionella bacteria/
500 =t
Microscopy
Cultivation

| Coliphages = =
Enteric viruses/10 ¢

Type

- ————

( 10-21 10-28

11-25

Average

— - — - -——

R ——

e ek B L L L L T TONESR—

39

———

SO —

R

e ——— 4

S ——

S ——

e e e e

—— - —e

ND = pot done

e - - -

ND

ND

——————

________




Results

ASsay.

les of the final reclaizmed water (CRS) as

Saimomella wmutagenicity

ratio (MR

ressed in gutagenicit
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- 11001000111000110000000!“"000
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= Rat liver microscme preparation for the activation of certain sutagens

= gsample concentrated four-fold by flash evaporation

= gsample concentrated two-fold by flash evaporation

= ynconcentrated sample

= no result

TAS8 and TAlO00 = Salmonglla tester strains
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Geagte heer,
VERSKILLE IN STANDAARDPLAATTELLING RESULTATE

' Ons telefoniese gesprek ten opsigte van die verskille in die standaardplaattelling resultate

by die Kaapse Vlakte watersuiweringswerke verwys,

Na konsultasie met prof W O K Grabow blyk dit dat daar 'n verskil in interpretasie van die
standaardplaatrelling was. Die resultate van prof Grabow sluit aérobiese en anaérobiese
kolonies in, terwyl my resultate slegs die anaérobiese kolonies insluit. Die resultate van
prof Grabow ten opsigte van die Standaardplaattelling is dus meer korrek.

— — ——— . — e "

Ek hoop dit los jou probleem op.

N

-
[

FP Engelbrecht ¢
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WETENSKAPLIKE EN NYWERHE IDNAVORSINGSRAAD

NASIONALE INSTITUUT VIR WATERNAVORSING

BELLVILLE

&/703/71

KAAPSE VLAKTE WATERHERWINNINGSWERKE
MIKROBIOLOGIESE ONTLEDINGS - 3 SEPTEMBER - 2 DESEMBER 1986
deur
J F P Engelbrecht
INLEIDING

Watermcnsters is binne vier ure cntleed nadat dit by cie volgende
punte geneem 1s:

CR1 = Invcocerwater

CR2 = Na sandfiltrasie

CR3I = Veor koolstoffiltrasie

CR4 = Na koolstoffiltrasie

CRS = Finale water

Die volgencde indikators crganismes is begaal:
Stancaarcdplaattelling

Totale kolivorme

Fekale kolivorme "
Kelifage .
Fekale streptcoccocci.

RESULTATE

Die resultate wat gedurende die toetspericde verkry is word in
table 1 - S weergegee.

BPESPREKING

Al die indikator organismes waarveoor daar getoets is, was altyd
teenwoordig in die inveerwater (tabel 1).

Kclonie vormence eenhece, tctale en fekale kolivorme wat gereeld
in monster CR &4 (tabel 4) gevind is, is heelwaarskynlik die
gevolg van mikrobiclogiese groei op die koclstoffilter.

_2,.....Q..O....'...




- -

Al die meonsters wat cp 28 Oktober 15846 geneem is, toon die
teenwcerdigheid van crganismes. Selfs die finale water (tabe!l
S) het kocleonie vormence eenhede bevat, Hierdie verskynsel dui
op 'n foutiewe proses op die betrokke dag.

GEVOLGTREKKING

Resultate toon dat die finale water (CR 35) altyd aan die
standaard vir drinkyater voldoen het. In die enkele geval waar
organismes wel in die finale water voorgekom het, was die
konsentrasie binne die perke van die standcaard.

oocOocoo

JFP/s Jh
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NASIONALE INSTITUUT VIR WATERNAVORSING

BELLVILLE
RESULTATE VAN MIKROBIOLOGIESE ONTLEDINGS
TABEL: 1 MONSTER: CR1: Invoerwater
Datum 1986 |09-30 |10-07 [10-14|10-21 [10-28|11-04|11~-11] 11=-18|11-29% [12-02
Stancaarcdplaat-
telling per ml |42000 |26500 | 8268 | 616 S00 | S92 | 368 | sS4 560 | 796
L;otalo kelivorme
( ber 100 ml 2,5xxoﬁp,0x106 3, 6x10/ 1450 3600 | 700 22000 200 11300 | 17600
Fekale kolivorme
per 100 ml 1,4x10 ,4xlOSL,8x‘.05 150 400 | 200 300 40 2160 1730
Fekale strepto-
cocci per 100 ml| 0 52 4 0 B 12 0 0 16 8
Keolifage cer
10 =l 20 3 18 16 4 5 2 6 18 0




NASIONALE INSTITUUT VIR WATERNAVORSING

BELLVILLE

RESULTATE VAN MIKROBIOLOQGIESE ONTLEDINGS
TABEL: 2 MONSTER: CR 2 : Na sandfiltrasie

. T 1 T - |
Datum 1984 |09-30 [10-07 |10-14|10-22 |t0-28|11-04|11-11] 1:-18]11=29|12-02
Stancaardplaat- a ,
telling per ml 0 0 0 | 0 280 0 0 0 0 0
Totale kolivorme |

‘t_?"_ 100 ml 0 0 0 0 | 28 0 0 0 0 0
Sekale keliverme i
per 1CO ml 9 0 9 0 24 0 0 0 0 0
Fekale strepto- o

| cocci per 100 =l 0 0 0 0 0 0 0 0 0 0

IHcl:‘a;l per
10 ml | 0 0 0 0 0 0 0 0 0 0
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NASIONALE INSTITUUT VIR WATERNAVORSING

BELLVI

LLE

RESULTATE VAN MIKROBIOLOGIESE ONTLEDINGS

TABEL: 3 MONSTER: CR 3: Voor koolstoffiltrasie

Datum 1986 |09-30 |10-07 |10-14|10-21 |10=-28|11-04|11-11| 11-18B|1!~- 12-02
Stancdaardplaat~-

telling per ml p c 0 0 1 7 0 0 c °
Tota!c kolivorme

Fekale koliverme

per 100 ml 0 0 0 0 2 0 0 0 0 0
Fekale strepto-

cocci per 100 ml 0 0 0 0 0 0 0 0 0 0
Keolifage per

10 ml 0 0 0 0 0 0 0 0 0 0




NASIONALE INSTITUUT VIR WATERNAVORSING

BELLVILLE

RESULTATE VAN MIKROBIOLOGIESE ONTLEDINGS

TAREL: ¢4 MONSTER:?: CR 4 : Na koclstoffiltrasie

Datum 1986 |09-30 |10-07 |10-14{10~-21 |10-28|11-C4|11~-11]| 11-18|11-23|12-02

Standaardplaat-

telling per ml 100 90 30 14 18 64 44 52 &0 16
Totale kclivorme - : - ~

Fekale koliverme

Fekale strepto~- l

cocci per 1CO ml 0 0 0 o | © 0 0 0 0 0
Kelifage ger '

10 ml 0 0 0 0 0 0 0 0 0 0
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NASIONALE INSTITUUT VIR WATERNAVORSING

BELLVILLE

RESULTATE VAN MIKROBIOLOGIESE ONTLEDINGS

TABEL: S MONSTER: CR S : Finsle Water
Datum 19846 |09-30 |10-07 |10-14|10-21 |10-26|11-D4|11-11| 1!~-18|11-28 |12-02
Stancaardplaat- o 0 0 0 0 0 0 c 0
telling per ml

L;:talo kolivorme

( Jer 100 ml 0 0 0 0 0 0 0 0 0
Fekale kolivorme

per 100 =l 0 0 0 0 0 0 0 0 0
Fekale strepto-

cocci per 100 ml 0 0 0 0 0 0 0 0 0
Kolifage per
10 =l 0 0 0 0 0 0 0 0 0




T e

Haapse Wlakle Walerherwinningswerke
CR 1 CR2 CR 3 CR 4

] SN AP, vz

KVE per 100mL

1.E+7
-
1.E+86
100000
‘ — I F P
| i [ F
10000
77 %

| | A al at al .
1000 2 % .
r iy
: ..
| 100 Z Z 7 A | 1 Z
. 27 Al Al Al P
/ Al all o
10 Z % %
5 % % 7
‘ % ég % %
‘ 1 | 7 AL L YA 7 74 “d 4‘ %
' | 30/9 7/10 14/10 21/10 28/10 4/11 11/11 18/11 25/11 2/12
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Raapse Winkle Waterherwinningswerke
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Kaapse Wlalkle Walerherwinningswerke
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APPENDIX 3

Intensive surveillance programme

Virological analyses of sample group D by UCT
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UNIVERSITY OF CAPE TOWN %S

Department of Medical Microbiology

Meaca Scnool. Coservarory Cape 7925 Soumth Anca Teechone 47-12%
~OC of e DeoarTrent AA Foroer MAMec Pom )
HOOC of TIrnca roogy Protesacr LW Moodse, MO

17 July 1987

The Cicy Engineer

City Engineer's Departzment
P O Box 1694

CAPE TOUN 8000

i
-~

Attention: Mr Fawcett

| Dear Sir

CAPE FLATS PROTOTYPE WATER RECLAMATION PLANT

!
|
I enclose summary sheets of all data relating to the virological assay
performed. Included is the tap wvater study referred to in Item 5.1 of
your Minutes of 8 March 1987. The requested comment oo the domestie
’ tap viter and the bacteria present in the sandy deposit present in water
! (CRS) f.oom the reclamation plant between SEptember 1987 - January 1987
» is as follows:
Although the supernatant water was not found to contais viruses or
bacteria, a residual sandy deposit, when cultured by standard plate
count for bacteria was shown to be variably, but sometizes significantly,
contaminated with viable bacteria. The species of bacteria isolated
vere commensals and nc faecal coliforms were isolated. Any in situ
precipitate would trap bacteria from large volumes of water and the
concentration detected by plate count cannot be extrapolated to a
specific volume of water.

Yours sincerply
. \ : :
e st o~ .

J W MOOD _/




SUMMARY OF RESULTS OF VIRAL STUDIES OF DOMESTIC TAPWATER

CODE DATE SAMPLE TOTAL STANDARD COLIMIACES VIRUS
COLTFORMS PLATE COUNT -~ /100 ml ISOLATION
/100 ml /100 ml
W4 /82 20.9.82 Tapwater ND Gram Neg ND None
Bacilli
Present
FPS/86 30.1.86 Tapwater <2 4x10° NLF <2 None
Floreal 3 Flavo Sp
Primary
School
TV1/86 29.7.86 Tapwater <2 <2 <2 None
™i/87 21.5.87 Tapwater <2 <2 <2 None
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SUMMARY OF RESULTS OF WATER FROM TIE CAPE_FLATS RECLAMATION PLANT FROM JUNE 1982 - MARCHL 1985

e —————————————
CODE

wi/u2

wi/82

wi/82
w6 /82
wi/82
WH /82
W9/82

w10/82(1)
w10/82(2)
wl0/82(3)
wWi0/82(4)
w10/82(5)

wi1/82(1)
wi11/82(2)
w11/82(3)
Wil/82(4)
wil/82(5)

DATE

23

O,

.6.82

/.82

7.9.82
28.10.82

-
9.
16

18
18
18
18
18

NN N NN

11.82
11.82
.11.82

11,82
.11.82
.11.82
A1.82
.11.82°

.12.82
12.82
.12.82
.12.82
.12.82

SAMI'LE

C.Col ell. No Cl,

C.Col eff. No Cl1,

eff. No Cl,
efl. No C1,
elt. No Cl.
eff, No CI.
eff. No Cl,

C.Col
C.Col
C.Col
C.Col
C.Col

(1)Feed No CI
(2)br. pt C1
(3)Stab. No CI
(4)Sa. Fil No Cl
(5)C, Col

(1) Feed No Cl
(2) Br.Pr No CI
(3) Stab. No C1
(4) Sa. Fil.
(5) C.Col No C1

VIRUS 1SOLATION

Reovirus
Poliovirus 2
Rotavirus

Reovirus
Coxsackie BS

Reovirus

Keovirus
Reovirus
Reovirus

Reovirus

Reovirus
Reovirus
Reovirus
Reovirus

Reovirus 2nd Pass,

VIRUS TITRE/LITRE

4
10

>2x10*

>2x10*

>2x10*
7

. )75
2x10

2x10°

2x10




—

SPECIAL MONITORING PROGRAMME OF TIE CAPE FLATS WATER RECLAMATION PLANT VIRAL STUDIES FROM SEPTEMBER '86 - JANUARY ‘87

CODE DATE SAMPLE TOTAL STANDARD STANDARD COLTPHAGES VIRUS
COLIFORMS PLATE COUNT PLATE COUNT /100 ml 1SOLATION
/100 ml /100 m) SANDY DEPOSIT /10 L
/100 ml
CRS 1/86 30.9.86 CFRP Final <2 <2 <2 <2 None
Product -

CRS 2/86 7.10.86 - <2 <2 >2x10 Bac. Sp <2 o/

CRS 3/86 14.10.86 " <2 <2 <2 <2 "

CRS 4/86 21.10.86 " <2 <2 >2.;n’ NLFs <2 "
>107diptheroids

CRS 5/86 28.10.86 " <2 <2 >2x10 Bac. Sp <2 "
>2x10 NLFs

CRS 6/86 4.11.86 " <2 <2 >2x10, Bac . Sp <2 "
>2x10° NLFs

CRS 7/86 11.11.86 - <2 <2 <2 <2 -

CRS 8/86 18.11.86 " <2 <2 >2x10 Bac. Sp <2 -
>2x10 NLFs

CRS 9/86 25.11.86 " <2 <2 >2x10, Bac. Sp <2 »
>2x10! NLFs

CRS 10/86 2.12.86 - <2 <2 >2x10, Rac. Sp <2 .
>2x10° NLFs

CRS 11/86 9.12.86 . <2 <2 >2!l(),llm.. Sp <2 "
>2x10 NLFs

CRS 1/87 6.1.87 " <2 <2 >2x10_Bac., Sp <2 »

>2x10° NLFs




CODE DATE SAMPLE VIRUS ISOLATION VIRUS TITRE/LITRE
WH/84 19/3/84 Feed Water Reovirus 111 1.1x10*
w9 /84 2.4.84 Feed Water Reovirus 111 2x10’
W10/84 28.11.84 Sa. Fil. Reovirus 111
vi/85 23.1.85 Sa. Fil, None
W2/85 30.1.85 Sa. Fil. " "
w3/85 6.2.85 Sa. Fil. "
W4/85 13.2.85 Sa. Fil. »
W5/85 20.2.85 Sa. Fil. .
W6/85 27.2.85 Sa. Fil. "
w7/85 12.3.85 Sa. Fil. "
- R |

C.Col. = Carbon Column

Feed = Feed Water

Br. pt. Cl, = Breakpoint Chlorination Tank
Stab. = Stabilisation Tank

Sa. Fil. = Sand Filter effluent

Int. Cl, = Intermediate Chlorination

No Cl. = No Chlorination




CODE DATE SAMPLE VIRUS ISOLATION VIRUS TITRE/LITRE
wWi/83 11.1.83 C.Col eff. Int, Cl None
w2/83(1) 18.1.83 (1)Pust stab, Pre ( "
(2) 18.1.83 (2)Stub, Post Cl -
w3/83 25.1.83 C.Col eff. Int, C1 "
w4 /83 1.2.83 C.Col eff, Int, C1 -
W5/83 8.2.83 C.Col eff. Int, C1 "
W6/83 16.2.83 C.Col eff. Int, Cl "
w7/83 2.3.83 C.Col eff. Int.Cl "
w8/83 9.3.83 C.Col eff, Int, C1 "
w9/83 16.3.83 C.Col eff. Int. Cl "
w10/83 24,10.83 Sa. Fil "
wi1/83 31.10.83 Sa. Fil. -
w12/83 7.11.83 Sa. Fil, .
w13/83 14.11.83 Sa. Fil "
W14/83 21.11.83 Sa. Fil. "
W1/84 9.1.84 Sa. Fil. "
w2/84 16.1.84 Sa. Fil. "
W3/84 23.1.84 Sa. Fil .
wa /B4 30.1.84 Sa. Fil, "
W5/84 6.2.84 Sa. Fil "
W6/84 20,2.84 W9 Pond Reovirus 111 6. 3x10°
w7/84 5.3.84 Feed Water Reovirus 111 4.2x10°




LLFAPTISNT OF MEDICAL MICPRIAIOLCGY

sazple: ... TR KARRF. ... iiiiiiiaeaaas Code: %4/83

"M 4§ -
Date: .....mrdiBl Date of Papcrs: ..0.7.51....

No virus detected
Gram negative bacilli present

o
<
2

Bacterioleay
———

Gra= negative bdacilli

Rerarks

Signature: .r(?é??f:.(%?ZL,aﬁTTTTT—'

£ A Sweesny




Al.Y

“EF3iT? CF CAPZ TTWN

LIF233VENT CF MEDICAL MICPI3IC0LLSY

sarple: Qxinking Water, -, Flerear. Pripary, School Code: FP§/86,
Date: ‘..01Q’-1.'-Q6.-¢ooooo.o'o.o“ Date oz M?O:t! "19:'3:99"'
Data of Receipt: .3.1.'.1:.8.6. ..... oo

Tissue Culture

No virus isclated fromz 10£ of water

'
Microscopic Exa=iration

Electron microscopy showed many fibres

Test for Rotavirus

Rotascreen test negative

Bactesiology

4 x 10° gram negative
Non=lactose fermenting bacilli/100 =l water

3 Flavobacterium Sp/100 ml water

ferarks

There was a heavy discoloured deposit on the filter
membrane




TVENT OF MEDICAL MICRCIIOLCGY

Sac2le: ....Tlap.watec......

Jace: ....;Q:ZusQ............... Da

o
19
(&)
L
.
h
"
O
"
"

No virus isolared

n
"
0
“
1]
O
0
I~
0
™

xazirnation

No virus detected

Test for Rotavirus

Rotalex negative

<2 Coliform/100 =l
<2 Coliphage/100 =l
SPC <2/100 ml

Rerarks '

Signature: /“‘:{/“ﬂ/ﬂ‘." seeae




CRIVIPSITY CF CAPE TOWN

LIFAZTVENT OF MEDICAL MICROBIOLOGY

sarpldAP Warer . S S— Code: T:1/87
Cate ...?J:?:??..... esccsccce Date of Peport: ...ﬁ.?:??...
Date of Receipt: 23.7.87...cccee
Tissue Culture

No virus isolated
Micrescepic Exc:inat;on

No virus detected
Test for Rotavirus

Rotalex negative
Bacteriology

<2 Coliform/100=1

<2 Coliform/100 =1

SPC <2/100 ml N
Rerasks

Signature: . LY B e A




VIROLOGICAL ASSAY OF WATER SAMPLES )
WATER RESEARCH UNIT, DEPARTMENT OF MEDICAL MICROBICLOGY, UCT
SOURCE:CFRP Feed wWater

DATE:07.12.82
CODE:wWll/1/82

VOLUME:S 1

ELUTION VOLUME: 20iml MEM
DECONTAMINATICON: 3.0 =1 Chlere

INOCULATION

TISSUE CULTURE CELLS:

BATCE NO.

FLASES:

ROLLER TUBES 1ST PASSAGE: 0.4zl eluate /4 tubes
2XD PASSAGE:

MICROSCOPY: Rec-like

VIARAL ISOLATION: Reovirus

TITRE OF VIRUS: 2x10%7

ROTAVIRUS

LATEX TEST: necative
ELECTRONMICROSCOPY:
IMMUNCFLUCRESCENCE: negative

ISOLATE IDENTIFICATION

CYTOPATEOLOGY:

IMMUNOFLUORESCENCE:

MICE:

EAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPBORESIS:

BACTERIOLOGY

COLIPEAGES:
TOTAL COLIFORM CCUNT:
STAXDARD PLATE COUNT:

ir
PINAL RESULT: Recvirus isolated 2x10 /litre



AS.1ls

VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CFRP Breakpoint Chlorination T

DATE:07.12.82

CODE:wW1l/2/82
APPEARANCE: Turbidity 0.75

VOLUME:S1

CONCENTRATION TIME:16 h
PRESSURE: 200 kpa
ULTRAFILTRATION MIMBRANE: XM S0

ELUTION VOLUME: 20 ml MEM
DECONTAMINATION: 3,0 =1 Chloro

INOCULATION

TISSUE CULTURE CELLS:
BATCE NO.
FLASKS: 15 ml eluate in 1 Roux bottle
ROLLER TUBES 1ST PASSAGE: 0.1 =l eluate /4 tubes
2KD PASSAGE: 0.2 =1 (bottle) in 2 tubes

MICROSCOPY: Reo-like
VIRAL ISOLATION: Reovirus
TITRE OF VIRUS: 2x10*/litre

ROTAVIRUS

LATEX TEST: necative
ELECTRONMICROSCOPY:
IMMUNOPLUORESCENCE:

ISOLATE IDENTIFICATION

CYTOPATEOLOGY:

IMMUNOFLUORESCENCE:

MICE: .
BAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPHORESIS:

BACTERIOLOGY

COLIPEAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: Recvirus isclated leo‘llitto




VIPOLOCICAL ASSAY OF WATER SAMPLPES .
WATER RESEARCH UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SCURCE:CFRP Stabilisation tank No Cl

DATE:07.12.82

CODE:wW1ll/3/82
APPEARANCE:Turbidicy 0.95

VOLUME:S 1

CONCENTRATION TIMZ:1€ h
PRESSURE:200 kpa

ULTRAFILTRATION MEVERANE: XM SO

ELUTION VOLUME: 2C pl MEM
DECONTAMINATION: 3.0 =1 Chlero

INGCULATION

TISSUE CULTURE CELLS:

BATCH NO.

FLASKS: 15 =] eluate in

RULLER TUBES 1ST PASSAG
2ND PASSAS

1l Roux bottle
: titrated in 4 tubes/sazple
: 0.2 =1 (bottle) in 2 tubes

"™

MICROSCOPY: Reo-like
VIRAL ISOLATION: Reovirus
TIZRE OF VIRUS: 2x10 /litre

LATEX TEST: negative
ELECTRCNMICROSCOPY:
| IMMUNOFLUORESCENCE:

-

ISOLATE IDENTIFICATION

CYTOPATHEOLOGY:

IMMUNOPLUORESCENCE:

MICE:

EAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPEBCRESIS:

BACTERIOLOGY

COLIPHAGES:
TOTAL COLIFORM COUNT
STANDARD PLATE COONT

PINAL RESULT: Reovirus Type I isclated 2x10 /litre




VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CFRP Sand Filter Effluent

DATE:07.12.82

CODE:wW1ll/4/82
APPEARANCE: Turbidizy 0.61

VOLUME:S 1

CONCENTRATION TiME:16 h
PRESSURE: 200 kpa
ULTRAFILTRATION MEMSRANE: XM 50

ELUTION VOLUME: 20,m1 MEM
DECONTAMINATION: 3.0 =1 Chloro

INOCULATION

TISSUE CULTURE CELLS:

BATCE NO.

FLASKS: 15 ml eluate in 1 Roux bottle

ROLLER TUBES 1ST PASSAGE: 0.1 ml eluate / 4 tubes
28D PASSAGE: 0.2 ml (bottle) in 2 tubes

MICROSCOPY: Reo-like
VIRAL ISOLATION: Reovirus
TITRE OF VIRUS: < 2x10 /litre

ROTAVIRUS

LATEX TEST: negative
ELECTRONMICROSCOPY:
IMMUNOFLUORESCENCE:

ISOLATE IDENTIFICATION

CYTOPATEOLOGY:

IMMUNOFLUORESCENCE:

MICE:

EAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPHORESIS:

BACTERIOLOGY

COLIPHAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: Reovirus isclated < 2x10 / litre
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VIAOLOGICAL ASSAY OF WATER SAMPLES )
WATER RESEASCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CFRP Carbon Coluzn Effluent

DATE:07.12.82
CODE:wW1l/5/82
APPEARANCE: Turbidity 0.30

CLUNME:S 1

CONCENTRATICN TIME:16 h
PRESSURE: 200 kpa
LTRAFILTRATION MEIV23ANE: XM S0

UTION VOLUME: 20 /ml MEM
DECONTAMINATION: 3

INOCULATION

TISSUE CULTURE CEILLS:

BATCE NO.

FLASKS: 15 ml elaute in 1 Roux bottle

ROLLER TUBES 1ST PASSAGE: C.1ml eluate in 4 tubes
2ZND PASSAGE; 0.2 ml (bottle) in 2 tudes

- ——

| MICRCSCOPY: Rec~like
VIRAL ISOLATION: Reovirus
TITRE OF VIRUS: L 2x10 /litre

TEX TEST: negeative
ELECTRONMICROSCOPY:
~MMUNOFLUCRESCENCE:

ISOLATE IDENTIPICATICN

CYTOPATHOLOGY:

IMMUNOFLUORESCENCE:

MICE:

EAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPHCRESIS:

BACTERIOLOGY °

COLIPHAGES:
TOTAL COLIFCRM COUNT:
TANDARD PLATE COUNT:

PINAL RESULT: Reovirus isoclated on 2nd passage < 2x10 /litre




VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLAGY, UCT

SOURCE:CFRP Carbon Column Effluent

APPEARANCE:Clear

CONCENTRATION TIME:16 h
PRESSURE:200 kpa
ULTRAFILTRATION MEMEBANE: XM SO

DATE:11.01.83
CODE:Wl /83

VOLUME:10 1

ELUTION VOLUME: 20 gl MEM
DECONTAMINATION: 3.0 =l Chlero

INOCULATION

TISSUE CULTURE CELLS: PMK

BATCE NO. 060183

FLASES: 1%m]l eluate in 1 Roux bottle

ROLLER TUBES 1ST PASSAGE: 0.4 =l eluate
2ND PASSAGE:

MICROSCOPY: negative
VIRAL ISOLATION: none
TITRE OF VIRUS:

/4 tubes

ROTAVIRUS

LATEX TEST: negative
ELECTRONMICRCSCOPY:
IMMUNOPLUORESCENCE:

ISOLATE IDENTIFICATION

CYTOPATEOLOGY:

IMMUNOFLUORESCENCE:

MICE:

BAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPHORESIS:

BACTERIOLOGY

COLIPEAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUKT:

PIRAL RESULT: No virus detected.




VIFOLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLSSY, UCT

CE:CFRP Prizary settling tank

DATE:18.01.82

CODE:w2/83 1
APPEARANCE:

R—

FVewiwms» -~

DECONTAMINATION: 2.0 =l Chlere

TISSUE CULTURE CEZLLS: PMK1
BATCE NO. 120182

FLASKS: 18 m]l eluate in 1 Roux
ROLLER TUBES 1ST PASSAGE: 0.4 2] eluate in 4 tudes
2ND FPASSAGE: 0.8 ml (bottle) in 4 tudes

MICROSCOPY: necative
AT By

VIRAL ISOLATICN: rone

TITRE CF VIRUS:

LATEX TEST:
ELECTRCRMICROSCCPY:
INMUNOFLUORESCENCE:

ISOLATE IDENTIFICATICN

CYTOPATHOLOGY:

INVMUNOFLUORESCENCE:

MICE:

BAEVAGCGLUTINATION:

POLYACRYLAMIDE GEL ELECTRCPEQORESIS:

BACTERIOLOGCY

COLIPEAGES:
TOTAL COLIFORM COUNT:
TANDARD FLATE COUNT:

PINAL RESULT: No virus detected.




A3.lg

VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCEZ UNIT, DEPARTMENT OP MEDICAL MICROBIOLOGY, UCT

SOURCE:CPRP Stabilization tank
Post Chlorination

DATE:18.01.33

CODE: W2 B3(2)
APPEARANCE:

VOLUME:10 1

CONCENTRATION TIME:20 h
PRESSURE: 200 kpa
ULTRAFILTRATION MEMZRANE: XM 50

ELUTION VOLUMZE: 20 ml MEM
DECONTAMINATION: 3.0=1 Chlero

INCCULATION

TISSUE CULTURE CILLS: PMK
BATCE NC. 05.01.83
FLASFK-: 18nl in 1 Rcux bottle
ROLLER LUSES 1ST PASSAGE: 0.4rl eluate /4 tubes
2ND PASSAGE: 0.8ml (bottle) 4 tubes/sample

MICROSCOPY: negative
VIRAL ISOLATION: none
TITRE OF VIRUS:

ROTAVIRUS

LATEX TEST: negative
ELECTRONMICROSCOPRY:
IMMUNOFLUORESCENCE:

ISOLATE IDENTIFPICATION

CYTOPATEBOLOGY:

IMMUNOFLUCRESCENCE:

MICE:

HAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPEORESIS:

BACTERIOCLOGY

COLIPEAGES:
TOTAL COLIFORM CCUXNT:
STANDARD PLATE COUKT:

PINAL RESULT: Ko virus detected.




VIROLOGCICAL ASSAY OF wWATER SAMPLES
ATVE = we

WATER RESEARCE UNIT, DEPA MENT OF MEDICAL MICROBIOLOCY., UCT

cAracT. .~ (- Yy PEE

SOURCE:Carbeon Coluzmn Efflusnt
DATE: 25.01.813
AARD - 823 -
-ODE:W3/83

APPEARANCE: Clear
VOLEME UV i

D p—

CONCENTRATION TINE:18 N

FRESSCRE:200 kpa

JLTRAFILTRATION MEV3RANE: XM 50

PYImYAN UALI'ME: 30 =] VEN

ELUTIC CLUME: 20 £

DECONTAMINATION: 3.0 =zl Chloz:

()

TISSUE CULTURE CZLLS: PMX1

BATCH NO. 1201 1)

FLASKS: 15 =l eluate in 1 Roux

ROLLER TUBES 15T PASSAGE: 0.8 =l eluate in 4 tubes
2ND PASSAGE: 0.8 =1 (bottle) in 4 tubes

MICROSCOPY: necative

VIRAL ISOLATION: none

T2TRE OF VIRUS:

ROTAVIRAUS

CYTOPATEQCLOCY:

IMMUNOFLUCRESCENCE:

MICE:

HAEMACGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPHCRESIS:

BACTERICLOGY

CLIPEAGES:
TOTAL COLIFORM
STANDARD PLATE

PINAL RESULT: No virus detected.




VIROLOGICAL ASSAY OF WATER SAMPLES ¢
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CPRP Carbon Colu=n Effluent

DATE:01.02.83

CCDE:w4 /B3
APPEARANCE:Clear

VOLUME:10 1

CONCENTRATION TIME:16 h
« PRESSURE:200 kpa
ULTRAFILTRATION MEMEZRANE: XM SO

ELUTION VOLUME: 20=1 M=M
DECONTAMINATION: 3.021 Chlero

INOCULATION

TISSUE CULTURE CELLS: PMK _

BATCE NO. 26.01.83

FLASES: 17ml eluate in 1 Roux bottle

ROLLER TUBES 15T PASSAGE: 0.8zl eluate /4 tides
2ND FASSAGE: 0.8zl (bottle)

MICROSCOPY: necative
VIRAL ISOLATION: ncte
TITRE OF VIRUS:

ROTAVIRUS

LATEX TEST: negative
ELECTRONMICROSCOPY:
IMMUNOFLUORESCENCE:

ISOLATE IDENTIFICATION

CYTOPATEOLOGY:

IMMUNOPLUORESCENCE:

MICE:

EAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROFBORESIS:

BACTERIOLOGY

COLIPEAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

FINAL RESULT: No virus detected.
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VIRCLOGCICAL ASSAY OF WATER SAMPLES .
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBICLOGY, UuCT

OURCE:CFRP Carbon Coluzn Effluent

APPEARANCE:Clear

PP ——
CCUCENTRATION

PRESSURE:2CC )

TIT A s e w

VLIAAT LU B

DATE:08.02.83
CODE:wS /B3

VOLUME:10 1

ELUTION VOLUME: 2
DECONTAMINATION:

W o
SR
f2

TISSUE CULTURE CZLLS: PMK
SATCE XO0. 260183

SALeS

-~
FLASKS: 1l7=]1 elua

te in 1 Roux bo
ROLLER TUBES 1ST PASSAGE: 0.8=1
2ND PASSAGE: 0.8=1

U ds
[
L]

(A

o
"o

LATEX T2ST: negative
ELECTRONMICROSCCOPY:
IMMUNOFLUORESCENCE: necative

ISOLATE IDENTIFICATION

CYTOPATEOLOGY:
IMMVUNOFLUORESCENCE:
MICE:

EAZVAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPEORESIS:

ACTZRIOLOGY

COLIPEAGES:
TOTAL COLIFCRM COUNT
STANDARD PLATE COUNT

PINAL RESULT: No virus detected.




R3.23 .

VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CFRP Carbon Colu=n Effluent .
DATE:16.02.83
CODE:wé /83
AFPFPEARANCE:Clear
VOLUME:10 1

CONCENTRATION TIME:16 h
PRESSURE: 200 kpa
ULTRAFILTRATION MIMIBANE: XM SO

ELUTION VOLUME: 2031 MEM
DECONTAMINATION: 3.0 =1 Chloro

INOCULATION

Z1SSUE CULTURE CELLS: PMX

BATCH NO. 260183

FLASKS: l18ml eluate in 1 Roux bottle

ROLLER TUBES 1ST7 PASSAGE: 0.8zl eluate in 4 tubes
2XD PASSAGE: 0.8zl (bottle) + tubes

MICROSCOPY: necative
VIAAL ISOLATION: none
TITRE OF VIRUS:

ROTAVIRUS

LATEX TEST: negative
ELECTRONMICROSCOPY:
IMMUNCFLUORESCENCE: negative

ISCLATE IDENTIPICATION

CYTCPATHOLOGY:

IMMUNCFLUORESCENCE:

RICE:

EAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPEORESIS:

BACTERICLOGY

COLIPEAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE CCUNT:

PINAL RESOLT: No virus detected.



SRR

VIROLOGICAL ASSAY OF WATER SAMPLES

WATER RESEARCHE UNIT, DEPARTMENT OF MEDICAL MICAOBICLOGY,

SOURCE:CFRP Carben Column Effluent

DE:wW7 /B3
AFPEARANCE:Clear

CONCENTRATION TIME:16 h
PRESSURE:7S kpa
ULTRAFILTRATION MIVERANE: XM SO

ucT

ELUTION VOLUME: 20
DECONTAMINATION: 3.

INCCULATION

TISSUE CULTURE CELLS: PMJ
BATCS NO. 1le0283

FLASES: 172] eluate in 1 Roux bottle
AOLLER TUBES 1ST PASSAGE: 0.8zl eluate in 4 tubes
28D PASSAGE: 0.8zl (bottle) + 0.8 eliate

MICRCSCC?PY: necative
ViRAL ISCLATION: none

TITRZ OF VIRDS:

ROTAVIRCS

LATEX TEST: negative

T - e . .
tehwasfUNAWEVOLLELSS

ISCLATE IDENTIFICATION

CYTOPATEOLOGY:
INMUNOFLUORESCENCE:

T,
A -

EAZMAGGLUTINATION:
POLYACRYLAMIDE GEL ELECTROPEQ?ESIS:

COLIPEAGES:
TOTAL COLIFORM COUNT:
TANDARD PLATE COCUNT:

PINAL RESULT: No virus cetected.




VIROLOGICAL ASSAY OF WATER SAMPLES -
WATER RESEARCEH UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CFRP Carbon Colu=n Effluent

DATE:01.01.83

CODE:w8 /83
APPEARANCE:Clear

VOLUME: 10 1

CONCENTRATION TIME:16 h
PRESSURE:150 kpa
ULTRAFILTRATION MEMERANE: XM 50

’
ELUTION VOLUME: 20ml MEM
ZCONTAMINATION: 3.0m1 Chloro

INOCULATION

TISSUE CULTURE CELLS: PMK
BATCE NO. 16.02.83
FLASKS: 18ml eluate in 2 Med. Flasks
ROLLER TUSES 1ST PASSAGE: C.B8=]1 eluate /4 tubes
2ND PASSAGE: 0.B=l1 (bottle) in & tubes

MICROSCOPY: negative
VIRAL ISOLATION: ncne
TITRE OF VIRUS:

LATEX TEST: negative
LECTRONMICROSCOPY:
IMMUNOFLUORESCENCE:

ISOLATE IDENTIFICATION

CYTOPATEBOLOGY:

IVMMUNOFLUORESCENCE:

MICE:

EAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPEORESIS:

BACTERIOLOGY

COLIPEAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: No virus cetected.
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VIROLOGICAL ASSAY OF WATER SAMPLES 4
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CFRP Sand Pilter Effluent

DATE:24.10.83

CODE:w10/83
APPEARINCE:Clear

VOLUME:10 1

CONCENTRATION TIME:16 h
PRESSURE: 150 kpa
ULTRAFILTRATION MEMBRANE: XM 50

'
ELUTION VOLUME: 20 =1 MEM
DECONTAMINATION: 3.0ml Chloro

INOCULATION

TISSUE CULTURE CELLS: PMX
BATCE NO. 210983
PLASKS: lém]l eluate in 2 Med. Flasks
ROLLER TUBES 1S7 PASSAGE: 0.821 eluate /4tules
2ND PASSAGE: 8 nl (flask)/ 1 7¥X Bottle

MICROSCOPY: necative
VIRAL ISOLATION: ncne
TITRE OF VIRUS:

ROTAVIRUS

LATEX TEST: necative
ELECTRONMICROSCOPY:
IMMUNOFLUORESCENCE:

ISOLATE IDENTIFICATION

CYTOPATEOLOCY:

IMMUNOFLUORESCENCE:

MICE:

HAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPHORESIS:

BACTERIOLOGY

COLIPHAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINRAL RESULT: No virus detected.



VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBICLOGY, UCT

SOURCE:CFRP Sand Pilter

"
™
"™
»
C
)
=]
"

DATE:31.10.83
CCDE:w11/83

VAT T 1
LA L e -

A
CONCENTRATION TIME:16 h

PRESSURE:150 kpa
ULTRAFILTRATION MEMERANE: XM S0

ELUTION VOLUME: 20 =l MEM
DECCNTAMINATION: 3.0 =l Chlero

T
a nOCULATION

TISSUZ CULTURE CELLS: M104

BATCE NO. 2119

FLASES: 1Bm] eluate in 2 Med. Flasks

RCLLER TUBES 1S7T PASSAGE: 0.8zl eluate /4 tulas
280D PASSAGE:

LATEX TEST: n
ELECTR20NMICRO
: S

VVUNOFLUCRE

smawstws e -

ISOLATE IDENTIFICATION

CYTOPATEQLOGY:

IMMUNCFLUCRESCENCE:

MICE:

EAEVAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPEORESIS:

BACTERIOLCGY

COLIPEAGES: °
TOTAL COLIFORM COUNT:
STANCARD PLATE CCUNT:

PINAL RESULT: No virus detected.
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Lo

VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CFRP Sand Pilter Effluent

DATE:07.11.83
CODE:wW12/83
APPEARANCE: Turbidity 2.0

VOLUME:10 1

CONCENTRATION TIMZ:16 h
PRESSURE: 140 kpa
ILTRAFILTRATION MEMBRANE: XM 50

ELUTION VOLUME: 2081 MEM
DECONTAMINATION: 3.0ml Chlore

INOCULATION

TISSUE CULTURE CZILLS: M104

BATCEH NO. 2120

FLASKS: 1Bml eluate in 2 Med. Flasks

ROLLER TUBES 157 PASSAGE: 0.8ml eluate /4 tibes
28D PASSAGE:

~

0O

ICRCSCOPY: negative
iRAL ISOLATION: none
ITRE OF VIRUS:

" «

ROTAVIRUS

LATEX TEST: necgative
ELECTRONMNICROSCOPY:
IMMUNOFLUCRESCENCE: .

iSOLATE IDENTIFICATION

CYTOPATEOLOGY:

IMMUNOFLUORESCENCE:

MICE:

BAEMAGGLUTINATION:

POLYACRYLAMIDE GEZL ELECTROPEORESIS:

BACTERIOLOGY

COLIPHAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: No virus detected.




. -~

VIRCLOGICAL ASSAY OF WATER SAMPLES

WATER RESEARCE UNIT,

SCURCE:CFRP Sand Pilter E

EARPANCE:Clearz

DEPA

ARTMEPLT

OF MEDICA

MICRC 3 0LOGCY -
: v ' .

3A.-.C9.u-.84
CODE:W1/B4

RTINS .1A Y
VOLUMZ:10 1

TION VOLUME: 20 ]l MEM
DEZCONTAMINATION 3.0 ]
I'ICZLJTIDh
TISSUZ CULTURE CEZLLS: PMK
BATCEH NO. 151284
FLASKS: 16.5 =1 eluate in
FOLLER TUBES 1ST PASEAGE:

28D PASSAGE:

Houx Bottle
0.8 ]l eluate /4
.82l

ra

(bottle)+

tubes
C.8 eluate

02Y
IFMUNOPLUCRESCENCE:

MICE:
EAEMAGGLUTINATICON:

POLYACRYLAMIDE GEL ELECTROCPEORESIS:

OLIPSAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE "CJT

PINAL RESOULT: No virus detected




VIROLOGICAL ASSAY OF WATER SAMPLES .
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SCURCE:CFRP Sand Filter Effluent

APPEARANCE:Clear

CONCENTRATION TIME:16 K
PRESSURE:130 kpa
CLTRAFILTRATION MEMIRANE: XM S0

'
ELUTION VOLUME: 20 =1 ¥M=M
ECCNTAMINATION: 2.0 =1 Chlero

INOCULATION

TISSUE CULTURE CILLS: PMK
ATCE NO. 281284

FLASES: 17 ml eluate in 1 Roux Bottle

ROLLER TUBES 1ST FASSACE: 0.8 ml eluate /4 tubes .
2ND PASSAGE: 0.8z1 (bottle)+ 0.8 eluate

MICRCSCO?Y: Necative

VIRAL ISCLATION: None

TITRE OF VIRUS:

ROTAVIRUS

LATEX TEST: necative
ELECTRONMICROSCOPY:
IMMUNOFLUCRESCENCE:

ISOLATE IDENTIFICATICN

CYTOPATEOLOGY:

IMMUNOFLUORESCENCE:

MICE:

EAEMAGGLUTINATION:

POLYACRYILAMIDE GEL ELECTROPEORESIS:

BACTERIOLOGY

COLIPEAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PIRAL RESULT: No virus Cetected




VIROLOGICAL ASSAY OF WATER SAMPLES
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irus detected

NoOo V¥

PINAL RESULT:
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VIROLOGICAL ASSAY OF WATER SAMPLES .
WATER RESEARCE UNIT, DEPARTMENT OP MEDICAL MICROBIOLOGY, UCT

SCURCE:CFRP Sand Pilter Effluent

DATE:06.02.84

CODE:KS5/B4
APPEARANCE:Clear

VOLUME:10 L

CONCENTRATION TIME:16 h
PRESSURE:200 kpa
ULTRAFILTRATION MEMERANE: XM S0

L
ELUTION VOLUME: 20 =l MEM
DECONTAMINATION: 3.0 =1 Chlore

INOCULATION

TISSUE CULTURE CELLS: PMX

BATCH NO. 250184

FLASKS: 16.5m1 eluate in Roux - 21 day

ROLLER TUBES 1ST PASSAGE: 0.8 =zl eluate /4 tubes
ZND PASSAGE:

MICROSCOPY: necative
VIRAL ISCLATION: ncne
TITRE OF VIRUS:

ROTAVIRUS

LATEX TEST: necative
ELECTRONMICROSCOPY:
IMVMUNOFLUORESCENCE:

ISOLATE IDENTIFICATION

CYTOPATEOLOGY:

IMMUNOFLUORESCENCE:

MICE:

EAPMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPEORESIS:

BACTERIOLOGY

COLIPEAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: No virus detected.




VIROLOGICAL ASSAY OF WATER SAVMPLES

WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY,

CONCENTRATION TIME:16 h
PRESSURE:1C0 kpa

— —_ - .
ELUTION VOLUME: 20 =] MEM
DECONTAMINATION: 3.0 =1 Chlero

=]l eluate /4 tides

LATEX TEST:

SILPCTRONYICROS
ELECTRCONMI

v R p——
IMMUNOFLUORESCENCE: n

ISOLATE IDENTIFICATION

CYTOPATEOLOG
IMMUNOFLUORESCENCE:
MICE:
BAZVAGGLUTINATION: Feo us I

POLYACRYLAMIDE GEL ELECTROFPHECRESIS: Recvirus Type III

SACTERIOLOGY

Ppp—— e an o~ -
L aAL LaFORM COUNT:
I e B AwE  pu eyl
STAl D PLATE COCUNT:
—————— ———

-

L -
PINAL RESOULT: 6.3x10 . Reovirus Type IlIl/litre




VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CFRP Peed Water

DATE:05.03.84

CODE:W7/84
FFPEARANCE: Turbid

VOLUME:S 1

CONCENTRATION TIME:16 h
PRESSURE:80 kpa
ULTRAFILTARATION MEMBRANE: XM SO

ELUTICN VOLUME: 20 &1 MEM
DECONTAMINATICON: 3.0 =1 Chloro

INOCULATION

TISSUE CULTURE CELLS: PMX
BATCE NO. 220284

FLASKES: 16 =] el:tate in 1 Roux Bottle

ROLLER TUBES 1ST PASSAGEZ: 0.8 ml eluate /4 tubes
2XD PASSAGE:

MICROSCCPY: Recvirus
VIRAL ISOLATION: Rffyiz:s Type 111

TITRE OF VIRUS: 10 = 4.2x10"/1itre

RCTAVIRUS

LAT TEST: necative
ELECTRONMICROSCORY:
IMMUNCFLUORESCENCE: negative

ISOLATE IDENTIFICATION

CYTOPATECLOGY:

IMMUNOFLUORESCENCE:

MICE:

EAEVAGGLUTINATICON: Reovirus III

POLYACRYLAMIDE GEL ELECTROPEORESIS: Reovirus Type III

BACTERIOCLOGY

COLIPEAGES:
TOTAL COLIFORM CCUNT:
STANDARD PLATE COUNT:

PINAL RESULT: 4.2:10’. Recvirus Type IIl/litre




AS. 36 .

VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCE UNIT, DEPARTMENT OP MEDICAL MICROBIOLOGY, UCT

SQURCE:CFRP Peed wWater

DATE:19.03.84
CCDE:w8/84

APPEAFANCE: Turbid
VOLUME:S 1
CONCENTRATION TINME:16 N

PRESSURE: 200 kpa
OLTRAFILTRATION MIVBRANE: XM S0

LUTION VOLUME: 2

0 ml MEM
DECONTAMINATION: 3.0 ml Chloro

TISSUE COLTURE C=1s: PMX

BATCE NO. 070384

PLASES: 16 =1 eluate in 1 Ecot

ROLLER TUBES 1ST PASSAGE:
28D PASSAGE:

MICROSCOPY: Recvirus
VIRAL ISOLATION: Re:‘;‘;‘zus Type 111
TITRE CP VIRUS: 10 ~='1.1%10%1ier

CTAVIRU

ILATEX TEST: necative
ELECTRCIMICRCSCCPY:

IMMUNCFLUORESCENCE: negative

ISOLATE IDENTIFICATION

CYTOPATROLOGY:

IMMUNOFLUORESCENCE:

MICE:

EAEMAGGLUTINATION: Feovirus III

POLYACRYILAMIDE GEIL ELECTROPEORESIS: Reovirus Type III

SACTERIOCLOGY

QLIPBAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: 1.1x10 Reovirus Type III/litre



A3.37

VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCE UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CFRP Feed Water

DATE:02.04.84

CODE:wW9/8B4
FPPEARANCE:Turbid

VOLUME:S 1

CONCENTRATION TIMZ:16 h
PRESSURE: 200 kpa
ULTRAFILTRATION MEMERANE: XM SO

ELUTION VOLUME: 20'ml MEM
CECONTAMINATION: 3.0 ml Chloro

INOCULATION

TISSUE CULTURE CELLS: E6

BATCE XNO. P46

FLASKS: 17 =l eluate in 1 Roux Bottle

ROLLER TUBES 1ST PASSAGE: 0.8 =l eluate /4 tubes
ZXND PASSAGE:

MICROSCOPY: Reovirus
JIRAL ISOLATION: Reovirus Type III
TITRE OF VIRUS: 10 - 2x10%/litre

ROTAVIRUS

LATEX TEST: negative
ELECTRONMICRCSCOPY:
IMMUNOFLUORESCENCE: necative

ISOLATE IDENTIFICATION

CYTOPATEQLOGY:

IMMUNOFPLUORESCENCE:

MICE:

EAEMAGGLUTINATICON: Reovirus III

POLYACRYLAMIDE GEL ELECTROPHORESIS: Reovirus Type III

BACTERIOLOGY

COLIPEAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: 2x10° Reovirus Type III per litre
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VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCH UNIT, DEPARTMENT OF MEDICAL MICRCBIOLOGY, UCT

SOURCE:CFRP Sand Filter Effluent

DATE:23.01.85

CODE:wWl /B85S
APPEARANCE:Clear

VOLUME:10 1

CONCENTRATION TIME:16 h
PRESSURE:100 kpa
ULTRAFILTRATION MEMBRANE: XM 50

ELUTION VOLUME: 20=1 MEM
DECONTAMINATION: 3.0ml1 Chloro

INCCULATION

TISSUE CULTURE CELLS: PMK
BATCE NO. 240185
FLASKS: 16.5ml eluate in 1 Roux bottle
RCLLER TUBES 1ST PASSAGE: 0.8ml1 eluate /4 tubes
2ND PASSAGE: 10ml (bottle) + 0.8 eluate

MICROSCOPY: negative
VIRAL ISOLATION: none
TITRZ OF VIRUS:

ROTAVIRUS

LATIX TEST: necative
ELECTRCNMICROSCOPY:
IMMUNOFLUORESCENCE:

L,ISOLATE IDENTIFICATION

CYTOPATHOLOGY: ‘
IMMUNOFLUORESCENCE:

MICE:

BAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPBORESIS:

BACTERICLOGY

COLIPBAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: No virus detected.




VIRQLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCH UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT
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DATE:30.Cl1.85
CODE:w2 /B85

TISSUE CULTURE CELLS: PMK
BATCH NO. 240185
F ml eluate

. e /4 tubes
0 (botzle) in Falcon Flask
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MICROSCOPY: necative

ISOLATION: none

P —————
RCTAVIRLUS

?APPY WPQW =
LATEX TEST: negative

o = v~ B pp——
ELECTRONMICROSCOPY:
L S ————
IMMUNCFLUCRESCENCE:
PEMAT APE TABAMTE PSS P AN
+SO0LATE IDENTIFICATION

CYTCPATHOLOGY: !
IMMUNOQFLUCRESCENCE:

HAEMAGGLUTINATION:
n

LU g ——
COLIPEAGES:

ey > - -
TOTAL COLIFORM COUNT:
p—— ro
STANDARD PLATE CCONT:

PINAL RESULT: No virus detected.




VIROLOGICAL ASSAY OF WATER SAMPLES .
WATER RESEARCH UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SOURCE:CFRP Sand Pilter Effluent

DATE:06.02.85

CODE:w) /8BS
APPEARPANCE:Clear

VOLUME:10 1

CONCENTRATION TIME:16 h
PRESSURE:100 kpa
JLTRAFILTRATION MEMBRANE: XM 50

ELUTION VOLUME: 20m]1 MEM
DECONTAMINATION: 3.0ml1 Chloro

INCCULATION

TISSUE CULTURE CELLS: PMX
BATCH NO. 240185
FLASKS: l€ml eluate in 1 Roux Bottle
ROLLER TUBES 1ST PASSAGE: 0.8 ml eluate /4 tubes
2ND PASSAGZ: 10ml (Roux) in Palcon Flask

MICROSCOPY: negative
VIRAL ISOLATION: none
TITRE OF VIRUS:

ROTAVIRUS

LATEX TEST: necative
ELEZECTRONMICROSCORPY:
IMMUNOFLUCRESCENCE:

ISOLATE IDENTIPICATION

CYTOPATHOLOGY:

IMMUNOFLUORESCENCE:

MICE:

HBAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPMORESIS:

BACTERIOLOGY

COLIPEAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: No virus detected.




VIROLOGICAL ASSAY OF WATER SAMPLES
WATER REISEARCH UNIT, DEPARTMENT OPF MEDICAL MICROBIOLOGY, UCT

QURCE:CFRP Sand Filter Effluent

~
tSaRar

w

APPEARANC

CONCENTRATION TIVME:16 h
FRESSURE:S0 kpa
UDLTRATILIRATION MIMSBANE: XM SO

LUTION V

UME

VOLU : 20 =1 MED
ECONTAMINATION: 3

INOCULATION

TISSUE CULTURE CELLS: PMK
BATCE NO. 240185
FLASES: 16.5ml] eluate in 3 Med Bottles
RCLLER TUBES 1ST PASSAGE: 0.8 ml eluate /4 tubes
2XD PASSAGE: 0.8z21 (bottle) + 0.8 eluate

MICRCSCOFPY: negative
JIRAL 1SOLATION: none
TITRE OF VIRUS:

CYTOPATEOLOGY:

IVMMTNOPLUCRESCENCE:

MICE:

BAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPHORESIS:

BACTERIOLOGY

CLIPERGES:
TOTAL COLIFORM CCOUN
STANDARD PLATE CCOX

PINAL RESULT: No virus detected




VIROLOGICAL ASSAY OF WATER SAMPLES
WATER RESEARCS UNIT, DEPARTMENT OF MEDICAL MICROSIOLOGY, UCT

SCURCE:CFRP Sand FPilter Effluent

DATE:2€.02.85

CODE:w5/85
APPEARANCE:Clear

VOLUME:10 1

CONCENTRATION TIME:16 h
PRESSURE:B0 kpa
ULTRAFILTRATION MEMBRANE: XM 50

ELUTION VOLUME: 20 ml MEM
DECONTAMINATION: 3.0 =l Chloro

INOCULATION

TISSUE CULTURE CELLS: PMK
BATCE NO. 130285
FLASKS: 15m]1 eluate in 2 Falceon Plasks
RCLLER TUBES 1ST PASSAGE: 0.8 ml eluate /4 tulbes
2ND PASSAGE: 0.8zl (bottle) + 0.8 eluate
.
MICROSCOPY: negative
VIRAL ISOLATION: ncne
TITRE OF VIRUS:

RCTAVIRUS

LATEX TEST: negative
ELECTRONMICROSCOPY:
+ IMMUNOPLUORESCENCE:

ISOLATE IDENTIPICATION

CYTOPATEOLOGY:

IMMUNOFLUORESCENCE:

MICE:

BEAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPHORESIS:

BACTERIOLOGY

COLIPEBACES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: No virus detected




VIRCLOGICAL ASSAY OF WATER SAMPLES
WATER RESTXRCE UNIT, DEPARTMENT OF MEDICAL H-;..BZCUOQ ucT

SCURCE:CFRP Sand Filrer Effluent

DATE:27.02.85

CODE:w5/85
APPEARANCE:Clear

VOLUME:10 1

CONCENTRATICN TIMZ:16 h
PRESSURE:80 kpa
CLTRAFILTRATION MIVSEANE: XM SO

INCCULATION

TISSUE CULTURE CELLS: PMK
BATCE NO. 130285
FLASES: l4xl eluate in 2 Falc Flasks
RCLLER TUBES 1ST PASSAGE: .8 ::Ll eluate /4 tubes
2KXD PASSAGE: 0.8zl (bottle) + 0.8 eluate

MICRCSCOPY: ne
VIRAL ISOLAT O
TITRE OP VI

LATEX TZST: nega
”

CS
IMMUN JFLL:RESC

ISOLATE IDENTIFICATION

CYTOPATEOLOGY:

IMMUNOFLUCORESCENCE:

MICE:

HAEMAGGLUTINATION:

POLYACRYLAMIDE GZL ELECTROPSCRESIS:

BACTERIOLOGY

COLIPEAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

PINAL RESULT: No virus detected




VIROLOGICAL ASSAY OF WATER SAMPLES .
WATER RESEARCH UNIT, DEPARTMENT OF MEDICAL MICROBIOLOGY, UCT

SCURCE:CPRP Sand Filter Effluent

DATE:12.03.85

CODE:W7/85
AFPPEASANCE:Clear

VOLUME:10 1

CONCENTRATION TIME:16 h
PRESSURE: S0 kpa
ULTRAFILTRATION MEMBRANE: XM SO

ELUTION VOLUME: 20 ml MEM
DECONTAMINATION: 3.0 ml Chloro

INOCULATICN

TISSUE COLTURE CELLS: PMK
BATCH NO. 270285
FLASES: 17=m] eluvate in 2 Falcon Flasks
ROLLER TUBES 1ST PASSAGE: 0.8 =zl eluate /4 tubes
2ND PASSAGE: 0.8ml (bottle) + 0.8 eluate

MICROSCOPY: negative
VIRAL ISCLATION: ncone
ITRE COF VIRUS:

ROTAVIAUS

LATEX TEST: negative
LECTRONMICROSCOPY:
IMMUNOFLUORESCENCE:

ISOLATE IDENTIFICATION

CYTOPATHOLOGY:

IMMUNCFLUCRESCENCE:

MICE:

HAEMAGGLUTINATION:

POLYACRYLAMIDE GEL ELECTROPEORESIS:

BACTERIOLCGY

COLIPHAGES:
TOTAL COLIFORM COUNT:
STANDARD PLATE COUNT:

FINAL RESOLT: No virus detected




APPENDIX 4
Intensive surveillance programme

Organic chemical analyses of sample group E by Watertek




COUNCIL POR SCIENTIFIC AND INDUSTRIAL RESEARCH

NATIONAL INSTITUTE FOR WATER RESEARCG

ORCANIC CHEMICAL RESULTS OF THE CAPE FLATS WATER RECLAMATION
PLANT POR THE PERIOD 2 OCTOBER TO 2 DECEMBER 1986

ANALYTICAL METHODS
Dissolved Organic Carbon (DOC)

The method is based on the oxidation of the organic compounds in a water

sanple followed by 1infrared detection of the carbon dioxide liberated (Van
Steenderen and Lin, 1981).

Total Organchalogen Potential Value (TOHp)

Samples were chlorinated to contain a free chlorine residual of 60 mg/l and
left at room temperature in a closed container for 48 h. Samples were then
extracted with petroleum ether and subjected to microcoulometric analysis as
described by Van Steenderen 1930.

Ultraviolet Absorption Measurezents

Sarmples vwere filtered through a glass fibre filter, placed in a 40 mm quart2
cuvette and read at 275 nm on a Zeiss spectrometer.

Trihalomethanes (THM's)

Samples were extracted the day they were received, that is, two days after ac-
tual saxzpling. Analysis was by means of gas chromatography as described Dby
Van Rensburg and Hassett, 1982.




DISCUSSION OF AVERAGE DOC, TOHp AND UV ABS RESULTS (TABLE 1)

1. There was a &5 per cent reduction in DOC after flocculation and another 435
per cent after GAC adsorption (a total of 350 per cent removal). This

removal r ate wvas »aintained throughout the sampling period.

L
.

Flocculation reduced the TOHp value by 22 per cent.

J. After ozonation the precursor concentration increased to a value higher

than that of the intake water (CRI).
4. GAC removed 53 per cent of the TOHp concentration.
rination (CRS) had no further effect on the DOC

5. pH correction and pest ch

io
and precursor concentration.

5. The consistently low DOC values obtained for sa=pling point CRS coincide
with the extre=zely low UV absorption values and 1t 18 not possidle ¢to

derive 3 correlation from the values tabled,

DISCUSSION OF THM RESULTS (TABLE 2)

A.. resulls are cerzinal va.ues. It was only towvards the end of the experimencal
vun that the TEM values aporcached the 100 ug/l level used.by the US Eavirommental
Procection Agency (EPA) as an acceptable level iz drinking-waters. If ome can
assume that the raw water (C3!) contained TEM concentraticns of less than 10 ug/l
thex prechlorinaction resulted in a four fold escallacion of THM's at CR2Z. COzone
treatzent (CR3) did not have a noticeable effect on the THEM's already formed.

Wich the exception of sample point CR4, the dromo containing components were

predomizanc at all the other sampling points and macde up 822 of the TEM concentra-
Ry
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TABLE 1: Dissolved organic carbon (DOC), the organchalogen potential (TOHp)
and ultraviolet absorption measurements of the Cape Flats Water
Reclasation Plant for the period 2 October to 2 December 1386

Sample points

late
il M 4§} 4 1) (4§
N N 0 MO MNe 0 W th ¢ TN n

h-10-01 114 1 . . i W <10 Wi <0 M (R 1]
h-13-14 - - 41 1N LI b LI I L) )y m LR L)
18-10-22 . - 4l Ty 1.2 5 1,8 I I (K )
h-0-11 . - 0l . (N ' ) s "
-l 1-0 - -« 50 1 (LIS 1.0 25 1.1 18 L
0=l . « 51 5 .61 1F W 1.0 1511 L
[T | - « W) I [ M L {1 b3 I 1 (R
I3 - LI I I | ) 5.0 0N 1.4 M PO I 1} (N ]|
Ih-11-0 - - §1 W 5.0 19 v m 4 1) (R
TIRE i I WY W 5.0 1N 1.6\ Iy s "

DOC concentrations in =g/l carbon

TOHp concentrations in ug/l (as CHCl,)

UV absorption readings at 275 nm, 40 =m cell

- sazple not taken, received container broken or not
enough sample received due to leakage during transport.

REFERENCES

l. VAN STEENDEREN, R A and LIN, J S (198]1) Determination of dissolved
organic carbon in Water Anal. Che=, 3]}, 2157-3,

2. VAN STEENDEREN, R A (1980) The construction of a total organchalogen
analyser system. Laboratory Practice 29(4), 150-385.

3. VAN RENSBURG, J F J and HASSETT, A J (1982) A lov volume liquid-liquid

extraction technique. Journal of High Resolution Chromatograpy and
Chromatography Communications 3, 574-6.
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TABLE 2.

- =

e e ———y————— — ——

HO-11-04

——. . - ———— e e

TRINALOMETHANE CONCENTRATIONS IN THE CAPE FLATS WATER RECLAMATION PLANT FOR THE

Determinand Smlplj HO-10-02 [86-10-14 | B6-10-2] HBO-11-11| B6-11-18
cnch, 16,1 17,0 23,7 10,9 16,4
CH Br Cl, 6,0 5.8 5.8 2,0 4,6
CH By CI CR 2 10,4 12,6 20,0 15,1 21,2
CH Br, 4,8 4,0 10,0 1,6 3,2
TOTAL L 37,7 17,4 59,5 29,6 45,4
ci Cl, 17,1 14,0 14,6 14,0 8,0 20,4
CH Be C1, 3,0 5,6 4,0 1,8 1,6 6,0
CH Bry C1 CR 3 12,7 11,8 9,9 19,0 12,3 12,9
CH Br, 7,4 3,0 5,0 11,2 22,9 6,0
TOTAL 40,2 34,4 16,9 52,0 44,8 45,3
oncl, 4,1 8,6 2,4 1,9 2,7 6,1
CH Br Cl, 1,4 3.1 1,0 0,5 0,5 12
CHl Br, C1 CR 4 1,1 1] 0,7 0,6 0,5 0,4
Cll Br, 0,6 0,7 0,7 0,4 0,6 0,4
TOTAL 7,2 13,5 4,8 5,4 4,3 8,1
cn cl, 12,8 14,13 11,3 10,7 9,7 8,4 1,6
cil Be Cl, 13,6 10,1 6,4 8,8 6,1 8,0 H,1
il Bry C1 CR 5 20,9 20,7 14,2 19,0 18,9 14,0 20,9
CH Br, 10,4 30,8 8,9 20,7 16,4 24,1 32,9
TOTAL 57,7 75,9 40,8 59,2 51,3 54,5 72,9
Sample: CR 2 wofter sand filtration

CR 3 after ozonation

CR 4 after granular activated carbon treatment

CR S final reclaimed vater
Results: Concentrations in ug/t

All results are terminal values
n = number of samples

HO-11-25 86-12-02

PERIOD B6-10-02 1D 86-12-02

Min
18,0 10,2 10,2 23,7 | 16,0
9,6 2,0 2,0 9,6 4.8
14,0 0,8 , ele 118:3
7,4 1,7 . 10,0 | 4,7
49,0 14,7 14, 59,5 139.,0
22,6 8,6 8,0 | 22,6 |15,9
10,0 1,7 1,6 | 10,0 ]| 4,7
12,3 Lo2 d 2 19,0 11,4
9,1 2,8 2,81 22,91 8,4
54,0 16,3 16,3 | 54,0 (40,5
10,7 11,1 2,4 11,1 6,2
4,1 1,6 0,5 4,1 1,9
0,6 0,9 0,4 1,1 ] 0,7
0,9 2,0 0,4 2,0 0,8
16,3 17,6 4,31 17,6 | 9,6
137 16,1 H,4 14,3 |12,1
10,4 17,3 6,3 17,3 | 9,9
29,8 34,0 | 14,0 | 34,0 [21,4
40,4 35,6 8,9 | 40,4 | 24,4
94,3 101,0 40,8 67,7

103,0

-

4]
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COUNCIL FPOR SCIENTIFIC AND INDUSTRIAL RESEARCH

NATIONAL INSTITUTE FOR WATER RESEARCH

CAPE FLATS PROTOTYPE WATER RECLAMATION PLANT:
INORGANIC ANALYSIS BY NIWR WATER
QUALITY DIVISION, )0 SEPTEMBER TO 2 DECEMBER 1986

Ten sets of wveekly samples from CRI, 2, J, 4, 5 wvere analysed for beryllium,,
barium, strontium, and selenium. In all cases, bderyllium, darium and selenium
results were delow the detection limits of 5, 250, and 5 ug/l respectively.
Strontius results vere in the range of 420 to 450 yg/l Sr, with an average of
‘t) 440 wug/l, for all sampling points, indicating that little of no strontium
removal took place. Recommended and maximum allowable (ug/l) limits for
drinking-vater suggested by Keapster and Smith (1985) for these determinands
are shown in the following table (no contaminant levels set for strontium):

Determinand ' Recommended limit| Maximum allovable limit
! l
Be 2 5
3a 500 1 000
Sr - -
Se 20 50
)

PRETORIA

March 1987
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CAPE FLATS PROTOTYPE WATER RECTAMATION PLANT :

INCRGANTC ANALYSTS 3¥ WTWR WATER QUALITY DIVISION. PRETORIA, 1986

DETTRMINAND  SPLE :n R S e T A T T 2
Serylliua = i <3 <3 <3 < <s <s <3 <3 <3 <3 <5
(ug/e %e) a2 <3 <3 <3 <3 <3 <3 <3 <5 <5 <3 <
cr) <s <s <3 <s <5 <5 <5 <s <$ <s <s
- I8 <3 <$ <3 <$ <s <3 <t <3 <3 <3 <%
crs <5 <$ <s <5 <3 <s <3 <s <3 <s <s
Jarius = €150 <250 <250 <250 <290 <200 <18 <20 <250 <28 <150
(ug/t %a) cR2 €80 <28 €250 <250 <2150 <130 <250 <180 <280 <290 <150
0 23 <US0 <230 <20 <290 <280 €150 €S0 <%0 <80 <2%0 <%0
% €50 <150 <250 <250 <250 <%0 <%0 <150 <150 <150 <150
SRS €250 €150 <IS0 €250 <250 <30 €0 €280 <0 <280 <%0
streazise CRL <50 - <50 10 — W50 - — — - —
ug/t 5o o b +50 -3 %%0 230 — «50 S —_ — -
B 250 &0 S50 S0 MWD LD M) A AW W -
=% 450 -d 250 830 A0 W32 L0 &0 & eSO -
CRe 30 &0 250 W30 M) el ) WX M0 W i
Seleniuz caL <3 <5 <3 <3 <3 <3 < <3 < <5 <5
“g/t Se) a2 <5 <3 <s <3 3 <3 <s <$ <$ <3 <
@3 <3 <3 < <3 <3 <3 < <3 < <3 <5
o 1A <3 < <5 <5 < < <5 <5 <$ < <
‘,) cas <s < < < < < < < < < <3

Sampling Poiacs

CR1: Feedwatar %o reclamation plant
QR2: Afzer sand filzracicon

QRJ: Afzer ozoration

QRe: Afzer cardon filtration

| CRS: Final vater




APPENDIX 5

Intensive surveillance programme

Bio-surveillance of sample group F by Watertek




COONCTL, FOR SCIENTIFIC AND INDOSTRIAL RESEARCH

NATIONAL INSTITUTE FOR WATER RESEARCH

EVALUATION OF THE QUALITY OF CAPE FLATS RECALIMED WATER IN TERMS
OF TOXICITY CSING VARICUS BICLOGICAL ASSAYS

(PERICO: 1O SEPTEMBER TO 2 CECEMBER 1506)

- bY
J.L. Slabbers

L. INTROOCCTION

O A variety of biclogical assays have been established for the detection of
toxic chemicals in water. Some of these tests have been applied in re-
search on the quality of Cape Flats reclaimed water. This report presents

a brief descrigtion of toxicity tests and a surwmary of the results.

L)
.

TOXICITY TESTS

~

2.1L Qachnia 24 h-lethality test

Caphnia-23 1 or less in age (necrates or first ilastars) were used in: - |
c toxicity :}ests. To cbtain the necessary maver of young for a test,”
adult females bearing ambryns in their brood ;m:‘\u wern reroved from
‘:’ the stock cultures 23 b preceding the initiution of - test and placed in e

400 ml beakers containing 300 ml of water (Tabis 1) and 0,3 ml of fond -
suspensicn (trout chow, alfalfa and ymast). One beaker containing 10 1

- adults supélzed cnc;qn recnates for one toxicity test. [aphnia test cna-
ditions are smr;zéd u{ Table 2. The neonates were transferred toa - 4
‘small intermediaiy holding beaker and from there to the test beakers,
using a firepolished 2 rm Pasteur pipette.

. "




L)

AS.3

2 24
Table 1 Moderately hard reconstituted water * ":':'.;3":".'
- . ‘l .‘-.f -
. N '1 "..‘_)
Reagent added ** (mg/l) | NaHCD, 96,0 -:.-“-".r
© CaSOe.2H30 60,0 ;
MaSO, 60,0
¥Cl 4,0
) w 70‘ - 700 (0,2’
Nominal water quality ' Hardness**"* 00 - 100 (09
range*** Alkalinity 60 - 70 (59)
* EPA (150%5) ' )

** DPrepared with deicnized water
ees Measured value in parenthesis
LA A R A’ ‘-‘qll C‘m,

Pseudomoras rutida growth test

A culture of P. putida strain W, grown overnight at 27 °C, was diluted
with fresh minimal medium (1,05 g K;HPO., 0,45 g KHaPO., 0,047 g Na-
citrate.2H,0, 0,1 g (§H.)3SO.. 0,01 g MgS0..7H,O and 0,25 g glucose /1 -
deionized water.) to a dcnnty_ ui:f\ .an “absorption “of 0,0, measured
spectrophotometrically’ at- 600 em (4 om cuvette), 30 min before - -
inoculaticn. ‘.rhu supension was added at a ratioof 1 to S to a -12,8-"
times concentrate of minimal medium, and used as 5 ml volumes for in- -
oculation of 45 ml test sample (decontaminated by filtration through a
0,45 m membrane) (Slabbert 1906). Sterile deionized water (autoclaved
at 121 ~C for 15 min) was used for control tests.” Each test was carried -
out in triplicate. Qiltures were incubated at 27 °C for 6 h. Growth vas
measured spectrophotometrically. Toxic effects were expressed as gir
centage inhibition, determined in relation to control results. Inhibi-
tion > 10% was ascribed to toxicity, and stimilation > 10N to the
presence of nutrients in test samples.




A

Table 2 Oaphnia bicassay test conditions *

Terperature

Light quality
Photcperiod

Feeding regime
Cxygen concentraticn

oH
Size of tast beaker

Volume of test sarple **

2}

Sumber of organisms/beaker
Number of replicate beakers
Total number of organisms/test

Contirol water

- L ——e
28T curat.on

Effect measured

Interpretaticon of results £

20 ~C

Anbient laboratory illumination
¢1] h day light/24 h

No feeding

O e Sacirarte
aeration therefore not necessary.
As obtained

SO ml

2S ml

S

-
-

Moderataly hard reconstituted
water

2+ h (static test)

Mortality (no movement of body
or appendages on gentle prodding)

vorzality in test sample >10%
inditated acute toxicity (1if con-
trol mocrtality <10%)

* In agreement with the EPA's recommendations (EPA, 1503)

** Nater filter sterilized (0,5

S = merbrane)




2.3 Bacterial microassavs ’
!'or toxicit.y tuu bacteria were mbculturd in 25 ml growth md;un
(minimal growth medium or 1 g/l nutrient broth) in 50 ml medical flats. .
P. putida was incubated at 27 ~C and Aeromonas punctata at 35 °C for 16
to 10 h (overnight). Cultures were diluted with fresh medium to an 0.D.
of approximately 0,09, 30 min before inoculation of test samples.

Density measurements were carried out at 620 nm with a vertical light
path, filter photometer (Titertek Multiskan MC). Bacterial suspensions
were acced to 12,35-times concentrated media at a ratioof 1 to 4, and
used as J0 ul wvolumes for inoculation of 270 ul test sample .
(decontaminated by filtraticn through a 0,45 um membrane). Disposable
sterile flat-bottomed S6-well microplates were ‘used for testing
(Slabbert, 1907). Sterile deionized water (autoclaved at 121 ~C for 13
min) was used for control testing. Water samples were tested in
duplicate. Reference test and contrcl sarples (duplicate samples)
received J0 ul mediunm without bacteria. Plates were covered with lids
and incubated at 27 °C (Pseudomonas) or 13 ~C (Aeromonas) for 6 h.
Growth was determined by subtracting veference readings from test and
control readings. The effect of test soluticns on growth was expressed
as percentage miubxtxon lor stisulation), calculated-in relation to con-
trol results. Ei!ocu > 0% were connqc;ed significant. -

0., | -

2.4 Urease enzyme inhibition test
Thé following reagents nn'.uud: o .. o

m: 2 mg ursnlnLi:utzc-r &

| mg urease/ml buffer



w
.

0,5 mg urease/ml buffer

Yook,

Buffer: 0,025 M TRIS-buffer (pH: 7,6)
Crea: 1,5% (w/v) in deicnized water
Phenclphtalein (29) : 0,1% (w/v) in SO0% (v/v) ethanol-water sclution

400 ul of a decontaminated water sample (0,45 um filtration) was added to
100 ul enzyme. Each water sample was tested in triplicate using three
different urease concentrations. Deionized water was used as control.
Thirty minutes was allowed for inhibition of the enzyme. 100 ul urea was
then added and 13 =0 20 min allowed for the enzyme-substrate complex to
form. The test was concluded by the addition of 50 ul #9. Control (and
non-toxic) solutions develcped a dark pink colour, while highly toxic
soluticons remained colourless. Inhibition of 0.5 mg/ml urease indicated
the presence of an individual heavy metal or groups of metals at recom-
menced levels {or drinking water and inhibition of 2,0 mg/ml urease, the

presence of heavy metals at critical levels.

JLTS AND DISCUSSION

Results .;x'e presented in Tablesl) to 7. The affact of (RS water samples
and preparations thereof on the test crganisns usad " in Sicassays should
nct be alarming. These samples were.:.im after final chiorination, and
it is known that chlorine is toxic to ajuatic ovnisw (EPA, 1972). Al-
though free chlorine is toxic -in. itself, combinations with asmonia,
qnm.de and organic compounds, such as phencls and aninas, may even be
more toxic (EPA, 1972). Chlorine tasts carried out in the NTHR laboratory
on the CRS water collected on-06-11-03 - showed free chlorine at levels
above 2 mg/l, which is considerably higher than the reported lethal con-
centrations (Dickson et al., 1977) for fish, and concentrations required
to kill bacteria. Although not tested it is expected that chlorine was
also present at toxic concentrations in other CRS samples.
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Effect of the feed water to the reclamation plant (CR1),

waler

after carbon filtration

(A1) and the final

——

TARLE 3
water (CWS5) on Daphnia pulex
A Eﬂuct
Date Crl R4 ns
06-09-30 no effect no effect, ' lethal
(s10%) (£10%) 1L5%)
06-10-07 . . no effect
(£10%)
06-10-14 no effect no ef fect lethal
7 Ls10%) (s10%) (154%)
06-10-21 no effect lethal lethal
(s10%) (100%) (100%)
06-10-20 no effect "' no effect lethal
(s10%) . ! (£10%) (100%)
06-11-04 no af fect o pffoct no of font
(510%) (£10%) (siuy)
06-11-11 no effect o of fect lethal
, (5104) (£10%) (100%)
-10 no effecl:‘ o effect | m ef fect
—a (s10%) ' (510%) (s10%)
06-11-25 * o Jethal
v " (100%)
- D6-12-02 no effect no effect no effect
(510%) (510%) ) (510%)

RS CRS**** CR3eeen
acrated 2x ax
ans no effect no effect
($10%) (s10%)
lethal no effect lethal
(100%) (£10%) (208)
no effect no effect no effect

(510%) (510%) ~(s10%)
lethal no effect no effect 0‘
(100%) (510%) (s10%)

no effect no effect no effect
(£10%) (£10%) (s10%)

n effect lethal lethal
(510%) (100%) (100%)
lethal lethal lethal
(100%) (100%) (100%)

no effect no ef fect no effect
(s10%) (£10%) - s1087)

no effect letha) Jethal
(s10%) (100%) (100%)

no effect an -
(510%)

* No samples received

** Accidentally discarded before tested
aes Not tested
aane camples concentrated

. \'.
Nl &
R
o -



TAILE 4 Effect of the feed water Lo the reclamstion plant (CHL), water after carbon filtration (CR4) and the final water

(CRS) on the growth of Psewdkoanonas pat i

Effect
Date ol (& [F) s (s 13
aesrvated
06-09-30 no Affect no effect inhabat ion an
(510%) (€10%) (17%)
06-10-07 . x inhibition inhibition
(23%) (92%)
06-10-14 no ef fect o el Fect inhibition inhibition
(<10%) (<10%) (20%) (57%7)
~4
06-10-21 no effect inhabit on inhibition inhibition
(£10%) (94%) (90%) (90%)
06-10-20 stimulat ron inha bt jon inhibition no effect
_ (27%) (22%) (95%) (£10\)
' '
06-11-04 no effect no affaee inhibition inhibition
(£10%) (s104) (97%) (25%)
06-11-11 ' stimalation stimulat ion inhibition inhibition
(16%) (13%) (94%) (13%)
06-11-10 stimalation stimalat jon no ef fect inhibition
(40%) (11%) (s10%) < (50N)
06-11-25 .. . inhabition inhibition
(22%) (13%)
06-12-02 no effect no effect inhabition no effect
(510%) (£10%) (15%) (£107)

* No sanples rveceived

A% Not tested




A |
TARILE 5 Effect of th:: feed water to the reclamation plant (Cil),
(CRS) on the gu:uth.ot P. putids using a microassay

o)

water after carbon filtration (CR4) and the final water

S .
' Effect
Date CR1 & (% s RS
. ¥ : - . . _ aerated
minimal nutrient minimal, nitrient minimal nutrient minimial mitrient
mexd 1o broth mexcd Lo . broth mexd v broth mexcd i um broth
06-09-30 stimulation stimalation no effect no effect inhibition no effect as ae
(53%) I3 (£30%) (£30%) (56%) (<30%)
06-10-07 .- . & » inhibition no ef fect inhibition no effect
(i2%) (s30%) (D6%) (s30%)
’
06-10-14 no effect no effect no ef fect no ef fect no ef fect inhibition inhibition inhibition
(530%) ($30%) ($30%) (£30%) (£30%) (36%) (568) - (72%) &
06-10-21 no effect no effect inhibition inhibition inhibition inhibition inhibition no effect "
($J0%) (£30%) 154%) (53%) (ns) (00\)' . (BO%) (£30%)
06-10-20  stimulation no effoct inhibition no ef fect inhibition  inhibition no effect no effect
' (3I5%) (£30%) . 140%) (£30%) (92%) (95%) (s10o%) (s30N)
06-11-04 no effect st i lak 1on o effect stimilation  inhibition stimilation no effect no effect
($30%) TE YA (2. 00%) (G9%) (90%) (56%) (£30%) (s30N)
06-11-11 no effect " no effect’ o ef fect stimilation inhibition no effect  no effect - no effect
(530%) 023{)‘.) HJP"-)_ 197%) (90%) (5£30%) GSMD ) (sJ0%7)
06-11-10 no effect *stimalation no effect stimilation no effect stimalation inhibition stimlation
(5$30%) (55%) (£30%) (43%) (£30%) (40%) (53%) (55%)
06-11-25 . . o . stimilation  no effect no effect no effect .
(50%) . (£30%) (s30%) (s30%)
06-12-02 no effect stamulation no effect stinnlation no effect stimalation stimalation no effect
(s30%) (nov) (£30%) (93%) (s30%) (03%) (74%) (s308)
AL

v® Non-pé:dreceim'

‘as Not tes

O TN




TARLE 6

Date

@

Effect of the .feed water,to the reclamil ion plant (O, water after carbon filtration (CR4) and the final water

(CRS5) on the growth of Aciromonas panclala S G MICTOASSaY

minimal
mescd duen

06-09-30
06-10-07
06-10-14
06-10-21
06-10-20
I
D6-11-04
06-11-11
06-11-10

06-11-25

06-12-02

stimalation
(17%)

stimulation
(61%)

stimilation
(93%)

no effect
(sJ0N)

no effect
($308)

no c.el‘l'csct.i '
(s30%)

no effect
(s30%)

no effect
(s3o%)

nutrient
broth

o effect
(<30%)

no effect
(£30%)

no effect
(£30%)

no effect
(£30%)

stimalation
(56%)

no effect
(£30%)

no effect
1530%)
a [

stinulation
(34%)

Ry

miniumal
e Lo

no ef fect
($30%)

n effect
(sJ0%)

xr'ﬂnlnlmn
(91%)

gtimalation
(J4%)

no effect
(s30%)

. effect

(s3J0V)

no effect

(s30%)

no effect

($30%)

Ef fect

nuatrient
broth

no ef fect
(s %)

no effect
(<3J0%)

no effect
($10%)

o ef faxt
(£30%)

stimalation
(44%)

no effect
($30%)

no ef fect
(s30%)

stimilation
(14%)

minimal
nexdioum

inhabation
(71%)

inhabition
(GGN)

inhibition
(70%)

inhibition
(91%)

inhabition
(93%)

inhibition
(71%)

inhabition
(93%)

no effect
(£30%)
inhibition
(46%7)

no effect
(530%)

nutrient
woth

o effect
(s 10N)

n ef fect

(£30%)

no effect
(<30%)

no effect
(<30%)

no effect
($30%)

staimulation
(567)

no effect
(£30%)

no effect

(<10%)

stimalation
(6On)

stimilation
(41%)

Y | a

No samples received
Not tested :

)
!

RS
aerated
minimal mitrient
mexd 1um broth
LR LR
inhibition no ef fect
(hox) (s30N)
inhibition no effect
(76\) ($30%)
inhibition no effect
(H6%) (<I0N)
stimilation stimilation
(41%) (39%)
no effect no effect
(£307) (s307)
inhibition inhibition
(61v) (Hon)
inhibition inhibition
(66%) (508)
no effect stimulation
(<10%) (75\) .
inhibition st.huiatlon
(50%) (61%)
‘.?;,.‘t'%.‘ L .
' '.,. “:’I




TARLE 7 Effect of the feed water to the reclamalion

(CR5) on urease (u) enzyme activity

|

Date CRL ' v CR4
06-09-30 no effect no effect ;"
06-10-07 . »
06-10-14 no effect no ‘ef fect
06-10-21 no effect no effect
06-10-20 no effect no affect
06-11-04 no effect no effect
06-11~-11 no effect no effect
06-11-25 ® *
06-12-02 no effect o el et

* No

les ived

** pccidentally discarded befoue
sa*  Not tested |

- ——

Samples concent ra_tel ."

Lastod

plant (CH1), water after carbon filtration (CR4) and

Ef fect

thg final water

RS

no effect

no ef fect
no effect

inhibiton
(0,5 my/ml u)

no effect

no effect

s ef fot
ne elfect

no offect

s
aerated

no effect
no effect

no effect
no effect

no effect

no effect
effect

g

no effect

ms.... ms....
2x dx
no effect inhibition
(0,5 mg/ml u)
no effect no effect
no effect no effect
inhibition inhibition
(0, 5nmg/ml u) (0,5mg/ml u)
no effect no effect ¥ A
cr
no effect total in- H
hibition
(1,0 my/ml u)
no effect no effect
no effect no effect
AN -—e
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Six out of the ten CRS sarples tested were lethal to Daphnia (Table 3) and
nine inhibited the growth of P. putida (Table 4). Micrcassays dgm.
toxicity in some six to eight (RS sarples when using minimal mediun
(Tables 5 and 6), but in a maximm of only three when using nutrient broth.
for culmr.nq Sutrient broth is known to reduce toxicity (Slabbert,
L1306). In some instances tOXicity was removed when sarples were aerated,
but in others toxicity was enhanced., The reason for the increase in
toxicity is not lknown, but it could have been due to the formation of
oxidaticn by-procducts which might have been more toxic than free éhlorine.
Some of the 2- and 4-times concentrated CRS samples were lethal to Daphnia
(Table J). Concentrated sarples were not testad with bacterial assays be-
cause of precipitation when media were acdded. The sensitivity of the
Caphnia lethality test and bacterial growth tests to a number chemicals is
given in Table 0.

Only cne of the (RS samples (06-10-21) showed wease enzyme inhibition
(Table 7!, and only when using the 0,5 mg/ml enzyme concentration. This
indicated the presence of a heavy metal or a group of metals at the recom—
mended limit for drinking-water. Heavy metals were below this limit in
other CRS sarples. Concentration limits for a number of wease-inhibiting
heavy metals are given in Table S. ™o of the ten _ concentrated CRS

saap;es inhibited urease activity at the C,5 mg'nl concmtra"ion mdz.cat.-

ing t.“.e pxeserc# of mw retals at vrecormended imits for dn.nk:.rq-unter.' .

Cnly one corcentrated sample (4-times concentrated rnhibited the enZyme at
the 1,0 mg/ml concentration, indicating a heavy metal concentration at the
miximm permissible limit.

Feed water samples (CRL) never showed any toxicity. ' Stirulation of bac-
terial growth was sometimes cbserved, which indicated the px-qi:t." of
growth promoters which probably consisted of organic cupourds.an-d m-
of energy. <%
Toxicity was detected in two of the ten CR4 water samples. The sample of
06-10-21 was toxic to Japhnia and the bactaria (Tables ] to 6) and thlt of

_— e ————




TABLE 0 Sensitivity of the various bioclogical tests to a number of

indivicdual chemicals

P. putida Pseudomonas Aeromonas D. ex

Chemical growth microassay microassay le ity
) - inhibiticn (ECS0) (ECS0) test

test ng/1 mg/l

(EC10) minimal nutrient minimal nutrient (LCSO)

ng/l medium broth madium broth mg/l
Copper 0,1 1,66 6,13 0.10 2,39 -
Cadium 0,08 1,12 0.65 1,00 0.%0 0,14
Zinc 0.15 0.0 1,24 2,40 1,07 .
Mercury 0,025+ 0,02%* 0,07 0,02** 0,13** 0,003

0,05%%= 0,05~ 0,12°° 0,05%%* (Q,J1%**
Cvanide 0.010 0.36 1.07 0,07 0,43 '
Phencl 15,1 . . . .
Acetone = 894 .

* Not available
-s Em
man ECJ.OO




TASLE 9

Concentraticn limits for the urease-inhibiting heavy metalg*e**

mu.

recormencec® Max.imm Critical***
limit permissible limit
(ug/l) limat (ug/l
(ug/1

w
'

o
"~
o

20 50 100

S0 1C0 200
300 L0UU <000
1C00 S000 L0000

250 _ 500 1000

Nickel 230 » SC0 L000 -
Mancanese S0 {HH 2000
* Detected by 0,5 my/nl wease
** Detected by 1,0 mg/ml wease
=ss petected by 7,0 my/ml-uwease
LR D ]

Kerpster and Smath (1503)
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06-10-20 toxic to only 2. ;utidl (Table 4 and S). Enzyme activuy was
never affected by any of the (R4 samples (Table 1), indicating heavy metal
concentrations bnlow thc recammdcd limit for drm.ng-uu: The
toxicity of the c.u water could have been cdue to c.‘\lormnc:.on by-pmdmu
formed after breakpoint _chlormtion at (R3. The toxicity could alsc have
been cdue to metals at concentrations not dectable by the usrease enzyme
system (v12. copper and zinc) (Tables 0 and 9), or other chemicals. Bac-
terial growth was sometimes stimulated by CR4 water (Tables 4 and 6).
This was due to the presence of nutrients in the water, possibly organic
matter released from the carbon columns. There is no indication that
stimulation cculd have been due to toxicity.

DICKSON, K.L., CAIRNS, J. Jr. , GREGG, B.C., MESSENGER, 0.I., PLAFKIN, L.
and VAN DER SCHALIZ, W.H. (1977) Effects of intermittent chlorination on

aquatic organisms and cooyunities. J. Mat. Aollut. Contiol Fed. 49,
35 - 4.

ENVIRONMENTAL PROTECTION AGENCY (ZPA) (1972) wWater quality criteria.
Washing, D.C. - . .

EPA (15035) vethods ° for - n’eis.m-ihg the acute toxicity of _ett;umu‘ Lo~ -
freshwater and -marine orqimms EPA/600/4 = 05/013. Environomntal
Fbm.toru\g and Support Llhontory. Othco of Rn.u'd\ and Develogment, U.S.
Protection Agency, Cincinnati, Ohio.

-— -

SLABBERT, J.L. (1806) - I:pravod bu:urul growt.h test for rapid water

toxicity screening. Bull. awuvn. Contam. & Toxicol. 31, $65-569. .
SLASBERT, J.L. (1507) A blsurul mocroaasay for the detection of
toxicants in water. Paper to be presented at "Third International Sym-
posium on Toxicity Testing Using Microbial Systems” to be held in
Valencia, Spain, 11 to 15 March. | -
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APPENDIX 6

ROUTINE SURVEILLANCE

A6.1 Introduction

There 1s evidence that wvater can transmit substances and bacteria
vhich can affect the health of the consumer (Scarpino, 1971). As
the level of pollution in feed waters increases, surveillance
becomes more important. If a secondary effluent is used as opposed
to a natural river [eeding a reservoir, then surveillance becomes

far more critical.

In the reclamation of sewage effluents for potable and other
reuse, intensive and sophisticated means of measuring the

effectiveness of the treatment system become essential.

The surveillance undertaken took the foram of chemical and
bacteriological analysis as wvell as on-line bio-surveillance. The
determinands considered were the result of a research programme,
carried out under the auspices of the WRC, on the effect, if any,
on the health of the consumer of water reclaimed from secondary
effluents (Hattingh, 1981).

A6.2 Sampling procedure and frequency of sampling

A6.2.1 Sampling Procedure

An appropriate sampling procedure is fundamental to obtaining

precise and accurate results from laboratory analyses.

Apart from the regular hourly grad samples for chemical
analysis and the trihalomethane (THM) and trace metals samples,
all samples taken for chemical analysis were of the 24 h
composite variety i.e. the result of the analyses would be an

average value of the gquality of the wvater over a 24 h period.

All composite samples wvere refrigerated during the entire
sampling period until they were delivered to the laboratory,

$0 as to prevent deterioration of the sample before analysis.

e v e ———
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The samples for THM and trace metals were grab samples

i1.e. the result of the analyses indicates the quality of the
water at the specific time of sampling. In the case of trace
metals, the sample was acidified with nitric acid on sampling,
whilst in the case of THM a chlcrine suppressing agent was
added at the time of sampling to prevent further formation of
THM's, this result i1s then termec the instantanecus value

THMm, .

All bacteriological as well as virological samples were also
of the grab variety. The bacteriological samples were taken
in specially preparecd sterilised bottles. Sample bottles for
samples containing resicual chlorine always containec a Cl
suppressing agent. Flaming of sample taps was carried out
prior to sampling and where taps were nct provided the
samp les were taken directly from the process units. All the
bacteriological semples were submitted to the laboratory

immediately after sampling.

The virological samples were collected in special 5 1
containers which were preparec and provided by UCT. The taps
were sterilised by flaming anc 10 1 of water was sampled.
These samples were delivered within an hour of sampling to

the UCT lsboratories.

The sampling procedure for the 11 week intensive surveillance

programme is covered in Chapter 9.

Sampling freguency

The sampling frequency varied considerably throughout the
project, &and was dependent on which unit processes were in

operation at that specific time.

During the pericds of full operation (i.e. when a potable

water was procuced) the sampling frequency was as is given in
fTable A6.1.
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TABLE Aé.1: Sampling frequency

A6.3

A6.&

Determinand Frequency

chlorine determinations - every two hours
bacteriolegical sampling - twice weekly
virological sampling - weekly when required
pH, alk, turbicity - every two hours
NHy-N, NOs-N, COD & ) - deily on feed and
suspended solios ) reclaimed waters

and three times a week on
remaining samples

orgenic N, dissclved sclids, = three times a week on

PO4-P, colour all units

trace metals - monthly

trihalomethane - monthly or weekly when
required

During periods when the full plant was not operated the final
unit process in operation was sampled and analysed as if it
was the reclaimed water sample.

Description of methods

All determinands used for the surveillance of the water quality
and for the control of the various unit processes were determined
according to Standerd Methods for the Exemination of Weter and
Wastewater (Anon, 1985). The exceptions were colifages (Crabow,
1978) and THM (Van Rensburg et al, 1978).

Biological surveillance using fish

The NIWR in collaeboration with the Neticnal Electrical Engineering
Research Unit (NEERI) of the CSIR have designed @ biclogical
surveillance system which can detect toxic substences in the
reclaimed water.

One such system was installed on the reclaimed water prior to the
final chlorination stage. This system is capable of detecting
abnormel fish behaviour in the water and provides advance warning
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of possible undesirable roxic substances in the reclaimed wvater.

The system comprises a number of parallel fish tanks, one being
4 control tank and the others each containing a single male guppy

(POECILIA reticulata). The behaviour patterns of these freshwater

fish are measured on a continuous basis. Research has shown that
the presence of even minute quantities of toxins cause a marked
deviation in the rhytha of gill movement, heart rate and relative
activity of the fish. This system wvhich was developed by KUhn and
Morgan makes use of ultrasonic echoes to measure the activity of
the fish (Anon, 1982). Each tank or sensor chamber is fitted with
an ultrasonic transmitter and receiver. The signal which is
returned from the sensor chamsber comprises the sum of the various
reflected sound waves coming off the body of the fish as it svims
around. These returned signals are processed and recorded by the
activity counters. Whenever cthree (or any preset number) of
the five sensor chambers exceeds the predetermined threshold then
an audible alarm is generated. The data obtained from each

chamber wvere recorded on an hourly basis by means of a printout.

Although equipment failure limited the success of this system (see
Chapter 10), similar installations have functioned adequately and
proved highly successful in both the wvater reclamation and
industrial effluent fields at the Windhoek water reclamation plant
in Namibia and at the Sappi Kraft (Tugela Mill) Limited factory

in Natal (Morgan et al, 1982).

[t 1s envisaged that an on-line fish bio-surveillance installation
would be an integral part of any future full scale vater reclamation

plant.

Quality criteria

Safeguarding public health is one of the =most important aspects to
be considered when drawing up quality criteria to which the
reclaimed water should conform to make it acceptable as a potable

vater.

The quality criteria have been investigated by the WRC taking into

account the results obtained from the Windhoek and Stander Water
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Reclamation Plants as wvell as the requirements of the World Health
Organization (WHO) and certain United States (EPA) regulations. A
list of eriteria was prepared for the WRC (Meiring et al, 1982).

These suggestions are outlined in Table A6.2.

TABLE A6.2: Proposed criteria for potable reclaimed water (Meiring et

al, 1982)

Determinand Ob jective (criterion)

pH final effluent pH to obtain
stability with respect to
colour, carbonate and corrosion.

Chemical oxygen demand 15 -‘1‘1

Ammonia (NH3=N) and chlorasines 0,5 mgl-l

Nitrate nitrogen (NOy-N) 10 mgl=! =

Total phosphorus (PO4=P) 0,5 ltl'1

Heavy metals & trace elements to comply with local drinking
vater standards or with WHO
standards.

Tota! organic carbon 3,0 lgl"

Volatile halogenated hydrocardons (VHH) 0,1 n;l‘l

Turbidity 0.4 NTU (JTU)

Total dissolved solids 500 mgl=! above that of the
potable water supply from which
the reclaimed water initially
originated.

Stabilicty Water must be stable according
to Langelier, Ryznar and
corrosivity indices.

Microbiological qualicty free chlorine residual of 0,5
egl-! (0,3 to 0,7) at point of
discharge into potable water
supply plus compliance with
the following:

Total plate count not greater than 100/ml
Total coliforms 0/100 =l
Total enteric viruses 0/ 101
Total coliphages 0/ 101

* If the reclaimed water is to be blended with potable supplies the
NO3-N can be higher than 10 lgl'l provided that the net value is 10
u;l'l.

The South African Bureau of Standards (SABS) have revised their
specification for potable water (SABS, 1984) and these have also been
used in the assessment of the quality of the reclaimed wvater produced
by the plant. Table A6.3 gives a list of selected determinands and
the quality criteria as laid down by the SABS, (SABS, 1984).
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TABLE A6.7 - Quality criteria as laid down in SABS 24!1-1984

Determinand Limit
recommended maximum allowvable
Turbidicy (NTU) 1 5
Colour (mgl“* of pt 20 -
pH 6,0 to 9,0 5,5 to 9,5
Conductivity (mSm=!) 70 300
Total hardness (mg!~' as CaCO4) 20 - 300 650
Magnesium (mgl-! as Mg) 70 100
Sodium amgi't as Na) 100 400
Chloride (mg!=! as Cl) 250 600
Sulphate (=gl-! as S0,) 200 600
Nitrate + Nitrite (mgl~! as N) ) 10
Flouride ':gl': as F) 1,0 .
Zinc (mgl=! as Zn) 1,0 5,0
Arsenic (ugl'l as As) 100 300
Cadmium (ugl=! as Cd) 10 20
Copper (‘gL’I as Cu) 500 1 000
Cyanide (ugl-! as CN) 200 300
Iron (ugl=! as Fe) 100 1 000
Lead (':g'." as Pb) 50 100
Manganese (ugl-! as Mn) 50 1 000
Mercury f.gl‘l as Hg) 5 10
Phenclic compounds (ugl~! as phenol) 5 10
Selenium (ugl~! as Se) 2 50
Total coliform bacteria (per 100 ml) ail * S
Faecal coliform bacteria (per 100 ml) nil nil
Scandard plate count (per =l) 100 N.S.

* [f any coliform bacteria are found in a sample, a second sample must
be taken immediately after the tests on the first sample have been
completed; this must be free of coliform bacteria, and not wmore than 52
of the total number of water samples (from any one reticulation system)

tested per vear may contain coliform bacteria.

The CSIR (NIWR) have published specific provisional criteria for
aesthetic, physical and inorganic determinands in drinking wvater for

use in the Republic of South Africa (Kempster and Samith, 1985). The

criteria are specified in three types of limits, these are:




mO ,
- the recommended or working limif is the limit which should ideally

not be exceeded. This limit has a built in safety factor, and
thus no immediate danger exists where this limit is exceeded,

provided the msaximum permissible limit is not exceeded.

- the maximum permissible limit is still safe, but should not be
exceeded. Where the concentration of a particular determinand
exceeds this limit, then planning/action to reduce the concentration

of this pollutant should be instituted without delay.

- the crisis limit is twice the maximum permissible limit and
exceptions to this rule are dissolved oxygen, pH, temperature,
¢colour and free residual chlorine. Once the crisis limit is
exceeded extreme action needs to be taken. This limit, however,

should be treated as a tentative guideline only.

Table A6.4 gives a list of the CSIR criteria as set out by Kempster and
Smith (198S).

TABLE A6.4 Quality criteria as published by the CSIR (Kempster and
Smith, 1985)

Derterminand Unit Recommended Maxisum Crisis
limit permissible limit
limit
Colour mgl-! Pt 20 NS NS
Electrical
conductivity =Sa-1(25°C) 70 300 400
Odour TON 1 S 10
Dissolved oxygen % saturation 702 min 302 min 102 min
pH pH unit 6,0 - 9,0 5,5 = 9,5 4,0 or
11,0
Taste TN 1 - 10
Temperature oc 25°C max 30°C max 40°C max
Turbidity NTU 1,0 5,0 10,0
Chloride mgl-lcl 250 600 1200
Free residual ngl-lCl 0,2 - 5,0 *0,2 or NS
chlorine *5,0
Sulphate mgl~1s0, 200 600 1200
DOC mgl-lc 5,0 10,0 20,0
Cu ugl-! 500 1000 2000
HyS ugl=l 100 300 600
Fe ugl=! 100 1000 2000
.- ugl=! 50 1000 2000
Determinand Unit Recommended Maximum Crisis
limit permissible limit
limit
Phenols u;l" 5 10 40
In ugl-l 1000 5000 10000
NHy.N mgl-l 1,0 2,0 4,0

Ca mgl-l 150 200 400
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Lt
Mg
NOqa=N
¥
Na
Al
Sh
AS
3a
Je
3
Br

"ne L

o

Free
Au
[odide
b

Hg

N

narcness

71!'1 0
agl®'CaC0, 20 min
100 max
al s @
az | 249
agl=! 70
agl” 6,0
agl” 200
=gl=! 100
igl=l 150
igl=l 50
ugl=* 100
ugl=? 500
.zl‘: 2
a1l Y &)
ig
‘g.‘i $00
gl 1000
sgl=l 10
gl =t 1000
gl=! 100
igl=l 250
igl=-l 200
gl-l 2
-;:-: 500
ugle® 50
igl=? 5
gl” 50
ugl=! 250
ugl~ 20
,gl‘l 20

.gl':
gl”
val
ugl=*
ol
agl™*
ugl‘l
agl'l
'.;gl'l

5
100
100
100
1000
250

NS - not specified
TON - threshold cdour number
ITN « threshold

taste number

200
500
500
4000
500

3,0
NS ain
1300 max

10,0
200
20

200

400

1000
1000
8000
1000
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APPENDIX 7

OPERATIONAL PERIODS IN DETAIL

fhe plant was cperated on an intermittent Dasis to covercome the
teething problems which were being experienced with certain items
cf equiprent. Initially all items of plant were operated so that
all the mechanical equipment such as stirrers, pumps and scraper
mechanisms could be checked and adjusted where necessary. However,
cue to problems experienced with the actuators and valves on the
pressure sand filters, the plant was coperated up to but excluding

the sanc filltretion stage.

The feed water into the reclamation plant was of a consistently
poor guality curing this period with high ammonia, COD and suspended

solids concentrations.

Ferric chlorice was used as coagulant at a dose of 27 mgl=l. The

operating staff measured the pH and alkalinity every two hours on
the fellowing samples: feed water, flocculated water, PST effluent
and breakpoint chlorine tank effluent (even though chlorination
was not carried out). Although turbidity was not measured visual
inspections of the PST indicated that good flocculetion and
subsequent settling of the floc particles was being achieved

producing a fairly clear and acceptable PST effluent.

As a result of prolonged problems concerning the sand filter

actuators cosing of chemicals was stopped from early June 1982.
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However, operation continued up to the send filtration stage, to
obtein a "trouble free" period of operation of the mechanical
equipment. Ferric chloride dosing recommenced on [982-06-21 and

the plant operated intermittently until the end of July.
August 1982 to November 1982

The plant was operated on a continuous besis up to end including
the sand filtration stage. Operstion of the activated carbon
columns contirued intermittently during October and November to
provide samples for virologicel snalysis by UCT. Although
chlorination was not carried out, four out of five carbon column
effluent samples indicaeted negative virus isolaetion. However, all

the sand filter effluent samples indicated positive virus isolation.

Optimisation of the two flocculators took place between September
and November. As a result of visual observations end turbidity
measurements, the cecision was taken to operate both flocculation
tanks to provicde a retention time of 16 min. During the period
when both flocculators were by-pessed an average turbidity of 4,1
NTU wes obtained and the visual appearance of the PST effluent was
poor. During the periods when one or both tanks were in operation
the turbidity averaged 1,6 NTU and the visual appearance of
the effluent of the PST ranged from good with one flocculator to

very good with two flocculetors in operation.

The chemical surveillance programme started in esrnest from
September, with the regular submission of samples to the CCC

laboratories. The quality of the treated water was fairly

consistent during this period with PST and sand filter effluent
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COD's being generally between 15 and 25 mgl-l and the carbon

column effluent COD's being generally well below 15 mgl-l. -e
adjacent activated slucdge plant coperated more successfully than in
the previous perioc and generally ammonia concentrations were

*1 mgl=l as N anc the COD and suspended sclids concentrations were

less than the General Stancard limits of 75 mgl=l and 25 mgl-l

respectively.

December 1982 to Jaruary 1983

Numerous jar flocculation tests indicated the optimum ferric
chloride dose to be between 41 anc &4 mgl‘l in the pH range of
5,0 to 5,5. Implementation of this dose at plant scale reduced the
pH to the unacceptable level of asbout 2. As the calcium hydroxide
equipment was receiving attention at the time, and pH adjustment
was not possible, the dose was reduced to 19 mgl=l. It was noted
that the PST overflow turbicities were maintained at between 0,8
and 1,5 NIU after this reducticn. Towards the end of December the
dose was increased to 26 mgl'1 to counteract an increase in
turbidity. During December the PST sludge recycle was set at four

per cent (v/v,.

Chlorine was dosed intc the breakpoint tank at about 8,0 mgl-l.
Throughout this period problems were experienced with the
chlorinator and this resulted in faecal coliforms being detected
in the post chlorination samples. Four out of the five samples of
the carbon column effluent which were submitted to UCT for
virological examination showed negative virus isolation. In the

sample of carbon column effluent taken during December, before

chlorination commenced, Reovirus was isolated on the 2nd passage.
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During this period the feed water from the adjecent activateg
sludge plant was of an acceptable quality and the chemical guality
of the water from the various unit processes on the reclamaticn

plant was satisfactory.

Sand filtration wes limited to two pressure filters throughout
this pericd and the carbon columns continued to be operated on an

intermittent basis.

February to March 1983

Operation of the plant was as in the previous period and the
following units were in operation: feed water pumping, chemical
(ferric chlorice,) addition and flocculation using 2 flocculators,
primary sedimentation, breakpoint chlorination, stabilisation
tank, pressure sand filtration using two filters end activated

carbon treatment on an intermittent basis.

The slucdge recycle was increesed to eight per cent (v/v). Towards
the end of February problems were experienced with the PST sludge

withdrawal system which required subsequent repairs.

Ferric chlorice doses ranged from 15 to 26 ngl'l- Numerous jar
tests were carried out on varicus flocculants with the following

average results being obtained.

Ferric chloride : 41 to 44 mgl=l as Fe3+
Ferric sulphate : 37 to 42 mgl=l as Fe’*

Aluminium sulphate : 8 to 15 mgl-l as Al3+




The carbton columns continued to be operated on an intermittent
basis to facilitate vircological sampling. The results of the six
samples of water that were submitted yielgec negative virus
isolation.

Dperation of the bregkpoint chlorinator proved unsatisfactory with
pesitive faecal sliform ounts teing obtaired iIn ertain samples
frcm the post chleorination stages of the process.

he pressure sand filters were placued with problems and they were
shut down from 1983-03-06 pending the result of an investigation

into their replecement with rapic gravity sand filters.

The chemical quality of the feed water as well as the water

produced from the various stages was of an acceptable quality

ihe plant was temporarily shut down between ]1983-03-06 and
1983-04-28 as a result of delays experienced in the delivery of
ferric chlorice. Operation using ferric chloride continued from
1983-04-28 anc all units up to but excluding the sand filtration
pressure filters) stage were used. Magnafloc 156 was introduced

as & ccagulant aid from 1983-05-23. The chemicals used were dosed

as follows:

§3-04-01 to 83-04-27 26 mgl=l as Fel+
§3-04-27 to 83=05=02 2 " . .
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83-05-02 to 83.05-16 29 " "
83-05-16 to 83-06-06 26 " m "
83-06-06 to 83-06-17 17 " " "

Magrafloc 156

83-05-23 to 83-06-17 0,5 mgl=l

The plant was shut down between 1983-06-17 and 1983-07-18 to
effect repairs to the PST sludge withdrawal system, compressed air

lines and the calcium hydroxide dosing equipment.

July 1983 to September 1983

ODuring May 1983, it was decided to investigate the possible use of
ferric sulphate as an alternative to ferric chloride as the
coagulant. It wes envisaged that if plant acale'experinenta
proved acceptable, the project would benefit from the locally

avallable product.

Ferric sulphate thus replaced ferric chloride as coagulant from
1983-07-18. Initially a 14 cey trial run was planned, during
which time AECI undertook to supply & free batch of ferric
sulphate. Due to the favoursble results obtained, it was cdecided
to extend the period by approximately one month, during which time
AEC] supplied the chemical at cost. After the six week trisl

period it was decidecd that ferric sulphate be used indefinitely.

Jar tests indicated the optimum dose of ferric sulphate to be

between 53 and 64 mgl=l in the pH renge of 5,0 to 6,0.




Ferric sulphate ana Magnaflcc 156 were cosed as follows:

Ferric sulphate

1983-07-18 to 1983-07-19 31 mgl=l as Fel+
1983-07-19 to 1983-07-21 56
1583-07=21 to 1983-07-25 28

1983-07-25 to 1983-08-01 56 " "
1983-08-01 to 1983-09-17 2 " "
1983-09-17 to 1983-09-30 48 " "

Magnafloc 156

1983-07-23 to 1983-07-27 0,5 mgl=1

Sand filtration was implemented as from 1983-08-03 by meking use
of only one pressure filter with a reucuced flow. This filter had
teen repaired during June 1983, by replacing the existing nozzles
with modified ones. Flow through the filter was maintained at
1730 m?a~1 and the backwash procecure was implemented approximately

every 48 h.

The calcium hydroxice equipment was used between 1983-07-25 and
1983-08-03 to fecilitate pH correction before coagulation. The pH
value was maintainec at approximately 5,5 which required
intermittent calcium hydroxide doses in the region of 90 mgl=l.
During the early part of August, as a direct result of the reduction
in ferric sulphate dose from 56 to 42 mgl=l, calcium hydroxide

dosing was terminated.

Chlorination prior to sand filtration commenced from the end of
July at @ dose of 8 mgl-l, Although this was satisfactory for

gisinfection purposes higher dcses were required for the oxidation
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of ammonia. The guality of the activated sludge works' final
effluent was poor guring this period due to incomplete nitrification
end with ammonia concentrations as high as 6,5 mgl=! as N being
observed. The use of chlorine to oxidise such high ammonia values
is not recomsmenced and ammonia stripping using & high calcium
hydroxide process should be used. Chlorine wes therefore not

dosed to breakpoint.

Weekly samples from the pre- and post-chlorinetion units were
submitted for bactericlcgical examinaticn. Faecal coliform values
in the orcer of 5 x )07 counts per 100 ml were observed in the
pre-chlorination samples from the PST and counts of "2 per 100 ml
were observed in the post chlorination semples from the

stabilisation tank in 75% of the samples submitted.

The carbon columns were not operated at all during this period and
as a result no samples were submitted to UCT for virological
examination.

A7.7 October 1983 tc June 1984

The plant was operated during this period using ferric sulphate at

the following doses:

1983-10-01 to 1983-11-06 48 mgl=l as Fe3+
1983-11-07 to 1983-12-06 39 =
1983-12-07 to 1983-12-11 3 "
1983-12-15 to 1983-12-19 17 =~
19683-12-20 to 1984-01-05 g1 » =

1984-01-06 to 1984-01-30 & = -




1984-0]1-3]
1984-02-08
1984-02-15
1984-02-23

1984-0C3-05

v v 7

Flocculation was aided throughout

LAl
o

[

&)

e
O

1984-02-07
1984-C2-14
1984-02-22
1984-03-04

1984-06-25

e ]

b =)

polyelectrolytes at the following doses:

1983-10-01
1983-11-07
1983=-11-27

1983-12-06

1984-03-07

Slucge was

Pericd

1983-10-01

1983-11-10

1983-12-15

1983-03-05

wastec and recycled at the following

1985-11-06
1983=-11-26
1983-12-05
1983-12-11
1984-03-06

1984-06-24

1963-11-09
1983-12-11
1984-03-04

19684-06-25

Magnafloc 156

Magnaf lcc L

"

127

Waste sludge

11% (v/v)

11%

11%

this period with various types of

0,5 mgl=i
0,7 *
0,3 "
1,8 "
1,8 mgl-l
0,5 "

Recycled sludge

Chlorine was cosed to breakpoint from 1983-10-01 to 1984-05-18 at

dcses

of between

5 mgl-! and 20 mgl-l.

Chlorination was

discontinued during May and June due to unacceptably high ammonia

concentrations

in the feegd water,

which resulted from incomplete

nitrification on the adjacent activated sludge treatment works.
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Samples were submitted throughout this period for bacteriological
enalysis. Fasecal coliform counts of 7,6 x 10° per 100 ml were
obtained on the pre-chlorination sample from the PST and these
counts were recuced to "2 on 69% of the post-chlorination samples

taken from the stabilisation tank.

Calcium hydroxide was dosed between 1983-11-25 and 1984-03-02 to
facilitate pH correction prior to breskpoint chlorination. The pH
value was maintained at about 7 by intermittent calcium hydroxide
doses of about 110 mgl=l. This dosing was terminaeted due to
precipitation of a mixture of calcium sulphate and calcium carbonate

in the chlorination tank.

Sang filtration was stopped from 1984-03-26 to facilitate the

construction of the new rapid gravity sand filters.

July 1984 to October 1984

The plant was operated during this period using aluminium sulphate
(alum) &s coagulant. The alum was obtained from the supplier in a
liquid state, diluted on site and dosed in the same manner as the
ferric solutions. Preblems were experienced with blockages
forming in the dosing pipe lines, pumps and ball valves due to en
accumulation of sediment. The low cepacity of the chemicel dosing
pumps prevented weaker alum solutions from being used. The ideal
set up of a gravity chemicel dosing system was not possible
with the existing system and it wes considered uneconomical to

effect the necessary changes purely for experimental purposes.
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Hesults cbtainec from jar tests indicated cptimum alum dosages ir

the rCer of 1§ mgl=! ang favourable plant esult were tained

atl douses ypwarcs f 5 magl~

Ihe follewing alum dosages were applied to the plant:

184-06-27 to 1984-07-18 6 mgl=* as AL+
184-07=19 to 1SB84&-NB-06& 10 . -
J84-10-0&4 to 1984-10-07 11 . .
84=10-08 to 1984-10-14 13 ' . .
1984-10~15 to 1586-10-20 16 . ' .

O
)
'
-

Magnafloc LT27 was used from 1984-07-12 with doses of 0,5 to 1,0

he plant was operatec up to and including the stabilisation tank,
and the following units were in operation: feed water pumping,
-hemical addition (alum, and flocculation, primary sedimentation,

break-point chleorination and the stabilisation tank.

Construction cn the new repid gravity sand filters continued

throughout this period.

The quality of the feed and stebilisation tank overflow was of a
high stancarc throughout this period and the average results are

indicated in Table A7.1l.




Table A7.]1 - Quality of feed water and stabilisation tank

A7.9

overflow during the alum trial run

Feed water Stebilisation

tank overflow

NH3=N mgl=-1 0,4 0,35
Cop-0 mgl=1 63 26
Suspended solids mgl=l 20 5
PO4-P mgl=1 Dol 0,7

November 1984 to February 1985

The plent was operated during this period with ferric sulphate

at the following doses:

1984=10-29 to 1985-01-09 14 mgl=l as Fel+
1985-01-10 to 1985-02-07 42 " ”
1985-02-08 to 1985-02-19 m * =
1985-02-19 to 1985-02-28 1w onoow

Magnafloc 156 was dosed throughout this period at 0,5 to 1,0

mgl=1.

Sand filtraticn was implemented on 1984-10-30 meking use of
the recently constructed rapid gravity sand filters.
Favourable filtrate turbidities of around 0,5 NTU were
obtained almest immediately. The activated carbon columns
were put back into operstion on 1985-02-14 and produced
encouraging results. The average results for this period are

presented in Table A7.2.




TABLE A7.2: Quality profile across the plant after the inclusion of the

rapid gravity sand filters.

Feea water Stabilisation Sanc filter Carbon

tank Columns

NHy-N mgl=l L, 0,3 0,5 0,2

CO0C-0 mgl=l 58 18 17 2

Suspended solics mgl=l 16 3 1,6 1

PO4~P mgl=l 5,6 ‘0,1 ‘0,1 ‘0,1l

Turbiaity NTU &,3 1,3 0,5 0,4
The following average faecal coliform results were obtained:
2,5 x 10% counts per 100 ml for the pre-chlorination sesple
from the PST anc "2 counts per 100 ml on 86% of the samples
examined for the post-chleorination sample from the
stabilisation tank.
The submission of samples to UCT for virological examination
recommenced during Jamuary 1985, A total of six samples of
sand filter effluent were submitted and in all cases no viruses
were 1solated.

7.10 March 1985 to June 1985

Use of ferric sulphate and Magnafloc LT27 continued as in the
previous period. The dose of ferric sulphate was maintained
at about 42 mgl-l whilst the following doses of LT27 were

appliec:

1985-03-01 to 1985-06-05 0,5 mgl=l




1965-06-06 to 1985-06-11 0,25 mgl=-1

1985-06-12 to 1985-06-30 0,12 mgl-l

Premature clogging of the sand filters and shorter filter
runs were overcome by implementing two changes. Firstly the
dose of Magnafloc LT27 was recduced from 0,5 to 0,12 mgl=! and
secondly the available heac to the filters was increased by

bypassing the stabilisation tank.
Ihe quelity equalisation pond was brought into operation
during April 1985 and its merits are discussed fully in

chapter eight.

Average faecal coliform results for this period sre indiceted

in Table A7.3.

TABLE A7.3: Average faecal coliform counts on pre and postchlorination

samples between March to June 1985.

Feecal coliforms per 100 ml

Feed water 4,7 x 10°
Primary sedimentation tank 1,5 x 108
Sand filter *1 (95% of Semples tested)
Carbon column "1 (91% of Semples tested)

One senc filter effluent sample was submitted for virological
examination during this period and no viruses were isolated.
As a result of the consistent negative virus isolation on

samples of the sand filter effluent during the period October




1985 to April 1985 virological studies were suspenced until

the intensive syrveillance programme hac commenced.

Average results showing the quality profile cof the water

through the plant are presented i1n Table A7.4

[ABLE A7.4: QGuality profile of the water through the plant

between March and June 1985.

Feed Stabilisation Sand Carbon

water tank filter columns
NH3-N mgl-d 0,5 0,5 0,3
LCD-D y &6 16 14 9
Suspendeg soligs mgl=4 22 b 1 *1
PCy-P mgl-l 5,6 , 096 0,063 0,049
Turbidity NTI 5,4 ,B 0,5 0,4
A7.11 July 1985 to December 1985

The plant was operated throughout this period using ferric
sulphate ancd Magnafloc LT27 at the following doses.

Ferric Sulphate:

1985-07-01 to 1985-09-04 42 mgl=! as Fe3+

1985-09-05 to 1985-12-31 18 " "oow

The sludge wastage and recycle flows remained constant at the

settings which had been successfully applied since June




1984, namely sbout 10% (v/v) and 5% (v/v) respectively.

Calcium hydroxide was added throughout this period to
facilitate pH correction prior to breakpoint chlorination.
The pH value was maintained between 6 and 6,5 and intermittent
calcium hydroxide doses in the region of 65 mgl-l were

required.

The calcium hydroxide equipment for the reclsimed water pH
ad justment was brought into cperation at the end of June 1985
and was used throughout this period. The pH value of the
reclaimed water was maintained between 8,5 and 9,5 by
intermittent calcium hydroxide cecses in the region of 135
mgl=l thus providing an alkalinity of about 33 mgl=l as

CalOy.
Final chlorination of the activated carbon column effluent
was introduced from July 1985. Chlorine doses into the

breskpoint tank anc reclaeimed water were as follows:

Breakpoint 4 mgl=l to 26 mgl=l

Reclaimed water 1,4 mgl=l to 22 mgl-l

Average faecal coliform results are presented in Teble A7.5.



TABLE A7.

5: Average Faecal coliform counts for the period July to

December 1985.

Faecal coliform counts per 100 ml
Feed water 1,3 x 10°

Sanc filter "1 (94% of samples tested,

Carbon column

.o

100% of samples tested)

Reclaimed water 1 (100% of samples tested)

During August the pilot carbon cclumns were taken out of
operation and refilled with a new charge of Norit Supra 0,8
ROW activated carbon. After commissioning, favourable COD
removal was cbtained. The length of operation of the previous
fFilling (Filtrasorb F300) was 5,6 months and 50100 m’ of

water (8350 bed volumes) was processec during this pericd.

The average results showing the quality profile through the

plant are presented in Table A7.6.

TABLE A7.6: Average results showing quality profile through the plant

for the period July to December 1985.

Feed Sand Activated Reclaimed
filter carbon water
columns

NH3-N mgl=l 1,0 0,8 0,3
cob-0 _ 49 16 10 8
Suspended solics mgl=4 13 "1 ! | 9
Oissolved Solics " 540 612 576
PO4-P mgl=l 4,5 0,068 0,064 0,040
ph 798 s|7 5.8 9.0
furbidgity NTU 3,8 0,5 0,3 3,7
IHM ugl=l 2,7 40 43 150
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The fish biosurveillance system was operatec until early
December 1585 when, due to an electrenic fault, the system
was shut down. Counts averaging 1 000 to 1 500 per h were
obtained throughout this period, reflecting a good quality

water which can be usec for potable purposes.

January to April 1986

During this periocd of operation the sequential process
configuration was: quality equalisation, feed water pumping,
cosgulant addition, flocculation, polyelectrolyte addition,
primary sedimentation, breakpoint chlorination, send
filtration, activated carbon treatment, final chlorination

and final celcium hydroxide stabilisation.

Ferric sulphate, Magnafloc L7127, calcium hydroxide and

chlerine were dosed throughout this period at the following

rates (Table A7.7).

TABLE A7.7:

Chemical type

Ferric Sulphate
Magnafloc - LT127
Lhleorine - breakpoint
Chleorine - final
Calcium hydroxide

- breakpoint
Calcium hydroxide

- final

Work continued throughout this period on the refurbishing and

installation of the ozone generator which was obtained from the WRC.

Chemical usage between January and April 1986.

Setting Dosage
Average

900 ml min -1 135 mgl=1
0,12 mgl-l

0,7 to &,3 kghr=1 8,9 mgl-!
5,2 to 46,6 mgsec=l 5,7 mgl-l

Range

Constant
Constant
4,2 to 25,4 mgl-l
1,5 to 13,3 mgl-l

pH - 5,8 to 6,3 not required

pH - 8,5 to 9,5 sbout 140 mgl=l Intermittent




Problems were experiencec 1n obtaining permission to operate the system

as valic certificates of manufacture or testing for the pressure

r

vessels were not avallable. ne pressure caused by the heag of water in

w

the contacting tower resulted In the maximum requirement for cptimum and
safe procuction of ozone t«

0 be exceeded. This resulted in the design

and manufacture of a venturi injector.

"
f

High ammcnia values in the feed water to the plant resulted in unusually

high cgoses ¢ chlorine being required in both the breakpoint and

gble A7.5 gives the average faecal coliform results which were obtained

on samples submitted to the LLL.

TABLE A7.8: Average faecal coliform results between January and
April 1986.

Faecal coliform counts per 100 ml

feec water 2,0 x 10°

Sand filter "1 (100% of samples tested)
Larbon column "1 (90% of samples tested)
Reclaimed water "1 (93% of samples tested)

Table A7.9 gives the overall plant performance with respect to removal

of various determinands between January and April 1986.
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TABLE A7.9: Overall plant performance between January and April 1986.

Ceterminands Units Feec Reclaimed Removal
water water %

NH3=\ mgl=l 0,8 0,2 75

NU3=N - 3,0 3,0 Nil

C0D-0 . 44 10 77

Suspended solids = 17 745 56

Cissolved solids = 496 511 -

Colour Hazen 72 g “93

PO4-P mgl=1 6,0 0,024 99,6

faecal coliforms No. per 100 m1 2,0 x 104 ) 99,99

THM ugl=l 2,8 248 =
The high THM results obtained during thie period end from July to
December 1985 was cause for concern. The use of chlorine to counteract
high ammonia values from the adjacent activeted sludge plent, compounds
the problem. Activated carbon is successful in removing the THM although
the saturation point of the carbon is low with respect to THM.
The intermediate chlorine dose was reduced to below the breakpoint
requirements end the residual concentration after the chlorination
tank was maintained at approximetely 0,2 mgl=l. This change wes
implemented from July 1986.

A7.13 May 1986 to January 1987

During this period the plant wes operated for the first time

incorporating the full configuretion, which sequentially wes as follows:




the activated sludge process, cquality equalisation pond, coagulant
addition, flocculation, polyelectrclyte addition, prirary sedimentation,
intermegiate chlorination, sand filtration, ozonaticn, activated carbon

agsorption, final chlorination and final calcium hydroxicde stabilisation.

Ferric sulphate and Macgnafloc LT27 were cosed at constant rates of 38
ngl=l anc 0,12 =gl=! respectively. Chlorine was dosed into both the
~hlorination tank and the reclaimed water and calcium hydroxide was

used tc stabilize the reclaimed water to a pH value of about 9.

The ozonation stage was incorporated into the configuration between the
sand filtration and activated carbon stages on 1987-07-284 and 30 mhr-1
of the ozone air mixture was dosed providing an effective dose of
approximately 0,9 mgl=i. The ozone generator produced approximately

5 g oczone per m’ of air and the ozonated water passed through a 17
min contact reactor tank before being pumped to the pilot carbon

columns.

[he pilot carbon columns were emptied and refilled with a8 new charge of
"Sorit Supra 0,8 ROW" activatec carbon during July. A total of 8950
becd volumes of water were treated until shut down during Januaery 1987.

(1 be¢ volume = 6m’ of water.)

Table A7.10 gives a breakcown of all the chemicals used as well as the

doses which were recorced.
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TABLE A7.10: Chemical usage between May 1986 anc Januery 1987.

Dose
Chemical Setting Average Range
Ferric sulphate 900 ml min=l 135 mgl=1 Constant
Magnafloc L127 0,12 mgl-! -
Chlorine intermediate 0,1 to 3,9 kgn-l 5,2 mgl=l 0,6 to 23,4 mgl-l
Chlorine final 2,4 to 87 mt_.)sec‘l 4,1 ngl'1 0,7 to 25,1 mql'l
Celcium hyodroxide final pH B,5 tc 9,5 56 mgl=-l Intermittent
Ozone 30 m3 h=l 0,9 mgl=l  Constent

Slucge was wasted at 10% (v/v) and recycled at 5% (v/v) throughout this

period.

Once again the fluctuation in the ammonia concentration of the plent
feec water of between 0,1 and 9,4 mgl=l N from the adjacent activeted
slucge plaent was ceuse for concern and resulted in the final effluent
from the activeted sludge works being diverted from the quality

equalisation pond on occasions.

The average results as presented in Table A7.11 for feecal coliforms,
indicate the performance of the disinfection stages. Problems were
experienced with the pre-sand filtration chlorinator during July,
October and December as is indicated by the reduction in the percentage
of samples in which “1 count per 100 ml was detected on the sand filter .
sample. The quality equalisation pond sample hes been added to indicate

the effect the pond has on reducing the faecal coliform count.




Faecal coliform

results between May anc December

Process water counts per 100 =i

Quality equallisation pond inlet 1,6 x 10°

Feed water 4,3 x 107

Sand filter "1 (B4&% of samples tested)

Carbon column 1 (92% of samples tested)

Reclaimed water ‘1l (96% of samples tested)

Table A7.12 gives the overall plant performance with respect to removal

of selected ceterminancs between May anc December 1986.

TABLE A7.12: Overall plant performance of selected determinancs

between May and December |986.

Determinand Unit Feec water Reclaimed water Removal %
NH3=N mgl=1 0,84 0,19 77,4
N 3=N " 3,4 2,4 29,4
Coo-0 . &3 5,8 86,5
Suspended solics ' 14 8,5 39,3
Cissolved solics . 541 549 -
Colour Hazen 68 - 92
POg-P mgl=1 4,01 0,026 99,4
Faecal coliforms No. per 100 ml &,3 x 10° 3 | “99,98
MM (total ugl=i 3,3 48 -




In accordance with the contract agreement between the CCC and WRC, an
intensive surveillance programme was initieted from 1986-09-29 enc ran
for eleven consecutive weeks. An in depth look at this surveillance
programme 8s well as the presentation of the results is covered in

getail in Chapter 9.

The plent was shut down during January 1987 after the successful

completion of 5 years of operation.
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