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EXECUTIVE SUMMARY

By far the highest priority for further research on the treatment of coloured water in
South Africa was found to be the need for characterisation and removal of unwanted
organic compounds in these waters. Little information is available on the true character
and properties of the local coloured waters, and more specifically of its high variability
in locality and time (spatial and temporal), as well as the many complexes that it forms
with other substances, notably metals. There is also a lack of knowledge on the effect
of treatment processes, and in particular coagulation, on the removal of the different
constituents of the coloured water. There was, therefore, a need for a more
fundamental characterisation of natural organic matter (NOM) in South African coloured
waters and classifying the coloured surface water sources, and to use this for
establishing the treatability of the different classes of coloured water.

Considerable work on the characterisation of organic matter in coloured waters has
been done overseas, notably in the UK (Water Research Centre (Wrc); Severn Trent
Water), USA (AWWA Research Foundation), Australia (Australian Water Quality
Centre, CSIRO and Monash University) and Norway (Norwegian Institute of Water
Research). These included land use (catchment) studies, colour and organic matter
characterisation, bench-scale treatability studies and continuous flow studies. A study
at the University of Cape Town has, however, shown that South African coloured
waters have considerably higher colour levels than in these countries, and that
especially in standing waters (such as dams and lakelets), the colour intensity is very
high by international standards. The results of the NOM characterisation performed
overseas can hence not be applied directly to local waters to assess its treatibility by
existing processes or new processes that are being developed.

A project was therefore undertaken to characterise the natural organic matter in South
African coloured surface waters and to develop operational coagulation diagrams for
the removal of the organic matter, in order to improve the effectiveness and cost-
efficiency of treatment of these coloured waters,

EXECUTIVE SUMMARY



The aims of the project were as follows:

. Establishment of a coloured water characterisation and classification approach
which is relevant and practical for use by water suppliers and design engineers
in South Africa (i.e. development of characterisation methods and
establishment of appropriate control parameters)

. Characterisation of the natural organic matter according to the adopted
approach in each of the major sources (rivers, dams or lakelets) of natural
coloured water in the country

. Classification of coloured waters into main types based on the characterisation
results
. Performance of extensive bench-scale coagulation tests using fermc and

aluminium salts, to determine the extent of removal of natural organic material
and to develop operational coagulation diagrams for the main types of raw
coloured waters in South Africa

. Application of characterisation data and coagulation diagrams to assess
treatability of each of the main coloured water types

. Drawing up a manual on the treatment of South African coloured surface
waters

The overall conclusions of this study are that, for the waters of the study area:

. Differences between the waters, apart from turbidity, lie in the amount rather
than the nature of the organic content, which appears to be very similar in all
the supplies. This finding has resulted in considerable simplification of the

whole subject.

. Most of the organic matter has a high UV absorbance, indicating a high
aromatic content.

. DOC, UV absorbance, COD and, less accurately, colour can all be used to

estimate the amount of humic materials present in the water. Of these, UV
measurement is recommended as being the most precise, rapid and
convenient.
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Much of the organic matter can be removed by the most commonly used
process of coagulation with aluminium or iron salts. There is residual organic
content after this treatment, the amount of which, 1.5 to 5§ mg/l DOC, is
unrelated to that present in the raw water. The percentage residual is therefore
generally higher in the low colour waters.

The amount of disinfection by-products, mainly trihalomethanes, formed when
the water is chlorinated is a function of both the concentration of organic matter
and the chlorine dose. Generation of the maximum amount requires about 3 mg
chlorine per mg of DOC. Measurement of DOC or, more simply, UV
absorbance thus provides a good estimate of the potential for formation of
disinfectant by-products and is an excellent tool for optimising and monitoring
treatment processes.

To minimise the formation of disinfectant by-products, treatment should aim at
reducing UV absorbance to as low a level as possible.

The required dose of coagulant is proportional to the amount of organic matter
present and can be estimated from one of the measures of organic content.
The preferred determinand is UV absorbance because of simplicity and rapidity
of measurement, provided a UV/VIS spectrophotometer is available, and
because it most accurately determines the removable humic fraction.

A safe reliable dose for iron salts is: mg/l Fe = 30 x UV300/cm.
For aluminium an equivalent (equimolar) factor applies.
If filtered water UV254 is low, a lower dose can be considered.

Optimum coagulation pH values are 4.6 for ferric salts and 5.6 to 5.8 for
aluminium sulphate. If settled water turbidity is very high, a higher pH should
be tried.

Ferric chloride is the best coagulant for removal of humic materials, particularly
with those waters having a high residual UV254 value. If the UV254 in the
filtered water is low, the difference between coagulants is not very great.
Aluminium sulphate gives the lowest settled water turbidity. Note that residual
UV254 for a given source often varies throughout the year.
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The propensity of floc particles to stick together (sticking factor), one of the
factors govemning the rate of floc formation, is much the same for all the waters
used for the project.

A second floc formation factor related to water quality is floc volume. If, as
mentioned above, a dose proportional to organic content is used, then the floc
formation rate will be proportional to the coagulant dose. Floc thus forms more
slowly in a light coloured water than in a dark one.

Based on the findings of this study, the following recommendations are made for further
research on characterization and treatment of South African coloured surface waters:

Investigate the occurrence of metals (iron, manganese and aluminium) in
colour removal treatment plants, and draw up guidelines for removal and
control of the metals, both at the treatment plant and in the distribution system.

Perform desk studies on how alternative non-chemical treatment technologies
can be used either together with chemical treatment or on its own to improve
the quality of the final water, and be able to do this in a sustainable and
affordable manner.

Investigate the beneficial use of chemical sludges from colour removal
treatment plants (research on management and use of water works sludges
generally is cumrently being carried out by the University of Natal in
Pietermaritzburg).

EXECUTIVE SUMMARY
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PRODUCTS OF THE PROJECT

The project led to the undertaking of a PhD research project in the Department
of Civil Engineering of the University of Cape Town by Mr Thebe Thebe, under
the mentorship of Professor R E Loewenthal. The title of the thesis is:

“Characterisation and Coagulation of Natural Organic Matter from South African
Coloured Surface Waters"

A manual is currently being drawn up on treatment of South African coloured

surface waters using amongst other the results and findings of this project. The

intention is that the manual will be used by design engineers, planners and water

utilities as:

- a diagnostic tool for evaluating and improving/optimising existing
coagulation and separation processes

- a decision making tool to assist with the selection of the most appropriate
treatment processes in the design of new treatment plants

- a working guide for plant operating personnel to efficiently control their
coagulation process on a continuous basis with the coagulation diagrams
and coagulation control measures.

The manual will also assist researchers and engineers in developing new
processes, technologies and treatment strategies for removal of natural colour
from South African raw surface waters.

A paper on the project work was presented at the Water Institute of Southem
Africa (WISA) Biennial Conference that was held at Sun City during May 2000.
The title of the paper was “Characterisation of Natural Organic Matter in South
African Coloured Surface Waters" by T Thebe, C D Swartz, | R Morrison, W J
Engelbrecht, R E Loewenthal and P Kriger.

The data on characterisation of the organic matter in the South African coloured
surface waters will be held at the University of Cape Town, and the data on the
chemical coagulation beaker tests will be held with Chris Swartz Eng in Mossel
Bay.
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CHAPTER 1

INTRODUCTION

1.1 NEED FOR CHARACTERISATION OF ORGANIC MATTER IN
SOUTH AFRICAN COLOURED SURFACE WATERS

As a result of a perceived need for information and guidance on treatment of
organically coloured surface waters for potable use in the southemn coastal
zones of South Africa, a project was carried out by CSIR Environmentek to
identify any problems or potential problems that are experienced with the
treatment of coloured water. This project, which was funded by the Water
Research Commission, aimed at drawing up practical guidelines for designers
and operating personnel to address the causes of the potential problems with
the treatment of local coloured waters.

While the project had achieved its aim of providing practical and useful
guidelines to especially plant operating personnel, the extent of the project did
not allow any in-depth investigation of the chemical treatability of the South
African coloured waters by coagulation/flocculation. At the last Steering
Committee Meeting of this project, the Steering Committee indicated that it was
necessary to undertake further research on the treatability of the various types
of coloured waters that are encountered in the country, with specific emphasis
on characterisation of the organic matter in these waters and assessing its
removal by chemical coagulation (Swartz and de Villiers, 1998).

To transfer the results of the guidelines project to the end user, a
seminar/workshop (jointly organised by the Water Research Commission
(WRC), Water Institute of Southem Africa (WISA) and CSIR) was held in
Mossel Bay in October 1996 to obtain inputs from all institutions/persons
involved in the treatment of coloured water (design engineers; water suppliers;
operating personnel; researchers; chemical and equipment suppliers) before
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finalizing the guidelines document for distribution. During the workshop, at
which most of the role players in the treatment of coloured water in South Africa
were present, the WRC also facilitated a session to identify research needs in
the treatment of coloured waters, and to prioritise these research needs as far
as possible (Workshop on Treatment of Coloured Water for Potable Use,
Mossel Bay, 1996).

By far the highest priority for further research was found to be the need for
characterisation and removal of unwanted organic compounds in coloured
waters. Little information is available on the true character and properties of the
local coloured waters, and more specifically of its high variability in locality and
time (spatial and temporal), as well as the many complexes that it forms with
other substances, notably metals. There is also a lack of knowledge on the
effect of treatment processes, and in particular coagulation, on the removal of
the different constituents of the coloured water. The investigation of existing
treatment practices to draw up the guidelines document only entailed once-off
basic determination of raw water quality at the plants that were visited, and did
not allow any detailed characterisation of the natural organic matter or its
spatial or seasonal variation. Treatability studies were also limited to standard
beaker tests for determining or confirming optimum coagulant dosages and pH
for colur removal and minimising metal residuals in the final water. There was,
therefore, a need for a more fundamental characterisation of natural organic
matter in South African coloured waters and classifying the coloured surface
walter sources, and to use this for establishing the treatability of the different
classes of coloured water.

Considerable work on the characterisation of organic matter in coloured waters
has been done overseas, notably in the UK (Water Research Centre (Wrc);
Severn Trent WaterWRc Environment Reports, (1987)), USA (AWWA
Research Foundation), (Owen, D.M. et a/, (1995), Australia (Australian Water
Quality Centre, CSIRO and Monash University(Newcombe, G. et a/, (1996)
and Norway (Norwegian Institute of Water Research). These included land use
(catchment) studies, colour and organic matter characterisation, bench-scale
treatability studies and continuous flow studies. A study at the University of
Cape Town has, however, shown that South African coloured waters have
considerably higher colour levels than in these countries, and that especially
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in standing waters (such as dams and small lakes), the colour intensity is very
high by international standards (Gardener, 1988). The results of the NOM
characterisation performed overseas can hence not be applied directly to local
waters to assess its treatability by existing processes or new processes that are

being developed.

A number of local universities and institutions are currently performing, or have
recently completed, research projects on the application and/or development
of new treatment processes for colour removal (Van der Walt and Pearson,
1996; Juby and Botha, 1994; Jacobs et al, 1996; Cloete et al, 1996;
Loewenthal, 1997). The results of a characterisation and classification study will
also be of value to these research groups in determining process applicability
and treatment strategies, and further process development.

RESEARCH OBJECTIVE

The overall objective of the project was to characterise the natural organic
matter in South African coloured surface waters and to develop operational
coagulation diagrams for the removal of the organic matter, in order to improve
the effectiveness and cost-efficiency of treatment of these coloured waters.

RESEARCH AIMS
The aims of the research programme were as follows:

a. Establishment of a coloured water characterisation and classification
approach which is relevant and practical for use by water suppliers and
design engineers in South Africa (i.e. development of characterisation
methods and establishment of appropriate control parameters)

b. Characterisation of the natural organic matter according to the adopted
approach in each of the major sources (rivers, dams or lakelets) of natural
coloured water in the country
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Classification of coloured waters into main types based on the
characterisation results

Performance of extensive bench-scale coagulation tests using ferric and
aluminium salts, to determine the extent of removal of natural organic

material and to develop operational coagulation diagrams for the main
types of raw coloured waters in South Africa

Application of characterisation data and coagulation diagrams to assess
treatability of each of the main coloured water types

Drawing up a manual on the treatment of South African coloured surface
waters

CHAPTER 1

INTRODUCTION AND OBJECTIVES
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CHAPTER 2

LITERATURE REVIEW

NATURE AND OCCURRENCE OF ORGANIC MATTER IN
WATER SOURCES

Surface waters containing natural organic matter (NOM) occur in various parts
of the world such as many upland sources in Britain, some parts of the United
States, Norway and South Africa.

Natural organic matter is a complex matrix of organic material, derived from
soil, peat bogs, sediments and plants decay (Gjessing (1976), Owen et al
(1995) and Kransner et al (1996)). It can be divided into two fractions,
particulate matter - plant debris, micro-organisms, clay particles - and dissolved
organic matter. The latter in tum has been divided into humic and non-humic
substances.

Humic substances, largely aromatic in nature, comprise humic and fulvic acids
while non-humic substances include proteins, carbohydrates and others. In
most terrestrial waters dissolved organic matter constitutes most of the NOM.

CHARACTERISATION OF ORGANIC MATTER IN SURFACE
WATERS

Prior to the 1970s, most studies focussed on the removal of colour from
drinking water (Behrman et al/ 1931, Black et al 1961, Black et a/ 1963, Black
and Christman 1963, Packham 1964 and Hall et a/ 1965). Since then other
problems associated with NOM have been identified (Jacangelo et al 1995),
notably it's involvement as a precursor in the formation of disinfection by-
products, believed to be a potential health hazard. Consequently, considerable
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research efforts have recently been exerted globally in characterising and
removing NOM from potable water.

Recently, Korshin and co-workers (1998) have shown that the reduction in UV
absorbance that occurs when water containing natural organic matter is
chiorinated, correlates directly with total organic halogen, TOX, over a wide
range of conditions and can thus be used as an inexpensive means of
estimating TOX and as a measure of an important characteristic of the water.

WORK ON CHARACTERISATION OF ORGANIC MATTER IN
SOUTH AFRICA

Although the removal of colour from the waters of the south westemn areas near
Cape Town, by means of coagulation with aluminium sulphate and sodium
aluminate, has been practised for the past seventy years and a considerable
amount of work done on understanding the process, there has been no
comprehensive investigation of the characteristics of NOM across the entire
area. A workshop of those concemed with the subject, organised on behalf of
the WRC, WISA and the CSIR, consequently identified a need for further
research, particularly in relation to the formation of disinfection by-products
(Workshop on Treatment of Coloured Water for Potable Use, Mossel Bay,
1996). The work reported here was therefore undertaken with these aims in
mind.
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CHAPTER 3

OCCURRENCE AND DISTRIBUTION OF
COLOURED WATERS IN SOUTH AFRICA

3.1 OCCURRENCE OF COLOURED SURFACE WATERS

In South Africa, surface waters all along the Southern Cape coastal belt
between Cape Town and Port Elizabeth (Figure 3.1) contain natural organic
matter, sometimes in very high concentrations (Swartz and de Villiers, (1998)).
Most of the mountain catchments in this coastal belt are sandstone and remote
from industrial activities.

A
Cape Tow Port Elizebetn
\5. Y ——
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LAND-USE AND CATCHMENT DATA

Data held by the Department of Water Affairs and Forestry on water quality in
natural watercourses, rivers and dams, does not include any information of
organic material in the water or quality parameters that provide a measure of
the level of organic substances (such as UV absorbance, colour or TOC/DOC).
It was thus not possible to establish from this data source the distribution of
natural coloured water in the country.

Itis, however, known and documented that coloured water occurs mainly in the
southern coastal zones in the country, stretching from Port Elizabeth in the
east to Cape Town in the west. It is found on the southern slopes of the
mountain ranges in this area, and is associated with fynbos vegetation and
pale-coloured (nutrient-poor) soils.

Discussions with the University of Cape Town (UCT) Freshwater Research
institute revealed that the only other significant sources of coloured water in
the country are the swampy areas around Lake Nsese in Northern Natal, but
that these are an isolated case and relatively small in extent.

CHAPTER 3 OCCURRENCE AND DISTRIBUTION
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CHAPTER 4

CHARACTERISATION

CHARACTERISATION AND CLASSIFICATION APPROACH

Because of it's complex nature, detailed identification of all the components of
natural organic matter in water is highly expensive, and perhaps not yet
completely possible. It was therefore decided to apply a number of standard
analytical methods, each measuring some aspect of organic content, to raw
waters from the entire area. The effectiveness of the coagulation process,
widely used and of low cost, for removal of organic matter, was also assessed
by the same methods.

The following parameters, discussed in more detail below, were therefore
selected for examination: dissolved organic carbon (DOC), chemical oxygen
demand (COD), ultra-violet light absorbance at 254 nm (UV254) and 300 nm
(UV300), colour, turbidity and bromide. As measures of disinfection by-product
formation: trihalomethane formation potential THMFP) and differential ultra-
violet light absorbance at 272 nm (DUV272), before and after chlorination,
were used. Additionally, various other routine measurements such as pH,
conductivity, calcium, magnesium, etc, were made.

DOC gives the carbon content of organic matter, while COD is a measure of
the amount of oxygen required for its oxidation. The latter figure includes a
requirement for the oxidation of hydrogen, sulphur and some other elements
but is reduced by the amount of oxygen already present in the organic matter.
Therefore the correlation between these two parameters is, to some extent, an
indication of degree of similarity of composition.

The COD determination is widely carried out in connection with wastewater
treatment and provides an possible alternative measure of DOC content for
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smaller institutions which cannot afford the capital cost of DOC analyzers,
provided the correlation between the two values is reasonably constant and
known. Black and Christman (1963), Gjessing (1976) and De Haan et al (1982)
made some attempts in this regard. Loewenthal et al (1997) have recently
described a Gran titration procedure for the determination of COD at low levels.

The absorption of light by coloured waters is far higher at ultra-violet
wavelengths than in the visible region, and is caused by aromatic compounds
and other organic substances containing conjugated double bonds. Itincreases
with decrease in wavelength, with no obvious peaks. Provided a
spectrophotometer is available, it is a rapid and sensitive determination, and
has been used for the past 30 years as a measure of the required dose of
metal coagulants and the effectiveness of removal of humic materials from the
raw waters of the Westemn Cape. Edzwald et a/ (1985) have shown that UV254
correlates well with DOC in some American waters. The ratio of UV254 to
DOC, referred to as specific UV absorbance (SUVA), (Krasner et al 1995, Li
et al 1998, and Vrijenhoek et a/ 1998 and Childress et a/ 1999), is thus a
measure of aromatic content.

In the present study, UV absorbance measurements were carmried out at 254
nm, because this has become the wavelength most reported in the literature,
and at 300 nm because this allows comparison with a considerable amount of
earlier work done on coloured waters in the Westem Cape. Additionally, the
ratio of the absorbances at the two wavelengths provides a measure of the
similarity of organic content.

Chlorination of water although necessary for disinfection purposes also results
in the formation, by reaction between chlorine and the organic matter in the
water, of an assortment of compounds containing chlorine and other halogen
atoms. Trihalomethanes (THM, ie chioroform, bromoform and other related
compounds) are amongst the most commonly found such compounds. The
total of all organically bound halogens is termed TOX.

There are concems about the health effects of these compounds and limits of
between 10 and 200 »g/ have been placed on THM's by various countries, but
the full effects of the many halogenated compounds involved are not known.

CHAPTER 4 CHARACTERISATION
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Minimisation of TOX formation is therefore to be aimed at in water treatment.
The amount of TOX formed depends, amongst other things, on the
concentration of chlorine added and on the amount and nature of the organic
matter present. Some quantification of the latter, as THM formation potential
(THMFP) therefore forms part of the characterisation procedure.

Recently, a differential UV absorbance method (DU272) has been introduced
as a measure of the formation of chlorination by-products. The essence of this
procedure is that a reduction in UV absorbance occurs when a water is
chlorinated, and this has been shown (Korshin et al, 1997) to be proportional
to the TOX produced. Instead of measuring the product, one is measuring the
disappearance of the precursor. As the humic acid precursor, in the present
case, is not notably volatile or unstable and, as the measurement is a simple
one, given a suitable spectrophotometer, reproducible results can be expected.

Part of the characterisation procedure is the estimation of the amount and
nature of the organic matter left after treatment by the traditional process of
coagulation with ferric iron, carried out under near-optimum conditions. As
further removal of this residual organic matter would require the use of other,
probably more expensive, processes, the identification of those water sources
where this might be justified is a useful exercise.

SELECTION OF SOURCEWATERS FOR CHARACTERISATION

Ten sources of coloured water were chosen for the study, representative of the
full range of NOM levels, and spread as evenly as possible over the area from
Cape Town to Port Elizabeth, with some bias towards high population density.
Westemn Cape supplies were however under-represented because these had
been better studied in the past.

The location of the coloured water sources where the samples were taken for
this project are shown in Figure 4.1, and described in Table 4.1, which also
provides information on the quality of the raw water.
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Figure 4.1 LOCATION OF SAMPLING POINTS

Legend to sampling locations (abbreviations in parentheses are those used in Chapter 7):

ST - Simons Town (ST) TD - Tuinroete Dam (George) (George)
_ ] 100 /0 Kosemny
x
Cape Town Port Elizabeth

SW - Swellendam (Swell) SF - Sedgefield (Sedg)
DH - Duivenhoks River (Heidelberg) (Duiv) KR - Knysna River (Knysna) (Kny)
KB - Klein Brakrivier (KB) PB - Plettenberg Bay (Plett)

SH - Sandhoogte (SH) PE - Churchill Dam (Port Elizabeth) (P.E.)
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Table 41 WATER SOURCES CHOSEN FOR THE STUDY

(T Ep oo

43 SAMPLING OF BULK WATER SAMPLES AND ANALYTICAL
SCHEDULE

Four sets of samples were taken from the selected raw water sources. Each
sampling round covered all the sample points over a three week period, in
order to spread the load on the laboratories while minimising the need for
storage before analysis.
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Starting dates for the sampling rounds were
1. 15 November 1998
2. 23 March 1999

3. 28 September 1999
4. 19 April 2000 (4 sources only)

Three or four samples, at a time, were delivered to the University of Cape
Town's Department of Civil Engineering (UCT) on Mondays, mostly within a
day of sampling.

Measurement of pH, UV300 and UV254 (on membrane filtered samples) was
done on the afternoon of receipt. On the following day aliquots were flocculated
with analytical grade ferric sulphate, at a dose of 45 mg/l Fe times the UV300
absorbance and a pH of 4.8. pH adjustment was by means of a solution of
analytical grade sodium hydroxide. After slow stirring, for 30 minutes, followed
by 30 minutes of settlement, the water was filtered through pre-washed 0.45
wm membrane filters.

Measurement of DOC, required for calculating the required chlorine dose, was
completed between Tuesday moming and Wednesday evening and was
repeated later in the week.

Delivery to the University of Stellenbosch, Department of Physical Chemistry,
was effected on Thursday mornings, where duplicate aliquots of raw(membrane
filtered) and treated waters were immediately dosed with chlorine followed by
analysis for THM's, 7 days later.

Other analyses were carried out as convenient, within this schedule. All
analyses except turbidity were carried out on membrane filtered samples of the
raw and treated waters.

Round 4 samples were not subjected to all tests but were used for the
comparison of ferric sulphate and ferric chloride coagulants in respect of effect
on TMH formation potential and differential UV absorbance.
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4.7-
ANALYTICAL METHODS

DOC: Measurement of DOC was carried out in duplicate at the UCT Civil
Engineering Department using an SGE Anatoc carbon analyser. The
performance of the instrument was first optimised by continuously recording the
output during runs and tracking down and minimising the sources of error
revealed by plots of these values. These included leaking septa, short and
variable integration times and baseline drift. The standard deviation for the
mean of duplicate determinations on treated samples was about 0.22 mg/l and
for raw samples the relative standard deviation was about 8%.

UV Absorbance: Measurements were made by UCT by means of a Unicam
8625 UVNVIS spectrophotometer fitted with a 10 mm cell.

COD: Measurements were made by UCT, using a Gran titration method
(Loewenthal et al, 1997).

Bromine, calcium, magnesium and aluminium: Analyses were carried out
by the UCT Geochemistry Department using a Perkin-Elmer ICP/MS
instrument. Good recoveries of bromide were obtained for samples of distilled
water and of water of high humic content which had been spiked with

Manganese and iron: Measurements were made by the UCT Chemistry
Department using an Jobin ICP/FE spectrophotometer - standard deviations
were 0.001 and 0.006 mg/l respectively.

THMs and THM Formation Potential: These were determined at the
University of Stellenbosch (US) Physical Chemistry Department by chiorination
under controlled conditions followed by destruction of excess chlorine by
means of addition of ascorbic acid, solid phase micro-extraction(SPME) and
determination of the extracted THMs on a Fisons gas chromatograph with
MD800 quadrapole mass spectrometer as detector. Dichloro-methane was
added before the extraction step, as an internal standard. A considerable
amount of work was done in setting up this fairly complex procedure.
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Various conditions for the SPME stage were tested and adjusted so as to give
linear calibration curves for all four THMs over a wide concentration range.
Use of added salt to give increased sensitivity was tested and abandoned
because of implementation difficulties. It was shown that the high
concentrations of humic materials expected in samples did not interfere in the

It was confirmed that a chlorine dose of 3 times the DOC gave a maximum in
THM concentration. A pH value of 9.2 was adopted for the chlorination stage,
being a little above that likely to be used for many of the treated waters in the
study area. A seven day contact period was chosen as being near the
maximum residence time likely in water distribution systems.

During the first two sampling rounds, the standard deviation for chloroform
(mean of two determinations) near the blank level was about 20 ug/l and at
higher concentrations was about 13% of the concentration. For
dichloromonobromomethane the corresponding figures were about 5 ug/l and
14%.

The protocol finally adopted for the determination is given in Appendix A.

During the third sampling round, considerable trouble was experienced with the
GC/MS instrument and results were rejected as being unreliable.

For the fourth sampling round a capillary GC with an FID detector, and an
isothermal program, was employed. Sensitivity was less than with the GC/MS
instrument, but was adequate for chloroform and dichloromonobromomethane.
The remaining two compounds are normally present in non-significant amounts
insofar as the objectives of the fourth round experiments are concerned.

Differential UV absorbance: The method was generally as described by
Korsin (1997) and Li (1998). Chlorine was added as a standardised solution
of sodium hypochlorite (BDH AnalaR) to samples, buffered at pH 9.2 with
sodium tetraborate (Merck), contained in brown glass-stoppered bottles; except
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where otherwise indicated the dosing rate was 3.2 times the DOC value. The
bottles were stored in the dark at 20 °C in a constant temperature room. At the
end of the reaction period, residual chlorine was quenched by means of sodium
sulphite (Saarchem) and the absorbance at 272 nm measured as above. A
further portion of the water, treated in the same manner except that no chlorine
was added, was used as the comparison sample. Absorbance values were
corrected for volume changes and the difference between un-chlorinated and
chlorinated portions calculated. More detail is given in Appendix B.

Turbidity: Measured on a Orbeco-Helige turbidimeter.

Colour: Determined on a Lovibond comparator.
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CHAPTER 5

OPTIMISATION OF THE COAGULATION TREATMENT

5.1

5.2

FOR CHARACTERISATION PURPOSES

OBJECTIVE

This part of the work was intended to allow the selection of a near-optimum set
of conditions, of application to all the test waters, for the removal of NOM by
flocculation with metal salts. The residual organic fraction could then be
classified as non-removable, by this treatment. This limited requirement does
not include maximum reduction in turbidity, other than to ensure that it is not so
high as to interfere with the main aim. Conditions required for routine treatment
are dealt with in Chapter 7.

PRELIMINARY EXPERIMENTS

It was known, from experience gained by the Scientific Services Branch of the
Cape Town City Engineer's Department in the treatment of coloured waters,
that the UV absorbance of raw water is a good measure of the required dose
of coagulant, and that the absorbance of the treated water is an indication of
the residual organic matter. Ferric salts were also known to give a greater
degree of removal than those of aluminum, because they permit the use of a
lower coagulation pH, down to about pH 4.3.

Figures 5.1a and 5.1b, which summarise examples of past experience with
ferric sulphate, show settled water turbidity and UV absorbance at 300 nm in
1 cm cells (UV300), plotted against the coagulant dose expressed as the ratio:
Fe/UV300. It can be seen that a dosing ratio of 30 gives reliable results for
both UV300 and turbidity. For the characterisation exercise a preliminary choice
was made of an overdose with ratio 45 mg Fe/f / UV300 at a pH of 4.5.
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Preliminary tests were then carried out on one dark water (Sandhoogte) and a
light-coloured water (Swellendam), using ferric chloride and ferric sulphate, to
establish that these conditions would be suitable for all waters.

Experiments with Sandhoogte water and ferric chloride confirmed that a pH of
4.5 gave the lowest possible UV300 in the filtered water.

However, when the same conditions were used on a sample of Swellendam
water (low UV300) it was found that the settled water turbidity increased to
quite high values at high doses (Figure 5.1c). At even more extreme doses all
floc disappeared and the water had a clear yellow-brown colour, which
appeared to be very finely divided floc as it could be filtered out on a 0.45
micron membrane filter to give a low UV300 filtrate.

However, filtration under these conditions became a lengthy operation and
further work showed that, by using ferric sulphate at a slightly higher pH, a low
turbidity could be obtained with both waters (Figure 5.1d). The final conditions
chosen were pH 4.8, a reasonable compromise for all waters, with a dose ratio
of 45 mg Fe / ¢/ UV300.

Because high coagulant doses were to be used, sodium hydroxide reagent was
considered more suitable for pH adjustment than calcium hydroxide, as it could
be prepared in more concentrated solution form, thereby minimising volume
changes. Comparison with lime showed that the difference, for UV254 in the
treated water, was less than 0.003 cm™, lime giving the lower result.

PROTOCOL FOR COAGULATION FOR CHARACTERISATION

Raw water aliquots of 2 ¢ were treated with analytical grade ferric sulphate, at
a dose of 45 mg/t Fe times the UV300 absorbance and a pHof 4.8. pH
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FIGURE 5.1
OPTIMISATION OF COAGULATION FOR CHARACTERISATION
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adjustment was by means of a solution of analytical grade sodium hydroxide.
After slow stirring, for 30 minutes, followed by 30 minutes of settlement, the
water was filtered through 0.45 um membrane filters for analysis.
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CHAPTER 6

RESULTS OF CHARACTERISATION OF
RAW AND TREATED WATERS

Detailed analytical values are tabulated in Appendix C, plotted in Figures 6.1 t0 6.7,
and further discussed below.

6.1

UV ABSORBANCE AND DOC

Figures 6.1a and 6.2a show UV254 and UV300 to be highly correlated, for both
raw and treated waters (r* 0.998 and r* 0.73 respectively, slopes 0.631 and
0.493). The equations for the lines allow either wavelength be used
interchangeably. Similarly, UV272 for raw waters was also closely related to
UV254 (r 0.997, slope 0.934).

The UV254 remaining after treatment, in contrast (Figure 6.1e), correlates
poorly with that in the raw water (r* 0.25), showing that residual material after
treament, ie fulvic acids and other soluble compounds, is not necessarily
related to the amount of organic matter in the raw water. This is in agreement
with previous experience. For example the UV absorbance of the raw water
from Steenbras dam gradually declines during the summer while the residual
absorbance of the treated water rises, presumably a result of the effect of
sunlight on the organic matter.

Raw water UV254 was also well correlated with DOC (r* 0.979), as shown in
Figure 6.1b. The best fit line extrapolates to a DOC value of about 1.5 mg/t for
zero absorbance, representing non-absorbing substances.
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There are two ways of calculating specific UV absorbance, from these figures.
Firstly, dividing UV254 by DOC for each water gives values ranging from 4.4
to 6.8 #/mg-m, and secondly, calculation of the slope of the best fit line in
Figure 6.1b gives a value of 7.0 ¢/mg-m. The differences between these two
estimates largely arise from the 1.5 mg/t residual DOC at zero absorbance.
When the raw water DOC is low this has a much larger influence on the ratio
than with high-DOC waters.

Hence, the slope of the regression line can be considered to give the specific
absorbance of the humic acid portion of the organic matter present, which
appears to be about the same in all the waters tested, while the individual
ratios for each water differ from 7.0 to the extent that non-aromatic substances

are also present.

For the treated waters, the regression line slope was 2.8 (r* 0.42), while the
individual ratios were in the range 0.8 to 3.7.

Edzwald et al (1585) list ratios of 3.9 to 4.6 for some American, Norwegian and
Dutch raw waters, which however had rather lower DOC values than those in
the present study. The figures given for American treated waters were between
26 and 3.1.

Consistent with other studies (Kranser and Amy 1995; Vrijinhoek ef a/ 1998 and
Childress ef al 1999), these figures show much more complete reduction in
UV254 than DOC, because of the relative ease of removing humic acids
compared to fulvic acids and other more soluble compounds. The high dose of
coagulant used in this study means that the residual DOC of the treated water
can be taken to provide an estimate of the non-removable DOC present in the
raw water.

6.2 DOCANDCOD

Raw water COD and DOC are also well correlated (* 0.985) as shown in
Figure 6.1c, with a slope of 3.07 mol O per mol C.
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FIGURE 6.1

CORRELATIONS BETWEEN MEASURES OF ORGANIC MATTER
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There is more scatter visible in treated water plot (Figure 6.2c), partly because
of the different scale used and partly because, in contrast to most
determinations, the precision of COD measurements at low concentrations is
about the same as at high levels, because a back titration is employed.

COLOUR

As expected, colour in the raw waters was also related to DOC (Figure 6.1d).
The plot reveals one of the limitations of colour in this kind of work, namely that
it is only when the DOC is above about 5 mg/t that colour becomes visible.

TURBIDITY

The turbidity of raw water samples varied between 0.5 and 44 NTU. The
coagulation conditions used were not always suitable for producing settled
water with the lowest possible turbidity .

BROMIDE

Bromide in water is oxidised by disinfectants such as chlorine and ozone, to
bromine, which in turn reacts with organic matter to produce brominated
disinfection by-products (DBP) (Crozes et al 1995). The concentration of
bromide in the raw water has an influence on the relative proportions of DBP's
produced and on the reaction rates.

Bromine was determined in the raw and treated waters by an ICP/MS method
and the concentrations found therefore represent total bromine, though it is
likely that the major portion was in the form of bromide. As the coagulation
treatment brought about a reduction of about 30 .g/t in all samples (Figure
6.4a), a small amount may have been organically bound.
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FIGURE 6.2

CORRELATIONS BETWEEN MEASURES OF ORGANIC MATTER
TREATED WATER
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A marked correlation between bromine and magnesium was noted (Figure
6.4b), with a Br/Mg ratio of 0.050. The corresponding ratio in sea water is also
0.050 and as these supplies originate within 30 km or less of the coastline it is
reasonable to assume a marine origin for most of the bromine. As a first
approximation and in the absence of direct determination, this relationship can
be used to estimate the bromine content of raw waters in the coastal zone
studied.

THM FORMATION POTENTIAL

Preliminary work on one sample of raw water showed that, up to the point at
which the chlorine dose was sufficient to give a residual (3 x DOC), the THM
concentration was approximately proportional to chlorine dose (Figure 6.3d).

Figures 6.3a to 6.3c show that total THM was fairly well correlated with the
measures of organic matter, although there was more scatter than in Figure
6.1, because of the greater variability of the THM values.

There is one complete outlier in the raw water total THM values, namely that
for the second raw water sample from Sandhoogte, which had a much lower
concentration than expected. As the measures of organic matter agree well
with each other, the THM value must be considered to be suspect although
there were no obvious indications of analytical problems in this case.

The treated water THM's appear to lie on more or less the same line as those
for the raw waters when correlated with DOC (Figure 6.3b). Seemingly the
fulvic acids and other more soluble materials remaining after the treatment
react to about the same extent with chlorine as the more easily removed humic
acids.

Figure 6.4c indicates that essentially all the bromide in the raw and treated

water was incorporated in the THM's. The average molar percentages of the
various THM's, for all the Round 1 and 2 waters were:
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FIGURE 6.3

CORRELATIONS RELATED TO THM FORMATION
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FIGURE 6.4

CORRELATIONS RELATED TO THM FORMATION
EFFECT OF EROMIDE IN WATER BEING CHLORINATED
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Table 6.1 RELATIVE PROPORTIONS OF THM COMPOUNDS

The higher percentage of the brominated compounds in the treated water is a
consequence of the fact that while their combined concentration is about equal
in raw and treated waters, it is being expressed as a percentage of a lower total
THM.

The average percentage of the applied chlorine dose incorporated into the
THM's, over all the Round 1 and 2 samples was: Raw water 12% Treated
Water 10%. In these calculations all the THM's were converted to an
equivalent mass of chlorine.

DIFFERENTIAL UV ABSORBANCE
6.71 Effect of Chlorine Dose:

The effect, on DUV272, of varying the Chlorine/DOC ratio, was determined for
several raw (Figure 6.5a) and treated waters (Figure 6.5b) from the second
sample round, for a 1 day reaction time at pH 9.2.

For ratios of 0 to 2 the differential UV absorbance was nearly proportional to
the dose, higher doses having a much smaller incremental effect. The ratio of
3.2 chosen for the final tests on the waters from the third sampling round, can
be seen to provide an adequate dose to achieve near maximum DBP
formation.
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6.7.2 Reaction Time

Figure 6.6a shows the increase in DUV272 with reaction time (log scale), for
a raw water with DOC of 41 mg/t (pH 9.2, total time, 7 days). Figure 6.6b gives
the corresponding relationship for the same water after treatment (DOC 4.1

mg/tl).

The slopes of the two lines are 0.34 and 0.015, respectively. When expressed
as a fraction of the original UV272, these figures become 0.15 and 0.20
respectively, in reasonable agreement in view of the fact that the DUV254
values for the treated water are close to the limit of detection of the method. If
the raw water figure is taken to be the more accurate of the two, an
approximate expression for calculating the differential absorbance for this
water, as a function of time, is:

DUV272 = UV272 (0.30 + 0.15log(t)) wheretis in hours
For a time of 168 hours, 1 week, this reduces to:
DUV272 = 0.63 x UV272

The constants in this equation are based on a single experiment carried out
one raw water and too much weight should not be placed on them. Use of a
log time scale to obtain a straight line fit obscures the fact that nearly half the
7-day DUV272 occurs in the first day and 70% in two days.

6.7.3 Relationship Between DUV272 and DOC and UV272:

Figures 6.7d and 6.7f show the differential UV absorbance of the ten raw and
ten treated waters from sample round 3, plotted against DOC (reaction time 7
days, pH 9.2, temperature 20 °C). There is a high degree of correlation for
both sets of water. The best-fit line for treated waters has a lower slope than
that for raw waters, 0.011 as against 0.036, and the raw water line cuts the
DOC axis at 2.5 mgh.
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FIGURE 6.5
DIFFERENTIAL ABSORBANCE AFTER CHLORINATION
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FIGURE 6.6

DIFFERENTIAL ABSORBANCE AFTER CHLORINATION
EFFECT OF REACTION TIME
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The corresponding plots for the relationship between DUV272 and UV272 are
given by Figures 6.7c and 6.7e In this case the treated water values lie nearly
on the same line as those for the raw waters, having a slope of 0.43 as against
0.55. Although more extensive work might show this difference to be
significant, to a first approximation a single equation could be use to relate the
two variables.

DUV272 = 0.55 x UV272 - 0.02

The slope of this line, 0.55 can be compared with that obtained in the reaction
time experiment discussed above, namely 0.63 for a 7 day period. Further
determinations on the effect of reaction time would be required to improve the
agreement.

6.7.4 DUV272 and TOX

The factor connecting TOX formation to DUV272 is reported by Korsin et al to
be about 10000 ug/t TOX/cm, for a number of American and French waters,
over a wide range of pH values, reaction times and chlorine doses.

Assuming that this factor is valid for the waters of the present study one obtains
TOX values with a range of 910 to 8700 for the raw waters and 70 to 310 for
the treated waters. These are estimates of the formation potential of the water
ie they were obtained by the use of high chlorine doses, a high pH and a long
reaction time. Under normal water treatment conditions, lower values can be
expected.

These TOX estimates, when expressed as a percentage of the applied chlorine
dose, averaged over all the samples, give the following values: Raw water
10%, Treated water 2%. For the THM determinations, as noted above, the
corresponding values were 12 and 10%.
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FIGURE 6.7
DIFFERENTIAL ABSORBANCE AFTER CHLORINATION
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It may be that the DUV272 method underestimates TOX formation in these
treated waters as it assumes that the only precursor is UV-absorbing humic
materials. Although this is probably a valid assumption in the case of the raw
waters it may no longer be true when most of the humic materials have been
removed by the treatment, as other soluble substances then form a greater
proportion of the remaining DOC, and some of these may also be THM

precursors.

COMPARISON OF FERRIC SULPHATE AND FERRIC CHLORIDE
FOR REMOVAL OF DBP

In the course of the preliminary work, there were indications that there might
be differences between ferric sulphate and ferric chloride in respect of the
degree of removal of organic matter. Samples were therefore taken from four
of the sources, Port Elizabeth, Sandhoogte, Duivenshok and Swellendam
(Round 4), for comparison of the effect of the treatments on the two disinfection
byproduct indicators.

Table 6.2, below, shows the results. In general, ferric chloride gives lower
values for UV254, DOC, THMFP and DUV272.

These differential UV results are plotted against DOC in Figure 6.7f, along with
the Round 3 values, and are consistent with the latter, except for the
Swellendam ferric sulphate treatment result which appears as an outlier. The
anomalous results for this sample should perhaps be ignored as it is not at all
clear where the problem lies - the THMFP value is consistent with the DOC but
both are higher than the UV272 would indicate, suggesting some source of
organic matter that does not absorb at ultra-violet wavelengths. However, this
effect is not evident when the same water was treated with ferric chloride.

A more comprehensive comparison of treatment chemicals, at various pH
values and doses, is given in Chapter 7 of this report, although determination
of disinfection by-products was not attempted.

CHAPTER 6 RESULTS OF CHARACTERISATION
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TABLE 6.2 COMPARISON OF TREATMENTS
(Round 4 samples, pH 4.8, Fe dose 45 x UV300, 10 mm cells)

MANGANESE AND IRON

There was little or no relationship between any two of iron, manganese and
DOC in the raw waters.

The treatment process brought about an increase in manganese concentration
in nearly every case. As the increase was proportional to the ferric sulphate
dose, the manganese must have been present in the analytical grade ferric
sulphate used.

Although of no consequence in the present project, it serves as reminder that
treatment with ferric iron solutions is likely to give rise to manganese problems
even when the raw water manganese content is low. The appropriate remedy
is to increase the pH before filtration, in order to precipitate the manganese as
MnO,. Effective removal of ferrous iron by filtration also has a similar
requirement.

CHAPTER 6 RESULTS OF CHARACTERISATION
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CHAPTER 7

COAGULATION STUDIES AND
COAGULATION DIAGRAMS

1 AIMS OF APPROACH TO THE COAGULATION DIAGRAMS
Beakers tests were done on each of the ten selected raw water sources to draw
up coagulation diagrams for each source. The aims of the coagulation
diagrams are to determine the treatability of each of the selected raw waters
with coagulation, under different treatment conditions, and to indicate the
effective reduction areas for the control parameters, with specific attention also
to the leveis of metal residuals in the treated water.

The coagulation diagrams contain the following information:
e Chemical treatability of the raw waters, as measured by
] UV absorbance at 254 nm
- turbidity
- residual metal concentration

e  Optimum treatment conditions for each of the water sources, in terms of
type of coagulant, coagulant dosage and pH

For each of the raw waters tested, it is possible to establish from the
coagulation diagrams the extent to which coagulation can cost-effectively

CHAPTER 7 COAGULATION STUDIES AND COAGULATION DIAGRAMS
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- remove natural organic matter

- reduce the production of undesirable disinfection by-products

EXPERIMENTAL PROTOCOL FOR COAGULATION BEAKER
TESTS

7.21 Raw water sources

Bulk raw water samples were collected one at a time from the ten selected
sources and extensive beaker tests carried out at the laboratory in Mossel Bay.
These raw water samples were collected over the period October 1999 to
January 2001 and were not the same samples taken earlier for the
characterization studies reported on in Chapter 4.

Tl Chemicals used

Analytical grade ferric chloride, ferric sulphate and aluminium sulphate were
used as coagulants in the beaker tests. Analytical grade lime was used for pH
adjustment.

723 Apparatus

Phipps and Bird 6 beaker flocculation stirrer

Magnetic stirrer

Multipipette

Filtration equipment with vacuum pump

HACH DR 4000 UVNVIS Spectrophotometer

HACH Turbidimeter 2100A

Schott Handylab pH meter with Orion glass and reference electrodes

© ~pQapop
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724 Beaker test procedures

1 litre circular glass beakers were used for performing the beaker tests.

b. The glass beakers were filled with sample up to the 800 m¢ mark. The
beaker was placed on the magnetic stirrer and the pH probe inserted into
the beaker. Rapid mixing was induced at about 300 rpm (to form a well
defined vortex).

c. The coagulant was added first at the predetermined coagulant dose, and
thereafter gradually the lime until the target pH was reached (in about 1
to 2,5 minutes).

d. Stirring at high speed was continued for another 30 seconds on the
magnetic stirrer, after which the beaker was removed and placed under
the Phipps and Bird flocculation stirrer (lamp was switched off during the
experiments).

e. Slow mixing at 20 rpm was induced for 20 minutes on the flocculation
stirrer. At the end of the flocculation period, the beaker was removed from
the stirrer and allowed to settle for 30 minutes.

f. Using plastic syringes (50 - 100 m¢) supernatant was withdrawn just
below the surface of the water in the beaker. A total of 500 m¢ of sample
was withdrawn to give a representative sample of the supernatant and to
be consistent.

g. The pH and turbidity of the unfiltered supematant sample were
determined.

h. The remainder of the sample was filtered through a 0.45 um membrane
filter and the following done on the filtrate:

-  determine the UV254 of the sample

-  selected samples were preserved by acidification to 0.1 M with nitric
acid, and submitted to the CMC Scientific Services for determination
of iron, manganese and aluminium (using a Varian ICP-OCS).

i.  During the performance of beaker tests on the third of the ten samples,

it was decided that for the analysis of residual metals, the pH of the

unfiltered supernatant sample would be raised to 7.5 by the addition of
lime, before filtration through the membrane filter. This was done in order
to simulate plant conditions where the pH is often raised before the sand

filters to precipitate iron.

CHAPTER 7 COAGULATION STUDIES AND COAGULATION DIAGRAMS
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Preliminary investigative tests

Beaker tests were firstly done on two raw waters, one dark (Sandhoogte) and
one light (Swellendam), to compare coagulants and alkalis, and to determine
treatment ranges for coagulant dosage and pH. The experimental protocol for
subsequent detailed tests on all 10 raw water sources was established after
processing and interpreting of the results of the preliminary investigative tests.

Coagulant doses were adjusted to be in fixed ratios to the UV300 values of the
raw waters. Equimolar amounts of ferric iron and aluminium were used.

7.26

Experimental protocol
Optimisati ¢ lation pH

For ferric chloride and ferric sulphate, tests were done at the following pH
values:
42 46 50 54 58 62

For aluminium sulphate, a higher range of pH values were used, as
follows:
46 5.0 54 58 62 66

Optimisation of tant d

The following dosages (in mg/t Fe), based on the UV300 absorbance of
the raw water, were used for ferric chloride and ferric sulphate:

UV300 x 10
UV300 x 13
UV300 x 17
UV300 x 23
UV300 x 30
UV300 x 40

CHAPTER 7
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For alum, the dosages (in mg/t Al(SO,), 12H,0) (containing the same
molar concentrations of aluminium as in the case of the ferric salts) were
as follows:

UVv300x10x5
UV300x13 x5
UV300x 17 x5
UV300x23x5
UV300x30x5
UV300x40 x5

RESULTS
731 Coagulation diagrams

The coagulation diagrams, drawn up for each of the 10 raw water sources from
the results of the coagulation beaker tests, are given in Appendix D. Analytical
results appear in Appendix E, and include residual metal concentrations after
coagulation, settlement and filtration.

732 Coagulation pH

Figures 7.1 to 7.6 show the effect, for all the waters, of coagulation pH on
filtered water UV254 and settled water turbidity, at ferric iron doses of 23 and
30 mg Fe/t/UV300 respectively and the equivalent aluminium sulphate doses.

For both iron salts, filtered water UV254 usually decreased as the pH was
reduced, in line with expectations. The minimum was either at pH 4.2/4.6,
except for Knysna raw water where it was in the range 4.6/5.0.

The minimum turbidity for most of the waters was also in the range pH 4.2/4 6
with the exception of Knysna, Puivenshok and Port Elizabeth waters where the
turbidity tended to rise slightly with decrease in pH and the minimum was
usually in the pH range 5.0/6.2
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FIGURE 7.1

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH COAGULANT DOSE OF UV300 x 30
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FIGURE 7.2

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH COAGULANT DOSE OF UV300 x 30
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FIGURE 7.3

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH COAGULANT DOSE OF UV300 x 30
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FIGURE 7.4

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH COAGULANT DOSE OF UV300 x 23

Ferric Chloride
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FIGURE 7.5

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH COAGULANT DOSE OF UV300 x 23

Ferric Sulphate
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FIGURE 7.6

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH COAGULANT DOSE OF UV300 x 23
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For aluminium sulphate, the absorbance minimum was at pH 5.4 except in the
case of Simons Town where it was at pH 5.0. The turbidity minimum ranged
from 5.0 to 6.6, but the turbidity was generally much lower and less variable
than with iron salts.

733 Coagulant Dose

The effect of ferric iron dose, at pH 4.6 and 5.0, is shown in Figures 7.7, 7.8,
7.10and 7.11.

With ferric chloride, for concentrations above 20 mg Fe/t/UV300, UV254
declined gradually with increase in dose in much the same fashion for all
waters, at both pH values. The main difference between samples was the
amount of residual UV254, which varied quite considerably. The rate of decline
with dose was roughly proportional to UV254 itself. Sedgefield raw water had
the highest residual UV254. Dose increases with Port Elizabeth raw water had
a small effect, pH 4.6 gave the lowest values.

The curves for settled turbidity, at doses greater than 20 mg Fe/t/UV300 were
roughly parallel to each other for all waters except Knysna and Duivenhoks,
which increased with dose; these two waters had low UV254 values and the
use of a higher pH obviated this problem. Port Elizabeth water was fairly
turbid.

At concentrations of less than 20 mg Fe/t/UV300, there was often no floc and
the differences between the waters were much greater.

With ferric sulphate the situation was similar, but both UV254 and turbidity
were higher in all cases. Kleinbrak water had no floc at a dose of 20 mg
Fe/t/UV300.

Aluminium sulphate gave similar results but UV254 was substantially higher
than with the ferric coagulants; pH 5.8 gave better removals than pH 6.2. In
contrast, settled water turbidity was much lower than with iron.

CHAPTER 7 COAGULATION STUDIES AND COAGULATION DIAGRAMS
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FIGURE 7.7

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH FERRIC CHLORIDE AT pH 4.6
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FIGURE 7.8

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH FERRIC SULPHATE AT pH 4.6
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FIGURE 7.9

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH ALUMINIUM SULPHATE AT pH 5.8
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FIGURE 7.10

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH FERRIC CHLORIDE AT pH 5.0
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FIGURE 7.11

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH FERRIC SULPHATE AT pH 5.0
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FIGURE 7.12

COAGULATION CURVES FOR 10 WATER SOURCES
TREATED WITH ALUMINIUM SULPHATE AT pH 6.2
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734 Residual Metals

A thorough investigation of the removal of aluminium, iron and manganese has
not been attempted in this project, although a subset of settled waters were
filtered and analysed. In most cases, the pH was raised to 7.5 before filtration.
Detailed results are given in Appendix D.

The solubility of aluminium is at a minimum at about 6.2, and increases very
rapidly as the pH is reduced below about 5.3 or 5.4. The aluminium residuals
measured in the filtered water were in agreement with these figures. With an
aluminium sulphate coagulant, the mean aluminium concentrations at pH 5.0,
5.8 and 6.6 were 1.4, 0.25 and 0.51 mg/t respectively. A coagulation pH of 5.0
is thus not suitable for use with aluminium sulphate.

With the iron coagulants, mean aluminium residuals at pH 4.2, 46 and 5.0
were 0.17, 0.09 and 0.06 respectively, being limited by the aluminium available
in the raw water.

Ferric hydroxide solubility is very low above about pH 4.2, With the ferric
coagulants, iron residuals, much the same for both coagulants, were 0.28, 0.14
and 0.11 at pH 4.2, 4.6 and 5.0 respectively. This is more than the expected
solubility of ferric hydroxide, probably due to the presence of some ferrous iron
in the raw water.

With aluminium sulphate, where the main source of iron was the raw water, the
average residual was 0.04 mg/t, about the same at all three pH values.

Manganese present as soluble Mn** is not expected to be removed by the
flocculation process but organically bound manganese may be. Manganese
residuals obtained with ferric chloride and aluminium sulphate were much the
same for both and represent the contribution of the raw water.

Six of the waters contained 0.01 mg/t Mn or less. Sedgefield, Duivenhoks and
Knysna waters contained about 0.02 mg/t, while George had about 0.045 mg/t,
enough to give dirty water problems. Ferric sulphate generally gave higher
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results than for the other two coagulants, probably because of manganese in
the reagent solution.

These manganese values were lower than those found in the raw waters during
the characterisation phase of the project, suggesting that a large portion was
usually removable, a conclusion that requires confirmation.
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CHAPTER 8

FLOC FORMATION RATES

INTRODUCTION

This section summarises the most relevant features of some additional work
done by T Thebe in connection with a PhD thesis in Civil Engineering at UCT.
While not an official part of the present project, this work is described with his
permission. It was camied out on the samples obtained for the project and
illustrates one aspect of the character of the water, namely the rates at which
floc formation and break-up take place.

THEORY

Three main mechanisms are considered to play a part in the build-up of floc
after the initial formation of very small insoluble particies by the reaction of iron
and aluminium salts with hydroxide and humic materials. This build-up is a
consequence of the tendency of destabilised particles to stick together when
they come into contact with each other. Initially Brownian movement is the main
source of contacts but, as the particle size increases, turbulent currents caused
by stirring take over and, finally, differential settling of large particles comes to
have the major effect. Of these, gentle stirming of the water after the addition of
coagulants is the process generally used to promote floc formation at water
treatment plants.

Mathematical modelling of the aggregation process, first attempted by
Smoluchowsky (1917) and since extended by others, is based on estimation
of the contact opportunity for particles, for given energy inputs, stirrer geometry,
floc volume and floc ‘sticking factor’ (the fraction of contacts that result in
aggregation). Also included in more recent equations are attempts to allow for
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n/ ny is the fraction of initial turbidity remaining after stirring and
settlement.

Ka is the aggregation coefficient.

Kb is the breakup coefficient.

G is the root mean square velocity gradient, a measure of the turbulent

m is the breakup rate exponent, usually 2, but other values have been
used.

t is the stirring time in seconds.

In the original equations n represented the number of primary particles in the
water. In this work, turbidity has been used as an approximate measure of this
quantity.

The second term of Equation 8.1 gives a measure of the turbidity remaining as
it declines exponentially with increase in stirring time, while the first term sets
a lower limit to that decline, after extended stiming, at a level where floc
formation and breakup are in dynamic equilibrium..

EXPERIMENTAL

The work discussed in the present report was focussed on estimating the
constants Ka and Kb, for the waters of the study.

Batch flocculation experiments were cammied out on each water at a number of
stirring rates, for varying times and the turbidity of the settled water measured.
These values were then fitted to Equation 8.1 for batch flocculation, at first
visually using Excel, and then by means of a computer program which
minimised the root mean square deviation of the experimental values from the
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the simultaneous break-up of floc caused by stirring. Although bedevilled by the
fact that accurate mathematical description of turbulence is one of the
unresolved problems of physics, the approximate equations so far derived do
seem to account for many of the observed aspects of the flocculation process.

The relevant differential equation, containing terms for floc formation and break-
up rates, as detailed by Argaman and Kaufman (1970), and Parker, Kaufman
and Jenkins (1972), can be integrated in several ways, depending on the
process configuration used. The following two equations are for plug flow/batch
reactors and completely-mixed flow-through (CST) reactors respectively, and
have here been expressed in a form which allows them to be applied
successively to a number of reactors in series, each with a different stirring
intensity and residence time.

Batch and Plug Flow reactors
ﬂ-QGml.(l-e'mH:ﬂc'm 8.1
n, Ka ng
CST Reactors

. om  +n, KbG™.:
Mo 2 8.2

ny ny(1+ Ka.G.a)

where

ngy is the turbidity of the flocculated water after coagulant addition and
initial rapid mixing, with no settiement allowed.

nj-| is the turbidity (after settlement) of water leaving reactor j - 1 and
entering reactor /

n; is the turbidity (after settlement) of water leaving reactor /
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theoretical line. Ka mostly influences the slope of the downward part of the
curve and Kb the near constant turbidity after long stirring.

A total of 60 experiments were camied out. Half of these were conducted at
three different G values, 30, 20 and 15 s, on each of the ten waters. The
remainder were done with Simonstown, Sandhoogte and Port Elizabeth waters
and included two each at G values of 50 and 100 s”'. Some of the latter tests
were camied out on diluted samples. Ferric chioride was used for all tests -
except for two with ferric sulphate - at a dosing rate of 30 mg/t Fe per UV300
and pH 4.8. Figures 8.1 to 8.6 show the results obtained.

It was possible to fit the calculated curve to the experimental points remarkably
well in most cases, considering that turbidity is not an exact measure of the
number of primary particles, depending, as it does, on particle size and colour
as well as number. The root mean square deviations ranged from 0.01 to 4.8%,
with a median of 0.6%.

The results for nine experiments were excluded from further consideration for
the following reasons:

1. Port Elizabeth water had a combination of high turbidity and low colour.
The coagulant dose used was therefore low and floc formation slow. Even
at the maximum stirring time of 30 minutes the turbidity was still high (2.4
to 4.9 NTU) and not yet reached constancy and it was therefore not
possible to derive an accurate value for Kb, which is very much affected
by the equilibrium turbidity. Furthermore, the low pH used was not really
suitable for the flocculation of suspended matter such as clay. It was
therefore considered that this water was not really representative of a
brown water in respect of floc formation rate.

2. Two experiments with Plettenberg Bay water were also rejected because
of non- equilibrium at the end of the experiment. Other experiments with
this water were satisfactory.
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3. The turbidity of the Klein Brak samples was very high, 21 and 44 NTU,
possibly because of sampling problems. Some of the suspended matter
was flocculant, and may have consisted of accumulated pipe deposits.

8.4 FLOC FORMATION RATE COEFFICIENT, Ka

The coefficient Ka is the product of the floc volume, the sticking factor and a
constant, dependent on the geometry of the containing vessel and the stirrer.
The first two of these are of greatest interest in this report as they are relate to
the composition of the water and the chemistry of the treatment.

In the present experiments, the floc volume can be taken to be proportional to
coagulant dose because the coagulant and the organic matter, which are the
main contributors to the floc volume, were kept in fixed ratio to each other (30
mg/t Fe per UV300). A graph of Ka against Dose (mg Fe/l) should therefore
give a straight line with deviations from the line being influenced by differences
between the waters in respect of sticking factor.

The plot in Figure 8.7, suggests that the assumption of a straight line
relationship is a valid one. The best fit straight line, forced to pass through the
origin, has a slope of 0.232 x 10 s™ per mg/t Fe. Whether the deviations from
the line are due to differences between the waters or to experimental variability
is less clear and is further considered below.

Firstly, Table 8.1 shows that Ka/Dose is not significantly affected by variations
in G, at least in the range tested.

Secondly, other sources of variability in Ka/Dose were explored. The
experiments were conducted in batches, each on one water sample at two or
three G values. A single value for n,, the initial turbidity, was used for the batch.
Potential sources of variability can therefore be considered to be: within-batch,
between-batch-within-sample-source, and between-sample-source.
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Table 8.1 EFFECT OF GON Ka

Table 8.2 shows some statistics for Ka/Dose which allow estimation of the
magnitude of these effects. If there is a significant between-batch effect the
standard deviation for Group 2 should be significantly higher than that for
Group 1. This can be tested by calculating the variance ratio and comparing
it with the expected values as listed in statistical tables. Similarly, the presence
of a between-sample-source effect can be evaluated by comparing Group 3
with Group2.

Table 8.2 shows that two main sources of variability are within-batch and
between-batch, and that between-sample-source effects are insignificant
compared with the other two. This does not mean that there were no
differences between sample sources in respect of Ka/Dose, merely that they
were too small to be estimated in the presence of the other sources of
variability.

The main source of the between batch effect is probably the n, determination.
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Data Groups Used for Calculation
of Standard Deviation

1. Within-batch, pooled for all batches

Yy

Table 8.2 VARIABILITY IN Ka/Dose

2. Within-water-source, pooled for all

The present work therefore suggests that, at least for preliminary design work,
a single Ka/Dose value can be used for all the waters of the study area,
provided that the sample turbidity is not high relative to the organic content.
Although more extensive investigation might reveal some differences between
water sources, they are not likely to be large.

BREAKUP COEFFICIENT, Kb

In contrast to Ka, it was found that the best-fit values for Kb were not
independent of G. Higher G values gave rise to significantly lower estimates
of Kb ie the equation was over-compensating for the effect of G on floc break-
up. The effect of m, the exponent of G in the break-up part of Equation 8.1 was
therefore examined. Initially this had been set to a value of 2, which is that
usually reported for clay-bearing waters.

The best-fit Ka and Kb were recalculated for m values between 1.2and 2.0in
steps of 0.1. Ka was found to be essentially unaltered by the changes in m
but, as can be predicted by inspection of the Equation 8.1, Kb increased as m
was reduced, by different amounts for each G value.
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Two statistical tests were used in the selection of the most suitable value for
m:

1. The pooled within-batch relative standard deviation (%RSD) of all the Kb
values. This can be expected to be at a minimum if G has no effect but,
as there are more sources of variability in Kb than G, this statistic is not
very sensitive to changes in m.

2. The, non-parametric, sign test. For this test, in each batch, Kb for the
lowest G was compared with that for the highest G, and the number of
increases and decreases were counted. If G has no effect, the increases
and decreases can be expected to be equal. As the total number of
batches was 19, the expected number will be 9.5 each. Table 8.3 shows
the results obtained.

Table 8.3 SELECTION OF m

Kb

Number of Increases
in Kb with higher G
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Taking both tests into account, a value of 1.4 for m was chosen as being the
most suitable for the brown waters of this study and was used in all other
calculations.

As with Ka/Dose, the possibility that different water sources have different Kb
values was explored. The following %RSD values were obtained:

Table 8.4. VARIABILITY IN Kb

Data Groups Used for Calculation
of Standard Deviation

1. Within-batch, pooled for all

2. Within-water-source, pooled for

The only significant effect is the between-batch-same-supply variability, the
main component of which is probably, as previously, n,,

The %RSD for Kb is higher than for Ka/Dose, perhaps not surprising as the
calculated values for Kb are dependent on Ka and on one or two low turbidity
readings at the end of a run, whereas Ka is mainly derived from several higher
turbidity readings which will be less affected by constant errors in turbidity
measurements.
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CONCLUSIONS

Equations 8.1 and 8.2 can be used to model the turbidity of the settled
water after flocculation if a value of 1.4 is used for m, the break-up rate

exponent.

The aggregation and breakup rate coefficients, Ka/Dose and Kb (0.232
x 10* per mg/l Fe dose and 13.0 x 10* s, respectively), are much the
same for all waters of the study area with the possible exception of those
which contain a large amount of suspended matter relative to the organic
content, such as Port Elizabeth. If suitable flocculation conditions are
used for the latter, the above constants might apply there too.

This means that the floc formation rate will be dependent mainly on the
amount of humic materials in the water, provided that a suitable pH is
used and that the coagulant dose is proportional to the organic content.
Floc in a dark-coloured water can thus be expected to form more rapidly
than in a light-coloured one. It should be noted that what is important here
is the rate of incorporation of the very small particles into larger flocs of
settleable size, and not necessarily the growth of the latter to a very large
size.
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FIGURE 8.1

FLOCCULATION RATE
RATE MODELLING

Points are experimental. Lines are calculated
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FIGURE 8.2
FLOCCULATION RATE
RATE MODELLING
Points are experimental. Lines are calculated
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FIGURE 8.3
FLOCCULATION RATE
RATE MODELLING
Points are experimental. Lines are calculated
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FIGURE 8.4

FLOCCULATION RATE
EXAMPLES OF RATE MODELLING

Points are experimental. Lines are calculated
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FIGURE 8.5

FLOCCULATION RATE
RATE MODELLING - HIGH G

Points are experimental. Lines are calculated
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FIGURE 8.6
FLOCCULATION RATE
RATE MODELLING
Points are experimental. Lines are calculated
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FIGURE 8.7
FLOC FORMATION RATE

DEPENDENCE OF Ka ON DOSE
60 Determinations on 24 water samples from 10 sources
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CHAPTER 9

DISCUSSION OF RESULTS

CHARACTERISATION OF ORGANIC MATTER

The natural organic content of many of the waters of the Southem Cape
coastal region would seem to be amongst the highest in the world and, judging
by UV absorbance, a large proportion of that organic matter, particularly in the
darker waters, is aromatic humic material.

That the DOC, UV254, UV272, UV300 and COD values for all the supplies
studied are highly comrelated, suggests a large degree of similarity in this
organic material. The greatest differences found were in the amount present.

A substantial amount, but not all, of the organic matter can be removed by
coagulation with ferric salts at low pH. The remaining portion has a lower
specific UV absorbance than that in the raw water, implying a smaller residual
aromatic content. There is also evidence, based on the correlations with DOC
and DUV272, of the presence of non-removable compounds with a low
aromatic content. The proportion of this non-removable material is likely to
some extent to be seasonal and site specific, but a more detailed examination
of this issue has not been carried out.

MEASUREMENT OR PREDICTION OF DISINFECTION BY-
PRODUCT FORMATION POTENTIAL

It must be bome in mind that the conditions chosen for chlorination were
intended to show the effect of the organic content of the water ie the THM
formation potential. The chlorine doses used were therefore well in excess of
those applied in normal water treatment, in order to satisfy the chlorine demand
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of the water and give a residual free chlorine content after 7 days. For treated
waters, they were in the range 5.5 to 14 mg/l Cl and for raw waters 10 to 125
mg/l Cl. The pH chosen for the chiorination stage, 9.2, favours the formation
of THMs relative to other chlorinated organic compounds.

The raw waters proved to have a large THM formation potential, which was
highly correlated with DOC, UV absorbance and COD. When these waters are
chlorinated, the amount of THM's generated is likely to be limited only by the
chlorine dose employed, up to a limit of 3 mg chiorine per mg DOC.

The formation potential was much reduced by coagulation with iron salts. The
correlation with DOC and UV absorbance was still present but whereas the
slope of line linking THMFP to DOC was about the same as with the raw water,
that for THMFP and UV254 was much greater in the treated than the raw water.
It would seem that organic matter with a lower aromatic content made a larger
contribution to THM formation.

Measurement of differential UV absorbance has proved to be useful as an
alternative method of estimating the potential for formation of disinfection by-
products and for investigating the controlling factors. It is a much simpler and
possibly more precise procedure than direct measurement of halogenated

compounds.

For the waters of the study, DUV272 has proved to be highly correlated with
both DOC and UV272 absorbance - UV254 or UV300 can also be used in the
correlation as all are closely related to each other. The regression line
intercepts the DOC axis at a concentration of 2.5 mg/l.

Verification of the applicability of Korsin's factor, linking DUV272 to TOX, to the
waters of this study has not been attempted but there is some indication, from
estimates of the percentage of applied chlorine that is incorporated in the
chlorinated organic matter, that a higher factor should be used for treated water
than with raw water. This is similar to the finding for THMFP.
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COAGULATION STUDIES AND COAGULATION DIAGRAMS

It should be noted that only one sample of each water was tested in this study.
Some of these waters were significantly different in composition to those used
for the characterisation study, and the results should not be taken as
representing the character of any given source at all times.

It is fairly clear that the use of a coagulant dose proportional to the UV
absorbance is a valuable tool for obtaining a consistent treated water quality,
in spite of large changes humic acid content.

With the possible exception of Port Elizabeth water, in all cases and for all three
coagulants, dosage factors of at least 23 mg/t Fe/ UV300 (or the equivalent
amount of aluminium salt) gave a settleable floc and a large degree of removal
of organic matter, when used at the optimum pH. What differed from water to
water was the residual organic content and the settled water turbidity.

Dosage factors of 30 and 40 mg/t Fe/ UV300 (or the equivalent amount of
aluminium salt) always gave lower residual UV254 values than a factor of 23,
the improvement between 23 and 30, in particular, was significant.

The final choice of factor will depend on a number of things. With a water of
low residual UV254, one can afford to use a lower factor without sacrificing
much quality. A large factor gives a more robust treatment in the face of raw
water quality changes.

All in all, a factor of 30 mg/t Fe/ UV300 (or the equivalent amount of aluminium
salt) is recommended as the norm, but one of 40 is considered to be not cost
effective in most cases (Sedgefield and Simons Town might be exceptions).
A factor of 23 can be considered if the increased residual organic matter can
be tolerated. Anything less requires special investigation.

Selection of the optimum coagulation pH requires a compromise between
residual humic acid, and turbidity, aluminium or iron in the settled water. Itis
not wise to choose a pH which is at the lower limit below which the metal
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concentration starts to rise, as control of pH at a treatment plant is never exact.
One requires a safe band in which to operate.

With the ferric salts, UV254 is usually lowest at pH 4.2, but is little, if any higher
at pH 4.6, especially with a dose factor of 30 mg/t Fe/ UV300. Iron and
aluminium residuals are also lower at pH 4.6 than 4.2. Turbidity is usually at it’s
lowest at pH 4.6 but in some cases it rises at lower pH values and the optimum
coagulation pH for iron coagulants is therefore considered to be 4.6, or
occasionally 5.0.

With aluminium sulphate, UV254 and settled water turbidity were usually at a
minimum at pH 5.4, below which value dissolved aluminium concentrations rise
very rapidly. Allowing a safety factor, pH 5.6 (or 5.8) is therefore considered

the optimum.

Table 9.1 compares results for the three chemicals, at the optimum pH (pH 4.6
for Fe,Cl, and Fe,(SO4), and pH 5.6 for Al(SO4),).

Table 9.1 COMPARISON OF COAGULANTS

KB
SH
™
P8
PE
sSw
sT
KR
DH
SF
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Ferric chloride can be seen to give the lowest residual UV254 value. The improvement
compared with the other two chemicals is most marked and worthwhile in the case of
the darker waters. Ferric sulphate and aluminium sulphate gave much the same result.
Settled water turbidity was always lowest with aluminium sulphate. The two ferric salts
gave essentially the same turbidity.

In a few cases the settled water turbidity was unusually high, but could mostly be
reduced by use of a slightly different pH.

Port Elizabeth water had an unfortunate combination of requirements. Ferric salts gave
a high turbidity at all pH values, while aluminium sulphate required a high pH for low
turbidity, which meant that UV254 was rather high.
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CHAPTER 10

CONCLUSIONS

The overall conclusions of this study are that, for the waters of the study area:

1.

Differences between the waters, apart from turbidity, lie in the amount rather
than the nature of the organic content, which appears to be very similar in all
the supplies. This finding has resulted in considerable simplification of the
whole subject.

Most of the organic matter has a high UV absorbance, indicating a high
aromatic content.

DOC, UV absorbance, COD and, less accurately, colour can all be used to
estimate the amount of humic materials present in the water. Of these, UV
measurement is recommended as being the most precise, rapid and
convenient.

Much of the organic matter can be removed by the most commonly used
process of coagulation with aluminium or iron salts. There is residual organic
content after this treatment, the amount of which, 1.5 to 5§ mgh DOC, is
unrelated to that present in the raw water. The percentage residual is therefore
generally higher in the low colour waters.

The amount of disinfection byproducts, mainly trihalomethanes, formed when
the water is chlorinated is a function of both the concentration of organic matter
and the chiorine dose. Generation of the maximum amount requires about 3 mg
chlorine per mg of DOC. Measurement of DOC or, more simply, UV
absorbance thus provides a good estimate of the potential for formation of
disinfectant by-products and is an excellent tool for optimising and monitoring

treatment processes.
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To minimise formation of disinfectant by-products, treatment should aim at
reducing UV absorbance to as low a level as possible.

The required dose of coagulant is proportional to the amount of organic matter
present and can be estimated from one of the measures of organic content.
The preferred determinand is UV absorbance because of simplicity and rapidity
of measurement, provided a UV/VIS spectrophotometer is available, and
because it most accurately determines the removable humic fraction.

A safe reliable dose for iron salts is: mg/l Fe = 30 x UV300.
For aluminium an equivalent (equimolar) factor applies.
If filtered water UV254 is low, a lower dose can be considered.

Optimum coagulation pH values are 4.6 for ferric salts and 5.6 to 5.8 for
aluminium sulphate. If settied water turbidity is very high, a higher pH should
be tried.

Ferric chloride is the best coagulant for removal of humic materials, particularly
with those waters having a high residual UV254 value. If the UV254 in the
filtered water is low, the difference between coagulants is not very great.
Aluminium sulphate gives the lowest settied water turbidity. Note that residual
UV254 for a given source often varies throughout the year.

The propensity of floc particles to stick together (sticking factor), one of the
factors governing the rate of floc formation, is much the same for all the waters.

A second floc formation factor related to water quality is floc volume. If, as
mentioned above, a dose proportional to organic content is used, then the floc
formation rate will be proportional to the coagulant dose. Floc thus forms more
slowly in a light coloured water than in a dark one.
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CHAPTER 11

RECOMMENDATIONS FOR FURTHER RESEARCH

Based on the findings of this study, the following recommendations are made for further
research on characterization and treatment of South African coloured surface waters:

1s Investigate the occurrence of metals (iron, manganese and aluminium) in
colour removal treatment plants, and draw up guidelines for removal and
control of the metals, both at the treatment plant and in the distribution system.

2. Perform desk studies on how alternative non-chemical treatment technologies
can be used either together with chemical treatment or on its own to improve
the quality of the final water, and be able to do this in a sustainable and
affordable manner.

3. Investigate the beneficial use of chemical sludges from colour removal
treatment plants (research on management and use of water works sludges
generally is cumrently being carried out by the University of Natal in
Pietermaritzburg).

CHAPTER 11 RECOMMENDATIONS FOR FURTHER RESEARCH



BIBLIOGRAPHY

Abdullah, M., El-Rehaili and Weber, W.J. Jr. (1999) Correlation of Humic
Substance Trihalomethane Formation Potential and Absorption Behaviour to
Molecular Weight Distribution in Raw and Chemically Treated Waters. Wat.
Res., 21 (5), 573-582.

Amy, G.L., Minear, RA., and Cooper, W.J. (1987) Testing and Validation of
Multiple Non-inear Regression Model for Predicting Trihalomethane
Formation Potential. Wat. Res., 21 (6), 645-659.

APHA, AWWA and WEF (1998) Standard Methods for the Examination of Water
and Wastewater. Washington, DC: American Public Health Association, 20"
Edition.

Behrman, A.S. Kean, R.H. and Gustafson, H. (1931) Water purification for colour
removal. Pt. 1 Paper Trade J., 92.

Bilanovic, D., Loewenthal, R.E., Avnimelech, Y. and Green, M. (1997)
Potentiometric Measurement of Chemical Oxygen Demand. Wat. SA, 23 (10),
300-307.

Black, A.P. and Willems, D.G. (1961) Electrophoretic studies of coagulation for
removal of organic colour. Jour. AWWA, 53(5), 589- 605.

Black, A.P. and Christman, R.F. (1963) Characteristics of coloured surface water.
Jour. AWWA, 55 (6), 753-770.

Black, A.P. and Christman, R.F. (1963) Chemical characteristics of fulvic acids. J.
AWWA, 55 (7), 897-912.

Bruchet, A, Rousseau, C. and Mallevialle, J. (1990) Pyrolysis-GC-MS for
Investigating High-Molecular-Weight THM Precursors and Other Refractory
Organics. J. AWWA, 67-74.

Carison, M. and Douglas H. (1998) Controlling DBPs with Monochloramine. J.
AWWA, 90 (2), 96-106.

Childress, A E., Vrijenhoek, E.M., Elimelech, M., Tanaka, T.S. and Beulder, M.D.
(1999) Particles and THM precursors removal with ferric chioride. Jour. Envir.
Engrg., 125(11), 1054 - 1060.



Chow, CW.K., Drikas, M., Van Leeuwen, J.A, Fabris, R., Spark, KM. and Page,
D.W. (1999) The Character of Natural Organic Matter in Conventional
Treatment with Alum. Wat. Sci. and Tech., 40 (9), 97-104,

Christman, R.F.and Ghassemi (1966) Chemical nature of organic colour in water.
Jour. AWWA, 58 (6), 723-741.

Clair, T.A., Barlocher, F., Brassard, P. and Kramer, J.R. (1989) Chemical and
Microbial Diagenesis of Humic Matter in Freshwater. Wat., Air, and Soil
Poliution, 45, 205-211.

Collins, M.R., Amy, G.L. and Steelink, C. (1986) Molecular Weight Distribution,
Carboxylic Acidity, and Humic Substances Content of Aquatic Organic Matter:
Implications for Removal during Water Treatment. Envir. Sci and Tech., 20
(10), 1028-1032.

De Haan, H., De Boer, T., Kramer, H.A. and Vorman, J. (1982) Applicability of light
absorbance as a measure of organic carbon in humic lake water. Water Res.
16, 1047-1050.

De Haan, H., and De Boer, T. (1987) Applicability of Light Absorbance and
Fluorescence as Measures of Concentration and Molecular Size of Dissolved
Organic Carbon in Humic Lake Tjeukemeer. Wat. Res., 21 (6), 731-734.

De Wit, J.CM., Nederiof, MM., Reimsdijk, W.H. and Koopal, LK. (1991)
Determination of H+ and Metal lon Affinity Distribution for Humic Substances.
Wat., Air, and Soil Poll., 57-58, 339-349.

Draper, W.M., Dhoot, J.S., Dhaliwal, J.S., Remoy, J.W., Perera, S.K. and Baumann
(1998) Detection Limits of Organic Contaminants In Drinking Water. J.
AWWA, 90 (6), 82-90.

Eberie, S.H. and Feuerstein, W. (1979) On the pK Spectrum of Humic Acid from
Natural Waters. Kurze Originalmitteilungen, 66, 572-573.

Edwards, H.O. (1998) An Instrument for the Measurement of Colour and Turbidity
in Natural Waters. Wat. Sci and Tech., 37 (12), 263-267.

Edzwald, J.K., Becker, W.C. and Wattier, K.L. (1985) Surrogate parameters for
monitoring organic matter and THM precursors. Jour. AWWA, 77 (4), 123-
137.

Farrah, S.R., Goyal, SM., Gebra, C.P., Wallis, C. and Shaffer, P.T. (1976)
Characteristics of Humic Acid and Organic Compounds Concentrated from
Tapwater Using the Aqualla Virus Concentrator. Wat. Res., 897-801.



Gamble, D.S. (1972) Potentiomentric Titration of Fulvic Acid: Equivalence Point
Calculations and Acids Functional Groups. Canadian J. of Chem., 50, 2680.

Gardener, A.J.C. (1988) A study on the Water Chemistry and Plankton in
Blackwater Lakelets of the South-Western Cape. PhD Thesis, Department of

Zoology, University of Cape Town.

Garrels, R.M. and Christ, C.L. (1965) Solutions, Minerals, and Equilibria. New York:
Harper & Row.

Gauthier, D.T., Seltz, W.R. and Grant, C.L. (1987) Effects of Structural and
Compositional Variations of Dissolved Humic Materials on Pyrene K Values.
Envir. Sci. and Tech., 21 (3), 243-248.

Gjessing , E.T. (1976) Physical and chemical characteristics of aquatic humus.
Michigan: Ann Arbor.

Gran, G. (1952) Determination of the Equivalence Point in Potentiometric Titrations.
Part Il. Intern. Cong. Analyt. Chem., 77, 661-671.

Himebaugh, R. and Smith, M.J. (1979) Semi-Micro Tube Method for Chemical
Oxygen Demand. Analyt. Chemi., 51 (7), 1085-1087.

Jue, Z. and Giddings, C.J. (1987) Determination of Molecular Weight Distributions
of Fulvic and Humic Acids Using Flow Field-Flow Fractionation. Envir. Sci.
and Tech., 21 (3) 289-295.

Kerndorf, H. and Schnitzer, M. (1979) Humic and Fulvic Acids as Indicators of Soil
and Water Pollution. Wat., Air, and Soil Pollution, 12, 319-329.

Kopinke, F-D., Georgi, A. and Mackenzie, K. (1997) Water Solubility Enhancement
of Pyrene in the Presence of Humic Substances. Analytica Chimica Acta, 355,
101-103.

Korshin, G.V., Li, C-W and Benjamin, M.M. (1997) The decrease of UV absorbance
as an indicator of TOX formation. Water Res., 31 (7) 946-849,

Korshin, G.V., Benjamin, M.M. and Sletten, R.S. (1997) Adsorption of Natural
Organic Matter (NOM) on Iron Oxide: Effects on NOM composition and
Formation of Organo-halide Compounds during Chlorination. Wat. Res., 31
(7) 1643-1650.



Korshin, G.V., Li, C-W and Benjamin, M.M. (1997) Monitoring the properties of
natural organic matter through UV spectroscopy: a consistent theory. Wat.
Res., 31 (7), 1787-1795.

Korshin, G.V., Benjamin, M.N. and Li, C-W (1999) Use of Differential Spectroscopy
to Evaluate the Structure and Reactivity of Humics. Wat. Sci and Tech., 40
(9), 9-16.

Krasner, SW., Croué, J-P, Buffle, J. and Perdue, E. M. (1996) Three approaches
for characterising NOM. Jour. AWWA, 88 (6), 66-79.

Li, C-W, Korshin, G.V. and Benjamin, M.M. (1998) Monitoring DBP formation with
differential ultra-violet spectroscopy. Jour. AWWA, 90(8), 89-100.

Liao, W., Christman, R.F., Johnson, J.D. and Millington, D.S. (1982) Structural
Characterisation of Aquatic Humic Material. Envir. Sci. and Tech., 16 (7),
403-410.

Loewenthal, R.E., Ekama, G.A. and Marias, GvR (1989) Mixed Weak Acid/Base
Systmes Part 1 — Mixture Characterisation. Water SA, 15 (1), 3-23.

Loewenthal, R.E., Bilanovic, D., Thebe, T., and Green, M. (1997) Determination of
low chemical oxygen demand using potentiometry and a modified Gran
function. Water SA., 23(10), 293-299.

Melcer, M. and Hassett, J.P. (1986) Characterisation of Humic Substances from the
Oneida Lake Watershed. Toxicol. and Envir. Chemi., 11, 147-170.

Milne, C.J., Kinniburgh, D.G., De Wit, J.C., Van Reimsdijk, W.H. nad Koopal, L. K.
(1995) Analysis of Metal-lon Binding by a Peat Humic Acid Using a Simple
Electrostatic Model. J. Coll. and Interf. Sci. 175, 448-460.

Morel, F.M.M. (1983) Principles of Aquatic Chemistry. New York: John Wiley &
Sons. 1" Edition.

Morrow, C.M. and Minear, R.A. (1987) Use of Regression Models to Link Raw
Water Characteristics in Drinking Water. Wat. Res., 21 (1), 41-48.

Newcombe, G., Drikas, M., Assemi, S. and Beckett, R. (1996) The Influence of
Characterised Natural Organic Material on Activated Carbon Adsorption: .
Characterisation of Concentrated Reservoir Water. Wat. Res.

Nriagu, J.O. and Coker, R.D. (1980) Trace Metals in Humic and Fulvic Acids from
Lake Ontario Sediments. Envir. Sci. and Tech., 14 (4), 443-446,



Oliver, B.G., Thurman, E.L. and Malcolm, R.L. (1983) The Contribution of Humic
Substances to the Acidity of Coloured Natural Waters. Geochimica et
Cosmochimica Acta, 47, 2031-2035.

Owen, D.M., Amy, G.L., Chowdhury, Z K., Paode, R., McCoy, G.and Viscosil, K.
(1995) NOM characterisation and treatability. Jour. AWWA, 87(1), 46-63.

Packham, R.F. (1964) Studies of organic colour in natural water. Proc. Soc. Water
Treat. Exam., 13 , 316.

Ratnaweera, H., Gjessing, E. and Oug, E. (1999) Influence of Physical-chemical
Characteristics of Natural Organic Matter (NOM) Coagulation Properties: An
Anlysis of Eight Norwegian Water Sources. Wat. Sci. and Tech., 40 (9), 89-
95.

Sawyer, C.N., McCarty, P.L. and Parkin, G.F. (1984) Chemistry for Environmental
Engineering. New York: McGraw-Hill, 4™ Edition.

Singer, P.C. (1999) Humic Substances as Precursors for Potentially Harmful
Disinfection By-products. Wat. Sci. and Tech., 40 (9), 25-30.

Swartz, C.D. and de Villiers, HA. (1998) Guidelines for the treatment of Cape
coloured waters. WRC Report No. 534/1/88, Water Research Commission,
P.O. Box 824, Pretoria 0001, RSA.

Tipping, E., Woof, C. and Hurley, M.A. (1991) Humic Substances in Acid Surface
Waters; Modelling Aluminium Binding, Contribution to lonic Charge-balance,
and Control of pH. Wat. Res., 25 (4), 425-435.

Trussell, R.R. (1998) Spreadsheet Water Conditioning. J. AWWA, 90 (6), 70-81.

Twort, A.C., Law, F.M., Cromley, F.W. and Ratnayaka, .D.D. (1994) Water Supply.
London: Edward Amold, 4™ Edition.

Visser, S.A. (1983) Application of Van Krevelen's Graphical-Statistical Method for
the Study of Aquatic Humic Material. Envir. Sci. Tech., 17 (7), 412-417.

Vrijenhoek, E.M., Childress, A.E., Elimelech, M., Tanaka, T.S. and Beuhler, M.D.
(1998) Removing particles and THM precursors by enhanced coagulation.
JAWWA, 90(4), 138-150.

Wentzel, M.C., Mbewe, A. and Ekama, G.A. (1995) Batch Test for Measurement of
Readily Biodegradable COD and Active Organism Concentrations in
Municipal Waste Waters. Water SA, 21 (2), 117-124.



Water Research Centre (Wrc) Environment Reports, 1987:

Colour in upland water supplies - physiographic, soil and land use data for
selected catchments, PUR 1493-M/2, 38 pp.

Colour in upland water supplies - a statistical analysis of existing data and
preliminary chemical characterisation of water samples from a field study,
PRE 1434-M/1, 41 pp.



APPENDIX A

PROTOCOL FOR
DETERMINATION OF TRIHALOMETHANE
FORMATION POTENTIAL



-Al-

PROTOCOL FOR DETERMINATION OF TRIHALOMETHANE
FORMATION POTENTIAL
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1. PRE-ANALYSIS CHECK LIST

Free active chlorine
Test distilled and deionised water for the presence of free active chlorine by means of
the DPD titration method.

THMs
Test distilled, deionised and raw water to be used in analysis for the presence of THMs
by means of SPME and GC/MS analysis.

2. CHLORINE WATER PREPARATION

Fill an amber glass bottle with distilled water and bubble Cl, (g) through it for a few
seconds. Use the DPD-titration method (MERCK) for the determination of free active

chlorine:

Reagents (See Addendum A1 for preparation):
Ammonium iron (I1) sulfate solution

DPD reagent solution

Phosphate buffer solution

Calculation:

1 mt ammonium iron (Il) sulfate solution = 0.1 mg free active chlorine

mg/t free active chlorine = a x 0. 1 x 1 000 (1)
b

a = m¢ of ammonium iron () sulfate solution consumed

b = mi¢ of test water used

Remember to incorporate the dilution factor in the b factor in equation (1).

Procedure:

Introduce 100 mt of test water into a narrow-necked flask of about 150 me capacity and
add 5 m¢ DPD reagent solution and 5 m¢ phosphate buffer solution. Insert a magnetic
stirrer rod with Teflon coating, and titrate the solution in a magnetic stirrer with
ammonium iron (Il) sulfate solution until the solution becomes colourless or an
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unchanging faint pink. For this purpose use a micro burette with injection tube and
nozzle, thereby passing in the ammonium iron (ll) sulfate solution directly under the
surface of the liquid. If the consumption is above 3 mi, start with a smaller volume of
water which has been made up to 100 m¢ with double-distilled water. Because the Cl,
water prepared by means of the above method has a high free active chlorine
concentration, the following dilution should result in a consumption of less than 3 m¢
of ammonium iron (Il) sulfate solution:

300ut Cl, water diluted to 100 m¢ with distilled water.

Carry out determination in triplicate.

3. CHLORINATION PROCESS

Reagents (See Addendum A2 for preparation):
Nessler's reagent

Borate buffer

Cl, water

Calculations:
Cl,(mg/t) = 3 x TOC(mg/t) + 7.6 x NH,-N(mg/t) (2)

C\V,=C\V, (3)
C,: Cl, (mg/t) from titration of the stock solution
V,. to be calculated
C,.  answer of equation (1)
V,: 20.5m¢

Procedure:

Test each treated water sample with Nessler's reagent for the presence of ammonium
salts by adding a few drops of reagent to the test water. An orange-brown precipitate
will form to give a positive test. The amount of ammonium salts can be determined
quantitatively by means of a method described by MERCK. If the test is negative,
equation (2) simplifies to

Cl,(mg/t) = 3 x TOC (mg/t)
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Introduce 20 mi treated water in an amber glass bottle equipped with a hole cap, teflon
septum and a magnetic stir bar. Add 0.5 m¢ borate buffer to adjust the pH to 9.2.
Calculate by means of equation (1) and (2) the volume Of Cl, water necessary to
disinfect the treated water samples.

Place sample bottles in a thermoregulated water bath at 25°C on a non-electric
magnetic stirrer for a period of 7 days to allow for the process of THM formation.

4. SPME ADSORPTION PROCESS

Reagents (See Addendum A3 for preparation):
Methylene chloride solution

Calculations:
Volume of Ascorbic Acid (m¢) = 1.2 X Cl, (mg/t) + 1.1 (4)
Cl, (mg/t): value calculated from equation (2)

Procedure:

Remove sample bottles from the water bath. Use equation (4) to calculate the volume
of 30% ascorbic acid solution necessary to react with any remaining free active Cl, in
solution. Add the calculated volume of ascorbic acid by means of a micro syringe.
Then add 40u). of CH,CI, solution as internal STD to each sample bottle by means of
a micro syringe. Place the amber glass sample bottle on a magnetic stirrer. Allow for
an equilibration time of 10 minutes on the magnetic stirrer before continuing with the
extraction of THMs.

Use the red hub (100um PDMS) fibre for the SPME analysis. Insert the septum-
piercing needle through the teflon septum and push the plunger down to expose the
PDMS fibre to the headspace of the bottle. Adsorption conditions are as follows:

Adsorption time 20min

Adsorption headspace
Adsorption temp  20°C
Stir Speed 500 rpm
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5. SPME DESORPTION PROCESS AND GC/MS ANALYSIS

Retract the plunger to withdraw the PDMS fibre into the septum-piercing needle.
Remove SPME unit from the sample bottle. Use CO, (dry) to cryo trap the volatiles at
the beginning of the column. Insert the SPME into the injector of the GC/MS. See GC
temperature program and MS program below. Push the plunger down to expose the
fibre to the high temperature of the injector block for desorption of VOCs. Desorption
conditions:

Desorption temp  200°C
Desorption time 2min
Cryo trapping 2min

GC temperature program:
Temp.1 45°C
Duration 4 min
Rate 9°C/min
Temp2 120°C
Duration 3 min

MS scan program:
Mass range 50-255

Peaks are integrated electronically.
Column specifications:

40 m 0.32 mm bore PS 255 stationary phase; 1.2 um film thickness; 4 m¢ He per
second
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6. THM CONCENTRATION DETERMINATION

Reagents (See Addendum A4 for preparation):
Standard THM solution:  Chloroform

Bromodichloromethane
Dibromochloromethane
Bromoform

Methylene chloride

Calculations:

THM conc. (ug/t) = Peak Area (sample) x Peak Area (CH.CL/std) x THM conc. (std)
Peak Area (std) Peak Area (CH,Cl/sample)

(5)

THM conc. (CHCI,) = 75 pght
THM conc. (CHCI,) = 200 ug/t
THM conc. (CHCI,) = 250 ug/t
THM conc. (CHCI,) = 30 pg/t

Procedure:

For the determination of the concentration of each THM species, it is necessary to
perform a standard THM analysis as well. 20 m¢ of a standard THM mixture are
therefore introduced into an amber glass sample bottle together with 404 methylene
chloride (internal standard) as well as 0.5 m¢ borate buffer. Analysis for THMs in this
standard mixture is according to procedure (4) and (5) in the protocol.

Chromatograms of both the unknown sample and the standard are integrated
electronically. The resulting peak areas, together with the concentration of the
standard THM under investigation, are subsequently substituted into equation (5) for
the calculation of the unknown concentration.
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ADDENDUM A1

Ammonium lron (li) Sulfate Solution:

Dissolve 1.106g ammonium iron (ll) sulfate GR in freshly boiled and cooled deionised
water. Add 2m¢ 1 mol/t sulfuric acid, and make up to 1000 m¢ with the above-
mentioned water.

DPD reagent solution:

Dissolve 0. 1 1 g N,N-Diethyi-1,4-phenylenediammonium sulfate GR in deionised water
with 2 mt mol./t sulfuric acid and 2.5 m¢ 0.02mol/ Titriplex |l solution, and make up to
100 m¢. Store the solution protected from light in a brown bottie. It is unusable if a
discolouration develops.

Phosphate buffer solution:
Dissolve 46 g Potassium dihydrogen phosphate GR and 24 g tri-Sodium phosphate 12-
hydrate (LAB) in 1000 m¢ deionised water.

Sulfuric acid 1 mol/L:
Make the contents of one ampoule of 0.5mol/t Sulfuric acid Titrisol concentrated
solution for preparation of 1 litre of 1 N solution up to 500 ml with deionised water.

Titriplex lll solution 0.02mol/L.:
Make 200 m¢ 0.1 mol/e Titriplex Il metal (pM) indicator up to 1000 m¢ with deionised
water.
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ADDENDUM A2

Nessler's reagent (Quantitative Inorganic Analysis):

Dissolve 35 g of Potassium iodide in 100 m¢ of water, and add 4% Mercuric chloride
solution, with stirring or shaking, until a slight red precipitate remains (about 325 m¢ are
required). Then introduce, with stirring, a solution of 120 g of Sodium hydroxide in 250
mi¢ of water, and make up to 1 litre with distilled water. Add a little more Mercuric
chloride solution until there is a permanent turbidity. Allow the mixture to stand for one
day and decant from sediment. Keep the solution stoppered in a dark-coloured bottle.

Borate buffer (Standard Methods):
Dissolve 30.9 g anhydrous Boric acid (H,BO,) and 10.8 g Sodium hydroxide (NaOH)
in 1 litre organic-free water. Refrigerate and prepare fresh weekly.

Chlorine water
See chlorine water preparation, above.
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ADDENDUM A3

30% Ascorbic acid

The solubility of ascorbic acid in water is recorded as being approximately 30% (/).
To ensure no contamination of the treated water sample, ascorbic acid (MERCK, pro
analysis) was used. Add 30 g ascorbic acid to 70 mt distilled water.

Methylene chloride
Prepare a 50mg/t methylene chioride solution by diluting .0367mi m¢ of methylene
chloride to 1 litre with distilled water.
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ADDENDUM A4

Environmental standard solutions (SUPELCO) are used for the preparation of standard
solutions of THMs. Each ampoule contains 1 m¢ 5000 ug/me of the specific THM in
methanol. A dilution of one ampoule to 100 m¢ with distilled water would therefore
result in a 50 mg/t THM solution.

Chloroform
Dilute one environmental standard CHCI, ampoule with distilled water to 100 m¢ in a
volumetric flask.

Bromodichloromethane
Dilute one environmental standard CHCI,Br ampoule with distilled water to 100 m¥ in
a volumetric flask.

Dibromochloromethane
Dilute one environmental: standard CHCIBr, ampoule with distilled water to 100 m¢ in
a volumetric flask.

Bromoform
Dilute one environmental standard CHBr, ampoule with distilled water to 100 m¢ in a
volumetric flask.

Standard THM mixture
From the above THM solutions the following amounts are used for a 1 litre dilution
mixture:

CHCI,: 1.5 me 50 mg/t solution
CHCL,Br: 4.0 me 50 mg/t solution
CHCIBr,: 5.0 me 50 mg/i solution
CHBry: 0.6 m¢ 50 mg/t solution
Methylene chloride

See Addendum A3.
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DETERMINATION OF DIFFERENTIAL UV ABSORBANCE

This method is generally as described by Korshin (1997) and Li (1998), with
modifications to suit the present study.

The reaction was carried out at pH 9.2, as the brown waters of the study area are
soft and generally have to be rendered less aggressive to cement and concrete
by raising the alkalinity and pH.

1. Samples
1.1 Samples were filtered through pre-rinsed 220 or 450 nm membrane filters.

1.2 Sample aliquots of 40 m¢ were measured into 50 m¢ glass stoppered brown
glass reaction bottles.

2. Reagents

2.1 Buffer - pH 9.2: 38 g Sodium borate decahydrate, Na,B,0,.10H,0, analytical
grade, was dissolved in 1 litre distilled water. The following pH values were
obtained for various amounts of buffer added to combinations of hypochlorite and
a very acidic raw water (Sandhoogte raw water, with DOC of 41 mgh C).
Temperatures were 17.0- 18.4 °C. A buffer volume of 2 m¢ per 40 mt sample gave
adequate control of pH and was used in subsequent work.

2.2 Sodium Hypochlorite Solution: Analytical grade sodium hypochlorite
solution (BDH) was standardised, at regular intervals, by means of a potassium
iodidefthiosulphate titration, and was then diluted to give a chlorine dosing
solution, as discussed below.
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In order: 1) to minimise volume changes, 2) not to overfill the 50-m¢ reaction
bottle, and 3) to achieve a reasonable accuracy in dispensing the chlorine dosing
solution, the volume of hypochlorite solution added to samples was usually
limited to the range 1 to 2mi, (although, in experiments where the chlorine dose
was varied, volumes down to 0.2 m¢ were used).

Thus, to accommodate the wide range of doses required for raw and treated
waters (about 6 to 200 mg/t) the concentration of the chlorine dosing solution
differed for each water.

For example: With a water of DOC 20 mg/t and a dosing rate of 3.2 x DOC the
required dose would be 64 mg Cl/i. To a sample volume of 40 m¢, 64x40/1000,
or 2.56 mg chlorine would have to be added. If the volume of chlorine dosing
solution added was 2 mi, it's concentration would need to be 2.56 x 1000/ 2, or
1280 mg/t. Other combinations of volume and concentration are possible.

2.3 Sodium Sulphite Solution: The solution was freshly prepared for each
experiment at a concentration such that the volume required to quench the full
chlorine dose was equal to the volume of chlorine solution added. Thus, if 2 m¢
of chlorine solution was added to a sample, then 2 m¢ of sodium sulphite solution
was also added at the end of the reaction period. 1780 mg sodium sulphite reacts
with 1000 mg chlorine and, to continue the previous example, the concentration
in that case would be 1280 x 1.78, or 2278 mg/t.

The absorbance of a 1765 mg/t solution of sodium sulphite in a 1 cm cell was
measured to be:

254 nm 0.288

272 nm 0.014

300 nm 0.002

The maximum absorbance error arising from the presence of sodium sulphite at
272 nm is therefore:

1. Raw water, DOC 40 mg/t, chlorine dose 200 mg/t:
0.014 x 200 x 1.78 /1765 = 0.003 cm"

2. Treated water, DOC 4 mg/t, chlorine dose 20 mg/t
0.014 x 20 x 1.78 / 1765 = 0.0003 cm
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These errors are negligible and in practice will be even smaller because the
chlorine doses will usually be lower and chlorine remaining after the reaction
period will further reduce the sulphite concentration.

3. Procedure

31

3.2

3.3

34

3.5

3.6

3.7

40.00 mu of filtered sample was pipetted into a 50 m¢ brown glass bottle,
followed by 2.00 m¢ of buffer and the desired volume (usually in the range
1.00 to 2.00 mt) of chlorine solution, with gentie mixing.

A comparison solution for each different sample water was prepared at the
same time and further treated in the same manner except for the omission
of chlorine and sulphite.

After complete mixing, the bottles were stoppered and stored in a box in
a room maintained at 20 °C. The temperature was checked by means of
a thermometer kept in a bottle containing water.

After the desired reaction period, freshly prepared sodium sulphite solution
was added, the volume being equal to that of the chlorine. No sulphite was
added to the comparison sample.

The absorbance of the solutions, after mixing, was measured in 1 cm cells
at 272 nm. Longer cells would have been preferable for treated waters and
would have been used, had they been available.

All absorbances were corrected for volume changes, by multiplying by the
factor:
(40 + volume buffer + volume chiornne dosing solution + volume suiphite solution) / 40

Differential UV Absorbance was calculated by subtracting the corrected
absorbance from that of the unchlorinated comparison sample.
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CHARACTERISATION OF COLOURED SURFACE WATERS

WATER SOURCE: Klipheuwel Dam, Kleinbrak (Mossel Bay)

Table 1

ANALYTICAL DATA

RAW WATER TREATED WATER
Sampling Round: 1 2 3 1 2 3
Date Sampled/Treated | 1996-11-16 | 1996-03.23 | 1990.00-26 | 1998-11-17 | 1966-.03-16 | 1966-10-28
Coagulant Dose mg/ Fe - 10.47 22 181
pH  Raw/Coagulated 7.05 5.43 6.20 48 48 48
Turbidity Raw/Settled 345 21.7 440 237 199 37
MEASURES OF ORGANIC CONTENT:
Colour - 5 - . - -
Absorbance/cm  254nm 0.446 0.088 0623 0.092 0.067 0.094
Absorbance/cm 272 nm - - 0.569 - - 0.053
Absorbance/cm  300nm 0.254 0.048 0.382 0.045 0.031 0.023
pocC mg C 9.1 453 105 46 341 2.74
CoD mgl O 208 80 - 109 8.7
INORGANIC:
Alkalinity mg/h CaCO3 - - - -
Bromide ugh Br 381 259 256 347 247 210
Aluminium mgh Al 278 0.16 1.15 0.03 0.03 0.03
iron mgh Fe 3.74 26.00 282 0.233 0.740 0172
Manganese  mg/ Mn 0.085 0.513 0.056 0.066 0.458 0.080
Calcium mgh Ca 582 374 385 584 289 413
Magnesium  mgd Mg 71 452 5.21 6.95 414 5.44
MEASURES OF FORMATION OF CHLORINATED COMPOUNDS (7-DAY):
CHCI, ugh 340 3006 - 1015 1414
CHCI,Br wgh 650 774 409 898
CHCIBr, gl 72 44 136 179
CHBr, woh 0 - 0 23
Total THMFP woh 4223 3824 1560 2514
Deita UV 272 nm - - 0.282 0.023




CHARACTERISATION OF COLOURED SURFACE WATERS

Table 2

ANALYTICAL DATA

WATER SOURCE: Ernest Robertson Dam, Sandhoogte (Mossel Bay)

RAW WATER TREATED WATER
Sampiing Round: 1 2 3 1 2 3
Date Sampled/Treated | 1998-11-16 | 1999-03-23 | 1999-08-26 | 1998-11.17 | 1998-03-02 | 1999-10-28
Coaguiant Dose mgA Fe 3 - : 244 733 413
pH  RawiCoagulated |  4.67 3.90 434 + 48 a8 a8 1
Turbidty  Raw/Settied 13 14 15 | a3 46 14
MEASURES OF ORGANIC CONTENT:
Absorbancelom  254nm | 0.908 2670 1.437 0.019 0.097 0.027
Absorbance/cm 272 nm . : 1275 g 0.039
Absorbance/om  300nm |  0.579 1667 0.931 0.009 0.033 0.012
poC morc | 120 411 19.8 20 416 218
cop mgno | 308 120 . 574 77 -
INORGANIC:
Alkalinity mgh CaCO3 - - - - -
Bromide woh Br 120 76 89 100 41 68
Auminium  mod Al | 034 0.86 0.48 0.06 0.12 0.08
Iron mgh Fe | 059 0.695 0.655 0.140 0.811 0.241
Manganese mg! Mn | 0034 0.036 0.021 0.083 0.207 0.128
Calcum moh Ca | 115 123 0.3 147 1.28 0.99
Magnesium moA Mg | 142 1.74 1.49 1.39 1.70 1.54 l
MEASURES OF FORMATION OF CHLORINATED COMPOUNDS (7-DAY):
CHC, wor | 6228 6564 . 419 1036 1
CHCL,Br wor | 207 178 156 100
CHCIlx, gh a1 0 0
CHEx, wgh 0 0 0
Total THMFP  ugh | 6435 6742 a 575 1136 .
Deita UV 272 nm ’ " 0.629 0.012




CHARACTERISATION OF COLOURED SURFACE WATERS

Table 3

ANALYTICAL DATA

WATER SOURCE: Tuinroete Dam, George

Date Sampled/Treated

1968-11-15

1968-11-17

Sampling

19686-09-26

1999-10-28

Coagulant Dose mg/ Fe

314

38.4

6.2

pH  Raw/Coagulated

59

48

48

48

Turbidity  Raw/Settied 174 33 8.0 25 5.9 16
MEASURES OF ORGANIC CONTENT:
Absorbance/cm  254nm 1173 1.382 1.287 0.087 0.077 0.068

Absorbance/ern 272 nm

Absorbancelcm 300nm | 0.730 0.865 0.817 0.056 0.037 0.033
DOC mgA C 18.5
coo mg10 | 408

INORGANIC:

Alkalinity mg/ CaCO3

Bromide ugh Br

138

143

166

108

Aluminium mgh Al

0.53

lron mgh Fe

1.510

2.050

1.180

0.300

Manganese  mgAd Mn

0.036

Calcium mgh Ca

275

283

3.56

274

2.88

Magnesium  mgl Mg

239

233

258

MEASURES OF FORMATION OF CHLORINATED COMPOUNDS (7-DAY):

ugh

7522

1023

1106

ugh

239

225

257

CHCIBr, g

0

CHer, “oN

0
0
6439




CHARACTERISATION OF COLOURED SURFACE WATERS

Table 4

ANALYTICAL DATA

WATER SOURCE: Keurbooms River, Plettenberg Bay

. I i B

2 3
Date Sampled/Treated J 1968-11-19 1966-11-24 | 1996-03-09 | 1999-10-05
Coagulant Dose mg/ Fe - 3s 10.5 103
pH  Raw/Coagulated 6.31 5.92 . 48 48 48 7I
Turbidity Raw/Settled 09 1.0 47 28 53 5.7
MEASURES OF ORGANIC CONTENT: :I
Colour - 70 - - -
Absorbance/cm  254nm 0.163 0416 0.430 0.042 0.024 0.030 I
Absorbance/cm 272 nm - - 0.383 - - 0.026
Absorbance/cm  300nm 0.085 0263 0.239 0.017 0.012 0.016
DOC mgl C 32 6.99 7.49 18 204 1.56
coD mgh O 7.34 143 5.31 a8 .
INORGANIC:
Alkalinity mgh CaCO3 - - ~
Bromide wugh Br 83 82 56 75 L) 39
Aluminium mgA Al 0.07 0.18 0.21 0.02 0.03 0.04
Iron mg/ Fe 0.218 0.316 0.405 0.680 0.178 0.381
Manganese mgl Mn 0.024 0.031 0.046 0.046 0.050 0.047
Calcium mgA Ca 205 1.44 1.21 1.58 1.44 1.30
Magnesium  mgl Mg 187 1.40 151 184 137 157
MEASURES OF FORMATION OF CHLORINATED COMPOUNDS (7-DAY)
CHCI, wgh 1236 3374 842 = -
CHCLBr ugh 154 186 150 142 .
CHCIBr, wgh 12 - 36 24 =
CHBr, wugh 0 0 0 0 -
Total THMFP wgh 1402 3564 - 1028 710 -
Detta UV 272 nm - 0.213 - 0.007




CHARACTERISATION OF COLOURED SURFACE WATERS
Table 5
ANALYTICAL DATA

WATER SOURCE: Churchill Dam, Port Elizabeth

_ RAW WATER TREATED WATER
Sam g

Date Sampled/Treated || 1998-11-18 1995-00-28 | 1998-11-24 | 1999.03-16 | 1999.10-05
Coagulant Dose mg/ Fe g ; , 70 7.0 7.75
pH  Raw/Coaguiated | 6.50 65 ) 48 48 48
Turbidity Raw/Settled 186 128 355 19 147 170
MEASURES OF ORGANIC CONTENT:

Colour . 30 . . . .
Absorbance/cm  254nm 0270 0.246 0.310 0.027 0.039 0.050
Absorbance/cm 272 nm . - 0257 - . 0.044
Absorbance/cm  300nm 0.156 0.140 0.180 0.012 0.016 0.023
DOC mgl C 52 549 5.90 30 KR} 284
coo mo10 | 111 102 . 715 6.0 ‘
INORGANIC:

Alkalinity mg) CaCO3 - - - - - .
Bromide oM Br 259 252 250 240 246 235
Aluminium mgh Al 128 1.3 154 0.01 0.02 0.03
Iron mgA Fe 375 1.830 1.310 185 0.108 0.132
Manganese mgl Mn 0.042 0.043 0.012 0.042 0.054 0.034
Calcum mgh Ca 247 258 28 256 2.86 2.88
Magnesium moA Mg | 481 517 577 4.90 5.12 586
MEASURES OF FORMATION OF CHLORINATED COMPOUNDS (7-DAY):

CHCl, g %6 1084 . 625 423 )
CHCI,Br ugh 255 654 - 202 412 .
CHCIBr, ugh 83 63 : 129 112 ;
CHBr, ugA 0 0 - 23 17 -
Total THMFP ugh 1304 1801 - 956 964 -
Detta UV 272 nm - - 0.091 - 0.021




CHARACTERISATION OF COLOURED SURFACE WATERS

Table 6

ANALYTICAL DATA

WATER SOURCE: Grootkloof (Langeberg), Swellendam

B S s B
Sampling Round: 1 2 3
Date Sampled/Treated § 1998-11.23 | 1999.03.23 | 1999-10-29 § 1998-11-24 | 1999-03-02 | 1996-10-12
Coagulant Dose mg/ Fe . 10.47 14.0 10.3
pH Raw/Coagulated 552 5.40 5.55 48 48 48
Turbidity  Raw/Settled 10.0 36 25 72 52 6.0
MEASURES OF ORGANIC CONTENT:

Colour - 90 - -

Absorbance/cm  254nm 0.370 0.476 0.400 0.028 0.039 0.032
Absorbance/cm 272 nm - - 0.354 - - 0.032
Absorbance/cm  300nm 0.242 0.296 0.252 0.012 0.019 0.015
DOC mgl C 6.0 8.10 627 2.1 268 182
coo mgh O 125 20.7 842 63 -
INORGANIC:

Alkalinity mgh CaCO3 - -

Sromide ugh Br 52 60 51 7 38 7
Aluminium mgl Al 0.36 0.30 022 0.04 0.06 0.04
iron mgh Fe 0.535 0.818 0.536 128 0.196 0.147
Manganese mg/! Mn 0.037 0.038 0.022 0.058 0.086 0.048
Caicium mgA Ca 0.55 0.44 0.45 067 0.48 0.46
Magnesium  mgh Mg 0.83 0.91 0.93 0.90 0.89 0.95
MEASURES OF FORMATION OF CHLORINATED COMPOUNDS (7-DAY)

CHCI, ugh 1639 2898 420 156

CHCLBr ugh 7% 133 64 74 -
CHCIBr, wgh 0 0 - 0 2

CHBx, uoh 0 0 - 0 0

Total THMFP o 1718 00 434 232 -
Delta UV 272 nm 0.180 - 0.012




CHARACTERISATION OF COLOURED SURFACE WATERS

Table 7
ANALYTICAL DATA

WATER SOURCE: Lewis Gayle Dam, Simons Town

1899-10-11

1968-11-24

1999-10-12

34

481

4.96

48

48

0.9

38




CHARACTERISATION OF COLOURED SURFACE WATERS
Table 8

ANALYTICAL DATA

WATER SOURCE: Knysna River, Knysna




CHARACTERISATION OF COLOURED SURFACE WATERS

Table 9

WATER SOURCE: Duivenhoks River, Duivenhoks

ANALYTICAL DATA

RAW WATER TREATED WATER

Round: 1 2 3 1 2 3
Date Sampled/Treated [f 1996-11-30 | 1999-03-23 | 1999-10-07 { 1996-12-01 | 1996-03-16 | 1996-10-12
Coagutant Dose mg/ Fe . . . 244 419 288
pH  Raw/Coagulated 573 5.03 567 43 48 48
Turbidity — Raw/Settied 6.0 53 40 5.7 5.0 43
MEASURES OF ORGANIC CONTENT:
Absorbance/cm  254nm 0.916 1.460 0.896 0.082 0.046 0.035
Absorbance/cm 272 nm . . 0.696 - - 0.032
Absorbance/om  300nm 0.572 0922 0.580 0.039 0.021 0.017
DoC mgi C 137 216 127 22 3.00 1.80
coD mgh O 336 59.6 . 6.76 6.7 .
INORGANIC:
Bromide wgh Br 17 105 148 97 74 116
Aluminium  mgh Al 0.64 0.58 0.32 0.08 0.07 0.07
Iron mgA Fe 0.916 1.4%0 1.130 0.200 0.634 0.238
Manganese mgf Mn 0.075 0.059 0.023 0.129 0.148 0.087
Calcium mg/! Ca 1.13 0.76 143 128 0.84 1.48
Magnesium  mg! Mg 2.74 1.80 366 259 1.86 3.70
MEASURES OF FORMATION OF CHLORINATED COMPOUNDS (7-DAY):
CHCl, g/ 5094 13588 . 1151 814 .
CHC1LBr ugh 184 as0 177 265
CHCIBr, ugh 0 0 26 A
CHBr, ugh 0 0 0 .
Total THMFP ugh 5278 13938 . 1354 1087
Delta UV 272 nm 0.371 . 0.010




CHARACTERISATION OF COLOURED SURFACE WATERS

Table 10

ANALYTICAL DATA

WATER SOURCE: Karatara River, Sedgefield

_ ST
Sampling Round: 2 3
Date Sampled/Treated | 1996-11-28 1999-10-07 | 1998-12-01 | 1998-03-16 | 1996-10-12
Coaguiant Dose mgA Fe . - - 279 524 as |
pH  Raw/Coagutated | 445 458 4.47 48 48 48
Turbidity  Raw/Settied 17 35 29 33 33 a4 4
MEASURES OF ORGANIC CONTENT: |
Absorbancelom  254nm | 1.012 1.897 1.447 0.058 0.081 0.072 1
Absorbance/cm 272 nm : g 1.316 b g 0oes |
Absorbanceicm  300nm | 0.616 1.178 0.920 0.028 0.038 0037 |
DOC morc | 176 201 206 32 430 3.01
cob mg10 | 407 86.1 5 <L 16.1 9.7 :
INORGANIC:

Alkalinity mgA CaCO3 - - - - - -
Bromide ugh B 122 123 103 g3 74 68
Auminum mot Al | 060 092 0.69 0.15 0.12 0.14
iron mot Fe | o0e78 1.040 0.825 0.196 0.909 0237
Manganese mgA Mn | 0.059 0.061 0.026 0.124 0.185 ore |
Calcum mgt Ca | 202 2,07 1.60 201 207 1.58 I
Magnesium mgd Mg | 320 2.04 243 | 310 202 251
MEASURES OF FORMATION OF CHLORINATED COMPOUNDS (7-DAY): |
CHO, wot | 7908 15317 . 1017 1375 .
CHCLBr oh 177 359 . 189 264 : |
CHCIBr, woh 0 0 : 12 6 : |
CHer, ugh 0 0 - 0 -
Total THMFP o0 | 8083 15676 . 1218 1645 .

Detta UV 272 nm - 0,689 . ; 0.024




APPENDIX D

COAGULATION DIAGRAMS



KLEINBRAK RAW WATER
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KLEINBRAK RAW WATER

Dose Optimisation
Ferric Sulphate
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SANDHOOGTE RAW WATER

pH Optimisation
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SANDHOOGTE RAW WATER
Dose optimisation

Ferric Sulphate Aluminium Sulphate
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GEORGE RAW WATER

pH Optimisation
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GEORGE RAW WATER

Dose Optimisation
Ferric Sulphate
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PLETTENBERG BAY RAW WATER

pH Optimisation
Ferric Chloride Ferric Sulphate Aluminium Sulphate
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PLETTENBERG BAY RAW WATER
Dose Optimisation
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PORT ELIZABETH RAW WATER

pH Optimisation
Ferric Sulphate
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PORT ELIZABETH RAW WATER
Dose Optimisation

Ferric Sulphate
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Ferric Chiloride

SWELLENDAM RAW WATER

pH Optimisation
Ferric Sulphate
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SWELLENDAM RAW WATER

Dose Optimisation
Ferric Sulphate Aluminium Sulphate
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SIMONS TOWN RAW WATER

pH Optimisation
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SIMONS TOWN RAW WATER

Dose Optimisation
Ferric Sulphate
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KNYSNA RAW WATER

pH Optimisation
Ferric
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KNYSNA RAW WATER

Dose Optimisation
Ferric Chloride Ferric Sulphate Aluminium Sulphate
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DUIVENHOKS RAW WATER

pH Optimisation
Ferric Sulphate
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DUIVENHOKS RAW WATER

Dose Optimisation

Ferric Sulphate
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SEDGEFIELD RAW WATER

pH Optimisation
Ferric Sulphate

Aluminium Sulphate
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SEDGEFIELD RAW WATER

Dose Optimisation
Ferric Chloride Ferric Sulphate Aluminium Sulphate
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APPENDIX E

ANALYTICAL RESULTS OF
COAGULATION STUDIES



pH Optimisation
Set 1
Coag type FeCl3 + Lime
Dosage formula UV300 x 30
Dosage 14.8 mg/ as Fe
pH Turb
42 5.1
48 22
5.0 31
54 189
58 28
8.2 25
Sel 2
Coag type FeCi3 + Ume
Dosage formula UV300 x 23
Dosage 11.3mg/ as Fe
pH Turb
42 a1
48 22
5.0 46
654 a1
58 6.1
8.2 04
Set3
Coag type FeCi3 + Lime
Dosage formula UV300 x 17
Dosage 8.4 mg/ as Fe
pH Turb
42 41
46 30
5.0 5.6
5.4 74
68 1"

6.2 1"

KLEINBRAK RAW WATER
Coagulation with Ferric Chloride

0.038
0.040
0.048

0.079
0.108

0.050
0.088
0.074
0.088
0.119
0.148

uvas4
0.076
0.081
0.109
0.133
0.170
0.187

Dose Optimisation

Set 7 Set 10

Coag type FeCl3 + Ume Coag type FeCI3 + Lime

Dosage formule UV300 x 10 Dosage formula UV300 x 23

Dosage 4.9 mg/ as Fe Dosage 11.3 mgA as Fe
pH Turb  UV2S4 pH Turb  UV2S4
48 28 0.458 48 3 0.088
5.0 27 0.508 50 390 0.078
54 27 0.620 54 44 0.087

Set 8 Set 11

Coag type FeCl3 + Lime Coag type FeCl3 + Lime

formuls UV300 x 13 formule UV300 x 30

Dosage 8.4 mg/ as Fe Dosage 14.8 mg/l as Fe
pH Turb  UV2s4 pH Tub  UV2S4
48 30 0.212 48 22 0.043
50 30 0.278 6.0 19 0.050
54 30 0.420 54 28 0.084

Sel § Set 12

Coag type FeCi3 + Lime Coag type FeCl3 + Ume

Dosage formula UV300 x 17 Dosage formuls UV300 x 40

Dosage 8.4 mg/ as Fe Dosage 16.7 mg/ as Fe
pH Turb  UV2s4 pH Turb  UV254
48 4 0.003 48 28 0.033
6.0 5.0 0.124 6.0 19 0.040
54 8.8 0.147 54 22 0.049



KLEINBRAK RAW WATER
Coagulation with Ferric Sulphate

pH Optimisation

Set 4

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 30

Dosage 148 mg/ as Fe
pH Turd Uvas4
42 39 0.057
48 35 0.056
5.0 47 0.087
54 3s 0.001
58 48 0.148
62 6.2 0.168

Set 5

Coag type Fe2(SO4)3 + Lime

Dosage fomula UV300 x 23

Dosage 11.3mgh as Fe
pH Turb uvas4
42 21 0.073
48 21 0.081
8.0 38 0.001
5.4 42 0.117
58 78 0.182
6.2 79 0.178

Set 6

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 17

Dosage 8.4 mg/ as Fe
pH Turbidity (NTU) UV2s4
42 6.9 0.005
46 200 0.158
6.0 310 0.235
5.4 30.0 0.209
5.8 30.0 0.327
6.2 30.0 0.383

Dose Optimisation

Set 13 Set 16

Coag type Fe2(S04)3 + Ume Coag type Fe2(S04)3 + Lime

Dosage formuls UV300 x 10 Dosage formula UV300 x 23

Dosage 4.9 mgh asFe Dosage 11.3mgM as Fe
pH Turb  UV2S4 pH Turb  UvVas4
46 21 0.583 49 a8 0.072
50 21 0.808 8.0 6.1 0.089
54 21 0.605 54 83 0.119

Set 14 Sel 17

Coagtype  Fe2(S04)3 + Lime Coagtype  Fe2(SO4)3 + Lime

Dosage formule UV300 x 13 Dosage formula UV300 x 30

Dosage 6.4 mgh asFe Dosage 14.8 mg) as Fe
pH Turb  UV2S4 pH Turb  UV2S4
48 230 0.483 48 27 0.058
6.0 23.0 0.602 6.0 29 0.068
54 230 0.683 54 28 0.083

Set 15 Set 18

Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime

Dosage formuls UV300 x 17 Dosage formula UV300 x 40

Dosage 8.4 mgh as Fe Dosage 10.7 mg/ as Fe
pH Twb  UV2Y4 pH Tub  UV2S4
48 28 0.217 48 25 0.048
5.0 27 0.260 5.0 26 0.047
54 7 0.380 54 21 0.066



KLEINBRAK RAW WATER

Residual metal concentrations after coagulation at optimum dosage of UVA300 x 30
with the three different metal coagulants, at different pH values

Ferric chloride Ferric sulphate Aluminium sulphate
Fe Mn Fe Mn Al Fe Mn Al
PH ] t 1 1 1
42 232 5 191 38 72
46 91 37 25
(89) (43) (25)
5,0 84 39 20
5,8 9 0.1 35
6,6 0 0 81

S E 5 H

Values In parenthesls denotes samples from different experimental sets subject 1o the same coagulation conditions



pH Optimisation
Set 1
Coag type FeCi3 + Lime
Dosage formuls UV300 x 30
Dosage 48.3 mg/l #a Fe
Turb
42 20
40 1.7
8.0 19
54 25
6.8 27
6.2 32
Sel 2
Coag type FeCi3 + Lime
Dosage formuls UV300 x 23
Dosage 37.0 mgN as Fe
pH Turb
42 24
48 3
5.0 47
5.4 1"
5.8 12
8.2 12
Sel 3
Coag type FeCi3 + Ume
Dosage formuls UV300 x 17
Dosage 274 mg/l as Fe
pH Turb
42 28
46 45
8.0 47
54 14
58 13

6.2 LA

SANDHOOGTE RAW WATER
Coagulation with Ferric Chloride

Uvas4

0.042
0.050
0.080

0.147
0.245

0.087
0.081
0.105
0.160
0.228
0.280

0.119
0.143
0.167
0.237

0.407

Dose Optimisation

Set 7 Set 10

Coag type FeCl3 + Lime Coag type FeCli3 + Lime

Dosage 16.1 m&l10 F -y

as Fe Dosage 7.0 as Fe

pH Turb  Uv2s4 pH Tu'r?” uvas4
40 10 0.302 48 11 0.004
8.0 14 0.128 6.0 23 0.000
654 18 0.501 54 45 0.162

Set 8 Set 11

Coag type FeCi3 + Lime Coag type FeCi3 + Lime

Dosage formuls UV300 x 13 Dosage formula UV300 x 30

Dosage 20.9 mg/ as Fe Dosage 48.3 mg/ as Fe
pH Turb  UV2s4 pH Turb  UV2S4
48 42 0.208 48 11 0.047
5.0 86 0.302 6.0 14 0.078
54 1" 0.343 54 22 0.102

Set 8 Set 12

Coag type FeCi3 + Uime Coag type FeCi3 + Lime

Dosage formule UV300 x 17 Dosage formula UV300 x 40

Dosage 2T4mgias Fe Dosage 644 mg/ as Fe
pH Tub  UV2S4 pH Tub  UV2S4
468 22 0.088 40 0.65 0.020
5.0 47 0.168 5.0 0.7 0.040
54 1" 0.260 54 1 0.083



pH Optimisation

Set 4

Coag type Fe2(S04)3 + LUime

Dosage formula UV300 x 30

Dosage 48.3 mg/ as Fe
pH Turb Uvas4
42 2.0 0.080
40 1.6 0.069
5.0 25 0122
54 38 0.187
58 38 0.224
8.2 69 0.301

Set 6

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 23

Dosage 37.0mg/ as Fe
pH Turb Uvas4
42 1.6 0.110
48 25 0.130
5.0 6.1 0.157
54 15.0 0.218
58 16.0 0.265
62 100 0.348

Set 6

Coag type Fe2(SO4)3 + Lime

Dosage formula UV300 x 17

Dosage 274 mg) as Fe
pH Turb
42 a7 0.161
48 71 0.185
50 130 0.264
54 16.0 0.322
58 18.0 0473

8.2 140 0.585

SANDHOOGTE RAW WATER
Coagulation with Ferric Sulphate

Dose Optimisation

Set 13 Set 16

Coagltype  Fe2(SO4)3 + Lime Coagtype  Fe2(SO4)3 + Lime

Dosage formula UV300 x 10 Dosage formule UV300 x 23

Dosage 16.1 mgh as Fe Dosage 37.0 mgN as Fe
pH Turb  UV2S4 pH Turb  UV254
48 16 0.478 48 32 0.12
5.0 16 0.740 8.0 75 0.162
5.4 16 0.697 54 10.0 0.22

Set 14 Set 17

Coag type Fe2(S04)3 + Lime Coagtype  Fe2(SO4)3 + Lime

Dosage formula UV300 x 13 Dosage formuls UV300 x 30

Dosage 20.0 mg/ es Fe Dosage 48.3 mg/ as Fe
pH Turb  UV254 pH Turb  UVas4
48 15.0 0.322 48 22 0.008
5.0 16.0 0.376 5.0 25 0.100
54 17.0 0.453 54 30 0.182

Set 156 Set 18

Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime

Dosage formule UV300 x 17 Dosage formuls UV300 x 40

Dosage 274 mg/ as Fe Dosage 64.4 mg/ as Fe
pH Turb  UV254 pH Turb  UV254
48 5.1 0.188 48 18 0.073
5.0 86 0.213 8.0 18 0.074
54 16 0.318 54 24 0.130



pH Optimisation

Set 19

Coag type AI2(SO4)3 + Lime

Dosage formula UV300 x 6 x 30

Dosage 241.5 mg/ as Al2(S04)3
pH Turb uvas4
48 140 0.213
5.0 0.68 0.101
54 0.74 0.078
58 0.2 0.084
8.2 1.10 0.133
68 1.00 0.160

Set 20

Coag type Al2(804)3 + Lime

Dosage formula UV300 x 5 x 23

Dosage 185.15 mg/ as Al2(SO4)3
pH Turb Uvas4
48 14 0.245
5.0 0.57 0.104
654 0.82 0.086
58 0.62 0.117
6.2 11 0.181
6.8 14 0.208

Set 21

Coag type Al2(SO4)3 + Lime

Dosage formula UV300 x 5 x 17

Dosage 136.85 mgA as AI2(S04)3
pH Turb uvass
48 1 0.255
5.0 062 0.118
54 1.2 0.108
5.8 15 0.104
8.2  Jo g 0.235
6.6 14 0.287

SANDHOOGTE RAW WATER

Coagulation with Aluminiun Sulphate

Dose optimisation
Set 22 Selt 26
Coagtype  AI2(SO4)3 + Lime Coagtype  AI2(S04)3 + Lime
Dosage formuls UV300 x 5 x 10 Dosage formule UV300 x 6 x 23
Dosage 80.5 mg/ as Al2(SO4)3 Dosage 185.15 mg/ as AI2(SO4)3
pH Turb  UV2S4 pH Turb  UV254
6.8 46 0.551 58 18 0.125
8.2 ae 0.370 62 15 0.169
68 6.1 0415 66 1.5 0.222
Set 23 Set 28
Coag type Al2(SO4)3 + Lime Coag type Al2(SO4)3 + Lime
Dosage formuls UV300 x 5 x 13 Dosage formule UV300 x 5 x 30
Dosage 104.65 mg/ as Al2(SO4)3 Dosage 241.5 mg/ as Al2(S04)3
pH Turb  UV2s4 pH Turdb  UV2S4
68 28 0.219 58 12 0.130
82 08 031 82 13 0.1414
66 24 0.374 LY 15 0.160
Set 24 Set 27
Coag type Al2(S0O4)3 + Lime Coeg type Al2(S04)3 + Lime
Dosage formuls UV300 x 8 x 17 Dosage formula UV300 x 5 x 40
Dosage 136.86 mgA as Al2(SO4)3 Dosage 322 mg/ as AI2(SO4)3
pH Turb  UV2s4 pH Turb  UV2S4
68 18 0.168 58 08 0.111
6.2 19 0.201 6.2 08 0.121
68 3 0.270 88 08 0.138



SANDHOOGTE RAW WATER

Residual metal concentrations after coagulation at optimum dosage of UVA300 x 30
with the three different metal coagulants, at different pH values

Values In parenthesis denotes samples from different experimental sets subject to the same coagulation conditions



pH Optimisation

Set 1
Coag type FeCi3 + Lime
Dosage formula UV300 x 30
Dosage 40.53mgA as Fe

pH Turb

42 140

48 30

5.0 13

54 14

58 11

8.2 12
Set 2
Coag type FeCi3 + Lime
Dosage formula UV300 x 23
Dosage 31.073mgA as Fe

pH Turb

42 56

48 14

6.0 14

54 18

68 29

8.2 2
Set 3
Coag type FeC13 + Lime
Dosage formula UV300 x 17
Dosage 23.0mg/ as Fe

pH Turb

42 25

48 24

5.0 26

54 8

58 83

8.2 1.7

0.033
0.032
0.041
0.091
0.104
0.249

0.050

0.083
0.104

GEORGE RAW WATER
Coagulation with Ferric Chloride

Dose Optimisation

Set7 Set 10

Coag type FeCi3 + Ume Coag type FeCi3 + Lime

Dosage formula UV300 x 10 Dosage formula UV300 x 23

Dosage 13.561mg/ as Fe Dosage 31.073mgA as Fe
pH Turb  UV2s4 pH Turb  UvVas4
46 43 0.150 48 18 0.050
50 6.5 0.200 50 19 0.074
54 10 0.306 54 21 0.141

Set8 Sel 11

Coag type FeClI3 + Lime Coag type FeCi3 + Ume

Dosage formula UV300 x 13 Dosage formula UV300 x 30

Dosage 17.80mg/ as Fe Dosage 40.53mgA as Fe
pH Tub  UVa2s4 pH Turb  UV2s4
48 2 0.100 48 25 0.041
50 31 0.182 5.0 12 0.053
54 45 0.217 54 13 0.008

Set §
Coag type FeCl3 + Lime

Dosage formula UV300 x 17
Dosage 23.0mg/l as Fe
pH Turb  UV254
48 14 0.087
5.0 1.7 0.005
64 42 0.150

Sel 12

Coag type FeCi3 + Lime

Dosage formula UV300 x 40

Dosage 64.04mg/ as Fe
pH Turb  UV2S4
48 1 0.023
5.0 16 0.024
54 13 0.080



pH Optimisation

Set 4

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 30

Dosage 40,53mg/ as Fe
pH Turb UV2s4
42 21 0.085
46 1.7 0.077
50 18 0.079
54 20 0.137
58 27 0.260
8.2 20 0.33

Sel 5

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 23

Dosage 31.073mg/ as Fe
pH Turb uvas4
42 24 0.007
48 22 0.008
6.0 23 0.114
654 34 0.221
58 34 0.362
6.2 as 0415

Set 6

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 17

Dosage 23.0mg/ as Fe
pH Turb uvas4
42 28 0.108
48 25 0.128
5.0 a3 0.139
54 53 0.24
58 6.0 0.360

62 6.0 0.507

GEORGE RAW WATER
Coagulation with Ferric Sulphate

Dose Optimisation
Set 13 Set 16
Coag type Fe2(S04)3 + Lime Coag type Fa2(S04)3 + Ume
formula UV300 x 10 formuls UV300 x 23

Dosage 13.59mg/ as Fe Dosage 31.073mgA as Fe
pH Turb  UV254 pH Turb  UV254
48 7 0.235 48 25 0.098
5.0 ] 0.338 5.0 23 0.107
54 10 0.462 54 27 0.178

Set 14 Set 17

Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + LUme

Dosage formula UV300 x 13 Dosage formula UV300 x 30

Dosage 17.56mg/ as Fe Dosage 40.53mg/ as Fe
pH Turb  UV2S4 pH Turb  UV2S4
48 47 0.167 48 14 0.084
5.0 75 0.2 5.0 16 0.076
54 0.0 0.383 54 16 0.008

Set 15 Set 18

Coag type Fe2(S04)3 + Ume Coag type Fe2(804)3 + Lime

Dosage formula UV300 x 17 Dosage formule UV300 x 40

Dosage 23,0mg/ as Fe Dosage 54.04mg/ as Fe
pH Turb  UV2S4 pH Turb UV254
48 2 0.119 46 14 0.050
5.0 36 0.147 5.0 12 0.084
54 85 0.2582 54 14 0.103



pH Optimisation

Set 19

Coag type AI2(SO4)3 + Lime

Dosage formula UV300 x 5 x 30

Dosage 202.7mg/! as Al2(S04)3
pH Turb Uvas4
48 1.00 0.248
8.0 0.59 0.116
54 0.60 0.080
58 0.70 0.121
6.2 0.58 0.176
68 0.60 0.158

Sel 20

Coagtype  AI2(SO4)3 + Ume

Dosage formula UV300 x 5 x 23

Dosage 1566.37mg/l as Al2(S04)3
pH Turb uvas4
46 0.74 0.238
5.0 043 0.102
54 0.68 0.089
58 08 0.138
8.2 0.58 0.204
66 0.60 0.235

Set 21

Coag type AI2(SO4)3 + Ume

Dosage formula UV300 x 6 x 17

Dosage 114.84mg/l as AlI2(S04)3
pH Turb uvas4
40 15 0.280
5.0 1 0.100
54 13 0.006
58 14 0.162
6.2 1.2 0.234
688 14 0.288

GEORGE RAW WATER

Coagulation with Aluminium Sulphate

Dose Optimisation
Set 22 Set 25
Coag type Al2(SO4)3 + Lime Coag type Al2(SO4)3 + Lime
Dosage formula UV300 x 5 x 10 Dosage formula UV300 x 23
Dosage 67.55 mg/ as AI2(S0O4)3 Dosage 165.37mg/l as Al2(SO4)3
pH Turb  UV2s4 pH Turb  UV2s4
58 087 0.140 58 07 0.108
8.2 1.7 0.220 6.2 0.7 0.232
66 24 0.357 68 09 0.243
Set 23 Sel 268
Coag type Al2(SO4)3 + Lime Coag type Al2(S04)3 + Lime
Dosage formula UV300 x 5 x 13 Dosage formule UV300 x 6 x 30
Dosage 87.82mg/ as Al2(S04)3 Dosage 202.85mg/ as AI2(S04)3
pH Turb  UV2S4 pH Turb  UV2S4
68 07 0.135 6.8 0.58 0.100
8.2 1.1 0.228 8.2 0.51 0.182
66 1.7 03 6.8 0.76 0.213
Sel 24 Set 27
Coag type Al2(SO4)3 + Lime Coag type Al2(SO4)3 + Lime
Dosage formula UV300 x 6 x 17 Dosage formula UV300 x 5 x 40
Dosage 114.84mg/ as Al2(SO4)3 Cosage 270.2mpA as AI2(804)3
pH Turb  UV254 pH Tub  UV2S4
58 14 0.108 58 08 0.082
6.2 1.5 0.202 62 05 0.138
6.8 15 0.270 68 0.7 0.188



GEORGE RAW WATER

Residual metal concentrations after coagulation at optimum dosage of UVA300 x 30
with the three different metal coagulants, at different pH values

Values In parenthesis denotes samples from different experimental sets subject 1o the same coagulation conditions



pH Optimisation
Set 1
Coag type FeCi3 + Lime
Dosage formula UV300 x 30
Dosage 7.86mg/ as Fe
Turb

42 27

48 1.7

6.0 16

54 34

58 64

62 79
Set 2
Coag type FeCi3 + Lime
Dosage formula UV300 x 23
Dosage 8.06mg/ as Fe

pH Turb

42 4

48 26

8.0 29

54 47

68 6.1

6.2 6.4
Set 3
Coag type FeCI3 + Lime
Dosage formula UV300 x 17
Dosage 4.47Tmgh as Fe

pH Turb

42 28

48 31

5.0 42

54 54

58 40

PLETTENBERG BAY RAW WATER

Coagulation with Ferric Chloride

0.000
0.001
0.018
0.103
0.166
0.108

0.004
0.008

0.112
0.180
0.182

0.020
0.025
0.058
0.102
0.131
0.184

Dose Optimisation
Sel 7 Set 10
Coag type FeCi3 + Lime Coag type FeCl3 + Lime
Dosage formula UV300 x 10 Dosage formuls UV300 x 23
Dosage 2.63mg/ as Fe Dosage 6.05mg/l as Fe
pH Turb  UV2S4 pH Turb  UV2s4
456 5 0.371 40 24 0.014
5.0 42 0.432 5.0 23 0.025
54 4 0435 54 41 0.078

Set 8
Coag type FeCl3 + Lime

Dosage formula UV300 x 13

Dosage 3.42mg/ as Fe
pH Turb  UV254
40 33 0.04
5.0 47 0.088
54 63 0.138

Setl §

Coag type FeCI3 + Lime

Dosage formula UV300 x 17

Dosage 4.47mg/ as Fe
pH Turb  UV2S4
48 a1 0.024
5.0 44 0.048
54 58 0.004

Set 11

Coag type FeCl3 + Ume

Dosage formuls UV300 x 30

Dosage 7.80mg/ as Fe
pH Turb  UV254
406 186 0.005
5.0 16 0.013
54 2 0.048

Set 12

Coag type FeCI3 + Lime

Dosage formuls UV300 x 40

Dosage 10.52mg/ as Fe
pH Tub  UV2S4
48 15 0.000
50 1 0.002
54 1.5 0.038



PLETTENBERG BAY RAW WATER
Coagulation with Ferric Sulphate

pH Optimisation Dose Optimisation
Set 4 Set 13 Set 18
Coag type Fe2(S04)3 + Ume Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime
mmhwmxao Dosage formuls UV300 x 10 Dosage formula UV300 x 23
Dosage 7.80mg/ as Fe Dosage 2.63mg/ as Fe Dosage 8.06mgA as Fe
pH Turb pH Turb  UV2s4 Turb  UV2s4
42 23 0.015 48 as 0.342 48 - 24 0.02
48 18 0.02 8.0 3 0.407 50 a1 0.030
5.0 23 0.032 54 27 0.441 54 58 0.101
54 55 0.088
58 68 0.13
6.2 59 0.185
Set 5 Set 14 Set 17
Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime
Dosage formula UV300 x 23 Dosage formuls UV300 x 13 Dosage formula UV300 x 30
Dosage 6.06mgA as Fe Dosage 3.42mgh as Fe Dosage 7.86mg/ as Fe
pH Turb uvas4 pH Turb  UV254 Turb  UV284
42 28 0.022 46 54 0.168 48 18 0.014
46 28 0.032 50 50 0.243 5.0 22 0.026
6.0 38 0.081 54 42 0.381 54 43 0.088
54 52 0.137
68 52 0.156
6.2 58 0.178
Set 6 Set 16 Set 18
Coagtype  Fe2(SO4)3 + Lime Coagtype  Fe2(SO4)3 + Lime Coagtype  Fe2(SO4)3 + Lime
Dosage formula UV300 x 17 Dosage formuls UV300 x 17 Dosage formula UV300 x 40
Dosage 4 ATmg/ as Fe Dosage 4.7mg/ s Fe Dosage 10.52mg/ as Fe
pH Turb Turd Turb  UV254
42 24 0.053 48 29 0.088 46 18 0.008
A8 40 0.087 5.0 6.5 0.082 8.0 16 0.013
5.0 46 0.108 54 55 0.135 54 28 0.048
54 63 0.182
6.8 A7 0.183
6.2 45 0.197



PLETTENBERG BAY RAW WATER
Coagulation with Aluminium Sulphate

pH Optimisation

Set 19

Coagtype  AI2(SO4)3 + Lime

Dosage formuls UV300 x 5 x 30

Dosage 30.45mg/ as AI2(SO4)3
pH Turd uvas4
48 2.10 0.087
5.0 1.50 0.004
54 0.60 0.008
58 0.67 0.021
6.2 0.76 0.031
88 0.84 0.083

Set 20

Coag type Al2(SO4)3 + Lime

Dosage formula UV300 x 5x 23

Dosage 30.26mg/ as Al2(SO4)3
pH Turb Uv25s4
48 18 0.108
50 13 0.013
54 0.64 0.009
68 05 0.028
6.2 1.7 0.043
66 4 0.087

Set 21

Coag type AI2(SO4)3 + LUime

Dosage formula UV300 x 5 x 17

Dosage 22.36mgA as AI2(SO4)3
pH Turb uvas4
46 18 0.128
50 16 0.027
54 14 0.015
58 15 0.040
6.2 44 0.084

6.6 41 0.090

Dose Optimisation
Set 22 Set 25
Coagtype  AI2(S04)3 + Lime Coag type Al2(SO4)3 + Lime
Dosage formula m Bx 1’3 " Dosage formula UV300 x 23
Dosage as Al2(SO4 Dosage 30.25mg/l as AI2(S04)3
pH Turb  UV2S4 pH Tub  Uvas4
58 3 0.050 58 0.7 0.013
6.2 42 0.102 6.2 0.9 0.048
68 37 0.170 86 08 0.050
Set 23 Set 26
Coag type Al2(SO4)3 + Lime Coag type Al2(SO4)3 + Lime
Dosage formula UV300 x 6 x 13 Dosage formula UV300 x 5 x 30
Dosage 17.10mg/ as Al2(S04)3 Dosage 30.45mg/ as AI2(SO4)3
pH Turb  UV2s4 pH Turb  UV2s4
68 0.7 0.03 68 0.58 0.008
62 45 0.077 8.2 0.63 0.027
68 38 0.133 66 0.7 0.057
Set 24 Set 27
Coag type Al2(SO4)3 + Lime Coag type Al2(804)3 + Lime
Dosage formula UV300 x 5 x 17 Dosage formula UV300 x 5 x 40
Dosage 22.36mg/ as AI2(SO4)3 Dosage 52.6mg/ as Al2(SO4)3
pH Turb  UV2s4 pH Turb  UVas4
58 12 0.024 6.8 0.7 0.011
62 28 0.083 8.2 08 0.024
6.6 43 0.096 6.6 0.5 0.042



PLETTENBERG BAY RAW WATER

Residual metal concentrations after coagulation at optimum dosage of UVA300 x 30
with the three different metal coagulants, at different pH values

Values in parenthesis denotes samples from different experimental sets subject to the same coaguilation conditions



pH Optimisation

Set 1

Coag type FeCl3 + Lime

Dosage formula UV300 x 30

Dosage 7.1 mgh as Fe
pH Turb Uvas4
42 15.0 0.033
40 5.0 0.031
5.0 5.0 0.035
54 40 0.082
58 30 0.081
62 3.0 0.127

Set 2

Coag type FeCi3 + Lime

Dosage formula UV300 x 23

Dosage 5.4 mg/ as Fe
pH Turb uvass
42 72 0.042
46 73 0.044
6.0 74 0.050
54 78 0.072
58 ) 0.114
6.2 4 0.183

Set 3

Coag type FeClI3 + Lime

Dosage formula UV300 x 17

Dosage 3.0 mgh as Fe
pH Turb uvas4
42 3.5 0.071
48 85 0.048
5.0 8.2 0.086
64 12 0.076
58 o 0.121
6.2 8.7 0.153

PORT ELIZABETH RAW WATER
Coagulation with Ferric Chloride

Dose Optimisation
Set7 Set 10
Coag type FeCl3 + Lime Coag type FeCi3 + Lime
Dosage formula UV300 x 10 Dosage formula UV300 x 23
Dosage 24mgl asFe Dosage 5.4 mg/ as Fe
pH Turb  UV254 pH Turb  UV2S4
46 17 0.138 48 8.2 0.042
6.0 18 0.180 6.0 45 0.050
54 17 0.248 54 84 0.050
Sel 8 Set 11
Coag type FeCI3 + Lime Coag type FeCl3 + Lime
Dosage formula UV300 x 13 Dosage formula UV300 x 30
Dosage 3.1 mghasFe Dosage 7.1 mgh as Fe
pH Tub  UV2S4 pH Tub  UV2S4
46 177 0.271 46 45 0.030
5.0 17 0.08 5.0 a7 0.049
54 18 0.109 54 54 0.081
Set 0 Set 12
Coag type FeCi3 + Lime Coag type FeCi3 + Lime
Dosage formula UV300 x 17 Dosage formula UV300 x 40
Dosage 3.0 mgl as Fe Dosage 8.4 mgh as Fe
pH Turb  UV2S4 pH Tuwb  UV2S4
48 8 0.052 46 654 0.032
6.0 6.5 0.050 50 22 0.034
54 0.7 0.087 54 1.7 0.057



PORT ELIZABETH RAW WATER

Coagulation with Ferric Sulphate

pH Optimisation

Set 4

Coag type Fea2(S04)3 + Lime

Dosage formula UV300 x 30

Dosage 7.1 mg/ as Fe
pH Turb uvas4
42 78 0.047
46 6.0 0.042
5.0 58 0.061
54 6.5 0.078
68 48 0.000
6.2 8.2 0.143

Set 5

Coag type Fe2(S04)3 + Ume

Dosage formula UV300 x 23

Dosage 5.4 mg/ as Fe
pH Turb Uvas4
42 6.7 0.051
48 65 0.045
5.0 6.9 0.058
54 78 0.086
58 78 0.128
6.2 6.1 0.168

Set6

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 17

Dosage 3.0 mg as Fe
pH Turb Uvas4
42 47 0.071
40 56 0.086
5.0 10.0 0.08
54 140 0.104
58 11.0 0.137
6.2 11.0 0.166

Dose Optimisation
Set 13 Sel 16
Coag type Fe2(S04)3 + Lime Coag type Fe2(SO4)3 + Lime
Dosage formula UV300 x 10 Dosage formuls UV300 x 23
Dosage 24 mg/ as Fe Dosage 6.4 mgh as Fe
pH Tud  UV2S4 pH Turb  UV254
46 16 0.308 46 8.7 0.081
5.0 17 0.338 6.0 8.7 0.057
54 18 0.359 54 89 0.082
Sel 14 Set 17
Coag type Fe2(S04)3 + Lime Coag type Fe2(SO4)3 + Lime
Dosage formula UV300 x 13 Dosage formule UV300 x 30
Dosage 3.1mg/asFe Dosage 7.1 mg/ as Fe
pH Turb  UV254 pH Turb  UV25s4
48 16.0 0.257 48 7.8 0.038
5.0 16.0 0.282 5.0 73 0.083
54 15.0 0.347 54 7 0.078
Set 15 Set 18
Coagtype  Fe2(SO4)3 + Lime Coagtype  Fe2(S04)3 + Lime
Dosage formula UV300 x 17 Dosage formuls UV300 x 40
Dosage 3.0mglasFe (sage 8.4 mgi as Fe
pH Turb  UV2s4 pH Turb  UV2S4
46 63 0.059 48 8.1 0.033
5.0 83 0.073 6.0 6.2 0.038
54 13 0.108 54 40 0.083



PORT ELIZABETH RAW WATER
Coagulation with Aluminium Sulphate

pH Optimisation

Set 19

Coag type Al2(S04)3 + Lime

Dosage formula UV300 x 5 x 30

Dosage 35.25 mg/ as Al2(S04)3
pH Turb Uvas4
48 440 0.115
5.0 5.60 0.054
54 270 0.038
68 1.60 0.088
6.2 1.00 0.103
66 0.80 0.100

Set 20

Coag type Al2(S04)3 + Lime

Dosage formula UV300 x 5 x 23

Dosage 27.0 mg/ as AI2(S04)3
pH Turb Uvas4
46 34 0.137
5.0 45 0.076
5.4 35 0.046
6.8 156 0.058
8.2 1.0 0.088
6.6 0.87 0.115

Set 21

Cosgtype  AI2(SO4)3 + Lime

Dosage formula UV300 x 8 x 17

Dosage 19.9 mg/ as AI2(804)3
pH Turb Uvas4
48 s 0.120
6.0 43 0.103
54 6.3 0.052
58 22 0.060
8.2 18 0.101

66 18 0.125

Dose Optimisation

Set 22 Set 25

Coag type AI2(S04)3 + Lime Coag type Al2(SO4)3 + Lime

Dosage formula UV300 x § x 10 Dosage formuls UV300 x 5 x 23

Dosage 11.8 mgA as Al2(SO4)3 Dosage 27.0 mg/ as Al2(SO4)3
pH Turd  UV254 pH Turb  UV2S4
58 7 0.072 6.8 24 0.08
8.2 6.9 0.008 8.2 18 0.086
68 b4 0.135 68 12 0.138

Set 23 Sel 26

Coag type Al2(SO4)3 + Lime Coag type Al2(S0O4)3 + Lime

Dosage formula UV300 x 5 x 13 Dosage formuls UV300 x 8 x 30

Dosage 15.3 mg/ as Al2(SO4)3 Dosage 35.2 mg/ as Al2(S04)3
pH Turb  UV2S4 pH Turb  UV2S4
58 52 0.083 58 1.8 0.053
6.2 32 0.088 6.2 13 0.078
6.6 72 0.130 L1 12 0.104

Set 24 Sel 27

Coag type Al2(S04)3 + Lime Coag type Al2(SO4)3 + Lime

Dosage formula UV300 x 5 x 17 Dosage formuls UV300 x 5 x 40

Dosage 10.0 mg/l as Al2(S04)3 Dosage 47 mg/l as Al2(S04)3
pH Turd  UV2M4 pH Turb  UV2S4
6.8 4 0.051 6.8 1.5 0.049
6.2 24 0.088 6.2 13 0.048
66 14 0.124 6.6 1.0 0.088



PORT ELIZABETH RAW WATER

Residual metal concentrations after coagulation at optimum dosage of UVA300 x 30
with the three different metal coagulants, at different pH values

Values in parenthesis denotes samples from different experimental sets subject to the same coagulation conditions



pH Optimisation
Set 1
Coag type FeCI3 + Lime
Dosage formula UV300 x 30
Dosage 7.8 mg/ as Fe
pH Turb
42 5.1
46 13
5.0 14
54 18
68 19
682 42
Set 2
Coag type FeCli3 + Lime
Dosage formula UV300 x 23
Dosage 5.88mg/ as Fe
pH Turb
42 54
46 14
5.0 2
54 25
58 3
6.2 8.8
Set 3
Coag type FeCl13 + Lime
Dosage formula UV300 x 17
Dosage 4.42mg/ as Fe
pH Turb
42 7
40 22
5.0 3
54 34
5.8 5
6.2 5

0.027
0.038
0.033
0.085
0.118
0.143

0.033
0.032

0.102
0.133
0.119

SWELLENDAM RAW WATER
Coagulation with Ferric Chloride

Dose Optimisation

Set 7 Set 10

Coag type FeCi3 + Lime Coag type FeCi3 + Ume

Dosage formula UV300 x 10 Dosage formula UV300 x 23

Dosage 2.6mg/ as Fe Dosage 5.98mg/ as Fe
pH Tub  UV2s4 pH Tudb  UVas4
48 33 0.070 48 15 0.022
5.0 44 0.1 5.0 1.8 0.038
54 6.2 0.137 54 3 0.077

Set 8 Set 11

Coag type FeCi3 + Lime Coag type FeCi3 + Lime

Dosage formula UV300 x 13 Dosage formula UV300 x 30

Dosage 3.38mg/ as Fe Dosage 7.8mgA as Fe
pH Turb  UV2s4 pH Turb  UV2S4
46 3 0.048 46 16 0.022
6.0 a3 0.071 8.0 18 0.038
54 42 0.116 54 3 0.077

Set Set 12 ~

Coag type FeCI3 + Lime Coag type FeCI3 + Lime

Dosage formula UV300 x 17 Dosage formula UV300 x 40

Dosage 4.42mg/ as Fe Dosage 10.40mg/ as Fe
pH Turb  UV2S4 pH Turb  UV2s4
48 24 0.030 48 1.7 0.012
5.0 27 0.047 5.0 0.78 0.017
54 38 0.069 54 0.76 0.029



pH Optimisation

Set 4

Coag type Fea2(S04)3 + Lime

Dosage formula UV300 x 30

Dosage 7.8mg/ as Fe
pH Turb Uvas4
42 25 0.034
48 19 0.034
5.0 18 0.044
54 34 0.088
68 68 0.134
8.2 5.8 0.162

Set 5

Coag type Fe2(SO4)3 + Lime

Dosage formula UV300 x 23

Dosage 5.06mg/l as Fe
pH Turb Uvas4
42 2.7 0.04
46 23 0.04
5.0 23 0.051
54 a3 0.1
5.8 5.0 0.18
6.2 54 0.163

Set 8

Coag type Fe2(S04)3 + Lime

formula UV300 x 17

Dosage 4.42mg/ as Fe
pH Turb uvas4
42 23 0.048
48 28 0.063
5.0 36 0.086
54 45 0.131
58 35 0.164
6.2 45 0.183

SWELLENDAM RAW WATER
Coagulation with Ferric Sulphate

Dose Optimisation

Set 13 Set 16

Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 10 Dosage formula UV300 x 23

Dosage 2.6mg/ as Fe Dosage 5.08mg/ as Fe
pH Turb  UV254 pH Turb  UV2S4
48 36 0.083 48 15 0.045
5.0 54 0.108 5.0 23 0.055
54 6.1 0.168 54 44 0.11

Set 14 Set 17

Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 13 Dosage formula UV300 x 30

Dosage 3.38mgA as Fe Dosage 7.8mgA as Fe
pH Turb  UV2S4 pH Turb  UV2s4
40 28 0.065 48 14 0.025
50 38 0.084 5.0 15 0.038
54 58 0.138 64 e 0.087

Set 16 Set 18

Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 17 Dosage formula UV300 x 40

Dosage 4.42mg/ es Fe Dosage 10.40mg/ as Fe
pH Turb  UV2S4 pH Tudb  UV2S4
46 29 0.049 48 14 0.017
8.0 36 0.082 5.0 11 0.018
54 5.5 0.120 54 18 0.044



pH optimisation

Set 190

Coag type Ai2(S04)3 + Lime
Dosage formula UV300 x § x 30

SWELLENDAM RAW WATER

Dosage 39.0 mg/L as Al2(SO4)3
pH Turb UV2s4
46 1.70 0.083
5.0 2.50 0.025
5.4 0.60 0.022
5.8 0.56 0.033
8.2 0.60 0.046
66 0.76 0.057

Set 20

Coagtype  AI2(SO4)3 + Lime
Dosage formula UV300 x 5 x 23

Dosage 20.9 mg/L as Al2(804)3
pH Turb Uvas4
48 15 0.048
5.0 23 0.022
54 0.76 0.023
58 0.77 0.041
8.2 11 0.045
66 24 0.072

Set 21

Coag type Al2(SO4)3 + Lime
Dosage formula UV300 x 8 x 17

Dosage 22.1mg/L as AI2(S04)3
pH Turb Uvas4
40 19 0.148
5.0 2 0.040
5.4 21 0.024
58 15 0.035
62 22 0.058

66 L

0.003

Coagulation with Aluminium Sulphate

Dose Optimisation
Set 22 Set 25
Coag type AI2(SO4)3 + Lime Coag type AI2(SO4)3 + Lime
Dosage formula UV300 x § x 10 Dosage formula UV300 x 23
Dosage 13.0mgA as Al2(S04)3 Dosage 20.6mg/ as AlI2(S04)3
pH Turb  UV2s4 pH Turb Uvas4
6.8 21 0.048 6.8 07 0.020
8.2 62 0.086 8.2 0.7 0.037
8.8 48 0.124 6.8 08 0.077
Set 23 Set 26
Coag type A12(S04)3 + Lime Coag type Al2(S04)3 + Lime
Dosage formula UV300 x 5 x 13 Dosage formula UV300 x 6 x 30
Dosage 16.0mg/ as Al2(S04)3 Dosage 30.0mgA as AI2(SO4)3
pH Tub  UV2S4 pH Tub  UV2S4
68 20 0.045 58 0.62 0.028
6.2 25 0.07 8.2 0.58 0.050
66 8.0 0.109 68 0.50 0.058
Set 24 Set 27
Coag type AI2(SO4)3 + LUime Coag type Al2(S04)3 + Lime
Dosage formula UV300 x 6 x 17 Dosage formula UV300 x 6 x 40
Dosage 22.1mg/ as Al2(SO4)3 Dosage 52.0mgA as AI2(S04)3
pH Turb  UV2S4 pH Turb  UV2S4
5.8 12 0.032 58 06 0.031
8.2 18 0.053 82 08 0.040
8.8 42 0.080 68 08 0.047



SWELLENDAM RAW WATER

Residual metal concentrations after coagulation at optimum dosage of UVA300 x 30
with the three different metal coagulants, at different pH values

Values In parenthesis denotes samples from different experimental sets subject 10 the same coagulation conditions
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SIMONS TOWN RAW WATER

Coagulation with Ferric Sulphate

pH optimisation

Set 4

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 30

Dosage 17.26mg/ as Fe
pH Turb Uvas4
42 28 0.068
46 34 0.004
6.0 58 0.144
54 100 0.287
6.8 6.5 0.328
6.2 71 0.305

Set 5

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 23

Dosage 13.23mg/ as Fe
pH Turb Uvas4
42 43 0.004
48 75 0.138
50 10.0 0.208
54 11.0 0.37
58 08 0.422
8.2 654 0.584

Set 6

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 17

Dosage 0.78mg/ as Fe
pH Turb Uvas4
42 52 0.139
46 11.0 0.198
5.0 13.0 0.26
54 100 0.432
6.8 95 0.503
6.2 7.2 0.528

Dose optimisation

Set 13 Set 16

Coag type Fe2(804)3 + Ume Coag type Fe2(504)3 + Lime

Dosage formula UV300 x 10 Dosage formula UV300 x 23

Dosage 5.76mg/ as Fe Dosage 13.23mgA as Fe
pH Tub  UvV2s4 pH Turb  UV284
48 54 1.026 48 55 0.109
8.0 406 1.083 50 11.0 0.17
54 41 1.107 54 13.0 03

Set 14 Set 17

Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 13 Dosage formula UV300 x 30

Dosage 7.48mgA as Fe Dosage 17.25mg/ as Fe
pH Turb  UVa2s4 pH Turb  UV254
48 120 0.253 46 20 0.063
50 110 0.335 5.0 39 0.128
54 0.2 0.539 54 8.3 0.271

Set 15 Set 18

Coagtype  Fe2(SO4)3 + Lime Coagtype  Fe2(S04)3 + Lime

Dosage formula UV300 x 17 Dosage formula UV300 x 40

Dosage 0.76mgA as Fe Dosage 23.0mg/ as Fe
pH Turb  UV2s4 pH Turdb UV254
40 87 0.176 48 20 0.068
5.0 13 0.239 5.0 27 0.004
54 1" 0.397 B4 7 0.188



SIMONS TOWN RAW WATER

pH Optimisation

Set 19

Coag type Al2(SO4)3 + Lime

Dosage formula UV300 x 8§ x 30

Dosage 86.25mg/ as Al2(S04)3
pH Turb Uvas4
48 1.40 0.138
5.0 0.68 0.054
54 0.79 0.081
58 0.63 0.128
6.2 0.68 0.152
68 0.64 0.108

Set 20

Coagtype  AI2(SO4)3 + Lime

Dosage formuls UV300 x 6 x 23

Dosage 66.13mg/ as AI2(S04)3
pH Turb Uvas4
48 18 0.212
6.0 11 0.0mM
54 12 0.000
58 1 0.017
6.2 08 0.208
66 2 0.223

Set 21

Coag type Al2(SO4)3 + Lime

Dosage formule UV300 x 5 x 17

Dosage 48.80mg/ as Al2(S04)3
pH Turb Uvas4
406 2 0.261
5.0 14 0.102
5.4 16 0.120
58 21 0.200
8.2 24 0.263

66 25 0.302

Coagulation with Aluminium Sulphate

Dose Optimisation
Sel 22 Set 25
Coagtype  AI2(SO4)3 + Ume Coag AI2(SO4)3 + Lime
Do-o-hml-gmuno oo-g”muvaoox);a
75mgA as Al2(S04)3 Dosage 686.1 as Al2(SO4)3

o e

58 74 0.230 68 13 0.141

6.2 8.2 0.334 8.2 18 0.188

68 LX) 0.425 68 29 0.244
Set 23 Set 26
Coag type AI2(SO4)3 + Lime Coag type Al2(SO4)3 + Lime
Dosage formula UV300 x 6 x 13 Dosage formula UV300 x 6 x 30
Dosage 37.38mgA as AI2(S04)3 Dosage 86.25mg/ as Al2(SO4)3

pH Turb  UV254 pH Turb  UV284

58 28 0.161 68 11 0.104

8.2 40 0.267 6.2 0.83

668 7.3 0.322 66 0.64 0.180
Set 24 Set 27
Coag type Al2(804)3 + Lime Coag type Al2(SO4)3 + Lime
Dosage formula UV300 x 5 x 17 Dosage formula UV300 x 5 x 40
Dosage 49.0mg/ as AI2(SO4)3 Dosage 115.0mgA as Al2(SO4)3

pH Turb  UV2s4 pH Turb  UV284

58 19 0.143 5.8 0.7 0.081

6.2 23 0.238 6.2 08 0.129

6.8 16 0.303 66 08 0.164



SIMONS TOWN RAW WATER

Residual metal concentrations after coagulation at optimum dosage of UVA300 x 30
with the three different metal coagulants, at different pH values

Values In parenthesis denotes samples from different experimental sets subject to the same coagulation conditions



pH Optimisation

Set 1
Coag type FeCl3 + Lime
Dosage formula UV300 x 30
Dosage 14.64 mg/ as Fe

pH Turb

42 7.0

48 25

5.0 14

54 0.9

58 0.8

6.2 0.8
Set 2
Coag type FeCi3 + Lime
Dosage formula UV300 x 23
Dosage 11.22mgN as Fe

pH Turb

42 64

40 24

5.0 13

54 0.81

68 0.76

6.2 0.66
Set 3
Coag type FeCI3 + Lime
Dosage formula UV300 x 17
Dosage 8.30mgA as Fe

pH Turb

42 68

46 18

5.0 1.1

54 09

58 12

0.015
0.011
0.010

KNYSNA RAW WATER
Coagulation with Ferric Chloride

Dose Optimisation

Set 7 Set 10

Coag type FeCI3 + Lime Coag type FeCI3 + Lime

Dosage formule UV300 x 10 Dosage formuls UV300 x 23

Dosage 4.88mg/l as Fe Dosage 11.22mg/ as Fe
pH Turb  Uv2s4 pH Turb  UV2s4
48 22 0.032 48 3 0.017
5.0 16 0.028 5.0 18 0.013
54 21 0.034 54 1 0.014

Set 8 Set 11

Coag type FeCl3 + Ume Coag type FeCi3 + Lime

Dosage formuls UV300 x 13 Dosage formuls UV300 x 30

Dosage 6.34mg/ as Fe Dosage 14.64mg/ as Fe
pH Turb  UV2s4 pH Turb  UV2S4
46 2 0.017 48 71 0.016
5.0 1.5 0.023 5.0 19 0.013
54 2 0.027 6.4 0.0 0.020

Set § Set 12

Coag type FeCi3 + Lime Coag type FeCi3 + Lime

Dosage formuls UV300 x 17 Dosage formuls UV300 x 40

Dosage 8.30mg/ as Fe Dosage 19.62mg/ as Fe
pH Turb  Uvas4 pH Turb  UV2S4
46 18 0.0156 46 85 0.013
6.0 13 0.016 6.0 a8 0.015
54 0.87 0.026 54 11 0.015



KNYSNA RAW WATER
Coagulation with Ferric Sulphate

pH Optimisation Dose Optimisation
Set 4 Set 13 Set 16
Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Ume Coag type Fe2(SO4)3 + Lime
Dosage formula UV300 x 30 Dosage formula UV300 x 10 Dosage formuls UV300 x 23
Dosage 14.84mg/ s Fe Dosage 4.88 mg as Fe Dosage 11.22mg/ as Fe
pH Turb pH Turb  UV254 pH Turb  UV2S4
42 26 0.019 48 37 0.031 40 15 0.028
48 15 0.015 8.0 25 0.034 5.0 13 0.024
6.0 12 0.017 54 31 0.042 54 12 0.020
54 1.0 0.018
68 08 0.03
6.2 0.7 0.047
Sets Set 14 Set 17
Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime
ooaouumnwaoo:zs owmmwaoona formule UV300 x 30
Dosage 11.22mg/ as Fe Dosage 6.34mg/ as Fe Dosage 16.64mgA as Fe
pH Turb pH Turb  UV254 Turb  UV254
42 24 0.019 40 25 0.028 48 14 0.022
48 18 0.017 5.0 21 0.027 6.0 11 0.020
5.0 15 0.016 54 20 0.034 54 0.9 0.025
5.4 13 0.021
58 10 0.034
6.2 12 0.052
Set 8 Sel 15 Set 18
Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime Coag type Fe2(804)3 + Lme
Dosage formula UV300 x 17 Dosage formula UV300 x 17 Dosage formula UV300 x 40
Dosage 8.30mg/ as Fe Dosage 8.30mg/ as Fe Dosage 19.52 mg as Fe
pH Turb pH Turb  UV2S4 pH Turb  UV254
42 44 0.021 48 2 0.027 48 12 0.021
468 18 0.02 5.0 18 0.027 6.0 09 0.020
5.0 15 0.02 54 15 0.030 54 0.7 0.024
54 13 0.024
58 1.2 0.04
6.2 14 0.058



pH Optimisation

Set 19

Coag type Al2(SO4)3 + Lime

Dosage formuls UV300 x 6 x 30

Dosage 73.2mgA as Al2(SO4)3
pH Turd Uvas4
48 1.00 0.064
6.0 0.85 0.020
54 0.56 0.023
5.8 0.35 0.025
6.2 0.33 0.031
68 0.31 0.034

Set 20

Coag type Al2(S04)3 + Lime

Dosage formule UV300 x 5 x 23

Dosage 58.12mg/ as Al2(SO4)3
pH Turd Uvas4
48 1 0.048
50 14 0.023
54 0.63 0.022
58 042 0.025
a2 0.35 0.031
68 0.36 0.038

Set 21

Coag type Al2(SO4)3 + Ume

Dosage formuls UV300 x 6 x 17

Dosage 41.48mgA as AI2(504)3
pH Turb uvas4
486 14 0.068
50 2 0.026
54 1 0.022
58 0.41 0.027
6.2 0.35 0.033

68 0.36 0.037

KNYSNA RAW WATER
Coagulation with Aluminium Sulphate

Dose Optimisation
Set 22 Set 25
Coag type Al2(SO4)3 + Lime Coag type Al2(S04)3 + Lime
Dosage formula UV300 x 5 x 10 Dosage formula UV300 x 23
Dosage 24.4mg/ s AI2(SO4)3 Dosage 56.12mgA as AI2(SO4)3
pH Turb  UV2s4 pH Turb  UV2s4
68 08 0.025 68 04 0.022
62 0.45 0.030 62 0.3 0.020
68 0.5 0.040 68 04 0.034
Set 23 Sel 26
Coag type Al2(SO4)3 + Lime Coag type Al2(S04)3 + Lime
Dosage formula UV300 x 5 x 13 Dosage formula UV300 x 5 x 30
Dosage 31.72mg/ as Al2(S04)3 Dosage 73.2mg/) as Al2(SO4)3
pH Turb  UV2S4 pH Turb  Uva2s4
58 08 0.028 58 0.38 0.024
8.2 0.4 0.028 62 0.34 0.027
6.6 04 0.030 X} 0.32 0.031
Set 24 Sel 27
Coag type Al2(S04)3 + Lime Coag type Al2(SO4)3 + Lime
Dosage formula UV300 x § x 17 Dosage formula UV300 x 5 x 40
Dosage 41.48mgA as AI2(S04)3 Dosage 97.6mg/ as AI2(SO4)3
pH Turd  UV2S4 pH Turb UV2s4
58 0.41 0.028 6.8 03 0.021
8.2 0.42 0.031 6.2 03 0.024
68 0.35 0.037 66 03 0.028



KNYSNA RAW WATER

Residual metal concentrations after coagulation at optimum dosage of UVA300 x 30
with the three different metal coagulants, at different pH values

Ferric chloride

T 1 S e
Wiyt

Values In parenthesis denotes samples from different experimental sets subject to the same coagulation conditions



pH Optimisation

Set 1

Coag type FeCl3 + Lime

Dosage formula UV300 x 30

Dosage 18.12mg/L. as Fe
pH Turb

42 45

48 18

5.0 18

54 18

5.8 1.3

8.2 14
Set 2
Coag type FeCi3 + Lime

Dosage formula UV300 x 23
Dosage 13.802 mg/ as Fe

pH Turb
42 8
46 19
5.0 18
54 16
68 2
6.2 2

Set 3
Coag type FeCi3 + Lime
Dosage formula UV300 x 17

Dosage 10.268 mg/ as Fe
pH Turb
42 37
46 28
5.0 28
654 3s
58 48
8.2 8.1

Uvas4
0.033
0.021
0.021
0.028
0.038
0.048

o.m

0.051
0.078
0.131
0.222

DUIVENHOKS RAW WATER
Coagulation with Ferric Chloride

Dose Optimisation
Set 7 Set 10
Coag type FeCi3 + Lime Coag type FeCi3 + Ume
Dosage formula UV300 x 10 Dosage formula UV300 x 23
Dosage 6.04 mgh as Fe Dosage 13.80mg/L as Fe
pH Turb  UV2s4 pH Turb  UV2S4
46 29 0.060 40 24 0.031
6.0 35 0.003 5.0 18 0.033
64 41 0.113 54 18 0.041
Set 8 Set 11

Coag type FeCl3 + Lime
Dosage formula UV300 x 13
Dosage 7.85 mg! as Fe

pH Turb  UV2s4
46 31 0.057
5.0 33 0.073
54 38 0.114
Set 9
Coag type FeCI3 + Lime
Dosage formula UV300 x 17
Dosage 10.27Tmg/L as Fe
pH Tub  UV254
40 27 0.041
8.0 23 0.052
54 33 0.066

Coag type FeCi3 + Lime
Dosage formula UV300 x 30

Dosage 18.12mg/L as Fe

pH Turb  UV2S4
48 a 0.021
5.0 16 0.022
64 12 0.029
Set 12
Coag type FeCi3 + Lime

Dosage formula UV300 x 40
Dosage 24.18mg/ as Fe

pH Turb  UV254
40 39 002
5.0 18 0019
5.4 12 0021



pH Optimisation

Set4

Coag type Fe2(SO4)3 + Lime

Dosage formula UV300 x 30

Dosage 21.06mg/l as Fe
pH Turb uvas4
42 18 0.08
48 23 0.088
5.0 28 0.111
54 4.1 0175
58 68 0.252
6.2 6.7 0.203

Set 5

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 23

Dosage 16.16mg/ as Fe
pH Turb Uvas4
42 29 0.004
48 34 0.108
6.0 59 0.181
54 10.0 0.244
68 120 0.28
6.2 1.7 0.33

Set 6

Coag type Fe2(S04)3 + Lime

Dosage formula UV300 x 17
Dosage 11.83mgA as Fe
pH Turb
42 34
46 6.7
50 120
54 14.0
58 130

6.2 13.0

Uvas4
0.132
0.150
0.262
0.374
0.412
0.462

SEDGEFIELD RAW WATER
Coagulation with Ferric Sulphate

Dose Optimisation

Set 13 Set 18

Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Lime

Dosage formula }'Nm x10 . Dosage formula UV300 x 23

Dosage 02mg/ as Fe Dosage 18.1 as Fe
pH Turb  UVas4 pH T:;:M Uvas4
48 13 0.303 48 32 0.114
5.0 14 0.348 5.0 7.0 0177
64 12 0444 54 100 0.239

Set 14 Set 17

Coag type Fe2(S04)3 + Lime Coagtype  Fe2(SO4)3 + Lime

Dosage formula UV300 x 13 Dosage formula UV300 x 30

Dosage 01dmglas Fe ™ Dosage 21.08mg/ as Fe
pH Turb UV pH Turb  UV2s4
48 9.9 0.219 48 22 0.087
5.0 140 0.3 5.0 25 0.102
54 13.0 0.388 54 45 0.187

Set 15 Set 18

Coag type Fe2(S04)3 + Lime Coag type Fe2(S04)3 + Ume

Dosage formula UV300 x 17 Dosage formula UV300 x 40

Dosage 11.03mg/ as Fe Dosage 26.08mg/ as Fe
pH Turb  UV254 pH Turb  UV254
46 66 0.161 48 1.8 0.070
5.0 1 0.218 6.0 18 0.074
54 13 0.208 54 21 0.110



4,2

DUIVENHOKS RAW WATER

Residual metal concentrations after coagulation at optimum dosage of UVA300 x 30
with the three different metal coagulants, at different pH values

Ferric chlaride

Ferric sulphate

Aluminlum sulphate

Fe
ug/t

JO

c‘
=

g/t

Fe

L)
-

46

58

6,6

Values In parenthesis denotes samples from different experimental sets subject to the same coagulation conditions




pH Optimisation

Bel 10

Coag type Al2(804)3 + Lime

Dosage formula UV300 x 6 x 30

Dosage 105.3mg/) as AI2(804)3
pH Turb uvas4

40 1.10 0.137

6.0 0.66 0.068

6.4 0.62 0.064

6.8 0.72 0.080

6.2 0.68 0.121

6.6 0.60 0.144
Bet 20

Coag type Al2(804)3 + Lime

Dosage formula UV300 x 6x 23 )3

Dosage 80.73mg/ as Al2(SO4
pH rum. Uv2s4

40 14 0.160

5.0 0.78 0.070

04 0.78 0.0r2

5.8 0.70 0.100

6.2 0.82 0.168

LA 0.00 0.160
Bel 21

Coag type Al2(804)3 + Lime

Dosage formula UV300 x 8 x 17

Dosage 50.67mg/l as Al2(804)3
pH Turb Uvas4

40 12 0.224
8.0 0.82 0.088
64 13 0.000
0.8 18 0.120

0.2 28 0.167
0.6 3 0.233

SEDGEFIELD RAW WATER

Coagulation with Aluminium Sulphate

Dose Optimisation

g:.:z Set 25

type Al2(804)3 + Lime Al2(804
Mmhmax;& . WWwaoox);;m
Dosage as Al2(804)3 Dosage 80.73mgA as A2

M Tub  Uvass TR e T

6.8 3 0.183 68 0.7 0.117

8.2 10 0.241 0.2 08 0.151

6.0 0o 0.282 68 1.0 0.108
Bet 23 Sel 26
Cosgtyps  AI2(804)3 + Lime Coagtype  A2(804)3 + Lime
Dosage formula UV300 x 8 x 13 Dosage formuls UV300 x 8 x 30
Dosage 45.83mg/ as Al2(804)3 Dosage 108.3mgA a8 Al2(804)3

pH Turb  UVas4 pH Turb  UV2s4

88 20 0.118 8.8 0.63 0.081

6.2 s 0.200 8.2 0.82 0.123

0.6 3.0 0.284 6.8 00 0.162
Bet 24 Bel 27
Coag type AI2(804)3 + Lime Coagtype  AI2(BO4)3 + Lime
Dosage formula UV300 x B x 17 Dosage formuls UV300 x 8 x 40
Dosage 00.67mg/ as Al2(804)3 Dosage 140.4mg/l as AI2(804)3

pH Turdb  UV2s4 pH Twb  UV2s4

68 1.6 0117 6.8 08 0.008

0.2 200 0174 0.2 0.8 0.082

66 27 0.228 L1 08 0.132



SEDGEFIELD RAW WATER

Residual metal concentrations after coagulation at optimum dosage of UVA300 x 30
with the three different metal coagulants, at different pH values

Ferric chloride Ferric sulphate Aluminium sulphate
pH Fe Mn Al Fe Mn Al Fe Mn Al
t t ¢ t
42 369 20 247 84 20 | .
48 249 19 108 348 63 139 L ’
(668) (21) (94) (299) (62) (584) GgEi b _ .
5,0 214 19 53 580 62 63 86 19 744
@2 | @ | (e | @62 | ) | @48 |
68 | e Soieea e | 122 18 90
L (55) (19) (162)
6,8 i dizibi i 49 13 583
58 12 50

Values in parenthesis denoles samples from different experimental sels subject to the same coagulation conditions




Other related WRC reports available:

The treatment of eutrophic water using pre-and intermediate ozonation, peroxone
and pica carbon

Pryor MJ « Freeze SD

The project aimed at providing some guidelines for the treatment of South African eutrophic
waters using oxidation and activated carbon filters. Both laboratory and pilot-plant-scale
investigations were conducted. Various ozonation options, as well as comparative studies
on standard and a new type of activated carbon to limit regeneration frequency, were
considered.

It was found that granular activated carbon, especially in combination with ozone, can
be applied effectively in the absorption of taste and odour compounds released by algae,
as well as pesticides (atrazine) from surface water. However, little biological activity was
detected on any of the activated carbons evaluated. When used on its own, ozone
concentrations of 0.1 to 0.4 mg ozone per mg dissolved organic carbon (DOC) can result
in 40% to 60% removal of colour, which can be increased to over 90% when conventional
treatment is used after ozonation. Hydrogen peroxide which was used in conjunction
with ozone generally resulted in the same effect as that achieved with ozone alone.
However, this occurs at a lower ozone dose. Peroxide to ozone ratios in excess of 0.3
do not increase the benefit derived from ozone alone. Preliminary guidelines for the use
of ozone and activated carbon for the treatment of a typical South African eutrophic water ’
are provided, as well as a protocol for the evaluation of such pilot systems.

S ——————

Report Number: 694/1/00 ISBN: 186845 588 2

TO ORDER: Contact Publications - Telephone No: 012 330 0340
Fax Number: 012 331 2565
E-mail: publications@ wrc.org.za

< TUe (wwWw A argroug com

i




