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suggested. In America the rivers are not as turbid a') in South Africa, so there are
lower concentrations of SSonto which the pollutants could adsorb.

During storm events the main process occurring is the entrainment of pollutants

from the river bed. These are then washed downstream. Many pollutants like
phosphates, lead. iron and organic nitrogen are associated with the SS and had

similar pollutagraphs. Factors to determine the pollutagraph for each of these
PI.~!luta1\l.c; down..rream of a pollution source were calculated and used in the

modelling of thesepollutants with WITQUAL, a water quality model developed by

the Wmc\' SystemsResearch Group of the University of theWitwatersrand.

iv



ABSTRACT

South Africa, like many other developing countries, is faced with rapid urbanisation
with the associated increase in the pollution load. Much of this pollution is destined
for our watercourses, that eventually run into storage reservoirs which may be used
for drinking water or recreational purposes. This pollution is usually attributed to

human wru,!p products which include nitrogenous wastes, phosphates, micro-
organisms, organic material and llner,

A 6km stretch of the Jukskei river just downstream of Alexandra Township, was
used to determine the different biological, physical and chemical processes dlat

pollutants undergo during natural assimilation, their rates and efficiencies of
assimilation in rivers and their impact Oil the environment downstream of the urban
area. "Grab" samples were taken over a period which included both low-flow and
storm events. Due to the high concentration of nutrients in the run-off from
Alexandra Township, the major changes seen were in the biological conversion of
organic nitrogen compounds and ammonia to nitrates, in the BOD and in the
concentration of dissolved oxygen in the river, with lows of 1.1 to 1.5 mg/l 02

being recorded at Alexandra. A rapid rise in the concentration of faecal coliforms
has been seen with a high of 31 million/loo ml being recorded at Alexandra in
September, 1994. Sedimentation at the Alexandra site is also a common occurrence
with a lot of adsorbed pollutants being effectively removed r·om the water column
with the suspended solids.

The QUAL2E water quality model, used by the EPA in the United Sta.es, was used
to model the reactions that the nutrients, BOD and DO undergo. BOD and DO
were modelled very well with r of 0.98 and 0.94 being calculated respectively.
QUAL2E did not model tile dissolved potlutants, dissolved phosphorus and
ammonia very well with the observed results showing a greater reduction ill these
pollutants. A method by which these pollutants adhere to SS and settle out was

iii
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Most nutrients are not toxic in high concentrations. except for the nitrogen
derivatives, ammonia and nitrite.

The largest source of nutrients is the particulate and dissolved nutrients
contained in the runoff from urban catchments. Inorganic nitrogen and
phosphorus are seldom present in high concentrations in natural surface waters.
This is because most of the nitrogen and phosphorus is rapidl~ taken up by
aquati'1 plants from the water or from the sediments, and convened imo

proteins, ATP and other organic cellular products, Nutrients undergo a number
of processes in-stream that are regulated by water temperature and pH of the
water. Under aerobic conditions the most important process taking place is the
conversion of ammonia to nitrites and nitrates by the nitrifying bacteria.
Conversely, under anaeroblc conditions. denitrification l.e, the biological
conversion of nitrates to nitrites and then to molecular nitrogen, is the most
Important process occurring. Denitrification takes place at dissolved oxygen
concentrations of 1 • 1.S mg. l" 1•

Sedimentation of nutrients is also an important process. At a pollution source,
more thal1 30% of nutrients are in particulate form and these settle out under

low flow conditions (Watel·tek, 1995). Dissolved nutrients may also adsorb
onto suspended particulate material and sediment out with the suspended
material. Most of inorganic phosphorus compounds settle out, so very lhtle is
usually present in thA.surface waters. Figures 1.2 and 1.3 show the nutr: nt
cycles of nitrogen and phosphorus ill natural surface waters.

7



AEROBHC BIOLOGICAL Ol.lDATlON

BOD~ .'_ Jesus
Organic Malarial + Bacteria +~

Z CO~+NH3+ H20,."

F'igure 1.1 Aerobic Biological Oxidation

The organic pollutants were measured in terms of the Biochemical Oxygen
Demand (BOD) and the Chemical Oxygen Demand (COD). BOD is a measure
of the amount of oxygen consumed by bacteria whilst oxidising organic matter
under aeroblc conditions and is measured in the laboratory using a five <lay
bottle test. In this test, sampled water is placed In a bottle, the Dissolved
Oxygen (DO) is measured at the beginning and at the end of five days and the
difference between these two Values is the oxygen used by the bacteria during
that time or the BOD. The COD Is the amount of oxygen ~hat is required to
oxidise all oxldlsable sunstances in a sample of water and is usually done in the
laboratory using a strong chemical oxidant.

1.3.6 Nutrients

Nutrients arc any elements that are required for the normal growth and
reproduction of plants. The inorganic forms of nitrogen and phosphorus am
usually concentrated on as they are responsible for eutrophication in streams.

e



Most are chemically inert and are transporred downstream with an equilibrium
existing between the ions in the benthic layer and the ones in the river water.
They are conservative constituents l.e. the mass of the pollutant is not altered
by the chemical and blelogicul processes occurring in the surface water and once
they enter the river they may be diluted or dispersed but not changed in
quantity.

These Inert insoluble forms of inorganic ions often settle out and coat the bottom
of the river resulting in inhibition of benthic biological activity or cause
turbidity. If the water is turbid, it causes a deterioration in light transmissivity .•
Activity and growth of aquatic plants are inhibited even to the extent of
complete elimination. Some inorganic contaminants such as sulphurous acid
exei c an oxygen demand, as oxygen in the water is used for the oxidation of the
sulphurous ucid to sulphuric acid.

1.3.S Organic pollutants

Organic pollutants are non-conservative variables in that they undergo some
form of chemical or biological change. The major effect that organlc pollutants
have on the aquatic system is the depletion of the store of dissolved oxygen in
the water due the numerous oxidation reactions taking place. The organic
pollutants are mainly oxldlsed by means of various bacteria in the water. For
this, appropriate bacteria, nutrients and dissolved oxygen are needed with the
bacteria forming new cells while the rest is converted to stable products (Figure
1.1). Other organic contarnlnants like pesticides are not easily broken down and
are toxic to fish. These types of pollutants have an accumulative and lasting
effect rather than Biochemical Oxygen Demand (BOD) whose effect on the
environment is immediately scent Contaminants like oils form a surface layer
over the water causing a lower rate of reaeradon, no respiration CUi\ take place
and organisms begin to die,

5



penetration, with an associated decrease in photosynthesis in aquatic plants
{Kirk, 1985). Settling out of the suspended solids may smother aquatic plants
and animals leading to retardation of benthic activities. Dissolved nutrients can
also become adsorbed onto the suspended particles. and are transported
downstream in this biologically unavailable form.

1.3.3 Conductivity and TDS

Conductlvlty is the measure of the ability of water to conduct all electrical
current. This is closely linked to the concentration of total dissolved solids
(TDS). In very dilute waters the conductivity is proportional to TDS, but this
changes as the concentration of dissolved organic material increases, since
dlssolved organic do not conduct an electrkal current. For South Africa as a
whole, it has been found by the Department of Water Affairs and Forestry
(DWAF) personnel (Dallas & Day, 1993) that
TDS (mg.r1) := conductivity (mS.m-1) ", 6.6.

Ions most commonly found in natural waters are the cations calcium.
magnesium. sodium and potassium and the. anions bicarbonate, carbonate,
chloride and sulphate. A small amount of inorganic material mny be present as
hydroxides (Dallas & Day, 1993). All these major ions were present in the
water samples taken from the Jukske! river.

1.3.4 Inorganic pollutants

Inorganic pollutants are mainly in the form of ions and their major effect is on
the pH and toxioity of certain materials like heavy metals (Krenkel & Novotny,
19M). At certaln pHs, the valence of the metal is changed allowing it to be
taken up by fish and other aquatic animals and stored In their fat stores thus
aecumuladon of the heavy metal takes place. Once the aquatic animal or plant
dies the heavy metals are again released into the water.

4



responsible for an increase of 56 to 8~% of the mean pollutant loads in the
river, A number of water quality variables were chosen for investigation ill this
study, with the emphasis on those which were considered to have tl.e most
severe impact on the river water quality. Table 3.2 has a list of the pollutants
monitored in the Jukske! River.

1.3 1 Temperature and pH

Temperature plays an lmportan; role as it significantly affects physical, chemical
and biological processes. Tempernture also affects microbial activity and hence
the (ate at which organic waste is broken cown by bacteria, It also affects the
dissolved oxygen concentration in water. J\S the temperature increases the
solubility of dissolved oxygen in water decreases, With the oxygen depletion
also being accelerated by the Increased microbial activity at high temperatures,
one of the most important limiting factors to the waste assimilation capacity of a
stream is thus the concentration of dissolved oxygen in the stream. This is why
dissolved oxygen is seen as a surrogate variable for the general health of the
aquatic system. (Thomann, 1987).

~~His important as it determines the chemical species in which many molecules
a: i elements will be found in the water and thus the potential toxicity of these
chemical species to aquatic ()rganisms.(Dallas and Day, 19(~1). Examples of
this are aluminium which forms '1e toxic A13+ ion at low pH ( < 5 ) and
ammonia which forms the toxic NH3 molecule at high pH.

1.3.2. Turbidity and suspended solids

TU1'bidity can be described as a measure of the clarity of the water. Suspended
solids and the resliiting turbidity may originate in wastewater discha" ~s, as well
as from erosion processes. The SOlids may be of organic or inorganic nature,
Continuous high-level inputs of suspended solids result In a reduction in light

3



1992). For this reason the nutrients. dissolved oxygen, Chemical Oxygen
Demand (COD), Biochemical Oxygen Demand (BOD) and faecal coliforms
were chosen as the more important pollutants to monitor. Lead and iron were
also monitored as they were found to be the metals of greatest concentration in
the runoff off the catchment (Wimberley, 1992).

1.2 AIMS AND OBJECTIVES OF THIS STUDY

Under certain circumstances a river may be one of the alternatives for the
treatment of urban runoff. In order to predict the efficiency of a river in the
assimilation of waste from runoff, the pollutant assimilation equations
determined from the Jukskei River study are used to see if it is a viable
treatment option,

The aim of this study is thus to measure the waste assimilation capacity of the
Jukskei River under different flows, and to see if modelled results follow
observed results, and from this suggest what probable processes could be
responsible for the waste assimilation capacity of the river. These parameters
can then be applied to other rivers in order to predict the waste assimilation
capacity of that river.

1.3 KEY ISSUES AND MAJOR POLLUTANTS

'ihe major pollutants sampled were suspended solids, TDS, nitrogen.
phosphorus, pathogens, metals and oxygen demanding pollutants. Nutrient and
oxygen changes were concentrated on however, as most pollution in high-
density developments like the townships are organic in nature, Wimberley's
(1992) report 011 the poilutlon in Alexandra, clearly showed that the greatest
Impact on the Jukskel was in the increased concentration of nutrients and oxygen
depletion arllilng from the discharge of organic material with a high oxygen
demand. The results also showed that the urban runoff from Alexandra was

2



CHAPmR 1 : INTRODUCTION ANDPROBLEM sr ATEMENT

1.1 INTRODUCTION

Alexandra Township is an example of the controversial informal settlements that
have sprung up in South Africa as a result of the increasing demand for low cost
housing which is as a direct result of the continuing urbanisation of the
population. With this increase in population comes the related increase in
pollution. Most of this pollution flows off the catchment into some water body
which is usually a river.

The Jukskel River flows through Alexandra Township dividing it into two parts.
The East Bank is comprised of mainly formal housing with one dwelling unit
pel' stand being the most common type of accomodatlon seen. un the West
Bank however, an informal settlement of free-standing and backyard shacks are
superimposed on the formal settlement (Wimberley, 1992). Very rudimentary
services (stand-pipes and portable toilets) are provided for the informal
settlements. Insufficient management of these services has resulted in pollution
discharging into the Jukskel River.

A number of at source and diversion treatment options are available for the
treatment of pollution but all of these involve some sort of construction which is
expensive. A river, if it is able to cope with the pollutant load is a very cheap
alternative for u'eating pollutlon and this is important in low income areas like
the townships that cannot afford the expensive engineering options. The main
aim of this study was thus to show that a river could be viable as a treatment
option if there are no other solutions especially in areas where the economic
situation is such that expensive engineering treatment options are not possible.

Most of the pollution has been found to be due to sewage contamination with a
high concentration of nutrients and faecal collforms being seen (Wimberley.
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Respiration

Rlparlau

Salinity

Salinization

Sediments

Suspended solids

1'DS
Trace clement
1'urbidity

Wntca' quality

Water quality
criterion

Water quality
stnndard

Wuter qunUty
variables

.. cellular resplration is the metabolic process whereby energy-
rich substrates are oxldlsed: respiration of animals is the
exchange of oxygen and carbon dioxide gases I.e, breathing.

- related to the river banx.

.. the mass of dissolved inorganic solids in a kilogram of
water.

- the process whereby the saltiness of the soils and rivers
increase: as a result of irrigation in arid areas.

- the soft sands. silts and muds on the bottom of rivers and
lakes.

- Particles suspended in the water.

- Total dissolved solids.
~ an element occuring at < 1000 ppm in the earth's crust.
~ an expression of the optical ability of water that causes light
to be: scattered and absorbed (murkiness).

.. the value or usefulness of water. determined by the
combined effects of its physical attributes and its chemical
constituents, and varying from user to user.

~ any definite limit of variation or alteration of water quality
experty judged, on the basis of scientific data, not to have
some specified. usually adverse. effect on the use of water
by humans Of on organisms inhabiting the water.

- a. rule authoritatively establishing, for regulatory purposes.
the limit of some unnatural alteration in water quality that is
permitted or accepted as being compatible with some
particular intended use or uses of water.

• any of those Individual attributes or constituents of a given
sample of water (e.g. salinity. temperature) that vary in
magnitude and whose alterations alter water quality.
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Major Ions

Metal

Micro-nutrlents

Microbes
Mineralisation

Nltriflcatlou

Nitrogen fixation

NTU
Nutl'ient

Periphyton

pH

llllOtosynthesi."

Pollutant
Pollution

Polyplumols

Receiving waters
Receiving water
quality objectives

Redox reactions

- those ions (calcium, magnesium, sodium, potassium.
bicarbonate, carbonate, chloride and sulphate) that usually
form the bulk of the total dissolved solids in inland waters.

- an element that is a good conductor of electricity and whose
electrical resistance is directly proportional to the absolute
temperature.

- a term sometimes used for plant nutrients such as
phosphorus, nitrogen, potassium and others.

• micro-organisms such as bacteria and protozoans
• the release of inorganic ions fom oxidlsed organic material.

- the aerobic oxidation of ammonia to nitrite and then to
nitrate by nitrifying bacteria tNitrosomonas and Nitrobacter
bacteria).

• the process of converting N, gas to soluble forms (NO~,
N03) by bacteria.

• Nephelometric turbidity unit: a measure of turbidity.
.. in aquatic blology usually a limiting nutrient: an element
whose scarcity can limit plant growth e.g, compounds of
nitrogen and phosphorus.

~ the "slime" of (usually) microscopic organims growing on
rocks lind plants in the water.

.. The negative loglo of the hydrogen ion activity: a measure
of acidity (pH <7) or alkalinity (pH> 7)

.. the process whereby plants convert CO~ and water into
large, energy-rfch, organic compounds.

- a substance that contaminates.
.. defilement: unfavourable alteration of our environment.
normally as a result of human actions: the presence of any
foreign substance that impairs the usefulness of water •

.. large, complex, acidic organic molecules, characterised by a
high proportion of phenol groups which often impart a dark
colour to water.

.. waters receiving effluents.

.. the water quality towards which a regulatory body will aim
or strive.

.. oxidation/reduction reactions.
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- the combined concentration of calcium and magnesium in
water .

.. the upper reaches of a river.

.. metals with an atomic mass greater than calcium
(> 40.08 ).

.. using organic compounds as sources of carbon ( fungi;
animals). This is in contrast to autotrophic.

"Humic" substances .. large, complex poiyphenol-rich organic compounds derived
as leachates from decomposing vegetation.

Decomposition

Denitrification

Detritus

Ecosystem
Effluent
Eutrophication

Excreta

Fertilisers

Floodplain

GcomOI'9hoJogy
Gradient

Hardness

Headwater zone
Heavy metal

Heterotrophic

Itt vitro
[II vivo
Insecticide

Limnology

Lower reaches

is thus also a measure of the concentration of ions in the
water .

.. the decay and breakdown of organic material, including the
dead remains of plants and animals.

- the anaerobic conversion of nitrate to nitrite and ammonia
by fungi and bacteria .

.. dead and decomposing plants and animals.

- interaction of organisms and their environment.
.. the outflow of water which is usually wastewater.
.. the process, usually anthropogenic, in which an excess of
nutrients is added to water and an accumuation results in the
rapid growth of plants .

.. biological waste products: usually urine and faeces.

.. these are chemical substances (composed of mainly
nutrients) that are used to encourage the growth of plants,

.. low gradient land onto which a river regularly overflows its
banks.

~ the gross structure of land forms .
.. the degree of slope.

~ in the laboratory
• in the field
• a substance that kills insects.

.. the study of the physical, chemical and biological properties
of inland waters.

• the "mature" river with low gradiem and usually with a soft
bottom.
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Adsorption

Aerobic
Algae

Alkalinity

Ambient

Ammonlflcation
Anaerobic
Anions
Antheopogenk,
Autotrophlc

Benthic
Biocides
Biomass
Biota
nOD

Buffering capacity

Catchment

Cations
COD

CondU(~tivity

GLOSSARY OF TERMS AND ABBREVIATIONS

.. the physical adherence to the surface of a molecule or
particle

- in the presence of oxygen
.. any of a group of chiefly aquatic non-vascular plants i.e.
those wlththout roots, sterns and leaves. (Many species of
phytoplankton, seaweeds and scums).

- it is water's acld-neutralising ability and is obtained by
adding anions of weak bases, hydroxyl, carbonate and
bicarbonate ions.

• the surrounding environment e.g, the, nbient temperature is
the temperature of the surrounding air or water,

" the breakdown of organic nitrogen to ammonia
- without oxygen
- negatively charged ions
- caused by human activity
- using inorganic carbon (usually COz ) as the principle
carbon source (plants and some bacteria); this contrasts with
heterotrophic.

• living on the river bottom
- substances that kill living organisms.
- the mass of biological material.
• the living organisms of a region or system.
- BOD or the Biochemical Oxygen Demand is a measure of
the amount of oxygen consumed by bacteria whilst oxidizing
organic matter under aerobic conditions .

.. the resistance to change in pH as a result of the presence in
water of weak acids and their salts e.g, the carbonate system

- the land area from which a river is fed. Same as a drainage
basin or a watershed.

- positively charged ions.
• Chemical (', , Demand: the amount of oxygen used to
oxidlse all , Ie substances in a water sample with a
strong chemu..", .... icant.

- the abllity of water to conduct an electric current which is
dependent on the number of ions in the water. Conductivity
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concrete which has effectively taken away any natural habitats that were there and
cut the river off from its banks (Davies, O'Kseffe & Snaddon, 1994).

2.1.8 The Hennops River, Gauteng.

The Hennops River catchment extends from Chloorkop/Tembisa in the south to the
Centurion Lake in the north. The Hennops River Valley was chosen for this study
as it is representanve ot' a variety of land users (Hoffmann, 1995).

Routine sampling consisted of taking "grab" samples during daylight hours at
selected sites. Sampling frequency was bi-weekly during the dry season (April ..
,~eptember) and weekly during the wet season (October ~Murch). Stormwater
sampling consisted of "grab" samples at selected sites.

The major source of pollution was found to be litter and faecal contaminants. This
originated from deliberate pipe blockages in Tembisa, the high population (I v
and poor livipg conditions in Ivory Park. The first flush effect was found b ...

seasonal with the greatest increase in pollutant concentrations occurrlup after the
first rains of the wet season. During base flow conditions Centurion Lake acted as
a pollution reduction facility (Hoffmann, 1995) with mainly suspended solids and
bacteria being removed. Microbiologically Centurion Lake is unacceptable and
direct recreational contact should not be allowed.

It was concluded thnt the river water quality was unacceptable for usc when
compared to the selected water quality guldelines of the various users.
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a rule relatively unpolluted but the low flows have resulted in the sediments being
exposed, sediment and reed scouring, reed colonisation and reedbed colonisation by
woody riparian vegetation,

2.1.6 Great BC1'g River, Westcl'u Cape

This river provides water for Greater Cape Town as well as providing mainly
irrigation water to its own catchment, Degradation of this river has occurred as a
result of irrigation return flows whlel; has caused salinisation of the river, general
nutrient enrichment due to agricultural runoff, increase in nutrients due to the
inflow of domestic sewage from urban areas but especially Wellington and Paarl,
industrial and wine farm effluents, trout farm effluents, invasion by alien aquatic
and riparian vegetation as well as aquatic animals and pollution (high concentrations
of nutrients, litter, decrease in dissolved oxygen) which is typical of Informal

settlements (Davies. O'Keeffe & Snaddon, 1994).

2.1.7 The Licsbcel\, Cape Town

The Liesbcl'k River which is part of the Black River system in Cape Town, is an
example of an urban river and the problems associated with them. This river starts
on the eastern bank of Table Mountain and then flows for a few kilometres through
the southern suburbs of Cape Town like Newlands, Rondeuosch and Mowbray,
before Its confluence with the Black River. Just after passing through Klrstenboscli
Gardens it begins to show signs of severe degradation, The natural riparian
vegetation has been removed and alien plunts like pine and oaks have been planted,
El'Osion of the channel has occurred due to people altering tlw natural course of the

river. Two kilometres below Kirstenbosch the River has been canallsed with
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2.1.4 • Mbashe River, Eastern Cape

The Mbashe River flows through subsistence agricultural land in central 'Iranskel.
This river has not been utilised as It resource as it is remote from both industrial
and urban centres. There are at the present no large impoundments on the river. A
11m weir was constructed at Collywobbles as a. hydro-electric facility but floods
resulted in the complete sedimentatlon of the weir within only 1 year of its

. construction. The catchment of the Mbashe river comprises friable soils derived
mainly from Beaufort Shales and overgrazing and vegetation clearance has resulted
in increased erosion and the sediment load of the river has increased dramatically
with an estimation of 3 x 106m3 a" (Davies, O'K(lcffe & Snnddon, 1994).

2.1.5 Snbic Rivet" Mllmnalnngn.

Many of the rivers in the Kruger National Park are under threat and 4 years ago an
extensive research programme (If all the rivers but mainly the polluted Olifants, the
severely degraded and once perrenlal Letaba, Luvuvhu and the Sable was
commenced. The Sabie River Is the most important of these rivers as it has shown
the first signs of overexplouation relatively recently and is one of the most
biologically diverse river in South Africa (O'l(eeffe & Davies, 1991).

The Sabie river has 3 !Jt'iority uses, The upper catchment flows through extensive
commercial forestry plantations of mainly Eucalyptus and Pine trees. The middle
catchment Is comprised of a number of socalled "homelands" including Guzankulu,
Lebowa and Kangwane, while downstream it provides water to the southern part of
the Kruger National Park. The river eventually flows east into Mozambique before
joining the Kornat! river. Almost 0.11the rUllot'f is derived from the upper
catchment. The demands of the growing populadons of the 'homelands' hes
resulted in increased use of water for domestlc and irrigation needs. The river is us
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II Extensive agriculture occurs from the region just below Laing Dam to Bridle
Drift where grazing and non-irrigated crops predominate. Mdantsane is included
in this area. but its major impact on the river is downstream of Bridle Drift
where sewage effluent is released. This causes an increase in nutrient
concentrations and a decrease in dissolved oxygen which has resulted in a
number of fish kllls,

• Coastal Forest occurs just below Bridle Drift but the river is heavily polluted by

sewage in this section from Mdantsane. The river runs through a deeply incised
gorge or valley which contains the suburban development of East London as
well as extensive agriculture. (Davies. O'Keeffe & Snaddon, 1994 )

• Estuary which includes the urban area of East London including the estuarine
harbour.

It was concluded that in various parts of the river heavy exploitation has taken ptace
and the river's essential processes have become overloaded in parts of the river.
The section between Zwelitshn and the inlet to the Laing Reservoir is the biggest
problem due to organic and industrial effluents that are a health hazard to the rural
users as well as to the fish in the river. A lmg.l" phosphate standard has been
applied by the South African Department of Water Affairs and Forestry to all point-
source effluents tn the catchment of the Laing Dam (Van der Merwe & Grobler,
1990).
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river was found to be increasing salinity (Hall & Gorgons, 1978), caused by
irrigation runoff. The river has been modified to give a constant base flow of
between I to 5 m3s·1 for the convenience of the irrigation farmers. This was found
to be the main cause of the salinity buildup as well as providing ideal larval habitat
for the pest blackfly (S.chutteri).

2.1.3 Buffalo River, Eastern Cape.

The Buffalo River can be divided into six separate sections (Davies, O'Keeffe &
Snaddon, 1994).

(I Porest- the upper reaches of the river is in I,p' Amatole mountains, This section
is important for water supply, commercial timber, nature conservation and
recreation (hiking and angling).

(I The upper middle reaches which are important for agriculture (irrigated and

fertilised vegetable crops). The water quality was found to decrease with an
increase in TSS and nitrates being observed. This is a consequence of USing
fertilisers. (R.W.Palmer & O'Keeffe, 1990)

I' Urban/Industrial which includes King Williams Town/zwelltsha area. The
major problem appears In this portion of the river where sewage and industrial
effluent reduces the water quality to well below acceptable standards. During
low flow periods, this urban/Industrial portion acts as n closed loop because the
Laing Reservoit· (the malnwater supply) is situated downstream of the towns and
consequently of their effluents. Algal blooms caused by Microcystis aeruglnosa
in this portion of the rivet' ere also a problem although they occur only
infrequently (R.W,Palmer &. O'Keeffe, 1990).
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'ruble 2.1 ..Pollutant export coefficients for COD, TKN & Ortho-P for various
sources ill Alexandra Township fOl' the period Aug\lSt to November 1991.

Constituent Source Export coefficient
(kg/Ita/nnnum)

COD Assumed Human Input 3 000 000

TKN Assumed Human Input 600 000

Ortho-P Assumed Human Input 100 000

COD Storm Flow 3000 1-
TKN Storm Flow 200-
Ortho-P Stann Flow 10 --
COD Low Flow 1000 -
TKN Low Flow 180

Ortho~P Low Flow 15- -~
COD Sewage S 000-- -j:~.g;:TKN 400.._",1_-
Ol'thoMP __ Sew~ 90-. .
(Modified from: Whnberle:1 1992, Palmer Development Group and U.e.T Water
Research Group, 1992)

2.1.2 Great Fl~hRiver, Eastern Cape

This river serv '" r•.\ major industries or towns and its main value is in agriculture.
As. (l result ther':) is no organic or industrial pollution. The major problem with this
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Wimberley mainly concentrated on the mass balances of pollution from Alexandra
Township, the type of pollution and the pollutants that were problematic. He also
monitored two positions on the Jukskei River: one at Corlett Drive just above
Alexandra Township and one just below the culvert from Alexandra Township.
'Grab' samples were taken and the flow at that time was also monitored.
Wimberley (1992) found the pollutant export coefficients for COD, TKN and
Ortho-P for various sources (as shown in Table 2.1) and from this he concluded
that human faeces were the major contributor to the nutrient loading from
Alexandra Township which was the result of inadequate sanitary conditions in the
Townshlp, The major proportion of the nutrient loading is washed off the
catchment during storm events.

Dissolved solids and heavy metals were continually weshed off the catchment with.
all increase being observed during storm events. The buildup of pollutants 011 the
catchment surface was seen as a worrying aspect due to th~ serious health risks that
this posed. The pollution loading was seen to be of one to two orders of magnitude
higher than any other catchments monitored overseas or in South Africa. It was
observed that dilution ot l·"l1utants did take place when pollutants entered the
Jukskel River. The pollutant mass balances showed that trunsportatlon of the
pollutants out of the study area did take place. The greatest environmental impact
was seen to be the large depletion of dissolved oxygen just downstream of
Alexandra Township, the eutrophication of the river and the litter problem
downstream. The greatest health risk is due to the large concentrations of faecal
coliforms which Is an lndlcation of n large concentration of pathogens in the river.

1110 fate of the pollutants further downstream in the river were not determined.
Wimberley recommended that a continuation Iu the monitoring exercise would btl
beneficial.
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2.1.1 Jukskel River, Sandton (Gauteng)

A number of people have studied the pollution that is entering the Jukske! river
from Alexandra Township. Van der Merwe (1993-1994) found that the biggest
visual water quality problem was the amount of litter that is washed off from the
Alexandra catchment. A more serious problem however, is the high concentrations
of faecal coliforms that are found in the water (Van Veelen, 1994). This was also

I observed by Wlmberely (1992). He found that 56-89% of the total pollutant load
of the river came from the Alexandra which is only 10,1% of the total catchment
area. Wlmberely also monitored a number of other water quality constituents:
heavy metals, suspended solids (SS), carbonaceous oxygen demand (COD), Total
Dissolved Salts (TDS), pH, electrical conductivity (BC), lead (Pb), iron (Fe),
Eschericllia coli (E. coli), faecal coliforms (F.C.), ammonia (NH/). nitrate (N03),

nitrite (N02), total nitrogen (TN), soluble·P04, total POol'ortbo-Po, sulphate (SO.t

), chloride tCI') and total Kjeldahl nitrogen (TKN) (Wimberley, 1992). Storm flow
in the culvert from Alexandra was found to be similar to raw sewage and dry
weather flow to settled sewage for , 'me of the pollutants.

The sources of these pollutants were also determined. Bulk fall-out samples were
taken to measure the atmospheric contribution to the pollution load. The
atmospheric contribution seemed to be mainly through washout by rainfall as well
as through dry deposition. Inadequate cleaning of streets and refuse removal
resulted in polluted surface runoff when rain fell. These pollutants were then
transported to the storrnwater culvert which eventually emptied into the Jukskel
River. Sewer overflows and the inadequate sewage removal from portable or
bucket toilets had resulted ill sewage flowing into the culvert which emptied into the
Jukskel River. Wimberley surmised that this problem was compounded by the high
population densities in Alexandra. which lead to poor living standards and stressed
engineering services.
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2.1.1 Jukskel River, Sandton (Gauteng)

A number of people have studied the pollution that is entering the Jukskel river
from Alexandra Township. Van der Merwe (1993-1994) found that the biggest
visual water quality problem was the amount of litter that is washed off from the
Alexandra catchment. A more serious problem however, is the high concentrations
of faecal coliforms that are found in the water (Van Veelen, lY94). This was also

I observed by Wimberely (1992). He found that 56·89% of tile total pollutant load
of the river came from the Alexandra which is only 10,1% of the total catchment
area, Wimberely also monitored a number of other water quality constituents:
heavy metals, suspended solids (SS), carbonaceous oxygen demand (COD), Total
Dissolved Salts (TDS), pH, e ctrlcal conductivity (EC), lead (Pb), iron (Fe),
Escherichia coli (E. coli), faecal coliforms (F.e.), ammonia (NH/). nitrate (N03),
nitrite (N02), total nitrogen (TN), soluble-Po., total P04• crtho-Po; sulphate (Sot
), chloride (CI·) and total Kjeldahl nitrogen (TKN) (Wimberley, 1992). Storm flow
in the culvert from Alexandra was found to be similar to raw sewage and dry
weather flow to settled sewage for some of the pollutants.

The sources of these pollutants were also determined. Bulk fall-out samples were
taken to measure the atmospheric contribution to the pollution load. The
atmospheric contribution seemed to be mainly through washout by rainfall as well
as through dry deposition. Inadequate cleaning of streets and refuse removal
resulted in polluted surface runoff when rain fell. These pollutants were then
transported to the stormwater culvert which eventually emptied into the Jukskei
River. Sewer overflows and the inadequate sewage removal from portable or
bucket toilets had resulted in sewage flowing into the culvert which emptied into the
Jukskel River. Wimberley surmised that this problem was compounded by the high
population densities in Alexandra, which lead to poor living standards and stressed
engineering services.
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CHAPTER 2 : LITERATORE REVIEW

2.1 SOUTH AFRICANWATER QUALITY CASE STUDIES

A number of rivers have been monitored in South Africa. The approach taken in
all the studies is that a river must satisfy the standards that priority users of that
portion of the river expect, Several of these studies have been undertaken in urban
areas of South Africa (Green and Stephenson, 1988; Simpson, 1986) as well as in
many overseas countries (Corderey, 1977; Whipple et al, 1978; Feller and
Kimmins, 1979). All these studies follow a similar approach in that a catchment is
chosen and monitoring points selected. Water quality samples are then taken at
specific intervals within the monitoring period and the flow of the rivers are also
often taken in order to determine the loading of the pollutants.

The water quality studies are then used to study the difference in pollution loads
between stormflow and low flow, the "first flush" of pollutants, how the
concentrations of pollutants compare to the recognised standards and which
pollutants pose serious problems, the annual pollution load per hectare of catchment
as well as the relationship between the amount of rainfall and the quantity or
intensity of the rainfall or runoff.

From the literature, a few examples of case studies were chosen to show the
different alms of various water quality studies as well as the methods of water
sampling that can be used.
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1.3.7 Dissolved oxygen

Dissolved oxygen is an important indicator of the health of a river, and is a
significant factor in the evaluation of pollution impact. Ambient dissolved
oxygen concentrations reflect the capacity of the river or stream to sustain a well
balanced aquatic environment and is critical for the survival of aquatic biota.

A number of reactions in the stream are responsible for the decrease in the
dissolved oxygen reserves. The most important are the microbial nitrogenous
oxygen demand, the microbial carbonaceous oxygen demand, the microbial
sediment oxygen demand and respiration of aquatic plants. The processes of
reaeration (entrainment and diffusion) and photosynthesis of the aquatic plants
replenish the oxygen reserves.

1.3.8 Microbiological pollutants

The primary purpose of determining the faecal coliform bacteria concentration
in water is to indicate the possibility of recent sewage pollution and the possible
presence of water-borne pathogenic organisms. Several diseases like cholera,
dysentery, typhoid and gastro- enteritis are transmitted in the excreta of humans
and animals. Two of the most common members of the coliform group are
l£scherz'chia coli and Bnterobaaer aerogenes, It has been shown that the major
source of pollution in the reach of the Jukskei River adjacent to Alexandra is
raw sewage. This is due to inadequate sewerage services in Alexandra which
results in a large amount of sewage flowing into the Jukskel (Wimberley, 1992).

9



·Denitr1ty1nq
bacteria
"<,

1 ~~NI=TR~AT~E)

( NITAtT~,
;I ~itriticat1on

.c~IMALS) ~ Y bacteria
f· ~ Sedimentationl
I /l2J~n

(,.....PL..;..A-N-TS--~N-O-A-L-GA-e) @--eD--X:-:-:"Me-N-T)

SOURces: ATMOSPHERE
SEWAGe
DECAYING MATTEA

Figure 1.2 The nitrogen cycle in natural surface waters (~awyer and
McCarty, 1978)

SOURCES:INORGANIC P IN ROCKS
SEWAGEFeRTILISERS

Figure 1.3 The phosphorus cycle in natural surface waters (SIlWYCl' and
McCal'ty, 1978)

8



However. due to the high demand and low availability of affordable housing In
the PWV area. people continued to move into the Alexandra area, and an
informal settlement has now sprung up which has no formal sanitation services.
The Alexandra • vn Council has set up rudimentary services such as public
stand-pipes and portable toilets (Slthole, 1991) which are serviced CJna dniiy
basis but many people living in areas like the Genisvllle squatter ares (situated
eight on the banks of the lukskei river), discard their sewage and litter directly
into the river, Urban runoff from overflowlng portable toilets. backyard
businesses. washing of clothes and daily chores is a major source of pollution.

3.3 LOCAL ANDREGIONAL CONDITIONS

The upper Juksl'p'j River is about 23km long. The river l'each flowing through
Alexandra is 2300m. with the highest point at 1 535 m above mean sea level
(l11a111s1)and the lowest polm tV 1515 rnamsl. This gives an avercge slope of
7.4m/km. The slopes between the monitoring poilus on the 6km reach of the
Jukskel River from Alexandra to its confluence with the Modderfontein Sprult
used in this study were determined. It was calculated thnt the slope changed
from a 0.71 % (1 in 140) slope near Alexandra, to a 0.60% (1 in 1(5) slope
between Prankenwald and Buccleuch and eventually to a slope of 0.51 % (1 in
197) slope from Buecleueh to the M ,lddcrfontein Spruit.

The river has a typical dry weather and storm flow regime. The river is a
typical perennial river in that it flows continuously during the dry winter months
as well as between storm events. In the summer months, a high volume of
runoff flows into the rtver increasing the flow in the river. A difference in the
flow of the Jukskel River between the sum tiler of 1994 and the summer of 1995
was observed due to there being more rain in 1995, The flow in 1994 was on
average around 2 m1.s·1 and in 1995 the flow ranged from 5 to 7 m3.lf' as a
consequence of fo; greater rainfall that fell on the catchment during the 1995
summer period.

The sub-surface soil conditions in the Alexandra urea were investigated in 1980
by Partridge, De Villicrs and associates (1980). Their rcpore shows that the
area is underlain by highly weathered and decomposed rOCKS of the Archaen
granite type which forms the Johallnesburg/Pretoria dome. Outcrops of medium
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CHAPTER 3 : DE1'AILS OF 'fIlE STUDY AREA

3.1 THE .JUKSKEl RIVER

The Jukskel river is the largest of the three rivers draining the northum and
north-eastern sU':"Jrbs of the Witwatersrand (See Fig. 3.1). Its source is in the
Bezuldenhout vall ...y, east of Johannesburg. The Jukskei River then flows
downstream past Lombardy East, Alexandra Township, past northern residential
.. ,j like Kelvin and Buceleuch and then through more rural areas like
Waterval, Leeukop and Mldrand, It is joined by the Modderfcnteln,
Braamfontein and Sand Sprults before its confluence with the Crocodile river,
which flows into the Hnrtebeaspoor; dam. The Jukskei River is an example of
an urban catchment in which problems have arisen, as a result of rapid
urbanisation, due to the development of a squnuer camp on the west bank of the
Jukskel river in Alexandra Township. The catchment covers an area of BOOkm~
and includes many of the highly illuustl'inliseu and urbanised pans of
Johannesburg, (Fig 3.1)

3.Z DESCRIPTION OI~ALEXANDRA 'tOWNSHIP

3.2.1 I1istory of Alcxnndrll TOWI~5hll)

DovoioPIT'{,llt it, the Alexandra area began In 1905. Between the yom's 1945 and
1948 thero was a large influx of people to this area. This put a ,great strain on
the environment as no formal sanitation services were yet available. Over the
years a number of It:s~ttlil1g policies have been implemented to try and limit the
number of people flocking to and staying in this area (l)e Jaeger, 1990),

Between the years 1987 and 1990 a different approach was taken with the
impllllmmtation of the Urban Renewal Plan. Full engineering services.
including a water reticulation system, water-borne sewage, electrical reticulation
and oil-stand ablution facilities were provided to all dwelling units in the area.



• Identify the pollutants that were above acceptable water quality standards and
that may be a health risk' to the people drh1king and us!!'g the Jukskel River
water.

• Determine the main methods of assimilation in the river for each pollutant;

• Determine what factors affect the pollutant assimilation reactlous:

• Determine the rate constants for the various chemical and biochemical
assimilation reactions;

• How storm flow and low flow affect the assimilation of pollutants;

• How other model waste assimilation predictions compare to those observed in
the Jukske! River (QUAL2E and Witqual);

• Decide if waste discharge poses a threat to the ecosystem of the river:

• Decide if the river can cope with and improve the quality of the runoff and to
wltat extent. (The river may be a viable optiOi' for low cost treatment of
polluted runoff),
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2.3 CONCLUSIONS

From the case studies it can be seen that a large difference in the type of pollutants
found in the receiving waters were ouserved. One of the major factors affecting the
type of pollution, is the type of development that that portlon of the catchment is
undergoing. Another factor that should be taken into account is the type of
geomorphology that the river runs through as this will affect the pH which affects
the valence state that a number of metals may be in ( e.g, aluminium is biologlcally
available in the Al3+ form (at low pH) and ammonia is lethal in the NH3 form (at
high pH». For example the waters on the highveld have a large concentration of
carbonates and these buffer the pIle 'Keeping it in the pH 7 range.

Wimberley (992) was one of the first. to monitor the types and concentrations of
pollutants coming off an Informal, high dCClsitydeveloping area. It was decided to
further thlis study, and determine how these pollutants would be assimilated in the
river itself.

A number of people have studied the Jukskel River as it Is typical of a river that has
been polluted as a l'csult of rapid urbanisation. It was found that most of these
studies, only monitored the pollutants to find those that caused problems. with none
of them actually modelling the fate of these pollutants in the receiving waters. Thfs

is hnl~ortant as most of the pollution from rapidly developing urban areas ends up in
the receiving waters from non-polnt source runoff and the recelvlng waters have to
assimilate it. This study aimed at determining how the river did this and how far
downstream it took for the pollutants to reach a stage where they no longer were nt
unncccptnble ccncemratlons for the USC1'S.

The main obleetlves of this Jukskel River study were to:
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concentration was .:\t a steady value. From 1970, it began increasing and since
1974 it had risen to an annual mean concentration of 6.02 ing.l" with the average
increase over the whole study period being {),12 mg NO~N ,1"1 per year, This
increase was similar to the increase that was observed in the nearby River Frome.
It was concluded that the addition of reruuser to the watercress beds did not have a
significant effect on the concentratlon of uitrates and It was thought that this was
due to the natural buffering effect of the chalk in the. Bere stream.

2.2.5 Tho American and Sacramento Rivers, USA.

A coordinated water quality monitoring program was set up Oil the American and
the Sacramento Rivers in 1991 to detect the ccncentratlors of toxic pollutants. in the

waters as the Sacramento River supplies more than 80% of the drinking water to

both residents of the north and the south of California Sacramento (McEwen. et al,

1993). The American River provides drinking water to Saeiamento City and
several districts in Sacramento County. The aim of this program was to determine
statewide water quality criteria for toxic pollutants. Field measurements of pH,

temperature, electrical ccnductlvlty and dissolved oxygen were used as standard
il.dicators of water quality (McEwen et ai, 1991). A 24..hr composite sampling and
cross-sectional sampling was done at each of the six sites chosen, both llsing a
peri lie or dlapnragm pump. The sampling bottles and tubing were placed in hot
50% h••1'Ieacid for several days. The equipment was then rinsed in high purity
water and wrapped in polyethylene bags. 0111~ acid-washed bottles thus came
into contact with the water sample,

By using those sampling methods, much lower concentratlons of the trace metals
could be detected like chromium, copper, lend, nickel, arsenic, cadmium,
selenium, silver and zinc could be detected in the Sncllunento River,

2S



from tile wastewater treatment plants did not contribute heavily to the faecu!
coliform concentration. With heavy rainfall however, all increase in faecal
;'"liforms were seen. This indicated that nonpoint sources and system overflows
wore responsible for the increase ill faecal coliform concentrations. Higher
concentrations of celtiorms at the Lake Houston Dam than further upstream
suggested that there was a possibility that there W:lS upwelling of bottom ware: and
organisms in the benthic layer were being reintroduced into the upper water layers.

2.2.4 Bere Streanr, DOI'Sct, Gl'cut Britain

ThIs is an example (If a chalk stream that rises from aquifers. These streams are
generally regarded as stable biological habitats with a ratio of <:6: 1 maximum to
minimum discharge, which is in contrast to mountain streams, that call have a ratio
grester than 40: 1. For this reason watercress beds are planted on these rivers. The
effects that these beds have on the nhrate concentration in tho stream was
determmed over a period of 20 years from 19G6 by the Institute of Freshwater
Ecology in Dorset.

A large proportion of the flow of the Bere Stream is made up of the flow from tac

commercial watercress beds. The borehole water thnt is used on the watercress
beds usually hUI] !mffh:ient nitrate present for watercress nurritlonal tequirernents,
but does not supply enough phosphorus or potasslum for optimnl growth. These

elements are supplied by the addition of fertlliscl's which include» nitrates. A study
011 the effect that this had on the nitrate concentrations turtber downstream was
undertaken (Cusey. 1990).

Weekly samples were taken at the same site below the watercress beds from 1966 to
1986. From this the long-term trends and variation in nitrate concentration, over
the 21 yeurs could be determined. In the first few years at tho study, the nitrate
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monitoring points downstream of the point of discharge but was below this level at
the 1200m monitoring point.

All other parameters did not exceed the EPA standsrds although most of them
increased a significant amount from the upstream values. The other parameters
remained relatively stable. A large decrease in BOO. faecal coltforms, faecal
streptococci and orthophosphate was seen at the 1 200m monitoring position. The

water quality at 1200m below the discharge point was the same as 400111 above.
This indicated an apparent natural recovery in water quality.

2.2.3 Cypress Creek, 'rexas, USA

Large concentrations of faecal coli forms were detected in Lake Houston, which is
the major source of drinking water for Houston. Texas. TII~ source of the faecal
coliform was thought to be effluent from a number of sewage treatment works in
the area. Public health officials implemented a management plan to ensure proper
operation of these plants. Symons, et al (1989), studied the effectiveness of these
actlons by sampling as SOOl1 as possible after a storm had occurred and continuing
daily until the flow had returned to normal. "Grab" samples were collected, put on
ice and taken. to the Microbiology laboratory ot Rice University. Here faecal
coliform and Faecnl streptococci densities were determined.

There are number of tributaries that flow into Houston Lake, but Cypress Creek
was chosen for sampling as all the wastewater treatment works studied were
situated on it. Samples were also collected at the varlous wastewater treatment
plants.

It was concluded th(1tas a result of the enforcement by public health officials to
maintain a chlorine residual in the effluent that flowed into the tributary, overflows
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Ii Sedimentation: Tidal rivers and estuaries are natural traps of sediment because
the decrease in the velocity of the river allows sediment to settle to the bottom,
The sediment load that the river carries is increased by man's activities such as
land clearing, farming, mining and urbanisation. Today most of the
sednnentation is caused by urbanisation and farming. The Survey estimated that
the tidal Potomac River and the Estuary receive about 250 000 tons of sediment
annually from tributary streams other than the Potomac River. This
sedlmentatlon has caused the closing of some ports and navigation channels as
well as having an adverse effect on oyster fishing as many of the oyster beds
that have been harvested for the last SO years are IlOW covered in sediment.

• The change in the environment of the Potomac River and estuary has had an
adverse effect on many of the living organisms Algal blooms, low dissolved
oxygen levels, fish kills, changes it' nsh species, decrease ill the number of
water fowl and 11 decline in submersed plants has occurred in the last 30 to 50
years.

2.2.2 Rock Creek St.·ClUU, Tennessee,USA.

Hollon. et al (1982) determined the water quality in a stream that received effluent
from a 200nlot dairy farm which was monitored for a 22 month period. The station
is drained by Rock Creek, which orlglnates 4.Skm to the south. "Grab" samples
were collected at 2·week Intervals from stations located 400m and 3km upstream
and 100, 500, and 1200m downstream from the point of discharge. Samples were
analysed for Biochemical Oxygen Demand (BOO), chlorides, dissolved oxygen,
faeeal collforrns, faecal streptococci, nitrate nitrogen, nltrlte nitrogen.
orthophosphate, total solids and pH. It was found that the permissible faecal
coliform value of 2000 colitbrms/lOOml was exceeded at the 100 and 500m
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water quality sampling stations were sampled every month. From these results the
movement and assimilation of the nutrients could be determined.

The Potomac River, unlike many other east coast estuaries and rivers, is relatively
free of pollution problems associated with manufacturing and chemical industries.
The effects of processes such as sedimentation and nutrient enrichment can then be
easily studied. Five major water quality problems were .ienrlfied:

• Nutrient enrichment: Excessive discharge of nutrients (mainly organic carbon,
phosphorus and nitrogen) from sewage treatment plants and nonpolnt source
runoff. caused low dissolved oxygen levels and blooms of blue-green algae to
occur. Most of the phosphorus and some of the nitrogen settled out of the water
just below the point of discharge. Organic carbon compounds were converted to
carbon dioxide and water by bacterial processes. In 1980, the major sewage
treatment plant implemented an advanced wastewater treatment in which
ammonia was converted to nitrates (nitrification) and excess phosphorus and
carbon are removed. Since algae prefers ammor.la to nitrates as a source of
nitrogen the rate of growth of the algae was re .uced,

lilt Algal Blooms: The presence of blue-green algae resulted from of the enrichment
of the estuary and the river with nutrients. Apart from covering the whole river
and estuary, the decomposition of dead nltde creates an oxygen demand that
reduces dissolved oxygen reserve.

• Dissolved Oxygen: Low concentrations of dissolved oxygen in the Potom-c
River and estuary resulted from the large quantities of waste entering the
system. Coueentrations as low as 3mg.l·1 have occurred during the hot season.
This has resulted in the river being unable to support a healthy fish populatlon,
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Zwartkops Village were found to yield little runoff, which was of good quality,
which had little impact 011 the water quality of the river (Mackay, 1994).

2.2 INTERNATIONAL WATER QUALITY STUDIES

There are many examples !.)fwater quality studies world-wide. A few from
different countries were chosen to show the different pollutants that cause problems
and the methods that are used to sample the water,

2.2.1 The Potomac River and Estuary, USA

The Potomac River is the second largest tributary to the Chesapeake bay, It
extends from its source in the mountains of West Virginia, USA, to its junction to
Chesapeake Bay where the fresh water of the Potomac River mixes with the
brackish water of Chesapeake bay in the Potomac Estuary, A 5~year
interdisciplinary study was begun in the October of 1977. Its objectives were to
provide a basic understanding of the physical, chemical and biological processes
that the major pollutants underwent, to develop flow and transport models to predict
the movement and fate of nutrients and algae as well as to develop efficient
techniques for the study of estuaries and rivers (Callender, at al, 1981). From
October 1978 to September 1981, the US Geological Survey conducted a water
quality sampling program from Chain Bridge to Point Lookout where the Potomac
River enters Chesapeake Bay,

The concentratlons of nitrogen, phosphorus, and silica were measured by taking
"grab" samples every week from five key sampling stations, while 21 intervening
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2.1.9 Lower Swartltl)ps River and Estuary, Chatty River, Mothcrwell Canal
and Markman Canal, Eastern Cape.

The study area was defined as the Swartkops River and its catchment from Kruls
River to the estuary mouth as well as the Chatty River with its catchment. The
river flows through a number of townships, residential areas including Ultenhage,
Rosedale. MacNaughton township. Kwanobuhle township, Despatch, Perseverance,
Sumcay, Bar-None, Redhouse, Zwaukops Village, Amsterc .•mhoek, Tippers
Creek, Port Elizabeth as well as several squatter camps.

Urbanisation of the Swartkops Catchment began early this century and the rate of
urbanisation has far outstripped planned estimates. The emphasis is now on the
provision of the most basic services to the rapidly increasing population moving
into the area as speedily as possible (MacKay, 1994).

It was found that urban runoff was the most significant pollution threat facing the
estuary at present. Ever increasing concentrations of phosphate-P in the upper
estuary and increasing levels of faecal collforms in the middle estuary have been
observed since 1971 (MacKay, 1994)

The Chatty River was found to be the main source of dissolved nitrogen to the
estuary. Both the Chatty River and the Motherwell Canul contribute the rnajor

portion of faecal bacteria to the estuary especially during the low flow periods. The
sources of pollution were mainly found to be due to urban runoff and inappropriate
design and maintenance of storm water reticulation systems and outfalls, Raw
sewage from sewer blockages was often found in the Kat Canal that carries runoff
from Rosedale and MacNaughton townships, which en., les straight into the river.
Sewage Treatment Works at Kwanobuhle, Ultenhage and Despatch all discharge
directly into the river which caused the river just below these treatment works to be
highly eutrophic. Low density resldcntla! and commercial areas like Redhouse and
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CHAPTER 4: STEADY STA'lE RESlTLTS AND ANALYSIS

4.1 WAlER QUALITY VAlUABLES ..RESULTS AND ANALYSIS

Water quality variables can be divided Into physical, chemical and biological
components. Box-and-whisker plots were used to represent the water quality
variables' datu.

The box-nnd-whlsker plot is an effective way to display summary stati~tics
grl<phicnlly. By looking at the plot you can quickly determine the runge of the
data with the central box covering the middle 50% of the values between the
2S% and 95 % percentiles. The "whiskers" extend out to the extremes
(minimum and maxlmum values), while the central line is the mcdlan. When
unusual values occur fur away from the bulk of the datu, they are plotted as
separate points. The whiskers extend only to those points that arc within 1.5
times the luterquartile range.

4.2 PHYSICAl" WA'fER QUALITY VARIAlU~ES

('\mductlvity I temperature and pH were monitored using the Checkmute field
system at each site. Sec Appendix B for Photographs of the equlpment used.

4.2.1 Temperature and pH

Tho temperature went from n low CH '1.7 in July to n high of 2811C in January.
See Plgllreci 4.1 and 4.2.
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Table 3.4 Technical Specifications of the Checkmate System

~'~'-=='~~====r======~=!=======4~==========~====~~==9
Mode Rnll~c Resolution Accur~y
pH --=--===_ ~oto 14 0.01 ± 0'..;;.0;;..,1_~~",,{I

Q.OOmS·19,99mS O.OlmL__ ± O'~' __ -II

20.00mS·199.9mS o.ies1---,-----1--;.-- ~~-I__-=-f_~- ...-=-=II
:mOmS-1999mS 1mSI~------------~~'~~~----~~~--------'+~~--------

Conductivity

40



Table 3.3 Pollutants monitored in the Jnkskel River

..~~ -... .......- ---

~

Type of Varlnble Organic or Varlables Analyses
inorganic measured~

Checkmate pH .Phys lcal/Phys leo- pH
chemical sensor(lnjjeldL .

,~ 1-'-'-
Temperature Checkmate

temperature probe
(In field).

Turbidity CYDNA
........_!

SS CYDNA- Conductivity Checkmate
co!tfJuctivity probe

- (In field).
~:=t""'i""$ ....'

TOS Checkmate TOS

.............. - probe (In field).
Chemical Inorganic Chlol'idc CYONA
c---- -- Sulphate CYDNA

* -- . .-
Alkalinity as CYDNA
CaC03 --Lead CYDNA
Iron CYDNA~

Or}t.!lnic nOD M&L .
COD CYDNA

Nutrients Kjeldahl Nitrogen CYDNA
."'." - .~

Ammonia CYDNA- ~__....1'f~ - -Nitrite CYONA
Nitrate CYDNA.~
Total P CYDNA, .._- -Ortho .. }' CYDNA-------Dlssolved Oxygen Dissolved Oxygen Checkmate DO

~ Probe (In field).
_.._-~ ... <

~.s!2~.!i>logical Faecal collforms CYDNA- -E. coli CYDNA- ~..____".- - - ~ ==== '=
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period of the Jukskel river. Wimberley (1992) also found the low flow value to
be in the range of 1 m3/s.

The flow went to a high of 1.84 1113.S·1 after the rains on the 28th to the 31st of
October. The high tlow period was taken as being after these dates. Table 3.2
gives the flow measurements recorded both by means of the weir rating curve
equation and those determined using It flow meter.

Table 3.2 Flow measurements recorded on monitoring days at the Old
Alexandra Sewage Works weir.

. ~ ~ ....~~...== - . -
DATE WEIR CALCULATED FLOW (FLOW METER)

FI.OW IN m3.s·1 IN m3.~tl --.=i~ ~
12/07/1994 1.325~~ =~
03/08/1994 1.485 1.436 --~~
10/08/1994 0.931 1.121
24/08/1994 1.071 1.056.__, w . -07/09/1994 1.441 1.389

1._ .........,.- - - --~
21/07/1994 1.071 1.069

ll~

28/09/1994 1.433 1.244
.... ,.,........ ....... --~~-.,., ~~~

12/10/1994 1.277 1.393~ - ~~~~
..Q.E!l/1994 1.843 1.802
09/11/1994 L672 1.522I"'~_-- ~_..,

16/11/1994 1.722 1.689-23/11/1994 1.275 1.329~- -
07/12/1994 1.189 1.205-~ -18/01/1995 1.734 1.693---- --f-91102/]295 1.791 1.789 -----15/02/1995 1.345 l.279 ,=.---,_.,._ ..-~ ..= _ ...............
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3.5.3 Flow Measurements

The flow was measured at two different sites (Sec Fig 3.3), A sewer pipe
crosses the river at the old Alexandra sewage works and it is encased in concrete
to prevent vandalism. Erosion downstream and sedimentation upstream of this
pipe has resulted in the formation of a broad-crested weir. This encased pipe
was used by Wimberley (1992) in his study of pollutant loads from Alexandra
Township.

Flow depth data was collected and converted to a flow rate using the depth-
discharge curve which was developed by Wimberley (1992). This curve was
calculated from the survey, cross-section of the weir and the formula for a
broad-cresred weir I which is I.t) given below:

where Q :::::flow rate in m3/s over the weir
C :::::weir coefficient which is 1.8 tOl a broad-crested weir.
B :::::width of the water over the weir in m
H ::::::depth of flow over the weir in m

A broad-crested well' near the Marlboro road (See Fig 3.3) was also used for
flow measurements. The accuracy of these weirs was also ascertained by
measuring the flow with a flow meter. The flows at the Gibson Bridge and at
the Marlboro Bridge were determined by taking flow readings every Im at 60%
of depth of water.

The monitoring of the Jukske! river commenced at the end of July 1994. and to
date both the low flow and high flow periods have been monitored with
sampling taking place every two weeks.

Flow measurements were made every two weeks at the two weirs described
above. A median flow of L35 m3.s"1 was calculated for the period between the
12th of July and the 7th of September. This value was verified using a flow
meter which gave an average value of 1.33 m3/s. This represents the low flow
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Chemical analyses of the water samples was undertaken by the Johannesburg
Municipal laboratories (CYDNA) in Oaklands, while the S·day BOD tests were
carried out by M & L Laboratories in Doornfonteln, Johannesburg. All chemical
tests were carried out according to Standard Methods for the Examination of
Water and Wastewater (APHA. 1987).

Measurements of pll, COnl,luctivity, total dissolved solids, temperature and
dissolved oxygen were carried out 011 a 'grab' sample at each monitoring point
using the Mettler-Tcledo Checkmate field system. It consists of a hand-held
meter module to which different sensors can be attached. Table 3.4 gives the
technical specifications of the instrument.

Table 3.1 Monitoring (lobUs on '.he Jukskei river
-.:..~<.~-............,._ .- ,..,

MONrrORING FOINT DlS1'ANCE }<'ROMALEXANDRA SleWAGE
WORKS IN kiu

WEIR AT 0t.0 AL.EX}.NORA SEWAGE WORKS 0.0.....-.
FRANKBNW ALD WEIR NEAR MAl.U.l30RO

1
2•1

DRIVE - -
GIBSON DRIVE BRIDGE 4.2....- ~~-
MODOERPONTBIN CONFLUENCE· OPPOSITE 5.8
FIVE ACRES PLACE ~a'I~ ___ =:::I ....
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Jukskel Rivet', There are grid inlets all the way along the length of this culvert
to trap the overland flow after storm events. Unfortunately shacks have been
erected on top of these grid inlets. The shacks built on these grid inlets. the
network of tarred roads .n Alexandra and the inadequate services all contribute
to high volumes of polluted urban runoff discharging directly into the Jukskei
River (Wimberley, 1992).

After Alexandra the Jukskel River flows through a grassy area (Frankenwald)
dotted with a few trees and then through the residential area of Buccleuch,

The Jukskei River was .:hosen for this study as most of tne pollution comes in
straight from Alexandra Township and for 6 km after this there are no major
discharges into the nver, The natured assimilation ability of the river for each
pollutant type and the faeWi'Saffecting each of them were then determined.

3.5. DAtA COLLECTION ANDMONlTORING POSITIONS

3.5.1 Monitoring point positions

A reach of the Jukskei River, 6 km downstream of Alexandra township, (Fig
3.2) was chosen for this study. An extensive water sampling program, in which
water was sampled every 500m along the river, was first undertaken, in order to
investigate the reduction of nutrients and other pollutants over distance. FiOh1

the results, four monitoring points were selected each about 2km apart from one
another. Fig 3.3 and Table 3.1 show the positions of monitoring points on the
Jukskel river.

3.5.2 Collection and Laboratory analysis of the water samples,

Sampling consisted of taking "grab" samples from the river. The pollutants
monitored in the Jukskei river can be seen in Table. 3.3.

Autoclaved gla~1lbottles were used to collect water for the faecal coliform and
E. coli analyses, while the water for the chemical analyses was collected in
clean PVC bottles. A small air space we... ieft between the water and the cap.
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hazard was highlighted in March 1995 when soft soaking rains of 78mm washed
away shacks and left about 600 people homeless.

A 90 ha area on the East Bank has been developed to cater for the middle to
high income earners. A 300 ha portion of land that extends up to the N3
highway, was allocated for formal housing but durin; 1995 squatters began an
informal settlement on this land. Attempts to remove them have proved
unsuccess fu1.

The 1991 population estimate was 125 000 (255 people/ha)(Palmer
Developn-ent Group, 1992). and in 1994 this has risen to over 320 000 people
over an area of 4.9 km' which is only 0.6% of the entire catchment (612
people/ha) (Palmer Development Group, 1995). The population growth rate for
1080-1991 was officially 7.4,. and unofficially 16.41 (Palmer Development
Group, 1991).

Five different housing types have been identified in Alexandra: informal
settlements (shacks), old forJal settlements, new formal settlements, hostels and
flats. There are over 50 000 residential units in Alexandra of which 30000 are
shacks with an additional 9000 hostel beds (Palmer Development Group, 1995).
The services provided (street cleaning, refuse removal) are inadequate. Three
community based contractors provide a service combining kerbs ide and
communal clearing (Palmer Development Group, 1995). Inadequate local
authority management structures and problems with the initial tender process has
led to the contractors being under-funded and under-monitored, which has
resulted in an inadequate service being provided. .

On the West Bank, the formal settlements have one dwelling per stand with
piped water supplies and water-borne sewage systems. The informal settlements
have been erected in the backyards of these formal settlements as well as other
open spaces and therefore share the formal settlement's facilities 01' use stand
pipes for water and bucket latrines. These bucket latrines should be collected
everyday but due to political unrest, lack of funds, lack of maintenance and lack
of management, these bucket latrines overt1ow straight into the Jukskel River or
are emptied into the river by residents. The south-western catchment has a
piped storm water reticulation system that discharges to a SUb-surface culvert,
which follows the flow of the natural valley and discharges directly into the
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Figure 3.2 The 100m3 portions of land used for the investigation into the
vegetation along the banks of the Jukskei River



to coarse textured grey to pink granite rock occurs in the river bed and on
decomposing it forms a residual SOil layer of loamy sand which varies in depth
between 0.5 and 6.0 metres. The bedrock lies relatively close to the surface
which gives rise to a perched water table. The resulting rocky bed of the
Jukskei river just downstream of Alexandra thus allows for the rapid reaeration
of the river with a corresponding reduction in the BOD load.

The vegetation in Alexandra is very sparse or absent and there are very few
trees (Wimberley, 1992). A study of th~ vegetation along the Jukskei River
banks from Alexandra to the Buccleuch was undertaken in order to ascertain
what affect the vegetation could have on the pollutant assimilation in the river
but especially on the nutrients in the river. Portions of land, each 100 m", were
selected and the most common plants in each portion were determined. A
number of unknown vegetation samples were taken to the Depa trnent of Botany
in Wits University to be identified. Most of these were exotics like Acacia and
Eucalyptus. The vegetation differed significantly between the east and the west
banks of the river. The east bank near the N3 highway consisted mninly of
grasses and the west bank had both trees and grasses. A number of reed beds
where identified which would be beneficial in the assimilation of a number of
the pollutants but the river in general was not very heavily vegetated and the
vegetation would not have a profound effect on the assimilation capacity of the
river. The vegetation identified along the banks can be seen in Figure 3.2 and
Appendix D.

3.4 POPULATION GEOGRAPHY ANDHOUSING

The Jukskei River divides Alexandra Township into two sub-catchments: the
East and the West Bank. The total sub-catchment is approximately 740ha. The
West bank of Alexandra covers an area of about 350 ha and the land consists of
mainly formal and informal housing as well as tarred roads. The Informal
housing consists of mainly shacks and "rnake-shlft" houses (Wimberley, , ",2).
These informal settlements have developed on previously vacant land and in
areas demarcated as flood zones. More than 6000 people living in the
Genisville and the old part of Alexandra are below the SO year flood level and
hundreds are living on land that forms part of the river channel itself. This
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However, due to the high demand and low availability of affordable housing in
the PWV area, people continued to move into the Alexandra area, and an
informal settlement has now sprung up which has no formal sanitation services.
The Alexandra Town Council has set up rudimentary services such as public
stand-pipes and portable toilets (Slthole, 1991) which are serviced on a daily
basis but many people living in areas like the Genlsvllle squatter area (situated
right on the banks of the Jukskei river), discard their sewage and litter directly
into the river. Urban runoff from overflowing portable toilets. backyard
businesses, washing of clothes and daily chores is a major source of pollution.

3.3 LOCAL ANDREGIONAL CONDITIONS

The upper Jukskel River is about 23km long. The river reach flowing through
Alexandra is 2300m. with the highest point at 1 535 m above mean sea level
(mamsl) and the lowest point at 1 515 mamsl. This gives an average slope of
7.4m/k'm. The slopes between the monitoring points on the 6km reach of the
Jukskel River from Alexandra to its confluence with the Modderfonteln Spruit
used in this study were determined. It was calculated that the !\lo:",echanged
from a 0.71 % (1 in 140) slope near Alexandra, to a 0.60% (1 in 165) slope
between Prankenwald and Buccleuch and eventually to a slope of 0.51 % (1 in
197) slope from Buccleucb to the Modderfontelu Spruit.

The river has a typical dry weather and storm flow regime. The river IS a
typical perennial river in that it flows continuously during the dry winter months
as well as between storm events. In the summer months, a high volume of
runoff flows into the river increasing the tlow in the river. A difference in the
flow of the Jukskei River between the summer of 1994 and the summer of 1995
was observed due to there being more rain in 1995. The flow in 1994 was on
average around 2 m3.s·1 and in 1995 the flow ranged from 5 to 7 m3.s·1 as a
consequence of the greater rainfall that fell 011 the catchment during the 1995
summer period.

The sub-surface soil conditions in the Alexandra area were investigated in 1980
',y Partridge, De Villiers and associates (1980). Their report shows that the
area is underlain by highly weathered and decomposed rocks of the Archaen
granite type which forms the Johannesr ,/Pretoria dome. Outcrops of medium
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All parameters except for the reaeratlon rate constant were known so the
equatlon was solved for r usln- the Solve For function 011 Quattro Pro. Typical
reaeration constants for stream vary from 0.02 to 4 day" . Values of 0, 1 to 1
day" are common in rivers and streams (Metcnlf & Eddy, 1979).

Temperature has a definitive affect on the reaeratlon rate. To find the rate at
other temperatures the equation below was developed.

rr :;::1'20.t" 1.024(1'·20) ••••• , • • • • 4.3

Tablt:4.S The determlnatlou of' the reaeratlon rate constants

~~-- - :::::::::01~~,c;::::;' =~.
Date Reach 1 Reach 2 RCtlCh 3

r r r.
03/08/94 1.13 0.297 0.157-
10/08/94 1.402 0.404 0.210. -1----
24/08/94 1.14 0.291 0.150
07/09/94 2.384 0.812 0.473--.
21/09/94 2.053 0.646 0.357------28/09/94 2.006 0.623 0.342- -
12/10/94 1.193 0.353 0.192 1- ~~#.----------~
01/11/94 1.72 lO'f:07 0.2731------

1.3~L,_ ~~~~..•0,414,-' _==-] 0.290 --
16/11/94~~,= - -

From the Table 4.5 it can be seen that the reaeration constant between the
Alexandra weir (JUK 1) and Frankenwald (JUK2) is greater than in the other
reaches. The gradient of the river beo is greater in this portion of the river,
Several rapids in th .• reach cause an increase in turbulence, which leads to
greater entrainment of oxygen, This results in an increase in the dissolved
oxygen concentration. The river meanders and gradients are small in the reach
between the Gibson Drive VI idge (JUK3) and the Modderfonc.ln confluence
(JUK4). This is reflected in the reneratlon rate determined for reach 3 which is
around 0.2 day",
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The reacrcuon rate constants for each reach were determined using the Streeter-
Phelps equation (Mnrjanovic, B, pers. commr, Tho Streeter ..Phelps equation
takes into account the decrease ill the dissolved oxygen concentratlcn due to
BOD as well as the increase in the dissolved oxygelt concentration due to
reaeration,

D _kLo I. ·kl "i-o ,1'1 42'-'-k\cxP ·eX1> ocxp ..r·

where: DI ::::.:Dissolved oxygen deficit at time t

Lo ::::.:BOD at time zero
Do ::::.:Dibsolved oxygen deficit at time zero
k t::l BOD reaction rate constant
r t:::I reaeratlon constant
t r::: time
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Each of these parameters are unique to a specific water body although they may
fall within a certain range, The chlorophyll concentrations in the water were
determined at each of the monitoring positions (See Table 4.4).

Tnble 4.4 Chlorollhyll concentrations in the Jukskel River.

-
Monitoring Point Chlorophyll Concentration (/.i gil)
JUKl 32
JUK2 41 -------
lUK3 28

Chlorophyll concentrations are good indicators of algae concentrations in the
waters and thus an indirect indicator of reslpratlon and photosynthesis in
particular waters. From the above results it can be concluded that respiration
and photosynthesis sinks and sources from aquatic plants will play little part in
the concentration of DO in the Jukskel River,

The mean concentration of dissolved oxygen at the Alexandra weir site (JOKl)
is around 3.1 mg/i. 011 the 7th of September however, a very Il)W DO of 1.5
mg/I was recorded, This corresponds to an increase in BOD and nutrients
which would cause a decrease in DO to occur. For both the low flow and the
high flow penod a recovery in the dissolved oxygen is seen.

Apart from the oxidation of carboiaceous and nitrogenous organic matter,
reaeratlon is the most lmpcrtant process affecting the dissolved oxygen
concentration In a river. The Jukskei river has a rocky bottom which allows for
reaeratlon by means of turbulence.
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the drop is most likely due to dilution of the ions as they flow towards JUK2.
During the low flow period. the concentration of CaC03 is greater due to less
dilution. The drop in the low flow alkalinity is enhanced by the greater
beginning concentration. The alkalinity concentrations for both the low flow
and the high flow periods then reached a plateau and remained constant up to
JUK4.

The sulphate and chloride concentrations also showed a drop between JUKl and
I JUK2. The concentrations of ions like sulphate and chloride and the metals lead

and iron did not change much between sampling days with the iron
concentration always being around O.4mg.r' and lead around O.Olmg.r',

4.3.2 Dissolved Oxygen (DO)

While coliform bacteria is the surrogate variable for communicable diseases.
DO is the surrogate variable for the general health of the aquatic ecosystem.

In a water body, the sources of DO are:
• Reaeraeion from the atmosphere.
• Photosynthetic oxygen production.
• DO ill incoming tributaries.

The internal sinks of DO are:
• Oxidation !'f carbonaceous waste material.
• Oxidation of nitrogenous wast!}materials,
" Oxygen demand of the sediments.
• Use of oxygen for respiration by aquatic plants.

With the above sources and sinks, a general mass balance can be determined tor
DO in a segment volume V (Thomann, 1987),

v~;;:;l reaeratlon + (photosYlll'hesls - resp/ratlon) •• oxidation of G"[JOD, N80D -

SOD + Oxygell Inputs :i;O,t)'gt11l Transport •• ~• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4.,
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copper originate from anti-freeze and brake-linings in vehicles and zinc from oil
spills (Wimberley, 1992).

Many of the ions found in water can also originate from the atmospheric
emissions from industl'bl.plr"ts and vehicles. It has been found that winds
blowing off the mine-dumps 011 the Witwatersrand can contain high
concentrations of sulphur and chloride (Coleman. 1991) .
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The highest concentration of ions found were the bicarbonate Ions, which were
in tho range of 200-250 mgll for the Alexandra weir site (JUK1) and around
150mg/l at the Modderfontein confluence sampling point (JUK2). At tlw pH
levels measured In the Juksl-e! river. the majority of the Ions can be expected to
be In the bicarbonate Ion (HC03) form with a maximum concentration of
bicarbonate i011S being faun,! at a pll of 8.3.

A drop ill the alkalinity between JUKI and JUK2 is seen. This corresponds to a
similar drop in the TDS and conductivity results. As discussed in Section 4.2.3,
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4.3 CHEMICAL WATER QUALITY VARIABLES

4.3.1' Inorganic Pollutants

The inorganic ions I.'Clltinelymonitored for in the Jukskel river were fluoride,
chloride, sulphate, bicarbonate ions in the form of CaC03, and the metals lead
and iron. The Jukskel river is typical of a hlghveld river in that the most
common ions are bicarbonate, magnesium and calcium ions as were observed by
Dallas and Day (1993).

Sulphate found in the Jukskel river probably originates from the burning of litter
in the catchment and chloride concentrations may originate from the washing of
vehicles and clothes in Alexandra area (Wimberley, 1992). Most of the
carbonate ions found in the river have their source in the weathering of rocks
and the dlssoiutlon of carbon dioxide from the atmosphere (Dallas & Day,
1993). Heavy metals like lead and cadmium are washed off the street surfaces
after deposition from vehicles! tyre wear (Wimberley, 1992). Other ions like



Table 4.3 Saturatlon indices for important solids

Sites Fluorapatite Calcite Hydroxylapatite Cal(P04h(beta)
JUKl 9.224 ·0.2925 7.620 0.9648
JUK2 8.953 -0.2925 7.347 0.7821.
JUK3 8.800 -0.0891 7.391 0.6792
JUK4 9.311 -0.0020 8.002 1.0230-

As you can see, if anything, supersaturation increases as you go from JUKl to
JUK4. From the results it was concluded that little or no precipitation was
possible. The most probable explanation would be that there is dilution
occurring between the two monitoring stations. There are a number of
agricultural smullholdings on the east bank of the Jukske! River near JUKi
which would contribute to dilution of the river water. At Llnbro there is also a
solid waste disposal site which has a small stream that flows into the Jukskel
river just before JUK2. There are also a number of running taps and
overflowing drains in Alexandra Township which eventually run into the river.

All possible dilution points were looked at along the River banks and it was
concluded that the runoff from Linbro Landfill site would be the greatest source
of dilution as it continually runs into the river Just between the first and second
monitoring point where the greatest reduction in TDS is seen (See Photographs
in Appendix B).
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Table 4.1 Physical parameters used in the GES computer model

Date Sampllng Flow in pH Temp. in Conductivity TDS
Point m3/s ·C in mS/m-

03/08/1994 JUKI L.49 7.6 14.2 75.3 362
JUK2 1.49 7.6 13.3 65.1 329
JUK3 1.49 7.8 14.3 60.8 98
JUK4 1.49 7.9 13.6 60.4 310

_ ..

Table 4.2 Anions and cations used in the GES computer model

Sampling Chloride Sulphate Fluoride Alkalinity Calcium Sodlum
Point as cr ill as S04 in as F' in as CuCOl ill mg/l ill mg/l

mg/l mg/l mg/l ill mg/l

JUKI 61 92 0 225 48 43
JUK2 S3 77 0 180 47 36
JUK3 50 69 0 160 46 30
JUK4 50 68 0 160 4S 32

Potassium Mg ln Lead in Iron in
in mg/l mg/l mgll mgtl

.JUKl 9.8 17 0.01 0.4
JUK2 8.2 17 0.01 0.4
JUK3 5.8 17 0.01 0.4
JUK4 6.2 16 0.01 0.5-
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A Mann-Whitney test for difference of medians was carried out on the data and
it suggested that in the wet season, the TDS difference between JUKI and JUK2
was not statistically slgruftcant, while the TDS difference during the dry season
was statistically significant, but at a low confidence level. The results in this
study were compared to those measured by Wimberley (1992) and it was found
that very slmllar medians for JUK I for the dry and wet seasons were obtained
(Wimbcl'!ey got 402mg.r' compared to 420 mg.l" during the dry season and
279mgXl compared to 289mg.rl during the wet season).

Rough equilibrium calcularions were carried out on the data and at the measured
pH, conductivity and alkalinity concentrations it is very unlikely that
precipitation or any other chemical process would be occurring in the reech
between JUKI and JUK2. To make certain. the results obtained on the 3rd of
August 1994 were put through an extensive chemical equillbrlum model (GnS).
Sec Table 4.1 and 4.2 for the variables put into the GES computer model and
Table 4.3 for the results obtained.
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A greater drop in TSS is seen during the low flow period. This is due to the
decrease in the velocity of the water causing more sedimentation to take place.
Both the high and low flow TSS dropped to around 10 mg.l" at JUK4, the last
monitoring point.

4.2.3 Condnctivity and Total Dissolved Solids (IDS).

Conductivity and TDS are conservative pollutants in that no change in their
concentration with time and distance is expected l.e. dC/dt = O. A large
decrease in conductivity and TDS values, downstream of the first monitoring
site OUK 1) was observed however. See Figures 4.7 to 4.10. A plateau then
seemed to be reached after the second monitoring point at "rankenwald (JUK2),
2km downstream from the Alexandra weir (JUK1). As the conductivity
decreases a corresponding decrease in chloride, sulphate and alkalinity in the
form of caeol is seen, with each ion concentration reaching a plateau 2km
downstream at the Frankenwald monitoring position.
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The rate of change of pH is determined by the buffering capacity of the
carbonate-bicarbonate system (Dallas & Day, 1993) and as the Jukskei River is
a typical example of a highveld river I there is a large concentration of
carbonates in the water which helps to keep the pH within the 7 to 8 pH unit
range.

4.2.2 Turbidity and suspended solids (SS)

The drop in the concentration of suspended solids is most probably due to the
process of sedimentation (Figure 4.5). Just below the Alexandra weir there is a
stretch of deep, meandering water which is ideal for sedimentation. Both
suspended solids and turbidity decreased along the longitudinal length of the
river. Turbidity went to highs of 22 and 30 NTU on the 21st of September and
the 12th of July respectively while the sites downstream of the Alexandra near
Buccleuch site were around 6 NTU.
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Figure 4.2 Box and whisker plot
of temperature at high
flow(summer)

Water is not a good conductor of heat sc. the t,~ .[.lerature remains relatively
constant during winter and during the summer months. This trend can be seen
in the box and whisker plots which reflect the small variations in temperature
with the median being around 14°C during the colder low flow periods and
going up to between 25 to 26°C in the high flow periods.

The pH of the Jukskei river water was always in the range of 7 to 8, and there
were no large variations in the pH from week to week. See Figures 4.3 and
4.4.

During the high flow, the pH range is much wider than in the low flow periods
where the pH range is between 7.5 and 8.2 pH units. During the low flow
periods, the water is flowing slowly and is colder than during the summer
months so the biochemical reactions are taking place at a slower rate and the pH
thus does not change so rapidly as seen in the high flow periods. Due to the
lack of turbulence there is also less entrainment of air into the water column and
certain oxidation reactions either cannot take place or take place at a slower rate.
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In the Jukskel River at the JUKl site, ammonia made up 6S% of the inorganic
nitrogen with the nitrate concentration only making up 10%, 'l'his indicates
recent pollution of the river,

The total inorganic nitrogen concentration available as ammonia, nitrites or
nitrates decreased by an average of 80% during the low flow period whicl:
suggests that two processes could be at work, denitrification whereby nitrogen
gas is lost to the atmosphere and sedimentation where nitrates adsorbed onto SS

I sediment out, due to the low flow of the river.
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Figure 4.25 Box and whisker plot
of the nurate
concentration with
distance during
high flow (summer),

During the high flow period the total inorganic nitrogen decreased by 64 % ,
During high flow there is more turbulence so not as much sedlmentatlo» can
take place.
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The concentration of nitrates is low at the JUK1 site and increases up to JUK2
and JUK3 where it seems to reach a plateau before it decreases slightly at 1UK4.
At high conceutrations of ammonia, the nitrification reaction is taking place at
the highest rate. An increase in nitrates is thlls observed. Once the
concentration of ammonia starts to decline however, as it does at JUK2, the
uptake of nitrates by plants is greater than the production of nitrates by the
nitrification process and a decrease In nitrates is observed.
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Figure 4.22 Box and whlsker plot
of the nitrite
concentration with
distance during
low flow (winter).
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Figure 4.23 Box and whlsker plot
of the llitl'itc
cencentration with
distance during
high flow (summer).

The percentages that each inorganic nitrogen species makes up of the total
inorganic nitrogen at JUK 1 and JU1<2 were calculated. At JUKl the mean total
Kjeldahl nitrogen was found to make up 92 % of total inorganic nitrogen;
ammonia making up 65%: nitrite 3 % and nitrate 10%. The percentage nitrogen
for TKN then dropped to 62 % at the JUK2 site, ammonia to 33 %, while nlu'tes
remained at 3 % and nitrates increased to 30%. See Figul . 4.26. In un..
impacted waters which are well oxygenated, > 80% of the inorganic nitrogen
will be ill the nitrate form and ammonia will make up less than 20 % of the
inorganic nitrogen. With run-off into the waters the ammonia concentration
may rise to greater than 40% of the inorganic nitrogen (Ashton, pers, comm.),
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There are longer reaction times between stations which allows for greater
conversion of TKN and ammonia and the flow is less so more sedimentation of
particulate nitrogen and adsorbed nitrogen takes place. The longer flow time
between stations also allows for the formation of a large colony of nitrifying
bacteria.
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Figui'C 4.20 Bo"( and whisker plot
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The concentration of n.~rites in natnra! waters is never very high as th(~
conversion of nitrites to nlttates is very fast and not much is accumulated. An
increase in nitrite concentration is an indication that nitrification and/or
denitrification is taking place. From the results an increase ill nitrite
concentration is observed. As the dissolved oxygen Is always above the 1.0
mg.l" limit for denitl'ification, the main reaction taking place must be
nitrification.

As more ammonia is converted to nitrates, an equilibrium will result where the
concentration of nitrite will remain at a certain equilibrium concentration. From
Figures 4.19 and 4.20, the median for both the high flow and low flow periods
arc at their highest at JUKl. and drops to a constant value
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Nitrogen compounds, are related by means of a series of reactions known as the
nitrogen cycle, which regulates the flow of nitrogen from inorganic forms in
soll, air and water into living organisms and then back into inorganic forms.
The six most important processes taking place are:
1. Nitrogen assimilation (nitrates and ammonia) by plants:
2. Heterotrophic conversion of organic nitrogen from one organism to the

next;
3. Ammonification, the breakdown of organic nitrogen into ammonia;
4. Nitrification. the aerobic oxldadon of ammonia to nitrite then to nitrates

by the nitrifying bacteria;
5. Denitrification, The anaerobic conversion of nitrate to nitrite and

ammonia by bacteria and fungi;
6. Nitrogen fixation, the biological fixation of molecular nitrogen to

produce ammonia. which is then converted to nitrogen compounds in
organisms.

Another reaction is the volatilisation of ammonia which is then lost to the
atmosphere. This process occurs 2.t high temperature and pH values. During this
process, the ammonium ions are converted to the toxic un-lonlsed ammonia
form (NH4 + 4- NH3) which is then lost as a gas into the atmosphere. The two
reactions by which inorganic nitrogen is lost from the aquatic environment are
the conversion of nitrites to gaseous nitrogen by denitrifying bacteria aud the
volatlllsatlon of ammonia. The two most important reactions under aerobic and
anaerobic conditions however, are the biological conversion between the
inorganic forms of ammonia, nitrites and nitrates. Dul'ing the high flow period,
the drop in TKN and ammonia followed exponential curves with It 0.98 and a
0.99 correlation respectively. This corresponds to bacterial conversion of TI<N
and ammonia to nttrltes and nitrates. Durtng the high flow period there is a lot
of entrainment of oxygen into the water due to turbulence. The dissolved
oxygen is thus always kept above the limiting DO value of 1 to l.Smg.rl

ensuring that the main reaction taking place Is nitrification by the Nltrobacter
and Nltroaornonas bacteria.

iKN -)0 AMM ~N ~ NITRITE· N ~ NItRATE· N

During the colder wlnter months a greater decrease in T .N and ammonia is
seen between JUKI and JUK2. A number of processes could be at work here.
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is taking place. Oxidation of BOD is also taking place but this is not great
enough for a significant change in the BOD values to be seen.

4.3.4 Nutrlents : Nitrogen and Phosphorus

From Wimberley's (1992) report, it was found that the major source of high
nutrient loads reaching the Jukskel river. was human and anima! faeces.
Sewage from blocked drains is flowing into the Jukskci river, or is washed off
the catchment during rainfall events. The majority of the organic pollutants are
thus in the form of proteins. carbohydrates and fats. or in the form of excretory
products such as ammonia, urea and aric acid. The organic products are broken
down by baeterfn in the water into nitrates and r itrites, making them available to
the various plants in an inorganic form The abcve reactions only occur under
aerobic conditions. If the dissolved oxygen concentration drops to below 1
mg/I, then die anaerobic denitrifying bacteria take over and nitrites, nitrates and
ammonla am converted to nitrogen gas (Nl) which is then lost to the
atmosphere. Changes in the ammonia or 1'KN concentration with .listance
downstream can be a useful indicator of the rate of conversion to nitrate-N,
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Figure 4.18 Box and whisker plot
of the TKN
concentration with
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--
28/09/1994 34 30 0.88
0111111994 55 30 0.55.
16/11/1994 40 20 0.50
18/0111994 51 20 0.39

Average 0.55
BOD:COD -
JUK3 03/08/1994 41 20 0.49-24/08/1994 65 60 0.92

07/09/1994 45 20 0.44---I--
21109/1994 120 30 0.25
28/09/1994 S4 30 0.56
01111/1994 40 30 0.75
16/11/1994, 30 10 0.33-18/0111994 36 20 0.56

I- -Average 0.54
BOD:COD

JUK4 03/08/1994 71 10 0.14
24/08/1994 65 50 0.77
07/09/1994 50 30 0.60

t-- 2110911994 70 50 0.71-
28/09/1994 54 30 0.56- --01/11/1994 45 30 0.67 ----16/11/1994 30 10 0.33 ~ ...

1--- 18/0111994 25 10 0.4. -Average 0.48
BOD:COO

From the table it can be seen -hilt the BOD:COD ratio decreases with distance
from Alexandra Township. The BOD:COD ratio is 0.53 at the Alexandra
monitoring point which is indicative of recent sewage polludcn. At the first
monitoring point. IAlexandra the BOD concentration is much higher than at the
other monitoring points which indicates that sedimentation of some of the BOD
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dilution takes place and the concentrations are less. The difference in the
velocity can also be seen. The material undergoing the oxidation reactions
spend more time in the water column between stations during the low flow
periods so more of the oxidation reaction can take place and this is reflected in
the graphs above. A i.~.·gedecrease in the COD concentration is seen between
JUKI and JUK2 during the low flow period. The corresponding decrease in the
COD concentration during the high flow period is much less noticeable as the
water is flowing so fast that only a small concentration of the material has been
oxidised by the time it passes JUK2.

For polluted waters contaminated with raw sewage a direct relationship between
COD and BOD can be established (Hoffmann, 1995). Most domestic waste
waters have a BOD:eOn ratio of 0.5:1. The ratios at each monitoring point
were determined. See Table 4.9.

Table 4.9 Ratlos of BOD to COD for each monitoring point

Monitoring Dnte COD in mgtl BOD In mg/l BOD:COD
~1.nt -JUKl --- 03/08/1994 100 SO O.S -24/08/1994 140 60 0.43

07/09/1994 225 100 0.44
2110911994 150 60 0.40--28/09/1994 88 60 0.68
12/10/1994 60 ,,- 30 0.50~
01111/1994 60 60 1.00 --._
16111/1994 S5 30 0.55
18/0111994 66 20 0.30

_.....".

Average 0,53
BOD:eOD

JUK2 03/08/1994 46 20 0.43--~24/08/1994 60 40 0.67
~. --

r---
07/09/1994 45 30 0.67

ft

21/0911994 70 20 0.29
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Figure 4.15 Rnte of change of BOD with time

COD is a measure of all the material in the wastewater sample that can undergo
oxidation. If a great enough concentration of dissolved oxygen is available a
number of oxidation reactions can take place

_ 150 t--O-F:j ..- ...----j
~100

so

IolU':'1 IolUK:il JUK3 Jut:"I
Stl'lT,lon

Figure 4.16 Box and whlsket plot
or the COD
concentration with
distance during
low flow (winter),
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-
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JUK1 JUt.:2 JUK3 JUK4

St.at.lon

Figure 4.17 Box and whlsker plot
of the COD
coneentrntlon with
dlstance during
high flow (summer),

TIle COD can be seen to be higher during, the low flow period where greater
concentration of the material takes place. During the high flow periods more
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reported in literature. It has been reported that more than 60 % of organic
matter can settle out. In our plots of BOD an exponential type curve is obtained
with a very steep decline in BOD between the first and the second monitoring
points. This and the high values of k obtained is indicative of settling out of
BOD.

An average k of 0.17 day" is usually used for natural waters if the k value is
unknown but it may vary significantly with the type of waste being oxidised
(Metcalf & Eddy, 1979). k values have been found to range from 0.05 to
greater than 0.3.

Table 4.8 Typical values of the carbonaceous rate constant, k.

Reference k (lday) _ Comments
Brown and Barnwell 0.02 ~3.4
(1987) (QUAL2E)
Thomann and Mueller 0.3·0.4 Untreated municipal
(1987) wastewater-
Thomann and Mueller 0.1 - 0.3 Secondary effluent
(1987)
Thomann and Mueller 0.3 (H/(2.44»-O.4:l4 for 11 is water depth in m
(1987) O<H<2.44m

0.3 for H:> 2.44m_____ :;-.,_4:

Although the k values determined are high they can be used to predict trends.
The high rate constants over August and September are as a result of the very
low flow of the river and the resulting increase in th~'concentration of
carbonaceous BOD which has to oxldlsed, BODs of 60 to 100 mgll were
recorded during these periods with the BOD dropping to 10 to 30 mgtl during
the high flow period.
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L,eL CXp·kt • • • • • • • • • • 4.7

From the above equation after taking Logs we get

log (L/) = log(L) - kt log(e) 4.8

which is the equation of a straight line with y intercept == Log (L) and the
slope= -k Log(e). Regression analysis was used to give us the equation
describing the straight line. See Table 4.7 below for results.

Table 4.7 The determination of the carbonaceous rate constants for the
Jukskei river.

'"' = = ........ w == .. - JDate It • the carbonaceous r squared
oxidation rate constant,
day-l

03/08/1994 7.767 0.8828
10108/1994 11.659 0,8746
07/09/1994 6.530 0.8296
21109/1994 1.090 0.8618 -
28/09/1994 11.796 0.6391.-
12/10/1994 10.97 0.6387
01111/1994 12.282 0.6383
16/11/1994 13.696 0.9305
18/01/1995 13.203 0.9411

In this study the 5.8 km stretch of river was seen as a closed, mixed reactor in
which organic matter measured as BOD was added at. the top, oxidation of the
organic matter took place within the reactor and the remaining organic matter
was released. In a normal laboratory situation there is very little turbulence or
settling of organic matter so the decrease in the BOD that is observed is as a
direct result of oxidation of the organic matter by bacteria. Unfortunately in a
river settling of organic matt')r is an important process that results in the
decrease of organic matter and this can be seen in the values of k (BOD
oxklation constants) determined. These values are much higher than those
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4.3.3 Biological Oxygen Demand (BOD) and Chemical Oxygen Demand
(COD)

The BOD test gives a measure of the oxygen utilised by bacteria during
oxidation of organic material in the water sample. The test is based on the
premise that all biodegradable organic material contained in the wastewater
sample will be oxidlsed to CO2 and H20. Hence it is a direct measurement of
the oxygen requirements and and an indirect measure of biodegradable organic
matter pollution.

The oxidation of carbonaceous pollutants in streams is usually described as
being a first order rate reaction (Metcalf & Eddy, 1979). III a first order
reaction the rate of oxidation is proportional to the concentration of oxidizable
organic matter remaining and once a suitable colony of microorganisms has
developed, the rate of the reaction is only controlled by the amount of readily
available carbon available. The equation used to describe the reaction is:

L/ = Lo exp'" •• • •. . . . • 4.6

Where:
L = concentration of BOD remaining
Lo :::::the ultimate concentration of BOD
k = rate constant for a particular group of microorganisms.
t = time

There are several ways of determining k, the carbonaceous oxidation rate
constant from a series of BOD measurements and these include the least-squares
method which involves fitting a curve through a set of data points, so that the
sum of the squares of the residuals (th". ,"" "enee between the observed values
and the value of the fitted CUi ve) ml.c:t• iimum, Another method which is
also often used is the Thomas method in wnrcn k is determined by plotting
(t/BOD)1/3 against t in days where k=2.6l slope/intercept (Metcalf & Eddy,
1979).

Values of k for each monitoring day were determined in this study by plotting
the log (BOD at t) against time t in days.
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A number of theoretical equations using the average depth and velocity have
been developed with the best theoretical model in the absence of other
information is the 0 Connor and Dobbins model. This uses the molecular
diffusivlty, the mean velocity and the mean depth to calculate the reaeratlon
constant.

(DmU)O.s
K2- dJ•s ••••••••••• 4.4

where Om = molecuar diffusivlty == 1.78 X 10-4 m2/day
u ~ Mean velocity, mls
d ::::Mean depth. m

This method was compared to the Streeter-Phelps method by determining the
reaeration constants by both methods. See Table 4.6

Table 4.6 Comparison of Reaeratlon Constants determined by
O'Connors and Dobbins' equation and Streeter-Phelps
equation.

Monitoring Point O'Connors and Streeter ..Phelps
Dobbins

Marlboro 2.400 2.053
Buccleuch 2.052 1.560- --
The results are similar but the Streeter-Phelps equation underestimates the
reaeratlon values compared to the 0' Connor/Dobblns equation.

The Owens' formulation for Shallow Streams is also often used.

VO.67
R ::: 21.6 X "H,.IIJ 4.5

where: V ::::velocity of stream in ft/sec.
H = stream depth in ft
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organisms. Pathogenic organisms cause diseases like typhoid, cholera,
dysentery and infectious hepatitis. All of these are of human origin and may be
transmitted through water. An infectious disease i~emf) which can be
transmitted from one persou to another. During the I "I(lluissiClll process, the

organisms may be exposed to the environment. and their passage to the body of
a new victim is then vulnerable to changes in the environment. By changing the

human env ironment, reduction or prevention of the transmission of these
diseases is possible.

In townships like Alexandra, people are living at close quarters and the sanitary
conditions are bad. This an ideal environment for the spread of diseases
especially among the younger and the older members of the community as they
are the weakest.

4.4.5 Faecal collform die-off rate constants in the Jt~k.$I(!~1River.

The die-off rate of faecal cclltorms in the water was calculated. Faecal cotlform
die-off is due to UV light. dilution, a hostile environment (i.e, in water and not
in the human or mammal gut), predation and possibly lack of food. The logs of

the coliform concentrations were plotted against time and the slope of the
regression lines were determined. Using this the rate of bacterial decay for each
sampling day was determined. See Table 4.12 below.

77



""i4 ~-~- ..-~-

~ :3 .-.~ ... ----. •• ._--

j:=~,
4 _.........__.......__ .. Ie'_'"

i,--,-
g.--~-.
~,---~.-

o .-.'-"...".~-
JU~1 J\,I).!2JUI:3 ..lUI;'"

StatIon
JUK1 ..lUK2J~3 JU~4

$1:1:11: Ion

Figure 4.34 Box and whisker plot
of the logs of E. coil
concentratlon with
distance during
low flow (winter).

Figure 4.35 Box and whisker plot
of' the logs of E.coil
concentration with
dlstance during
high flow (summer).
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Figure 4.36 Faecal coliform cencenrratlons measured at Alexandra,
Frankenwald and Buceleuch over the monitoring period.
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Figure 4.32 Box and whisker plot
of the logs of faecnl
coliform concentration
with distance durlng
low flow (wlnter),

Flgure 4.33 Box and whisker plot
of the logs of faecal
colifonn cone. witfJ
distance during
high now (summer).

The faecal coli forms follow an exponential decay curve with distance
downstream as expected, The concentration of faecal collforms decreases with
UV light and the foreign water environment.

The E, coli concentration is always slightly lower than that of the faecal
coli forms but follows the same pattern as they flow downstream.

The Faecal coliform concentrations at three monitoring positions were plotted
and a trend can be seen. During September just after the first summer rains a
large increase in faecal coliform concentration was observed, which is due to the
"first flush" effect and afterwards a decrease In the faecal coliform
concentration was observed which is due to dilution.
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By convention the most commonly used indicator organisms are the faecal
coliforms comprised mainly of Escherichia coli, which are a sub-group of the
faecal coliform group and occur almost entirely in faeces. Natural water
contains active plant and animal life and will contain many bacteria (Cairn cross
& Feachem, 1993) of which most pose no significant health risk to water users.

4.4.2 Data collection and methodology

Water for bacterial analyses was sampled using a 250 ml autoclaved, sterile
glass bottle. The water was then analysed for faecal collforrns and Escherichia
coli. E. coli is the most commonly used indicator organism for the presence of
enteropathogenic organisms in surface water bodies. The detection of a high E.
coli count is an indicator of recent sewage pollution.

The tests were carried out according to the Standard Methods for the
Examination of Water and Wastewater (APHA), (1989).

4.4.3 Results and nnalysls

Water samp!es were taken at a(l four monitoring sites. A very latge increase in
the concentration of coliforms and E. coli can be seen on the 7th of September.
This corresponds to similar increases in most other water quality pollutants. It
has been widely reported in the newspapers that the main cause of the rise in
coli forms is the blockage of sewerage drains and this raw sewage is flowing
straight into the river (Star, Wed, 01/02/1995 (Appendix C».
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Figure 4.30 Box and whisker' plot
of'the phosphate
cnncentratlon with
distance during
low flow (winter).

4.4 MICROBIOLOGICAL ASPECTS

4.4.1 IntroductIon

, •• ,..tf_........_.I •• _' ....·· ._, __

JU~1 JUK2 JUK:3 JU!:4
St.atlon

Figure 4.31 Box and whtsker plot
of the phosphntc
concentration wlth
distance durlng
high flow (summer),

The microbiological quality of water is typically expressed in terms of the
concentration ot occurrence of particular species of bacteria. Polluted water
may contain pathogenic (disease-causing) bacteria, vlruses or protozoa. The
detectlon of all of these compounds is impossible, so it is normal practice to
detect 'indicator' organisms. These nre bncterilt that are always excreted in
large numbers by warm·h)ood~d animals, irrespective of whether they are
healthy or sick. The presence of these Indicator organlsms In water is therefore
indicative of faecal contamnnuon. If the water is faecal'y contaminated then
there may be a chance thaI. it may contain a pathogen and this may be a health
hazard.



phosphates and are from the body wastes, bodies of dead aquatic animals and
food residues. The other category, has a considerably higher concentration of
ortho-phosphatees and represents runoff comprised mostly of domestic and
industrial waste water discharges into the. river and is all example of a polluted
catchment.

The ratio of ottho-phosphates to total phosphates was determined for each of the
monitoring sites. It was found that the average ratio changed from 0.5 to 0.4
further downstream. This is indicative of a polluted river. The water samples
were analysed for total phosphorus and onho-phosphates, Most of the
phosphorus was found to be in the ortho-phosphate form.

There is never a very high concentratlon of dissolved phosphates in water as
most are particulate in nature and are adsorbed onto suspended solids and
sediment out and due to P being the limiting nutrient, uptake by
algae/mlcroflora is rapid.

a~==~=-~"=·=·=='·:·====~
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Figure 4.28 Box and whisker plot
of the total phosphorus
concentration with
dlstarve durl» :
low I1fhv fwintcl').
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Flgure 4.29 Box and whisker plot
of the total P
concentrntlon with
dtseance during
high flow (slimmer).

Must of the phosphorus is in the form of phosphates in water. These adsorb onto
suspended solids and precipitate out or are taken up by alga~/microt1ora.
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Table 4.10 Nitrification rate constants determined for the Jukskel river,

=
SAMPLING DATE J(N determined by J(N determined by

observed rate of change using Warwici( & Shetty
of Tl<'N species between equation, (Equation 4.7)
monitoring points. (mg (mg 02. r', day·1)

- 02. r1, day ..l)
24/08/1994 46.92 31.50
07/09/1994 59.06 39.43-
21/09/1994 36.72 24.83
28/09/1994 38.88 26.24-12/10/1994 20.90 14.48--
0111111994 13.11 9.39
09/11/1994 9.98 7.35
16/11/1994 19.59 13.62
23/1111994 12.32 8.88
07/12/1994 33.70 22.85
18/0J.l1995 16.39 11.54
01/02/1995 33.60 22.79.- =

From the results in Table 4.10 it can clearly be seen that the nitrification rate
coustanta determined by the rate of change of TKN with distance downstream
are much higher than those determined using Warwick and Shetty's equation.
Using the rate of change of TKN with time results in an overestimation of the
rate of nitrification. Unllke direct calculation of the rate of change of TKN,
Warwick and Shetty's method lakes into account that the N species undergo a
number of other transformations, such as plam uptake and ammonification, and
not only nitl'it1cation although nitrification is the major process taking place.

Phosphorus is usually in shorter supply than nitrogen in aquatic environments
and it is often the limiting growth factors for plants. The most biologically
available forms .)f phosphorus are: orthophosphate (P043.), hydrogen phosphate
(HP04') and dlhydrogen phosphate (I-hP04")' The relatlonship between ortho ..
phosphate and total phosphate can be grouped into two categories (Hoffmann,
1995). Tile one category has a small concentration of ottho-phosphates which
represents flow from a natural catchment. Most of the phosphates are complex
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where KN = actual, zero-order. nitrification rate.units of mg 02 r' day":
f:.. TKN = observed change in total Kjedahl nitrogen concentration
between monitoring points (mgbl.!") and
tr == flow time between stations in days.

Equation 4.9 was used to predict nitrification rate coefficients in streams having
average depth of flows of O.66m. Another equation which took into account the
average stream depth was developed (Equation 4.10).

To estimate the actual, zero-order, nitrification rate in channel cross-sectional
areal units:

where KN = Actual, zero-order, nitrification rate in mg 02.m·2.day"'
f:.. TKN == observed change In Kjeldahl nitrogen concentration
between monitoring points (mg N.rl)
tf = flow time between stat: ,"ns in days and
D = depth in m

Nitrification is the most important process that occurs under aerobic conditions
and at a pH range of 7-8 ind is the major source of NBOD. Performing a
complete nitrification and oxygen mass balance, requires a large amount of data.
some of whl'1h may not be available. Equations 4.9 and 4.10 are thus of great
use in the accurate and easy prediction of nitrification coefficients.

The Jukske! river Is a shallow I rocky stream. This promotes the entrainment of
oxygen II' turbulent water flow. Thu, sufficient dissolved oxygen concentration
is available for the nitrification process to take place. The nitrification rate
coefficients for each sampling day were determined. See Table 4.10 for results.
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the laboratory or in the field, followed zero-order kinetics at ammonia
concentrations greater than 2.5 mg. 1'1.

2

_.....3_.. 4.. NO _....:4""--f>~ NON~/F·' J

N . NO
2 5 2

1

1. ~"trogen Assimilation;
2. Heterotrophic conversions of ot(llmlc nitrogen from one organism to next:
3. Ammcnlflcatiou:
4. Nitrification (aerobic bacterial oxidation of ammonia to nitrates);
5. Denitrification (anaerobic converslon of nitrate to ammonia by fungi and bacteria) and
o. Nitrogen fixation (biological fixation of molecular nitrogen to produce ammonla)

Flgm'c 4.27 The in-strewn nltrogen cycle showing the various nitrogen
transtormaelons that take place,

Warwick and McDo1nei (1985) compared the SNOAP computed coefficients
with the simple estimations based on the changes in various nitrogen species
with time and distance. They found that observed changes in TKN
concentrations gave the most accurate prediction of in-stream nitrification.
Warwick and Shetty (1988) developed two equations to determine the coefficient
using the ch-nge in TKN concentration and travel time •

.fuu!!!.tip os u~elll
To estimate the actual, zero-order, nitrification rate coefftclent:

KN ~ 0.69 x ( l\ TKNx ~) + 0.112mg 0, I-I day-I ......... 4.9
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Ultimate NBOD reduction

This technique involves plotting ultimate nitrogenous BOD (NBODL) values
versus flow times between monitoring points. The slope of the best fit line
gives an estimate of the nitrification rate constant. There are a number of
problems associated with this method. These include:

1. Inaccuracies in ascertaining the ultimate NBODL,

2. The 20*day BOD bottle test duration. The 5-day BOD bottle test is of no
use because it takes 3·10 days for nitrifying bacteria to establish a colony
for efficient nitrification to take place.

3. The 20<lCtemperature used in the bottle test is below the optimum range
of 25..28°C for nitrifying bacteria (Warwick and Shetty, 1988).

Nitrogen species transformatio1ls

The change in concentration of individual nitrogen species with time in the
downstream dlrectlo-t can be calculated. The nitrogen species which are used are
total Kjeldahl-N (organic + ammonia), ammonia-N, nitrate-N and nitrite- plus
nitrate-nitrogen (Warwick & Shetty, 1988). It is difficult to decide on which
nitrogen species to use as many of the transformation rates for each of these
compounds are not only dependent on the nltrlficatlon process but undergo a
number of other processes in the nitrogen cycle. Examples are nitrate, ammonia
and nitrite nitrogen species that are are also taken up by plants. See Figure 4.27.

Tlte Stream Nilroge" and Dissolved Oxygen Allalysis Program (SNOAP)

This model was developed by Warwick and McDonnel (1985). It predicts in-
stream nitrification rates based on the observed changes in concentrations of all
nitrogen species and in the dissolved oxygen concentration. The nitrogen mass
balance equations include the following transformation pathways:
ammonification, nitrification, bacterial and aquatic plant nitrogen asslmllation,
ammonia exsolution and denitrification. Nitrification is seen as having zero-
order kinetics l.e, it Is I1vtdependent 011 'he concentration of substrate. Wild, er
al.(1971), Huang and Hudson (1974), Ftnetein and Matulewlch (1974) and
Curtis et al, (1975) all found that. the nitrification process, whether studied in
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Figure 4.26 Box plot of the percentages that each nitrogen species makes
of the total inorganic nitrogen concentration.

NitrogetIOu,$Oxygen Demand

The NBOD value is the oxygen needed by nitrifying bacteria, Nltrosomonas and
Nitrobacter, in the biochemical oxidation of ammonia and nitrites to the stable
nitrate form. It has long been recognised that the nitrogenous biochemical
oxygen demand (NBOD) is a major sink in the oxygen balance of streams
(O'Connor and DiTorro, 1070) , !t is thus important that the degree and rates of
nitrification are accurately assessed in order to determine the effect that NBOD
will have on the oxygen balance.

It has been found that nitrification growth constants for both Nitrosornonas and
Nitrobacter are around 0.5d·' at 20QC (Sterrit and Lester, 1988).

Two methods have generally been used for the prediction of nitrification rates:
a) Ultimate NBOD reduction and b) nitrogen species transformations. A third
method, the SNOAP model was developed in 1985 (Warwick and Mclronnell,
1985) and unlike the above two methods '~et~rmines the nitrification rates by
taking into account all the transformations that the nitrogen species can undergo.
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In the Jukskei River at the JUK! site, ammonia made up 6S% of the inorganic
nitrogen with the nitrate concentration only making up 10%. This indicates
recent pollution of the river.

The total inorganic nitrogen concentration available as ammonia, nitrites or
nitrates decreased by an average of 80% during the low flow period which
suggests that two processes could be at work, denitrification whereby nitrogen
gas is lost to the atmosphere and sedimentation where nitrates adsorbed onto SS

I sediment out, due to the low flow of the river.
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Figure 4.24 Box and whisker plot
of the nitrate
concentration with
distance during
low flow (winter).
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Figure 4.25 Box and whisker plot
of the nitrate
concentration with
distance during
hi~h flow (summer).

During the high flow period the total inorganic nitrogen decreased by 64% I

During high flow there is more turbulence so not as much sedimentation can
take place.
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Figure 5.10 Scatter plot of' observed and simulated dissolved P with the
calcutated regression line.
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Figure 5.8 The Phosphorus reactions modelled by QUAL2I£U
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Table 5.2 Nntrogell coefficients used in the QUAL2EU modelllng of the

Jukskel River.

~-. Org-N Org-N NH3-N Benthal N02·NDate

Hydl'()'lysls St:ttling Iday OKidntion Source Oxidution

Iday Iday mg/m2/day /day

24/08'~994 0.4 30 5 1. 30
07/09/1994 0.4 30 0.1 1 10

16/11/1994 0.4 30 0.3 1 20 ----- -~18/01/i995 0.4 15 5 1 10-
~

QUAL2E (0.02·0.4) (0,001 • 0.1) (0.1-1.0) Variable (0.2-2.0)
Range Variable with Variable with Variable with Variable

reach& temp. reach& temp, reach& temp. with reach&
temp, --

5.3 TIm PHOSPHORUSCYCLE

Organic forms of phosphorus are generated by the death of algae, which is then
converted to the dissolved inorganic state which is then available to the algae for
primary production. In QUAL2EU the breakdown. OF orgaulc phosphorus into

dissolved phosphates is taken into account, SettlIng of organic phosphorus was seen
to be lmportam but the settling of dissolved phosphorus adsorbed to suspended solids
is not taken into account in the QtJAL2EU model and the dissolved phosphorus was
not assimilated to tll0 extent thnt was seen ln-fleld, See Scatter plots 5.9 to S.10 for
the results. Figure 5.8 shows the reactions and mechanisms modelled by
QUAL2EU.

87



stich reaction is (he adsorption of ammonia onto suspended solids which settle out,
A large concentration of SS is seen on all monitored days and they are seen to settle
out quite quickly between the first and the second monitoring point. Another
possible sink for ammonia could be the volatilisation of ammonia, It was calculaie"
that more than 13mg/l ammonia could be lost to the atmosphere by volatilisation,
The ammonia simulated results only had an r of 0, 17.

The organic nitrogen and nitrite followed the predicted values very well. The r for
all the nitrogen species can be seen in Table 5. 1.

Table 5.1 Regression anabses of simulated and observed results

Wntel' Quality Vminble -- r~
~- _.- _ ..""""

Org~N 0.68

Ammonia - 0.17
Nitrite

1
0
.
86

---_. .....-..- ___ -

Nitrate
___... -m-::O•88 -

Some ol'gallic nitrogen underwent hydrolysis with each day rnonltored having a
hydrolysis constant of 0,4 per day. QUAL2EU gave a range ofO,OOl to 0. 1 per
day for organic nitrogen settling, In all cases tllis was found to be too little, and
greater settling values had to be used ill order to show the decrease in organic
nitrogen. See Figure 5.2 for tl\e coefflcienta used for the nitrogen modelling,
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Figure 5.7 Scatter plot or observed nnd simulated nltrate with the calculated
regression line,

Due to dle high concentration of nu.trients in the run-off from Alexandra Township,
tlle major changes observed were in dIe biological conversion of organic nitrogen
compounds and ammonia to nitrates, The QUAL2E model predicted the decrease in
the concennatlon of organic nitrogen with the corresponding increase in the
concentration of nitrates furUler downstream together wid1 the slow recovery of dIe
concentration of dissolved oxygen in tile river. QUAL2EU did not model the sharp
decrease in the concentration of ammonia. The ammonia decreased from a high of
27 mg/l on tbe 7th of September to a low of 7 mg/I. This trend was observed on aU
the days that were monitored. The QUAL2EU predicted that the ammonia ,vQuld
only decrease to a low of 26.94 wlth just nitrification and algal uptake being taken
into account. The algal uptake was put to a maximum but this had little effect on the
change of ammonia concentration with dlutance downstream, OUler mechanisms
must be happening which are not taken into account by the QUAL2EU model. One
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Figure 5.3 QUAL2EUmodellh1g of nitrogen species

5.2.2 Rcsults of QUAL2EU nitrogen modelling

Scatter plots of QUAL2EU simulated nitrogen species can be seen in llt~Ures5.4 to
S.7.
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Scatter plot of observed and simulated orqaktic ultrogen with the
calculated regresston line.

ll'!gUl'C 5.4
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5.2 THE NITROGENCYCLE

5.2.1 Introduction
Nitrogen may undergo various transformations in the river environment, the most
important of which are:

• assimllatlon of NH4 and N03 when utilised by plants and bacteria;
• nitrogen fIXationby blue-green algae and bacteria through the use of nitrogen

gas as a nitrogen source in the absence of NH4 and N03:

• adsorption of especially NH4 to inorganic and organic particulate and colloidal
matter;

• ammonlncatton. which is the mineralisation of organic N to NH4:

• nitrification, which is the biochemical oxidation of NH4 to N03:

• denitrificntioll, the anaerobic conversion of N03 and N02, to nitrogen gas (N:z):

.. sedlmentntlon of nltrogen compounds adsorbed to inorganic particulate matter
out of dle water column;

• volatilisation of nitrogen compounds from the water surface, such as NH4 at
high pH and N2 formed during denitrit1catlon,

In QUAL2EU, the ma'n reaction for the asslmilatlon of nitrogen is seen to be the
stepwise transformation of organic nltrogen from organic nitrogen to ammonia, to
nitrite..'l and eventually to ultrates Which are the form In which algae and plants use to
photosynthesise. In QUAL2E, all four compounds and the reactlons that they
undergo are modelled.

Sedlmentation of organic 111 ' .gen as well as the assimilation of ammonia and
nitrates by algae are modelled. See Pigure 5.3.
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written, In the materials balance, both transport (Q,C) and dispersion (A ~ &:C )
u..'l: c X

are considered as movers of pollutant mass along the stream axis, Mass of the
pollutant can be added or removed from the stream system via internal sources and
sinks such as benthic sources and biological transformations, (See Fig 5.2)

Computa.tlonal
Element I......

" " "
"'~

" " " " " "
\''.

" '.
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FLOW
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(AE!:~)All ex
1·1

MASS
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Figure 5.2 DlscretlsedStream Systcm
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A 6km reach of the Jukskei River was divided into six lkm computational elements.
A stream can be conceptualised as a string of completely mixed reactors
(computational elements), that are linked sequentially to one another via the

mechanisms of transport and dispersion. Sequential groups of these reactors which
have the same hydrogeometrlc properties, are defined as reaches.

The Jukskei River was divided into one reach and 6 computational elements. See
Figure 5,1.
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Figure S.l Jukskel River Networl; of compututiomu elements.

For each of these computational elements, the hydrologic balance can be written in
terms of the flow into the upstream face of the element (Qi· 1), external sources or
withdrawals (Qxi), and the outflow (Qi) through the downstream face of the
element. Similarly, a materials balance f\')f the pollutant being modelled can be
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CHAPTER 5 MODELLING OF TfIE JUI<SKEI RIYER STEADY

STATE RESULTS

5.1 INTRODUCTION

The changes in the water quality of a 6 km reach of the Jukskei River, just
downstream of the Alexandra Township were monitored during both t',e dry and the
wet seasons. QUAL2E, a steady-state water quality model was used to model the
impact of waste loads on lnstream water quality. QUAL2E modelled the change of
dissolved oxygen and associated processes like me bacterial conversion of ammonia
to nitrates. These results were then compared to the field observed rate of change of
these pollutants.

5.1.1 QUAL2EModcUing

The primary objective of any stream water quality model is to produce a tool which
is capable of simulating the behaviour of the hydrologic as well as the water quality
components of a stream system.

QUAL2E is a versatile and comprehensive stream water quality model. It simulates
up to 15 water qunlity constituents in any combination and is typicc."lllyused for the
determinatton of the stream assimilative capacity and when used as a steady-state
model, QUAL2EU can be used to study the impact of waste loads on lnstream water
qUh,lity.

The hydrcgeometrlc properties taken Into account are: stream slope, channel cross
sect'on, roughness, depth, now and side slopes.
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Table 4.12 COUfOl'1ll decay constants for tile Jukskel river

= =
Date Ko, the decay rate r squared,

constant in day".
12/07 36.0 0,895 -
03/08 54.5 0.974--- .~

10/08 39.1 0.978-
24/08 32.4 0.920
07/09 45.4 0.917
21109 50.2 0.967
28/09 34.1 0.974- ,~~.p'~;c"c~

12/10 30.5 0.883
-;''' ..'''

01111 29.0 0.813
16/11 39.6 0.964
23/11 38.6 0.853
07/12 47.0 0.902- ,-
18/01 33.1 0.772
01/02 40.1 0.857- "

The die-off rates calculated in this study are a combination of the settling out as
well as the die-off of the faecal collforms.

4.4.6 Conclusions

The conditions in Alexandra and ill the Juksket River are favourable for the
transmission of diseases. Human excreta has been shown to be present in the
discharge from the area (Wlmberley,1992;' The inadequate or unhygienic
disposal of human excreta as well as insufficient personal hygiene makes
Alexandra at risk to the transmission of diseases. The only solution is to
introduce sufflclen; sanitary facilities for the collection and disposal of human
excreta. This will gready decrease the concentration of faecal collforms being
discharged into the Jukskel River which also affects the users further
downstream. Fortunately, the die-off rate of faecal coli forms is quite high so
that the users downstream arc at less risk from the transmission of diseases.
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• Lead as Pb
e Suspended solids

• Dissolved Oxygen

• COD

• TKN
• Ammonia

• Nitrite

• Nitrate
• Total Phosphorus

• Phosphtlte
• Faecal collforms

For each water quality variable, the results of the storm eveus are compared to the
winter and summer averages in Table 6.1.

Table s.i Comparison between stonn events and the averago winter Ilnd
summer water quality values

Sample Water Winter Summer Stonn Stann St0l1n Storm
Point Quality (July .. (Oct .. event event event event

Variable Sept) Feb) (21/04) (19/10) (20/11) (29/11)

MarlbQro pH 7.7 7.7 7.6 .. 7.5 7.6
Bridge
(1)

~ _':l ~
Gibson pH 7.9 8.3 7.9 .. 7.S 7.S
Drive j ~-- ~.=
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CIIAPTER 6 MODELLING OF STORM EVENTS IN THE JUl<SKEI
RIVER

6.1 STORM EVENTS: RESU1·TSANDANALYSES

Samples for a number of storm events were collected but most of these were from
thunderstorms in Ute late afternoon and the security problem around Alexandra. made it
difficult to collect a complete hydrograph. The Increase in a number of the pollutants
could be seen. however.

A complete hydrograph was collected on the 29th of November 1995. This storm
started at 9:40 in Ule morning and "grab" samples and flow readings were collected
rl~ht Utrough ul1til13:00. "Grab" samples were collected at the Marlboro Bridge
which is just below Alexandra Township and samples were also collected further
downstream (3.3 km) at Gibson Bridge in Bucoleuch, The pollutographs at both of
ihese bridges could then be compared and the changes ill the concentration ofpollutnl1ts
and the processes that may be occurring, as they travelled between these two points
could be identified.

Four separate storm/min events were monitored. Water samples were monitored for
the following water quality variables:

" pH
• Conductivity
• Alkalinity as CaCOJ

• Sulphate as SO~
.. Iron as Fe
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It has also been suggested tltat a pathway by which ammonia sediment') out should
also be added to the model in order to model the significant decrease in ammonia
between the f'trst and second monitoring points at Alexandra and Frankenwald,
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5.6.4 Conclusions

Tile Vaal River

" Widlin 500 ttl of the effluent discharge point complete mixing
taken place.

• Within 500 111 major losses of the P04 had taken place;
• Chemical equilibrium studies showed that adsorption to suspended solids.

followed by sedimentation, was likely to be the major P04 removal mechanism.
with precipitation/sedimentation mechanism a minor contributor to 1'04 removal;

• Lower flows are accompanied by higher P04 losses.

• It was thus suggested that a pathway by which PO~ is adsorbed to the bottom
sediments followed by settling out of the suspended solids. should be
incorporated into further models.

Ti,e Jukskel River

• Within 2.1 km between the first and tile second monitoring point of the Jukskel
River a significant decrease in PO" was seen. After this a steady concentration
of PO. was observed. '111is same pattern was seen in the Vaal River study.

II During tllC winter season when low flows were recorded a greater decrease in
P04 was Seen. 'nIls correlated to a similar decrease in suspended solids.

It can be concluded that the phosphorus processes in the Jukskei River are similar to
the Vaal River and that in order to calibram the QUAL2E model. a pathway by

which P04 is adsorbed onto suspended sediment and then seclhnents out. should be
Incorporated into the model.
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5.6.2 Sru.ttpUlIgSites and Data Analysis

Tilt' changes in the nutrient concentration below Sasol and Vanderb'[lpark effluents
were ascertalned by sampling surface. middle and bottom water samples at various
sites from Barrage to Lindequesdrift weir. Samphllg was undertaken prior to the
winwr effluent releases. one during the 15 m3/s, two during the 2S m3/s rel-ase and
one during the 40 m3 Is.

The changes in PO,I and Total Phosphorus concentration along the reach were
analysed to determine the losses.

5.6.3 Nutrient changes over dlstnnee

It was found that complete mixing of the effluent occurred approximately 3 km
downstream from the point of discharge. Mos, of the P04 losses seemed to occur
quickly, within 500 m of the point of discharge. This was also observed in the
Jukskei River study, in which Ule greatest loss was seen between dlC first and second
mClnitoring points and then levelling out of tile concentration occurred.

Tn order to determine if there was any relationship between P04 loss and flow, ule
percentage reduction in nutrient concentration over the first 500m was calculated at
difft'rcmt flow rates.
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parameters had to be calibrated outside of the acceptable limits to account for these
losses. This is similar to what was observed ill the Jukskel River calibration of tl1e

QUAL2E model. New coefficients had to be recalibrated for each release, which is

a disadvantage as it defeats the object of model calibration. It W1S concluded that
there was 11 need to develop an understanding of nutrient loss processes in a river in
order to represent them accurately in a model. In order to calibrate the model,
further mvestlgation into tlles8 losses was undertaken. From this investigation.
modifications to the model were undertaken in order to account for these losses.
The possible processes that Phosphorus can undergo arc:

Losses:

.. nssimUntioll. which is the uptake of 1>04 by plnntsj

• ndS01'Ption of l'()4 onto surfaces, such as iron (Fe), Aluminium (AI),

Manganese (Mn), calcium (Cn) and clay followed by sedlmentatlan out of the
water column;

" precipitation with e.g, Co.C03:

GnlllS:

• resuspenslon ofbottcm sediment;
• reduetlou of iron (Fe), aluminium (AI), manganese (Mn) and calcium (Ca)

oxides in anaerobic conditions;

• desorption of P04 from the surface of sediment particles;

• minerallsutloll during decomposition of organic matter f involving tile

conversion of organic P to P04l

• lnflows from tributaries and surface washoff.

A field study that monitored the changes in nutrient concentration downstream of
point sources at different flow rates was undertaken and the possible chemical and
physical processes Ulat could happen were reviewed.
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5,5 CONCLUSIONS

QUAL2E did not view settling as a major sink of a number of the pollutants and it
was found in the observed pollutant values that settling played one of the major
roles. especially with Oft-allic nitrogen and BOD. as samples of ule river bed showed
large concentrations of these pollutants especially on the river bed at the first two
monitoring points where most of the decrease in tile concentration of these pollutants
was observed. SaUdI Africa has very turbulent rivers with a lot of suspended solids
to which a large concentration of pollutants like phosphorus ano ammonia can
adhere to and settle out. This was not modelled in QUAL2E and dissolved
phosphorus and ammonia did not decrease as rapidly as Observed in-field.
Volntilisation of ammonia was also uot taken into account in the QUAL2E model
which again slowed down the simulated decrease in ammonia. BOD and DO were
modelled very well with QUAL2E, with regression analyses giving r of 0.98 and
0.94 beln, "'1lculated respectively. Most of the DO was take,: up by the benthic
oxygen demand which supports dle conclusion that a number of the pollutant') settle
out into the benthic layer where Ole oxidation reactions can take place.

TIle results obtained for the Jukskel River were compared to those that CSIR,
Watertek, obtained in their modelling of the Vaal River.

5.6 corvn'ARlSON OJ!'RESlJLTS WITH QUAL2ESTUDYDONEON
TIlE VAAL RIVER (WATERTEI<, CSIR)

5.6.1 Introduction

Signitic..1ntlosses of nutrients were observed below point sources. For example,
high ortho-phosphate eoncentratlons in effluent released from Sasol and
Van.derbljlpark. were not observed further downstream at Lindequesdrift.
Something was happening between these two points. Some of the QUAL2E model
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Table 5.4 BOD and DO coefficients used in the QUAL2E model.

Date nOD BOD SOD Rate K2 Option Reaeratlon
Deoxygcnat Settling coefficient /
ion cocftlcicnt / day
coefficient / day

day
24108/1994 3.4-- 5 60 3 4

.__,.,-
07/09/1994 3.4 40 30 3 4

16/1111994' 2 20 30 :3 4

~i1995 3.4 5 20 3 4
I---

QUAL2E (0.O2-3.4) (-0.36 - Variable (0·100)

Runge Variable +0.36) with both Var.able

with reach Variable reach & with reach
& temp. with reach temp. & temp.

& temp.

Scatter plots for BOD and DO can be seen in figures 5.13 to 5.14.
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Figure 5.12 • QUAL2E sinks and sources of DO in the Jukskel River.

92



KI
I r··;;,~S;;L~i;·;;xV·aBN·······11 "'1t~~~.c1L1(,
L................................................................... "<,

Figure 5.11 • QUAL2E modelling of nU)) in the Jukskei River,

QUAL2E modelled the BOD of the Jukskei River very closely to the observed BOD
values. An r of 0.98 was calculated. The BOD coefficients excep: for BOD settling
were all within the QUAL2E range.

The Dissolved oxygen trends predicted by QUAL2E were also very close to the
observed trends. The dissolved oxygen values all increased with distance
downstream. The greatest oxygen demand was seen to be the benthic bottom layer
of the river. The SOD values were much greater than the QUAL2E range given.

The oxygen balance in a stream system depends 011 the capacity of the stream to
reaerate itself. The major sources of oxygen, in addition to atmospheric reaeratlon,
are the oxygen produced by phorosynthesls and the oxygen contained in lnccming
flow. The sinks of dissolved oxygen include biochemical oxidation of carbonaceous
and nitrogenous organic matter, benthic oxygen demand and the oxygen utilised by
algae respiration. See Figure 5.12 for the sources and sinks of DO used in QUAL2E
modelling of DO in the Jukskei River.
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Table 5.3 Phosphorus coetfleients used in the QUAL2E modelllng orthe

Jukskel River.

Dnt~ I 'Org..pDecay / day' Org .p Settling I day

24/03/1994 0.7 45
07/09/1994 0.7 45 --
16/1111994 0.7 45

18/0111995 0.7 15

QUAL2EU Range (0.01~0.7) Variable with (0,001-0.1) Variable with

reach & Temp . reach & Temp.
.-

Itwas seen that the settling of organic phosphorus was much greater in-field than
what QUAL2EU predicted, Values of 45 per day were used for three of the days
monitored

5.4 QUAL2E MODELLING OF DO AND BOD IN THE JUKSKEI

RIVER

The QUAL2E model assumes a first order reaction to describe deoxygenation of
ultimate BOD in the stream. The BOD function also takes into account additional
BOD removal due to sedimentation, scour and flocculation, which do no, exert an
oxygen demand.
dL
dt = - KIL - K3L ••••••• • • • 5.1

where L-the concentration of ultimate carbonaceous BOD

K, =: deoxygenation rate coefficient, temperature dependent, /day
K3 =: the rate of loss of carbonaceous BOD due to settling, temperature
dependent, day.
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A number of pollutants are associated with SS and displayed similar trends and patterns
as they travelled downstream. These pollutants include lead, iron, Total Kjeldahl
Nitrogen and Total Phosphorus (See Figures 6.3 to 6.6).

Prom the results it can be seen thnt Ie: i, and iron are part of the suspended solid
fraction. Lead and iron are metals and may complex themselves to sand or organic
particles in the 5S fraction. They are effectively adsorbed onto other particles tllat form
part of the SS fraction.

Organic phosphorus is often in particulate form and also forms part of the SS. TKN is
made up of organic nitrogen and ammonia. A large proportion of the TKN is
particulate in nature and forms part of the 58. This was also seen in the steady state
results in which the ~ecre-asein the TKN concentrations followed the same trend as S5.

The pollutant loads for the above pollutants were also calculated and all increased from
Marlboro to Buccleuch, Lead and iron loads increased by 31% and 42%. respectively.
'Ole Jukskei River flows parallel to the N3 highway. During the dry season, lead and
iron from Ole vehicles using the highway are deposited and when it rains these
pollutants are washed off onto the banks of the river and eventually into the Jukskel
River itself. Some lead and iron may be associated with the river bottom itself and
during min events when the turbulence of Ole water increases, these pollutants could be
entrained into tllC water, increasing the loads in the water.

The greatest increases in the pollutant loads were found with TKN and Total
Phosphorus. During steady state, a large decrease in TKN and Total Phosphorus was
observed and it was postulated that a large concentration settles out onto Ole river bed.
During a storm event this large concentration of deposited nitrogen and phosphorus
would be entrained back into the Water.
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conditions as they are larger in size. Settling times for a number of particles have been
determined (Grobler, et al, 1981) for different particles and are given in Table 6.2.

Tuble 6.2 Settling Times for different particle sizes in still water

Particle DilWlet~r (~m) Settling Times

50 40 seconds
20 4 minutes --

2 .. clay 7 hours
1 ..clay 25 hours

0.2 .. clay 29 days -
The suspended solid concentration at Marlboro was seen to be much higher than the
winter or the summer steady state values. This is due to erosion of the catchment from
rainfall and tile eventual runoff into the river, as well as greater turbulence in the river
causing entrainment of SS into the water column.

The pollutant loads at Marlboro and Buccleuch were calculated from tile concentrations
under the peaks of the pollutagraplts and the flows. It was found that the SS load at
Buccleucl; was 11% ( Fig 6.2 c) greater than at Marlboro.
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Buccleuch, The lateral inflow off the catchment was calculated as 1.47 m3ls. Runoff
from the roads at Buccleuch was seen flowing into the river (See Appendix B for
photographs). The hydrograph took 37.S minutes from Marlboro to Buccleuoh (See

Figure 6.1 for the plot of tile hydrographs),
14~--------------

.---------~-.-

20 40 60 eo 100 120 140 160 180 200
Time In minutes

• Alexandra -i' Buccleuch

Figure G.l Hydrogrllplls measured at Marlboro and Bucclcuch during the
storm event of 29111/1995

6.2.2 Sus~nded Sellds and associated pollutants during the storm event

The suspended solids is a measure of dle portion of solids that are retained by a 0.5 urn
filter and is made l!P of a mixture of a number of pollutants including organic material
as well as Inorganic compounds, of which the majority is very fine clays from the
catchment soils. Particles like silt will settle out relatively fast during steady state
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6.2 POLLUTANT ASSIMlLATION DURING TIlE STORM EVENT OF

29/11/1995

Most studies juSt concentrate on the peak pollutant concentration found during a storm
event and not the actual changes in pollutants as they move with tile hydrograph, Ihls

was done for the .;torm event on 29/11/1995.

'DIe assimilation of the various pollutants between the Marlboro Bridge Gust below
Alexandra) and tile Gibson Drive Bridge in Buccleuch during the storm event of
29/1111995 was ascertained. The Gibson Drive Bridge is 3.3 km downstream of the
first monitoring point on Marlboro Bridge. Samples and flow readings were taken at
each bridge simultaneously. Samples and flow readings were taken every 15 minutes
during the brule flow and when the flow was seen to be increastng this was increased to
every 5 minutes. The hydrographs and the polluragraphs for each bridge were then
plotted and the changes compared. From these tile assimilation and the possible
processes taking place could be ascertained.

6.2.1 IIyc1rogl'apb,Qrecorded

The flow peak at the Gibson Drive Road in Buceleuch was slightly higher Ulan the flow
recorded further upstream at Marlboro, Alexandra. This was attributed to lateral inflow
from the catchment between Marlboro and Buccleuch, The catchment between these
two monitoring points is made up of steep grassy slopes to the river. On the east side is
the N3 highway which has an impermeable surface off which a large quantity of water
would run and on the west side, the catchment is made up of mainly grass. The peak
flow at Marlboro was 11.33 m3/s and this increased to a peak flow of 12.8 m3/s at
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The differel1ce in the nutrients can also be seen. TKN and ammonia are less than those
found during the steady state winter and summer seasons. This is probably due to
dilution. A large increase in total phosphorus is seen which is caused by entrainment
from the bed.

The grean; ' difference seen is in the concentration of S3. This increased from a value
of 53.6 mg/l during the winter season to 2400 mg/l during the storm event of
29/11/1995. During storm events accumulated pollutants :}nf, silt are washed off the
catchment, Turbulent waters also causes entrainment of solids from the river bed. This
results in an increase in SS.

The metals lead and iron also increase in concentration during storm events. This can
be explained by 111erunoff from the catchment. Lead and iron are deposited on the
roads and surfaces of the catchment and during a storm event these are washed off into
the river where an increase in these pollutants is seen.

The faecal coliform count remains high during storm events. This is due to shorter
retention times between the monitoring points as well as greater volumes of runoff from
the catchment. The colifotms are exposed to very little sunlight during this period. so
less die~off takes place.

Hoffmann (1995) I also found that the concentrations of COD I total phosphates, faecal
collforms and suspended solids for most of the storm events were higher Ulan the winter
and summer values. This trend was also seen in the Jukskel River results but this could
be cue to the fact that the storm events that were monitored were close to tile beginning
of the summer rains when a large quantity of these pollutants had colle-ted on the
catchment surface and it would also depend on where in fhe catchment the storms fell.
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1 804 77 51.4 120 32 85 58
2 804 59.4 41.4 96 31 46 54

1 CI 62.4 38.0 60 11 16 28
2 CI 51.3 30.0 49 10 21 29

1 Iron 0.4 0.4 1.6 6.4 4.2 44

2 Iron 0.4 0.4 1.9 8.5 5.1 54

1 Lead 0 0 <0.05 0.08 0.09 0.6 .-
2 Lead 0 0 <0.05 0.08 0.09 0.62

1 Faecal 31000 18000 - - - >30000

coliforms (x 1000 (x JOOO (x 1000

/ 100 rnl) / 100 rot) /100 ml)

2 Faecal 2200 200 - - - >30000

coiiforms (x 1000 (x 1000 (x 1QOO

/100 ml) 1100 ml) /100~

Conductivity values during storm events decreased by nearly 50% from the win'er unli
summer values. The most probable cause for this is dilution of the ions b~ the larger
volume of water that flows during storm events. Higher conductivity values are seen
during the winter season when the flow is low. The same trends were observed by
Hoffmann (1995) in thelr study of the Hennops River.

For the storm event of the 29/1111995, a large increase in COD is observed. 'G1eCOD
concentration increases by 500 % at the peak of the storm compared to winter COD
values. A large concentration of organic and inorganic compounds settle out and tile
bed of the river has a large concentration of oxidisable compounds. During storm
events, entrainment of these compounds from the river bed occurs.
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Bridge

(2)
1 Conducti 76.2 57.5 83 - 31 40

vity

(mS/m)

2 Conducti 61.1 47.5 67 - 37 44

vity

(mS/m)

1 COD 132.7 47.0 100 60 100 680
2 COD 59.1 25 60 40 180 600

1 TKN 28.8 15.3 - 2.8 8.4 18
2 TKN 5.3 3.9 - 1.4 7.6 22
1 NH3 21.9 10.3 21 <0.5 0.7 5.5

"2 NH3 3.1 2.8 4.5 <0.5 1.7 7.3
..._,....

1 Nitrite 0.86 0.39 ~ 0.18 0.7 i.t
2 Nitri!l1 0.34 0.34 0.3 0.18 0.6 2.8
1 Nitrate 0.6 2.02 5.8 1.5 3.4 2.7
2 Nitrate 2.34 2.52 6.9 1.8 4.4 6.6
1 TP 2.3 1.9 2.6 0.64 2.2 11

2 TP 0.66 0.83 1.2 0.62 1.8 10
1 Ortho-P 2.73 0.98 1.1 0.2 0.7 2
2 Ortho-P 0.84 0.45 0.4 0.18 0.7 2.3
1 Alka- 227.1 146.7 205 55 68 110

llnity
--2 Alka- 151.4 114.2 155 55 77 140

linity

1 SS S3.6 21.2 gO 180 230 2400
2 SS 20.4 15.6 72 180 280 2200

- -
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pollutant I) are organic nitrogen and ammonia. With time the nitrite in the river bed is
mobilised by sub-surface flow and a peak results, The oxidation of nitrites to nitrates is
very fast, so tllat the majority of the small concentration of nitrites that is in the SOD is
oxldlsed to nitrate. For this reason a very small nitrate peak is seen as the hydrograph
passes over the Alexandra monitoring point. As the hydrograph travels downstream
more and more nitrogen oxidation products are available for enrrainment. During the
actual storm event there is little time for nitrification to take place as most of the
nitrogen compounds are swept downstream before any significant oxidation can take
place.

Organic nitrogen and ammonia are also released from the river bed but large
concentrations are washed off the catchment and so a greater increase is seen between
monitoring points.
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6,2.4 Nltrogen !>ollutnnts

For both nitrates and nitrites it seems that the dilution is taking place. The
concentration versus time graphs show tile same trends. Widl the increase in the flow a
decrease in nitrites and nitrates is seen and as the flow diminishes the nitrite and nitrate
concentration starts to increase (Figures 6.11 and 6.12). This trend is seen at both the
Marlboro and the Buccleuch monitoring points. Before the hydt'o£rt1ph has reached the
two monitoring points, tile original steady state concentrations at r,uccleuch are higher
than at Marlboro. Prom the graphs the steady stat~ concentration at Buccleuch before
tile hydrograph came through is greater than at Marlboro. This is expected as during
steady state conditions, the nitrification process is taking puce between these two points
wlth nitrites and nitrates being the oxidation products. Fur:her downstream greater
quantities of organic nlrrcgen aed ammonia have heen converted to nitrites and nitrates.
[1rom rho steady state studies it has been shown that the nitrites remained constant while
Ole nitrates increased by 33 % between these two points. An increase in nitrates at
Buccleuch is thus expected t;nder normal conditions but the larger increase see II is due
to tl10 Increase in flow and turbulence which causes some nitrates and nitrites to be
entrained from the river bed.

TKN Increased by 69% (Figure 6.5), compared to lead increases of79%, 141% and
l1C)% for anuronla, nitrites and nitmtes respectively. This indicates greater c"gattie
nitrogen pollution coming off ihe catchment at Alexandra. This also confirms what was
seen in the pollut~graphs, that there was a greater initial concentration of nit{· ~sand
nitrates fUi'tller downsueam due to the nitrification of ammonia and organic nitrogen.

In the storm results no peak for nitrites was observed at Alexandra, Widl only a peak
occurring after 50 minutes. This Indicates that there were no nitrites in tile top sediment
sample that was washed downstream wlth the hydrograph. Most of the deposited
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strongly to the particles in the soil. Sulphate is bound to It lesser extent and so is

released after only 60 minutes compared to 7S minutes and more for the other ions,

From Table 6.3, CaC03 forms the greatest concentration of pollutants on the river

bottom. With the increase in flow and thus turbulence a large concentration of CaC03
is entrained into the water column. An increase of 52 % was calculated between

Marlboro and Buccleuch {Figure 6.9).
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little chang' Ir .he concentration of chloride. Chloride washoff from the catchment
would take place so an increase in the load is seen but because of the larger quantities of
water a decrease in this concentration would be observed, which is the case.

Sulphate did not seem to follow any particular trend. Dilution at Marlboro seemed to
take place as a decrease in the concentration after the hydrograph went through. The
sulphate concentration seemed to stay constant at Buccleuch with variations only
occurring between 48mg/\ and 53mg/l. Between Marlboro and Buccleuch sulphate IS

entrained from the river bed, as there is a large concentration of sulphate 011 the river
bed (Table 6.3). The sulphate load is also increased by washoff from the catchment and
from dissolved sulphate in tile rain.

The loads of sulphate and chloride increased by 15% and 10% respectively (Figures 6.7
and 6.9). These increases are not that large. This is expected as there is little industry
on the catchment which is the greatest producer of sulphate pollution, with most of the
sulphate originating from detergents used in the washing of cars and clothes in the
township.

Similar loadagraphs were seen for lead, iron, chloride and sulphate. In all the
loadagraphs, there was a first peak as the hydrograph passed and then after 60 to 75
minutes the concentrations began to increase again. The sulphate loadagraph had a
second peak:after 60 minutes. The first peak was attributed to entrainment of the
inorganic compounds from the deposited layer or SOD on the river bed. The second
peak is assumed to be due to the fRet that after the initial hydrograph has passed, tile
water passing over the river bed is cleaner and there are now less inorganic ions in the
bed than in the water and leaching or mobilisation of the compounds in tile river bed
occurs and the individual ions are released into tile water, so a second peak is seen. The
mobilisation of the ions takes place at different rates as some ions are bound more
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Table 6.3 Comparison of PoUutant Concentrations found on thp. river bed and

in the water of the Jukskei River

Water Quality Marlboro Buccleueh

Variable (tug/I) (mg/l)

Water RiverBed Water River Bed
f--=-,..
Chloride 61 1280 50 704

CaC03 225 6144 160 13952
TKN 19 768 3 2560
Nitrate 0.6 112.8 3.5 12.8

~
Ortho- 2.8 51.2 1 90

phosphate

Total 3.1 51.2 l.6 115
Phosphorus

Calcium 48 2560 46 4864-
Magnesium 17 256 17 384
Sodium 43 896 30 486
Potassium 9.8 602 5.8 384

-Sulphate 92 5632 69 7552

COD 100 6400 . 41 9600

6.2.3 Sulphate, Chloride nnd AUcnlinity

Chloride shows a decrease in concentration as tl".. . "graph passed through the

monitoring point which indicates th.dt some diiutu :b1gplace. After the

hydrograph has passed through the chloride concertrauon increased. Chloride is an

example of a conservative pollutant in that d1)~::1gsteaoy state conditions, there is very
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Ihe concentration of Total Phosphorus and TKN on the river bed compared to their
concentration in the water was calculated for 03/08/1994. Samples of the river bed and
water samples at Marlboro and Buccleuch were collected and analysed for a number of
pollutants (Table 6.3). In order for a comparison to be made between the pollutant
concentrations in the water and in the soil, the soil concentrations were converted from
mg.kg" to mg.l". A soil layer of 1ern by 1em and lOmm thick was taken and the soil
volume determined. The mass of the soil slice was determined assuming a density of
soil of 2550 kg.m" and multiplying wis by We volume of We soil slice used. TI1emasr
of Wepollutant in the soil could then be determined by multiplying the concentradon in
mg.kg" by the mass of soil. TIle pOL'osityof Wesoil was assumed to be 0.4 (average
for a sandy soil) and from this the volume of the voids was calculated, The soil is
saturated in we river bed, so the void volume calculated would be the volume of water
in the soil slice. TIle pollutant concentration in mg.l" was then calculated by dividing'
the mass of pollutant by the volume of water ill the soil.

From the table it can be seen that large concentrations of bow TKN and phosphorus are
found on the river bed which is probably due to sedimentadon of these pollutants during
the low flow periods. Turbulent waters during rain storms would cause these deposited
pollutants to be entrained into the water c~uslng the pollutant loads to Increase. TIle
increase in TKN and phosphorus could also be due to runoff from the catchment.
Rotting vegetation on the river banks would increase the organic nitrogen and
phosphorus when washed off tlle catchment.
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steady state cond'tlons, During storm events, the major process occurring is the
entrainment of pollutants from the river bed.

Oxldatlon reactions for nitrogen and carbonaceou- tl ' i.ants are also important but
slgniflcant changes were only seen after some time as ~llereaction rates are slow. Most
of these reactions take place in the benthic layer of the river bed. A major portion of
ilie DO is used for these oxldarlon reactions.

A comparison between the Jukskei River and similar studies in South Africa was done
(Table 7.2). Very high concentrations of lead and iron compared to other studies were
seen. The faecal coliform concentrations were very similar to those seen in other
similar areas. The high concentratlons of faecal coli forms represent a health problem.
From the studies however, these collforms were seen to decrease quite rapidly as they
are exposed to an alien environment in which there is intense sUI'iUght and predation,
Just 6km downstream, Ule majority (If the faecal coliforms have been assimilated.

The ammonia and sulphate concentrations were similar to those observed in die
Hennops River Valley study wiili dle resulting oxidation products being simil:.it to those
seen ill Khayelitsha. A hrgh concentration of ammonia at Alexandra, where most of tho
pollution is discharged into the river, is seen. This decreases rapidly by nitrification to
nitrates. The chloride concentrations were much lower than those seen in other studies.
Many of these studies however, were in areas d\at are closer to the sea where high
chloride concentrations are expected.

The ""(Julcms dlat could arise due to the high concentration of l1utrient~, BOD and low
DO concentrations are eutrophication of the waters, fish kills due to the low {)O
concentrations and aesthetically displeasing benthio sludge on the bouom or the rtver,
There is no excess vegetation growing in tbe river itself and low coacerurericns of
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factors tlmt affected tile assimilation of each pollutant and the processes by which each
were assimilated were determined.

The results were run on the QUAL2E model which Is used by tlle EPA in the USA.
From these results, the possible processes of assimilation of each pollutant were
determined as well as the possible reaction coefficients in tlle river.

Hydrographs and pollutographs were also collected during a storm event on
29/1111996. 'Grab' samples were collected at 15 minute intervals increasing to 5
minute intervals as the hydrograph passed througi; the monitoring point. Two
monitoring points were chosen. One at tile Marlboro Bridge about SOOm downstream
of Alexandra Township and the other at the Gibson Bridge in Buccleuch which is 4.4
km downstream of Alexandra Township. The processes working during a storm event

could then be determined. The SS results were used ill the WITQUAL model.

The objectives of this study were to determine t.he factors affecting the assimilation of
pollutants in tho Jukske! River and to model them so tllat the waste asslmilatlon in
similar watercourses could be predicted as accurately as possible.

7.2 CONCLUSIONS

From the result~ it WM found time microbiological pollution, nutrients and litter, typical
of runoff front townships, were found to be dlo Inl\jor pollutant problems. Settling of a
number of the pollutants especially diose adsorbed or complexed to tile SS (phosphates,
lead and Iron) or in particulate form (organic nitrogen and BOD In the form of organic
matter), was found to be a major removal process for non-point source pollution during
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CHAlJIfER 7 : SUMMARY AND CONCLUSIONS

7.1 SUMMARY

The Jukskel River is tile largest of three rivers draining the northern and north-eastern
suburbs of the Witwult>fsrand. Its source is in tile Bezuldenhout valley, east of
Johannesburg. The River then flows past Lombardy Enst, Alexandra Township, past
northern residential areas like Kelvin and Buecleuch, and then through more rural areas
like Waterval, Leeukop and Mldrand. It has its confluence willl the Crocodile River
which eventually flows into the Hartebeespoort Dam.

A 6 km section of tile Jukske! River just below Alexandra Township was chosen for a

study into the assimilation. of pollutants from Alexandra. It had been shown by
Wimberley in 199'2. that a large proportion of the pollution in the river came from
Alexandra. A study on the fate of taese pollutants in the river was necessary to see how
fur downstream and by what processes these pollutants were assimilated. This 6 km

reach was chosen, as it was us close to an ideal situation as possible in that the main
source of pollution was Alexandra Township and no furrher large sources of pollution
entered the system before the Modderfonteitl Spl'uit, 6 km downstream.

'Grab' samples were taken fortnightly in the dry and the wet seasons at foul' monitoring
pl)ints. 1110first monitoring point was just below the first shacks ill Alexandra and the
IMt point was just before me confluence wid\ the Modderfonteitl Spruit. The pollutarss
concentrated on Were those thut had been shown (Wimberley,1992) to be of concern.
These included the nutrients both phosphorur, and nitrogen: faecal collforms, lead, iron,
dissolved oxygen, biochemical ()xygen demand, chemical oxygen demand and SS. The
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the fraction associated widl tile S8 remained constant. This suggests that there are only
a limited number of sites to which lead can complex to.
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Figure 6.16 WITQUAL Simulation of lead during the storm event of 29/11/1995

TKN is comprised of mainly particulate organic nitrogen and during low flow

conditions a large percentage of these particulates settle out onto the river bed. 'rhe
increase in Utefactor of TKN from Marlboro to Buccleuch suggests that as the
hydrogreph flowed downstream more and more of this particulate nitrogen was picked
up.

With iron there was a decrease in the fractions associated with SS as the SS loads
increased. 'fhis suggests that less Iron than other partlculares were entrained as the
hydrograph moved downstream, and a decrease in tlll~ factor was seen.
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downstream. The concentration of one of tile above pollutants at a particular SS

concentration could be determined by multiplying the SS concentration by the factor.

Tllblc 6.5 Factors for pollutants associated with SS during storm events

r- • Lend Iron TKNMcnitorlng Point

Marlboro 0.0003 0.0264 0.0092

Buccleueh 0.0003 0.0218 0.0130

Average 0.0003 0.0241 0.0111
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I1000
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I ~- SS SIM Out -:~ as CBS OUT -#- SS In : ~J
Figure 6.15 WITQUAL Simuilltioll of 5S duling the storm event of 29/U/1995

The fraction of t . ,d nw ~\I\tcd with tlle 55 seems to stay IJonstant between the two

monitoring pouu.. A':llilc concentration of S5 increases, the lend load also increased but
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The net entrainment flux at tile bed is given by

Net Ent = C1 (Cne - C)

where C~Q( g/m") is the equilibrium concentration for the flow condition in the stream

and Cr (m/s) is a mass transfer coefficient at the bed which accounts for the erodablllty
and availability of material ill the bed. An estimate of the equilibrium concentration is

given by Yang (1979) based on a grading of the bed sediments.

A particle distribution study on the river bed was undertaken and tile majority of tile

particles were found to be in the 1.2 mm fraction which il1 typical of sand. Three
fractions were used in the model when modelling SS (Table 6.4)

Table 6.4 Grading used to model SS

Size of Particle (nun) l)):nctioll

3 0.25

1.2 0.65

0.43 0.1

The equation used was found to give a good correlation to the observed outflow of SS at
Buccleuch especially at peak concentrations (Figure 6.15).

There are a number of p"lllltants associated with SS as seen in 6.2.2. When modelling
these pollutants it is possible to use the same form of equation as used to 1110delthe SS
as they follow the same trend. The fraction of each pollutant tilat is associated with the
SS were calculated (Table 6.5) and these were used in the model to predict tile
downstream pollutagraph of these pollutants. These factors can then be used in the
modelling or the above pollutants in order to postulate the Increase in pollutants further
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The conclusion that a large majority of the pollutants are entrained from the river bed
was further supported by the analysis of the river bed which showed that there were
greater concentrations of most pollutants on the river bed as opposed to in the water.
The greatest load increases seemed to be with the nitrites and the nitrates but ulis is

expected as during steady state conditions the concentrations of Ulesepollutants are
already larger than upstream due to nitrification taking place. Both nitrite and nitrate
loadagraphs had very small peaks at Alexandra which further supports the above
conclusion.

6.3 WITQUAL MODELLINGOF S8 ANDASSOCIATEDPOU.UTANTS

The WITQUAL model, developed by the Water Systems Research Group, University
of the Witwatersrand, was used to model SS during a storm event. Plug flow routing is
used to route the particulates down a trapezoidal sloped channel. The kinematic flow
routing method with tile matching of the actual and nume.tcal diffusion is used in the

model.
The continuity equation for the particulates used in WITQUAL Is

E.~ + d<JxC) :::V'( Net Entraillnlmlt)

where
A (ml) is the cross sectional area of the flow;
C (g/m~ is the particulate concentration;
x (m) is distance;
t (8) is time;
W Is a representative width from which the particulatea are entrained or deposited;
Net Entrainment (gi;"l/s) is the net entrainment of particulates from dle bed into tile

flow.
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From the COD concentrations it seems that dilution is taking place. As the hydrograph
passes, the COD concentration dips and recovers after the hydrograph has passed.

6.2.6 Faecalcollforrns

Unfortunately, due to the cost of microbiological tests only a few samples could be
taken at each sampling time. The results showed that the concentration of faecal

collforms at Marlboro and Buccleuch both reached peak concentrations of greater than 3

million faecal collforms pei' looml water. The faecal coliforms were thus carried

downstream with no change occurril':;. There is no time between monitoring points for
die-vii of the faecal coliforms to {.cur. During rain events there is also less exposure

to sunlight.

6.2.7 Conclusions

For all of the pollutants I an increase in the pollutant loads between monitoring points

w~tSobserved. This is due to entrainment of especially SS and associated pollutants like

lead, iron, 'l'I{N and phosphates from me river bed. An increase in the flow between
monitoring points was also observed which is caused by lateral inflow off the

catchment. This inflow also carries number of pollutants with it which is added to tltfl

river.

No oxidation reactions are possible as the time between monitoring points is too small

for any s';Inlficant changes to be seen. Most pollutants are thus carried downstream

witll more pollutants being entrained from the river bed by tile turbulence of tlle water.
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Hydrographs at Alexandra & Buccleuch
during storm event of 29/11/1995
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Figure 6.13 a) Hydl'ograph and b) DO pollutagraph during the storm event of
29/1111995

The DO concentratlon is seen to increase quite rapidly after the hydrograph had passed
which is due to greater turbulence and thus reaeratlon of the water, This causes more
oxygen to be entrained into the I~ eer column with tlle resulting increase in the DO
conccr •rracion,
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6.2.5 DO and COD

As the hydrograph passed each tnonitoring r')im a dip in the Dissolved Oxygen (DO)
concentration was seen. This is due the increase in the oxygen requiring pollutants. The
large increase in the concentration of oxidlsable pollutants. pUIS a greater demand on the
amount of oxygen that is needed for oxidation reactions to take place. Only a small
concentration of oxidlsable pollutants will undergo oxidation however, as the oxidation
,eactlons are slow and the river is flowing too quickly between the monitoring points for
a large difference to be seen.

An increase in COD is seen Witll the load increasing by 20% between Marlboro and
Buccleuch, This increase is partly responsible for the decrease in dissol ved oxygen that
is seen. From Table 6.3, it can be seen tha; the concentradon of COD on the river bed
is far greater than that in tlle water column. With the greater turbulence. this SOD
(Sedimem Oxygen Demand or COD on the river oed) is entrained into the water
column and greater oxygen is .equlred for oxidation to take place. As a result an
increase in COD concentration between Marlboro and Buccleuch is seen.

The 00 concentration at Buccleuch before tht:.hydrograph passed through was greater
than at Marlboro. This is expected as during steady state conditions there is less COD
at me Buccleuch monitoring point as most has settled out or been oxidised by bactet la,
Less oxygen is thus required for oxidation reactions and an increase in DO is seen
between these monitoring points with the Buccleuch site have the greater DO
concentration. A large drop in DO concentration is seen at Buccleuch as the
hydrograph passes through as large concentr.elons of COD are carried with the
hydrograph which requires large concentrations of DO.
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y. For the Jukskel River. the water quality recovers quite rapidly with distance
but the water is still a health risk to the water users.

• Diversion of pollution

Pond systems are one of the most widely applicable and advantageous ml"llods of
reducing pollution loads in hot climates. Pond systems provide a site in which runoff
can be contained for a period of nme, During tllis retention time processes like settling.
oxidation of carbonaceous and nitrogenous waste, uptake of pollutants by algae and
plants, aeration, and bacterial die-off can tAke place which results in a decrease itl

pollutant concentrations. This water call then be safely added to the rivet. The river is
then able to cope relatively easily with this pollution load. The transmlsston of diseases
is also lessened, as helminth eggs are removed by sedimentation in stAbilisation ponds
(Calrncross & Peacham, 1993),

Vegetated infiltration systems like buffer 'ltrips, grass swales and grass plot!) in which
the poHuiam5 undergo some oxidation as well as some filtration are also inexpensive
treatment options. The nutrients can be used by tllc grass for photosynthesis.

Chemical treatment. systems could also be used and Include disinfection of the runoff
with chlorine and oUler derivatives, meta! chemical treatment and phosphate chemical
treatment but t'l1fortunntely these methods have considerable ecological effects on the
recelvlng stream.

Wetlands are becoming more popular in tllOtreatment of water. A wetland filters the
water, retains the water long enollgh that the oxidation reactions can take place and uses
th~nitrogen and carbon oxidation products as a source of lluuicl1ts.

149



Those of the excreta-related diseases that are also water-based can be controlled, at least
partially, by improvements ill water supply and hygiene and may also be affected by
improvement in excreta removal, ranging from the construction or improvement of
toilet.1l !C the choice of methods for transport, treatment and final disposal or re-use of
the excreta, The transmission of water/excreta transmitted diseases can also be lessened
by avoiding faecal contamination of Ule areas around the latrines. However. if the
latrine is badly maintained with an earth floor that becomes soiled, it can become a
focus for transmission. It is impossible to get all the Alexandra residents to improve
their personal hygiene. as more and more pecple enter the area daily with the
implementation of basic water supplies and sanitation falling behind the large influx of
users More awareness of the diseases that bad hygiene can transmit, could be tho
answer, with clinics in the areas giving advice. The provision of enough toilets. excreta
treatment prior to re-use or discharge, health education, domestic water supply and
improved housing would all help in the reduction of the transmission of these diseases.

An ongoing removal of solld wcste from the catchment before it is washed off the
catchment into the river would slgnif!l'!..,\ntlyreduce the litter problem, Contractors have
been called in but this has not been successful. Presently people are being employed to
remove tittel' from the river and surrounding areas M well as to unblock blocked drains
and sewers,

Improve the sewage system to Incorporate. the informal settlements, 11,is is a huge
undertaking as there is continuous inflow of squatters to the area and it is difficult to
keep up with tilis influx. This can therefore only be seen as a long term goal.

Another method, which is extensively used in other countrles, is the fenCing off of the
river so people are prevented from using the water until it reaches n suitable water
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7.3 RECOMMEi\1DATIONS

It is recommended that further time and money should be spent in determining solutions
tc :.hevarious pollutant problems thnt have been identlfled in this report. It has been
shown that the river itself can cope with most of the pollution which is added to it. At
Alexf"ldra where the major pollution is seen, the river does not assimilate the waste
quickly enough for the effects 011 the aquatic life in the river as well as on the people in
Alexandra who use t.he river water tor drinking purposes, to be reduced. "110 greatest
benefits of using the river us a treatment option are seen to be for the water users further
downstream. In o-der for the Alexandra people to benefit a number of diversion or at -
source pollution treatment options would have to be implemented. Several possible
solutions are detailed in thl} following section.

7.3.1 Possible pollution control methods

• At source solutions

In Alexandra. a number of the bucket toilets are very badly maintained with a large
volume of exereta overflowing into the river. Personal hygiene Is also bad. wlth the
majority of people not even using the bucket toilets, but instead urinating and defecating
directly into the river itself. In order to solve the transmlssicn of faecal transmitted
diseases and to reduce UlehenlUl risk to Ule people using the water further downstream,
eiUlcr for drinking water or recreatlonal purposes, some sort of maintenance of the
bucket toilets has to be implemented, which would reduce the overflow into Ule river.
The blocked sewers should also be unblocked and maintained to prevent further
contamination to the river.
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Table 7.2 Compul'isoll between the Jukske! River stOl1ltWLltcr quality and othel' South African Studies

rOLLIJ1'AN'l' JllKSKlillUvlm' llliNN(}l'S IUVEll VALI.I~Y' A(,EXi\Ni'iitAt I'('lInjo;l~ KIIAYI~U'l'SIlA
,,-~
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ANCHOl\ l'I,AINl&4 nwm.t? '
IIAy4&5 ,

~
r.lll1t· Ihl<:ck,1dl 1'l1l1blSli Tl'IlIbL'll1 Clayv~·r.rouiJ. !llmcks S«\·k(.'(1 Forulill Toll\!

r;;,::~.

~ IlIdlls
t~·~
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N~I!Iii··- "S:S 7.3 6.05 3.86 1.17 2.5 2<1.54 -- 1.86 - 2.38 II)') 0.36 0.20 -_. · 0.11 <:0.1 ·N,Qx;:N (1II11!l) 3,8 r.:r 0.60 0.111 1.67 :.ll 2.88 · 22.8 13.6 4.05 9.93 8.98 5.12 <0.1 5.2--.-l'{mM) 2.0 2.3 1.90 1,<16 0.89 :US 3.68 · <0.05 0.10 <0.05 <0.05 0.02 0.05 0.10 O.~8
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Source of Data

1
2
3
4

Wright. Kloppers and Fricke (1992)
Wimberley (1992)
S impson (1986)
Kloppers (1989)

5
6
7
8

Wright (1987)
Wright (1991)
MacKay (1992)
Hoffmann (1995)

III Peak concentration of
polluragraph during the
storm event of 29/11/1996
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there are greater initial concentrations of nitrites and nitrates further downstream
due to the nhrfflcatlon reactions tlult have taken place under steady state conditions.
These results were confirmed in the pollutographs in which a large peak of
ammonia occurred at Alexandra (which is further upstream) and no or very small
peaks were observed for nitrites and nitrates. Fm'ther downstream this pattern
changed, with peaks for nitrites and nitrates being observed.

• No significant nltt'flcatlon takes place between monitoring points during the storm
event as there is too little time for the reaction to take place.

• A large concentration of faecal coliforms was seen at bod: monitoring ~\)ints with
peaks of >30000 000 per 100 ml being seen. Faecal coliforms in runoff off the
catchment, as well as on the river bed, contributed to this increase in faecal coliform
concentrations.

7.2.4 WITQUALModelling of SS and associated pollutants

• The kinematic flow rOlltingmethod with the actual and numerical diffusion is used
in this model.

• A good correlation with the observed downstream SS pollutograph was obtained.
• The fraction of each pollutant that is associated with SS was calculated from the

storm event results and these were used in the modelling of lend, iron and organic
nitrogen. Good correlations were obtained for all Ole variables studied.
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7.2.3 Stonn Evcnts ill the Jukskel River

• 'l1,e pollutants that made u.1: rukske! River unfit for use during storm events were:
COD (Industry); SS (Industry); Ammonia (Domestic &. Aquatic life); Alkalinity
(Industry); Chloride (Industry); Iron (Domestic! Industry, Irrigation, Livestock and
Aqautic life); Ortho-phosphates (Recreation/contact); Total Phosphorus
(Recreation/contact); Lead (Domestic, Irrigation and Aquatic life) and Faecal
coliforms (Domestic, Recreation/contact and Livestock) (see Table 7.1).

• The concentratlons of all the pollutants increased further downstream due to the
entrainment of pollutants from the river bed.

• The process of entrainment of pollutants was confirmed by the anaiysls of samples
f"om the river bed and water which showed that there was a much larger
concentration ()f pollutants on the river bed. With the Increase in the turbulence of
the river during a storm event. these polluzants are entrained Into Olewater.

• With the increase in COD, a corresponding decrease in DO was observed. The
increase in DO after the hydrograph had passed was attributed to reaeratlon by the
turbulent waters.

• Erosion of the catchment and entrainment of bendlic sediments due to greater
turbulence in the river resulted in the Increase 11'1SS that was Seen.

e A number of pollutants were seen to be associated with SS. Organic nitrogen,
lead, iron and phosphates all had ir'entieal pcllutographs to SS but with different
ranges in concentrations. This \ p d be expected as these pollutants form part of
the SS measured. These observations support our theory postulated for the steady
state results, that tUnnyof the pollutants settle out on the river bed or adsorb onto
SS and settle cut.

e The greatest increases in loads were found to be of the nitrites and nitrates with
increases of 141 % and 116% being calculated respectively. This Is expected as
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were biochemical oxldatlon of nitrogen and carbonaceous compounds, benthic
oxygen demand and oxygen used for respiration by algae. The benthic oxygen
demand was found to be greater In the Jukskel River than in American Rivers.

• Nitrification of organic nitrogen, nitrites and nitrates was found to be an important
process.

.. Another pathway for ammonia is needed as the conversion of ammonia tv nitrates
is 110t fast enough to account for the large decrease in ammonia between the first
and the second monitoring stations. Ammonia is usually in the dissolved state and
does not adsorb onto SS so it was postulated that some ammonia may volatlllse
from the water into the air, thus causing a decrease to be seen. The amount of
ammonia that could disappear by volatilisation was calculated and it was found to
be up to 13 mg/I out of 22 mg/l ammonia.

• Most of the organic nitrogen settled out onto the river bed with some undergoing
hydrolysis. A good correlation between the observed and the modelled results was
obtained.

Ii The large decrease in the concentration of phosphates between the first and the
second monitoring point was found to be due to the adsorption of phosphates onto
SS and their subsequent sedimentation with the SS

.. Watertek, CSIR. modelled the Vaal River using QUAL2E and they also found that
some of the QUAL2E model parameters had to be calibrated outside of the
acceptable limits to account for the losses in phosphates and nutrients that they
observed. Chemical equilibrium studies showed tImt adsorption to SS followed by
sedimentation was most likely to be the major removal mechanism for phosphates.
This should be incorporated into adler future models.

• From the above results it was concluded that rivers in SOUUl Africa seem to be
more turbulent and to contain greater concentrations of SS which contribute to the
adsorption and sedimentation of a number of pollutants. Settling out of pollutants
is also an important process which should be taken into account.
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Nitrate (mg/l) 6 · · · 100 10 0.60 2.02 2.7
Potassium 200 - 9.8· - · · · . -
(mgfl) -Q,tho- . 0.05 · I · · · 2.73 0.98 "-
phosphate
(mg/l)
Total - 0.08 · · · · 2.3 1.9 11
Phosphorus
(mgtl)
Sodium (lllg/I) 100 · · 70 2000 400 43 . .
Sulpllllte 200 · 400 · 1000 1000 77 51.4 58
(mgtl)

. .-Micro-
t;onstltucnlc;
Lead (nlgfl) 0.05 · · 0.2 0.1 0.003 Q 0 0.6

MicrobiologiC:
aJ t;onstltueuts

--_;;;- -~
Chlorophyll a 1 15 - · · · 41 32 .
(ugll)
Faecal 0 <1000 · · 1000 · 31:< 18x >30x
Collfonns 106 106 loG
counts/l DOml -

7.2.2 QUAUE Modelling of the Jukskel River Steady State Results

• The settling process was not viewed as a major sink of a number of pollutants ln
QUAL2E.

• Settling of the organic carbon (measured in terms of BOD) and organic nitrogen
was found to be an important process.

• BOD was modelled as a first order reaction to describe the deoxygenation of
ultimate BOI) in the river. QUAL2E also takes into account additional BOD
removal due to sedlrnentation, scour and flocculation.

III 00 predicted by tile QUAL2E model was very close to the observed change in DO
with distance and a r of 0.94 was obtained. QUAL2E sources of DO were
reaeration, photosynthesis and incoming DO from tributaries and the DO sinks
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Table 7.1 The Jukskel River water quality compared to selected water quality
guidelines of various water user groups

Water User Groups
,

Jul(51(ci RiverWater
Quality (Alexnndra monitoring
Variable Point>

Domestic Recreation Indu Inigntlon Live- Aquntlc Dry Wet Storm
(Contact -stry Class 1 stock Life Sea· sea- Event

son Son
Physical
Properties

TooConductivity 70 · 4Q 154 · 76.2 57,5 40
(mSIlr.)
Total 476 · 6i,l0 272 1950 · 434 323 ·
Dissolved
Solids (TPS)
(mg/)
Chemical · · 30 · · · 133 47 680
Oxygen
Demand
(COO) (mgtl)
Dissolved 5 · · · - · 2,88 2.47 3.3
Oxygen (DO)
(mg/!) - .
pH 6.0-9.0 6.5-8.5 7.0- 6.5·804 · 6,0·9.0 7.7 7.7 7.6

9.0
Suspended · · 5 · · · 53.6 21.2 2400
Solids (SS)
(mgt!)

1--
Turbidity 1 5 · · · · 17 12 ·
(NTU)

Macro- --
constituents
,Ammonla 1 · · · · 0.4 21.9 10.3 5.5
(mgtl) --Alknlinity · · 100 · · · 227 147 lIO
(mg/l) - -----Calciulll 150 · · - 1000 1000 48 43 ·
(mgm~ -250 28Chloride · 20 105 1500 lOG 6204 38
(Olgll) -Fluoride 1 2 2 1 0.4 0"· · .... ·(1ll!1tl) --Iron (rug/I) 0.1 · 1.2 5 10 1 0,4 (iT '14
Magnesium 70 · · · 500 1060 17 16 ·(mgll) --Nitrite (Illgll) · · · · LO · 0.86 0.39 l~L
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7.2.1 Steady state conditions

• The non-point source runoff from Alexandra Township pollutes the Jukskei River

throughout the year.

• The pollution is predominantly of a mici »lologtcal nature with the corresponding

high concentrations of bacteria, nutrients and organics. The pollutants that were

cause for concern were found to be the nutrients (TKN, ammonia, nitrites, nitrates

and phosphates); COD and the resulting decrease in DO and faecal collforms,

• Table 7.1 contains a comparison of the selected water quality variables of water

user groups and the average dry and wet season values in the Jukskei River at

Marlboro and Buccleuch, According to the table, the Jukskel River werer is untit

for use for certain water user groups. 'TIle water quality variables that exceeded the

guidelines were Conductivity (Irrigation and Domestic), 'fDS (Irrigation), COD

(Industry), DO (Domestic), SS (Industry), Turbidity (Domestic and

Recreation/Contact), Ammonia (L"omestic and Aqautlc life), Alkalinity (Industry).

Chloride (Industry), Iron (Dome...stic), Ortho-phosphate and Total Phosphorus

(Recreation/Contact), Chlorophyll a (Domestic and Reoreadcn/Coutact) and Faecal

collfotms (Domestic, Recreatlon/Comect and Livestock).

.. From Table 7.2 it can be se n that tllC pollution seen in the Jukskel River is typical

of pollution coming off a catchment on which informal housing has developed.
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The social and economic differences between the developed and the developing world
are the reasons why conventional water treatment systems may not be appropriate in a
developing country like South Africa. In industrialised countries, water treatment
options use capital- intensive designs with a high degree of mechanisation and
automation. The prevailing economies in developing countries however, are labour
intensive, In addition financing can be beyond tile means of tile population.

The main problem associated with non-point source pollution coming off catchments
such as Alexandra, is tha; costly at • source diversion treatment processes would not be
viable, as Ulere is a constant influx of people to the area so there is always a shortage of
amenities. The river may then be tile only option available for treatment of the runoff
being discharged into it.

The main aim of this study as stated in Chspter 1 was to find if the river could cope
with the large pollutant loads coming off the catchment and to see if tile river could be
used as a treatment option in communities such as Alexandra where cost is of the utmost
importance.

The results indicated tlmt the majority of the pollutants that were a cause for concern are
naturally assimilated withln a short distance by the river Itse!:1 l.e. after approximately
4km. Although tile river assimilates the waste and the water users downstream benefit
from this. the peop' 'n Alexandra get no benefit as the water still poses a health risk if

used either for drinking or for recreatk nal uses. The only solution for the people of
Alexandra is to treat the runoff before it enters the receiving waters as well as to
increase the sanitary conditions of tile facilities provided to minimise tile amount of
sewage spilling into the Jukskei River.

The following conclusions may be drawn from each section of the study:
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chlorophyll-a were detected in the river, which shows that no eutrophication has take.,
place, although quite luxuriant vegetation is seen along the banks of the river. Fish,
especially the catfish (Barbel) were SC'..11 in the river which indicates that some aquatic
life is still possible. The biggest problem however, seems to be the health threat to the
people downstream,

Large concentrations of Ascaris eggs, which is Indicative of human sewage pollution,
were found down the wi.ole length of the 6km re .lh used for ilie study (van Deventer,
R, pers. comn). Ascaris eggs are used as indicators of the presence of parasites ln the
water as they are present in large concentrations in polluted waters and are easily
detected. After Ascaris eggs (roundworm) were detected, tests for other parasites were
carried out.

Water-based diseases are due to infection by living organism .. such as parasitic worms
(helminths and nematodes), which depend on aquatic intermediate hosts to complete
their life-cycles, bacteria and viruses. Parasites like tapeworm, trichuriasis
(whipworm), hookworm and Schistosomlesls were detected in the Jukskel River water.
All the diseases ill the faecal-oral category are caused by pathogens transmlue« in
human excreta, normally faeces. A rapid rise in the concentration of faecal coli forms at
the Alexandra Monitoring point has been seen with a high ofS1 million/tOO ml being
recorded at Alexandra in September, 199.tir• The presence of these faecal collforms
indicate rlmt there may be bacteria present tlmt are transmitters of various bacterial
diseases including a number of diarrhoeas and dysenteries, enteritis I cholera. typhoid as
well as a number of other diseases. In order to combat these problems, various
treatment options would have to be implemented. A number of these treatment options
are detailed in the Recommendations sect: in rllis chapter.

138



TADLE 6 • MICROBIOLOGICAL PROFILE or 'nm JUKSX(EI RIVER.
. ~ =~'b"tt'!..".~ ............... '=-~= ..- ..._..,

DATE SAMPLE POINT COtlFORMS x 1000 I E.coll x 1000 IlOOml
100ml

12/07 JURI 1400 980
1-'

1UK2 120 720- ..,.,..,..,....
JUK.3 710 60~- ,-
JUK4 390 <: 10

1--'
0310S ]UK 1 1600 1600-JUK2 800 320- JUK3 160 20

JUK4 30 10--
10/08 JUKl 1800 1300~-

JUK2 1100 180~~
JUK3 700 70 .......
JUK4 360 30..... --24/08 JUK1 2000 2oo()

~ -JUKZ I 440 140--- JUK.3 350 70-- -- .... -_..
JUK4 70 30--~. ~

07/09 lOK.I 11000 5400-~
JU1<2 3000 500

1--, --lOK.3 1200 490_. --JUK4 90 90-- ~ .......
21/09 lOKI 11000 0

I--~ - ~mm ..'
JUIC2 3200 0r--- - -JU1<3 no 60

_""""""1 -~. m.o;oa

JUK,4 90 90
,"-=,.,-- .;:~- -



JUK3 54 30

JUK4 S4 30

12/10 HJKi 2.5 30
.~

JUK2 5.5 10

JUK3 5.9 10

JUK4 5.7 10

01/11 Jl1Kl 2.0 60 60
~'

J\.IK2 3.3 55 30
1---

1£1£<:3 4.4 40 30
...,~ ~~W'~~~ -~
WK4 4.1 45 30:~~= !:I~=~"-"=.'C1'"~"

09111 JtJKl Z.6 30
~---'::::;=.':l::~';:.~:;-=~ == ""'.I!:!ieet==:'-

'~-------+----------~-----------1-.------'----

JUI{2 3.7 3S1~ ~4-=====---=-=r==~=··==-===~.=·~=i~=rn=== ~_m~_==_=
JUK3 3.5.------~----·------_+-----~-----+_----------l~---------~IJUK4 :l.GU------I--~--"""""+~-=·'"''
JOKI 3.0

IS

20
lo/ll 55 30

JUK:a 5.6 20

10
IJ --=_~·""~,~-l-""'='''"'''''"'''''''''---=~~===--- 1----""'--11

10JUK4 8.S~~ __ -f.=m.~~~·""""""~::~t';r:J'~=~~'~_~ '_~""' ~_~

70



'fAULlt 5 • OXYGEN PROI~ILE OF TIlE JUICSI<EI IUVER

SM~PLE l)~IN';lg=~=~~-=g=~N=VI=;;~==,",t:~~=OD=~""';N-'~=lIg"""1"""·-""""""-uon7N ;;;,T'~'
mgtl

11----==1---- -~= =~--+=·~~~,-_I_----_11
JURI 5.4 157I~~~-------+-------=--+--~,
JUK2 5.1 86

12/07

DAT£

JUK3 8.5 35

50------+----_- __ ==11
20

10/08
JUK2 7.4 15 30

JUK3 8.0 S4 30==- ..:;;;:;:;::;
JUK4 8.5 20 20I~---------~ -----=-~r-=-----== ~-==-------~--------~I
JURI ~.O 140 GO

II----,-r=--··- ...'"--"~=--~-==f----""----.......~I
!UK2 5.6 60 ·10I~----~-=---------===-=~---==--~-==-=---==-=----~-----=-=~I

6.4 65 60

:wos

JOK3

JUK.4 6.8 65 SOII-----,~-l~~_..... ......'='*' ;w;;;;;~~p,=~f=-,=-- __ l- .-'/I

JUKl 1.S 225 100--~--------~----------~I30

07/09

JUR2 6,5 45

28/09

JUK4

JUKI 88'~--=-~=-~~-"'-~,-----l------~,-II
JUKZ 3·1

60
11-----

30



~~ "" - -JUK4 5.2 ~.O 0.2 0.8 1.0 0.8

12110 JUKI 22 22- 0.1 1.1 2.0 1.4....
JUJ{2 7.2 5.8 0.4 1.1 1.0 0.7

".
JtlK3 6.5 6.5 0.5 1.4 1.0 0.1- JUK4 7.0 7.0 1.3 1.3 1.2 O,g

Ollll JUKI \) 4.0 0.8 2.6 1.4 0.2~
JtJKZ 7.2 5.8 0.4 1.1 1.0 0.1~~
JUR3 2.8 1.6 0.3 4.2 0.2 0.1-_.--JU1<:4 2.4 1.0 0.3 3.7 0.2 0.1-

09/11 JUKl 9 6.0 0.4 2.0 1.0 0.7~ ~-- ,_.~........,
JUK2 8.0 5.0 0.3 2.3 1.0 0.6

-=- '"*~~~

JUK3 3.0 1.7 0.3 2.5 2.2 0.4.
JUK4 2.6 1.5 O.S 1.9 2.0 0.4-- ~".'"

16/H JUI<l 11 11 0.7 1.9 2.4 1.4.
JUK2 5.:1 ., .) 0.5 2.7 0.6 0.5......

____ :I!'

JUK3 3.2 I.S 0.6 2.1 0.4 0.4- _.t.
JUK'~ 2.6 1.5 0.7 2.2 0.6 0.4

.-
23/11 JURI 21 11 <0.05 2.4 3.0 1.3

.....- - - ~
JUK2 5.4 2.1 <0.05 4.4 O.S 0.6

~C]>

JUK3 5.6 4.0 <0.05 2.8 1.0 0.9.-
JUK4 5..:1 4.0 <0.05 2.6 1.2 D.\)--- ....ari........

07112 JUKI 14 7.5 0.3 2.1 1.6 0.9
>;.~~ -~

JUIQ 9.2 4.5 0.3 " "I 0.8 0.514, ..- --lU1\3 2.0 1.5 0.3 2.1 o 'j 0.2....- - ......._.

JUR4 '1'1 1.8 0.3 1.9 0.4 O.l.....-_ ..
18/01 JUKI 1'2 7.0 0.9 3,6 1.4 0.9~

JUK2 11 6.3 1.0 4,0 1.1 O,g---.
JUK3 4.4 '.4 1.4 5.4 O.S 0.4--- JUK4 4.0 0.8 1.2 S,li 0.5 0.4- ;4tZ#::;:;::;J::;i

OIlOZ JVlCl 18 9.5 0.6 1.4 2.0 l.3. ~".:;

JUI<2 5.0 r.s 0.5 2.5 1.0 0.5.-~1----.... --JUK3 3.0 1.3 (l.S 2.4 1.0 (l.S- _. ._



JUK4 5.2 4.0 0.2 O.S 1.0 0.8
12/10 JUKl 1., 22 0.1 1.1 l,t.O 1.4....
1---- i--"~ --JUK2 7.2 5.8 0.4 1.1 1.0 0.7............. ..~ ....:d,

JUK3 0.5 6.5 0.5 1.4 1,1.' 0,7
li;;;IC:o'-=

JUKl '/,0 7.0 1.3 1.3 1.2 0.9
01111 lOK1 I) 4.0 0.8 2.6 1.4 0,2...

JUK2 1.2 5.8 0.4 1.1 1.0 0.7-............... m~ .~
JUK3 2.8 1.6 0.3 4.2 0.2 0.1_ .. - .......... ~
JUK4 2.4 1.0 0.3 3.7 0.2 0.1

.;.,,~ . --r--
09111 JU'H \) 0.0 0.4 2.0 1.0 0.7..,.._ .~iI'I ..............

JUK2 8.0 5.0 0.3 2.3 1.0 0.6--F===--
JUK3 3.0 1.7 0.3 2.5 2.2 0.4

~~~. i#t ~
JUK4 2.6 1.5 0.5 1,9 2.0 0.<1-- ~ -- --

Hilll JUK1 17 11 0.7 1.9 2.4 1.4

JUK2 5.2 2.Z O.S 2.7 0.6 0.5
HlK3 3.2 1.5 0.6 2.1 0.4 0.4._...
JtJKll 2.6 1.5 0.7 ., ., 0.6 0.44;t.""- .~

23111 JUKI 21 11 <O.OS 2.4 3.0 1.3
I-~ -- ._ -

JUK2 5.4 2," <0.05 4.4 0.8 0.6
r-'" -- -

JUK3 S.U 4.0 <0.05 2.8 1.0 0.9. .~ -JtlK4 5.2 4.0 <0.05 2.6 l.2 0.9---07/12 JUKl 1<1- 7.5 0.3 2.1 1.6 0.9- .. -=- ..
JUK2 9.2 4.5 0.3 2.2 0.8 0.5
JUK3 2.0 1.5 0.3 2.1 0.2 0.2

JUK4 ., ., 1.8 0.3 1.9 0.4 0.]......-18/0t JUKI 12 7.0 0.9 3.6 1.4 0.9~- ~
JUK2 11 6.3 i.o 4.0 1.1 o.s..
JUK3 4.4 1.4 l.4 5.4 0.5 0.4- -~ -JUK4 4.0 0.8 1.2 5.6 0.5 0.4

U.... ~IU;'==Ie' - ...........".~ -01102 lUKI IS 9.5 0.6 1.4 2.0 t.3~~ f-o--"_ r---- ~-
JUK2 5.0 1.S 0.5 2.5 1.0 0.5--JlJK3 3.0 t.3 0.8 2.4 (,0 0.5- . ,_'-=-'---



Table 4 • Nutrient concentrations In tho Jukskcll'lvC!l'

DATE SAMPLE K·N AMMONIA NITRI'1'E NITRI\TE '1'OT. ORTIIO
POINT IN IN mg/l IN mg/l IN mg/I P04IN .1'04 IN

mgll mg/l mg/l..- ~
12/07 Jt}Kl 19 1.1 0,,5 2.4 2.1~ ..-

JUK2 13 0.6 2.1 1.7 1.7-JUK3 4.5 0.4 3.1 0.8 0.8
1-- . -JUK4 4.0 0.4 2.8 2.1 0.9 -..
03/08 JUKl 19 1.6 0.6 3 2,8
~ --JtJK2 11 0.8 3.8 1.9 1.9

'"
JUIO 3.0 0.1 2.6 1 1-JUK4 3.5 O.S 2.6 1.2 1.2-- - ~

10108 JUKI 28 1.8 0.8 2.9 2.3

JUK2 2,0 0.1 s.o 0,6 0.6-
jr'--: JUK3 2.S 0.2 5.0 0,' 0.7- , -~JUK4 3.0 \),4 2,7 0.7. 0.7.. .............., -- -
:W08 JUKI 2!.l 27 O,!) 0,9 2.3 1.9

JUK2 4.5 2.5 0.3 2.2 0.6 0.6___..-~~
lUK3 4.8 2,5 0.3 3,3 0.6 0.5~
JUK4 6.0 3.5 0.3 2,(,' 0,8 0.7

07/09 JUKt 38 27 0 1.0 s.o 5.9
~'

JUK2 5.0 3.1 0.4 2.2 1.3 1.3

JUK3 s.o S.O 0.3 1.6 1.9 1.8 I
J0.l<:4 7.5 7 0.3 1.2 2.6 2.5

...............
21109 JUKI 24 17 <0.05 <0.1 2.7 2.1..,_........._ -JlJK~ 5.S 2.5 O.S 1.5 0.6 O.S---- -- A

JUK3 s.o 0.8 o.!) 1.2 0.8 0.4~ - .
JUK4 (j.0 05 1.2 0.8 0.8 0.4·- -

28/09 JUKI 24 16 0 <0.1 :tS 2.0
-~..._.... -JUK2 5.6 4 0.3 1.1 0.7 0.7--JUI<3 4.5 3.5 0.2 1.0 0.7 0.7-



-
12/10 JU1<:t 60 52 0.2 230

JUK2 49 63 0.2 1'0
JU1<:3 47 43 0.2 175

I JUK4 49 44 0.3 180
01111 JUKI 27 45 0.25 0.06 1 110-

JUK2 26 40 0.25 0.1 0.9 ltD-
JUK3 23 41 0.26 0.04 0.8 90-
JUK4 22 46 0.25 0.04 0.9 90--09111 JUKI 30 32 0.2 120

iw

JUK2 31 32 0.2 125-JUK3 27 20 0.2 115
*

JtJK4 2t 33 0.2 110..
1611l. J'JKl 41 39 0.1 160.

JUK2 32 27 0.1 120
~--........

JUK3 28 25 0.1 110-_.---JUK4 27 23 0.1 lIO-- ----23/11 ]uKl 83 o.:-- JUK~ 58 0
1----- 1-- --JUK3 58 0r---.

JUK4- S8 0
*" .................

IJ7/12 JUKI 33 48 0 140
JUK2 :10 42 0 110-- - -_
JUK3 25 40 0 !)S.-
JUK4 2S 43 0 93

18/0l JUKI 37 61 120r-- - ----JUK2 3S S3 115

JU1<:3 30 53 100-JUK4 28 S3 100-
01/02 1UKI 39 62 ISO- ...

JUI<2 26 ~6 110
r---- '---'

JUK3 26 56 110

JUK4 S9 54 0 <:0.01 0.4 245
v -



Table 3 • Concentrotiol).S of Ions monltored for routincly In the Jukskel river
-

DATE SAMPJ~E cr IN S041N FIN Pb IN FeIN ALKALINITY AS
POINT mg/l mg/I mg/l mg/l mg/l CaCO, IN mgtl

--""'~

12/07 JUKI 57 71 0 <0.01 0.5 210
JUK2 54 64 0 <0.01 0.4 185

JUK3 50 62 0 <0.01 O.S ISS-JUK4 47 61 0 <0.01 0.6 147

03/08 JUK1 61 92 0 <0.01 0.4 225

JUK2 53 77 0 <O.Ot 0,6 180- JUK3 50 69 0 <0.01 0.4 160-
JUK4 50 68 0 <0.01 0.5 160

I 10/08 JUKI 56 74 0 <0.01 0,5 240-JUK2 43 65 0 <0.01 0.4 130
-"
JU1<3 44 58 0 <0,01 0,4 150

JUK4 46 61 a <0.01 0.4 ISO-~ .
24/08 ]UKI 59 82 0 <0.01 0.5 210.

JUK2 46 66 0 <0.01 0.4 140

JOK3 46 61 0 <0.01 0.4 130
]UK4 47 57 0 <0,01 0.4 150-----07/0r; JUK1 69 76 0 <0.01 0.4 270...,._..._.
1U&2 S2 64 0 <0.01 0.5 160

lOK3 53 58 0 <0,01 0.4 170- -JUK4 'il) 5Q 0 <0.01 0.4 190--- .
21/09 JUK1 75 72 0 <0.01 0.5 215.-

JUK2 61 66 0 <0.01 145..._
1UK3 68 58 0 <0,01 0.4 135

JUK4 70 57 0 <0.01 0.5 13S-- ,'8/09 JUKI 60 7.! 0.4 <0.01 ~20 -_
JUK2 49 54 0.4 160--JUK3 ,18 50 ().4 160

JUK4 .i0 49 0.4 I;O~f--_.



JUK2 29 230 7.0 11 518
JUK3 15 227 7.1 7.2 470
JUK4 13 232 7.7 8.1 458

Clr02 ]UKl 7.0 289 5.8 5.2 58

JUK2 6.0 230 6.9 4.8 46
JUK3 6.0 227 7.4 5.0 45---
JUK4 2.0 232 7.1 4.8 46

\I..

TABLE 2 • Comparison of the concentration of Inorganic Ions In the soli of the river' bed, the rive r

bank and in the water.

I ANALYSIS I RIVER BANK SOlL RIVER BED SOlL lUVE~-t WA'I'ER
SAl'rIPLES (all values SA.l\1llLES (aU values
In mg/kg) (011values In mg/kg) In lTJg/I)

Alex Bucc-leuch Alex Bucc- Alex BUC.1-

sewage sewagework leuch sewage leueh
works s weir works weir
weir.

CHLORIDE AS 200 llO 480 120 61 50
CI

ALKALINlTY AS 2460 2180 960 1540 225 160
CnCO,l -

A~.IMONIA AS N 300 I 400 120 240 19 3

NITRATE AS N <2.0 <2.0 <2.0 <2.0 0.6 3.5
PHOSPHATE AS P 12 14 8 14 2.8 1.0

CODASO 1400 1500 1000 1500 100 41

SULPHATE AS .~O4 840 1180 380 920 92 69
CALCIUM AS Cn 820 760 400 520 48 46
SODIUM AS Nil. 100 76 140 70 43 30

POTASSIUM AS K 58 60 94 50 9.8 5.8--MAONEStuM AS 80 60 40 40 17 17
Mg



JUK2 13 410 7.7 6.9 67
JUK3 30 400 8.0 6.0 61
JUK4 16 390 '1.9 5.4 67

28109 lUKI 54 580 7,6 25 77.
JUK2 18 390 7.9 7.7 60
JUK3 27 400 8.3 7.3 59
JUK4 27 350 8.3 5.3 59

12/10 lUKI Z4 420 7.8 3.7 78-~
JUK2 39 330 8.6 6.4 65-JUK3 15 590 8,8 6,0 61
JUK4 11 360 8.5 3,9 64

01111 ]UK! 32 280 7.5 10 41.
JUK2 28 260 7.6 3.9 40
JUK3 22 250 7.9 2.7 38
JUK4 22 260 7,8 4.1 38

09111 JUKI 18 280 1.7 20 46
Jt:K2 11 280 8.0 15 49

'.'

JUK3 7,S ~'70 8,1 11 45
'" -JUK4 12 270 7.8 11 44

16/11 JUKI 13 270 7.9 13 58-JUK2 9 280 8,2 6.1 48
JVK:1 6 260 8.4 6.S 43
JUK4 9 260 8 6,2 44

23/U lUKI 6 390 7,9 10 74
JUK2 12 340 8.6 7.2 57
JUI<:3 28 340 8.7 8.8 57

"" ..,

JUI~4 12 360 8 8,1 !:jt)

07112 JUKl 300 7,4 16 48....
JUK2 ~95 7.6 11 46-JUK3 260 7.8 11 41

JUK4 250 7.7 s.s 40
18/01 ]UKl 34 J89 6.8 15 529



APPENDIX A

JUK! : ALEXANDRA SEWAGE WORKS WEIR - O.OkIn

JUK2: FRANKENWALD WEIR, MARLBORO DRIVE - 2.1km

JUK3 : GRAYS 'ON BRIDGE BUCCLEUCH - 4.2km

JUK4 : BEFORE MODDERFONTEIN CONFLUENCE - 5.8km

TABLE 1 ..PHYSICAL PARAMETERS MEASURED IN THE JUKSI{EI RIVER

--
CONDUCTMTY]DATE SAMPLING SSI TDSI pH TURBID1TY

POINT mg/! mgll INNTU IN mS/m

12/07 JUKI 43 450 7.5 30 71
JUK2 19 335 7.5 16 66

JUK3 5 301 7.5 10 60
JUK4 4 294 7.5 6.1 58-

03/08 J1JKl 45 362 7.6 7.2 75
JUK2 11 329 7.6 4.8 65......

JUK3 6 298 7.8 4.5 61
'"~,

JUK4 4 310 7.9 3.8 60-
10/08 lUKI 40 358 7.7 21) 67

JUK2 17 301 7.7 4.4 60

JUK3 5 302 7.9 4.4 60
JUK4 4 310 7.8 5.3 60

24/08 JUKI 5:1 420 8.1 9.0 78

JUK2 12 360 7.8 $. Q 59-JUK3 18 310 8.0 5.3 60
JUK4 13 350 8.0 5.1 60

07/09 JUKI 90 480 7.8 7.1 81_, -r--JUK2 IS .t10 7.8 4.9 60-JUK3 ~.1 ,lOa 8.1 7.9 61.-
Jt1K4 ~8 440 8.1 9.0 62

21/09 JUKI .._~~~_l39,~)
"1.5 22 84

"'--"""'-'_-=>1<



Helminth eggs can also be limited by the heat of composting, or by prolonged storage

(Cairncross and Peacham, 1993).

The engineering solutions proposed in the above section would probably only be of

limited effectiveness in reducing the pollution load to the Jukskei River unless the social

problems in Alexandra are met. The improvement of the general standard of living and

reducing the overpopulation in the area would have more positive results,

7.3.2, Recommendatlous for further research

Purther research Into the provision of inexpensive treatment options to the townships
would be invaluable for the reduction of polluuon in the rivers. These would greatly

reduce the risk of the transmission of diseases for the water users.

Due to the constant influx 0f people to the townships there is little chance that the

provision of water-borne sewerage can keen up with the ever increasing demand,

Diversion systems like ponds or wetlands could be implemented to collect the runoff

and treat it before it is discharged lnto the water. Buffer "trips and other vegetated

infiltration systems could also be built to reduce the pollution potential. Chemical

treatment systems like disinfection with chlorine and other derivatives could be used for

tile reduction of faecal coli forms. This would reduce the health risk to the downstream

water users.

The different treatment systems used could then be evaluated in terms of their cost of

building and mnlntaining the system, Ule pollution asSimilative capacity of U,e treatment

system and tile effect it has 011the river to which it is discharged. The ability of tile

system to withstand vandalism would also have to be a priority.
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Wntcl' running off catchment into tho Jlll~l\ci Rivcr nt Bnceleuch dming the storm
event



R1UlOff from Linbro Landfill Site

Culvert in Llnbro 1.1\11(11111Site into which water' I'III1S which is then carried to the
Jukskel Rivel' just below AlcXllllc1l'1l Township



Low- Lying Bridge in Buccleueh under water

Monitol'ing point 4 (Just bCt'ol'C the Modderfonteh; Sprult Confluence) <luring the
storm event



Bucclcuch/Glbson Drive Bridge during the storm event



EV~NT (29/11/1996)

Alcxllndl'n/Mnrlbol'() Brldge during the storm event



Monitoring Point 4 (JUI(4) .. (Moddcl'f'outcJL. ..~ollflu(lnccml1cclcuch)

Checkmate System used for the in-field measurement of DO, pH, Conductivity
and TDS



Weir used fol' flow measurements at FmnkcRlwald (JUI<2)

tel·
~"{;;::: -...'~!

. ~
.,; ,_ ~.~:.

Monttorlng Point 3 (,JUl{3) .. (Gibson Dl'ivc/Bucclcnch)



Old Sewage Works llt Alexandra where first monitoring point was situated.

Monitoring point 2 (.TUK2) • (I"ranl{CIlWldd/Mm'lbQl'O Drlve)



Squatters 011 the East Bank which is zoned for Formal Housing

.TUKSKEI RIVER MONITORING POINTS DURING LOW FLOW
(JUI~Y M SEPTI!~MnER

Monitorlng poillt 1 (JUK1) .. (Alexandrll Sewage WOl'l~sWeir)



APPENDIXll

East Bank (F011l1nl Housing) and West Bonlt (Informal Housing)



01/02 JUKl 5000 1500
JUK2 140 100

1UK3 52 5
JUK4 35 2



28/09 JUKI 31000 3900
JUK2 7000 330
JUK3 2200 I~O-.
JUK4 1400 170

12/10 JUKl 8000 1900
JUK2 400 110
JUK3 200 80
JUK4 100 40

01111 JUKI 1600 6000
JUK2 950 650
JUK3 100 43- --JUK4 160 22

I--
09/11 JURI - ·-." .... · ·. .-JUK3 · ·. ,

JUK4 · ·
16/11 JUKI 10000 2700

JUK2 1100 40
JUK3 80 4
lUK4 50 5

23/11 JUK1 9000 3000
JUK2 160 16
JUK3 60 11

JUK4 35 5.7
07112 JUK! 18000 8000

JUK2 1000 1000-JUK3 140 93
JUK4 140 94 --18/01 JUKI 1600 210

JUK2 3000 300
JUK3 ISO 1.6
JUK4 65 26______ u
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t\PPENDIXD

RIPARIAN VEGETATION ALONG THE JUKSKEllUVER

~l' the identification of the yel!ctat\qn

1 •Persicaria tapathi/olia.
2 ~Pemcaria tapathi/olia

1 & 2 are gtSJSSeS. Where grass is labelled on the maps these nrc most often

of the above species.

3 .. Family Poaeeae I Gl'aminlle

Labelled as 3 or Reeds on the maps. lit looks like reeds but is 1lt..'ilJally a

type of grass.

4 ..Acacia meanlsU
5 ..MiI'abilis jalapa
6 ..Moros alba
7 ..Argemone ocJzraleuca ssp. ochraleuca
8 '..Eucalyptus camaldulellsis

Labelled 8 or trees on the map.

All of the specimens, with the exceptlon of the reeds/grass are exotic plants and not
indigenous.

TIle vegetataonldentificd along portions of tbe Jukske] River banks from
Alexandra to Buccleuch nrc set out in the following 6 pages.



Martin Creamer's

Juksl(ei - Riwer of Deatl
The blgg,<l n~lUrlll

dlsa.ltet In Ih¢ his.
lory of Soulh
Africa. InvolvlnB
In ullmalcd

10 000 people, ~ould happen
any day as UKlUWods of JlCOI'~
tonllnuc kI ~o on Ih¢ blinks
of Iha Juk!kel river In Ih~
Oaulens towlI~hlp of
Almndm, three lOP Jubkel
ITlOIIUcrs l'Cyea1thll week.

Tho Jukskel I. eXlremely
, I~ kI Ol1Ulcn" drolInln,
II munlclpallitU and has a
million people IlYIng In lis
vicinity, 650 000 In AlwndoI.
Ih::yuy,

Howeyer, mere nnd more
poop Ie are buildIng houm
very clolO to Ihe river bank
lind the '~k of plannlnB Iw Th. ~uk""l rivet
led to InadcqllAtO1IU11lalion
QntI rc!ll.lC remoyal, tumlns patUi af UIO torrenilalllnd not Mlft ItQ,lUldhav" bo:en
river 1010a rubbl!h lhllnp With an alnrm- Ule bigs~ dlm'olct,ln ICn11Jlof IU~1of
Ins bIl<:Ieriacount CIIlculalCdlo be lire, over 10 hlt'SQUlh Africa," RJYncr
10000 lima hlBher Ih4rt IlIXCpUlblelev. ~y~,
ell on ttIIlIln pWoflh¢ river, It I! ImIX~\\lbl<i10predict when lhe

More 11wl6 000 pcoplQ llvo below 1110 riycr willflood, bul WllOllll do'!C!. Rayner
50 yw nood klvellind hu~ tltC IIv. ctilmlllcllhllt up 10 10000 pccple and
InS on lAnd that fonns ptu'I tf Ih¢ liyer Ulclr holt~ will be Ul!Criou.HI!k,
clwlnclltselr, "If tIIC min.I tltC heAvy enough nod

Tho hJW<I WIl!hlghllghled 111.'01 QC;curat nlghl a Inrgo number of people
ITlOIIIh when son aonklnsl'llll1.l of 7amm will be tlruwned," Rayner Ildd~, wnmlns
wa.,hcdaw.yWck.landltliabQUl600 Ihnl whalls hap.
pwple IlOInclw. ponlns 10 the " . IWnttrcnglnccr Prot_ Will Juk$~c; now mAY Last week s flood
~orIh¢Unlye!!llyorl'retorin happcnlolheVl1U1 W"'S not big b~
fcllii 'I1It £#K/Jtt(rillK Ntwl 4 011.111noocl In tIIC flllUre unlu, ..
WQU!dputtllClI\·.aoftllCu.lnI\IlSntt1lk, drn.llc nlCUUtu any stretch 0 the

"LaSe tNXtlh'. Oc'ld WIll ~ big by /lit: Q/JopIed. Imaglnatlon and
anYlIIWchot'lh¢h1lll;"natlonandyct , Alexandu .
h~ufhou.lc.1wCl~w~1I1edaw." arn! againnt yet hundreds of
AIeUlldetcxplnll\l, t~lnu n w.1I houses were

Theta l, fllCl'eJl"·o vre.~IU'" fM 1 Ih~ ufready had' ,
lownshlpQ','lmunllyonUlO~·::""i, 1/ chllnn.IM was, away.
10 oct lUll' $QIUI1on.,nra bleng n:3C'<lltflo. #" IUSSC!!- Prof Will Alexandllr
by tIIC t.'c:pilI1mcnl of Waler Affallll 111\<1I rd, ,
r'OC'e$l!)', I He I'IlYxthe
. "10 ANC Science .od Tcthllology WUClun: would JUM serve to nlUT'OwIhe
OrouP I\IIJ also cnltfl:lllh¢ debale and Is 'iunncl and Ihe!'Cforc 1'I11!Cthe wnler
IllOIiilorins tIIC rive', leI;! IllIhe IiYet,

1110 group's cooltptf!OO ! •"Q)'1ltI' 1111110evem 01'nODding 1110wall
,IllY,\overcrowding aild lhe Ib<:Kul' IlIfm· would alrer even lellSSoC\:ulilYIhlln 1110
Itnl<:lu:ul'ny~lIncnl hil.I produced a bank doc! IlOW.
.lewemso ~y!lcm IJIllAllylJIo(qulflPI:tIlO Almnder rAY! n:.lldenlx lire UWtltC01'
proVide ilCrVIC(,\fOC'lhe POPUlallon and tIIC dengm bUI tcl'uiIC10moye becau.1G
h.u molled n silualllm dan8e/1)u~ III 1hQU. of Ih¢ !hOrtll8C of land In Ihe lown.lhlp,
RaJlIls. Relocallon of !qunllcn i! n highly'

"I(the ram! Ihlllli!lll~q. 1:10nlhwere ~onl.nIlOU,llq\uC nnd mOIlCNltltCcom.

pQUndcd 111Al<:xandnlll.. nil YDCllllIland
on~hc Ea.'oIBMk "CllttllQlj(ed for (1lI1\1IJl
Jcv4lopmenL.

Tho pMlure fOC'open $pace hn.1
(on:cd people 10dump n:fu,1<:Into lhe
river channallo crcntc a plalfoml of
WIlSltlon wl,kh 10build InlOmW IlOU.o:.~
heMY'-

Tho Pe)lllrtmtnl of Wale( Mrnlr.l4nd
I'QII'~I)',nl!O concemcd nboull)): !IIUII'
lion IIIAlcxnndrn, lla.lll1Mn II upon I~I<:I(

10develop reeem-
mendlllloltl 10lhe
Ouuleogleglllt\.
.ure 10 iIOlyelhe
criKls,
I'm! yanZ~1

fromihedcptlll,
menl and chll''''
pmonorlh¢
Jukllk.1 Siccrins
'Commlllt1O ~yJ
Ih¢ Inwl).\hlp Jw
Ute hlShc.u d<:111!·
Iy ohlnSla !lon:y
dw~lIIn8~ In lhe

wOC'ldand ~taInODdloS 0.1well 11.1Ih¢
Ihrcnt pwd III UIC1~lth ~fpeopl4 Is of
concern, •

11111Jllk.lkclls n\Q~llvely polluled
mnlnly 1\.1 a rt!U1I uf IMdcqu~lc :<cwugc
1n:llIlnm~ DverulC;by people QIIdubUIC;
by III~ulilry,

AlthQUgh only UI<lLeeukop )Xi.1OO
U~ waler from tIIC riYet fOl'IlligllllOn
Ih. Juk!kei'G peXcnllnl ~I ~ tctm.Iion
50IItce I~l\:lng erOOeddlIlly.

The I11Ul'I ilCrlOUK' .",
in lhe qualily 111'11'31
high ,WnLI oj' E.","
"III (Il "III) b:lo;1C".

E cull. 0 bu<:teliurn w~
helj>\ humnMlo d'gc!! It
Is found In human C~Crc:1
nnd .~ a COml11<.'<1lno:n.lUl
lhe I<:vetof pollulh)O in \

Drinking water !/\QUit
no E coli: WQlct with up
CQUnLliiOOmleen be u~
Irrigating Y~8elablr:lt: IU1l
<lren cnn .1JlJl:lyKw'mln
with JcM UWI 120 C\\UnL

MCIl.IlIrc:mcnLI(ot lhe
Juk.li<cl tltC a.IIQUndlng,

WOW' In SlIrIdIon MI
(rishltnlng 3 000 10SO,
CQUn~while !he waler d
5Utom from AlclUUldnll
IOOI'C lilan pilI1lolly dllut,
human WIl.'oIewilh berN!
~ and ~'~hl millinn L'Il

If dlUnk Ihl! Willet WI
~llln certain 1II=~ hi

Bllt.uo-cnlerill~ and InBYeven kill )
~hlldrc~ duc 10 tlch~dl'l1llon c.u~d
dlnrmoe..

1'«>p1<ithol llve 01\ the b:!nk~ of I
Juk.lke. do not hAVeIICCt.l.110prop.
III\UIlOIU1d~lCre lUl.Il~n nu plann,
Ih¢ ~1IOO11 01'clllucn!,

VM Z)I ~~! Ih¢ depill1mnnl hal
ou.~flfOI!lIIIlIm¢ilIOfl:IIucc pollullor
II !pendlng IOOI'C IhIIn RI·n\iIUOII n
to comb;u tIIC )XQblem.

A C4mpWgo, WllI'k.lo.Wln, hM i
IQuIII:IlCdInyoly!ng 110 !<;11OO11wit
f.IlIn.,lde tIIC Juk.\);el culchmenl nro
tcmmunlly DIllnnlilllllon and lucill
autl~lril1c5 to clean up (he river.

A~hcr ~18nlllcUiu polluler i~ It
chclnlcal cunl •.nlinntil)jl, mainly 1\1
\I'n.'IOd 1\1l11li11.befh 10~'c IQ IlqUIIl
• (rom Ih¢ MQdderfunleln !pIII'~
IIlgIl, .,,-.:nlnltlon.\Q( II\CIC;~h<

t:IIll Iulvc .. , ',CIIled n,1i life In lho:
aild nllO play l role In killing lhe 1\
tIIC on.lC(orwfnltl nlille. conllue(\<
lhe CIQC;OdI~nod Ju""~~i rhm,

Sulphal es, OuoriUeN lind niln>I~1
Ihe Moddeffonlcin !plllil can ulM!
hUl!lIIn h¢allh,

While no WQlerf~ In Ihe rivell,
ciully u.1td I'ollilinklng, ils waler I
rOC'lor household pulJXl.'\o)~.

The pollu!ln" ''UnI)l!lnlc, nrc 'IX
mllllnn.'lo clean 1II<lr'Y>lClIl' ~ou
p«mlLIIltO being up..Wt''I1.cnlllM
~1r1ctetc:onlmll ol"r chcnIICII',llt
lnto tIIC Juk.\kei, iIQ)1Alc~untlcr,
fH;IflI\I(jl(."t;lJ.llOO!HoIII .... ~ ..'--========--------------
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j~~~~~==~====~============
J Surrounding municipalitie.s powerless to help

IJ~skei: 'Nothing we (:2:A do'
I ,', .' , , '
I METROPOI.,ITA_\'I caUDell bas not
I delegated powera to
: allocate money to,
I clean-up 01WgbJy' .
:1 oouUlJllJn.ntOO ri,VOfj===========It. ~'ij ...IV AHHACO)( .' ' t

" Allhourdt Ih4 bacrorl~ ~Il! III
" the Jukaltol UIvcr bill'll reached
" erials propqrtJon. .urroun_
:' mWlldjiallUef ~ they Il1'O ua-
:1 .tllo 10 act as they lull\) not )'01
,II been delegll1c<l' PQWeI" by the
: Gl'6&UIr JQluuutoWUl'tf 'l\"&tIsI-
~ Ilonal Metropolllan COllnQU
,I ('I'M()). ' ,
:: 'Jb(!N powon tII'Ii nlXldod tC
:1 aJ.loc.'Mo IimWI 10 clear blocked ''I dtalJa whloll IU'O IlaIl&lnl1 raw
:1 IilWago 10 spill Inl6 Ibo rlvor
1, dall¥, .... ,1,'

IIb=~~~I~~~IIJ:
:'1 12 mlllion pet 100 Illi 01 water,
" while tho nOnnai count (or water'I ~ 2~0IliI p~ NIOuki
:, SandIon IIdmlnloIraIloll publlo
" ro~ oUloot~ 'I!II! \yYk
, , Illd thai AI 11111.lU!.I BAMWIi
"I otl!cl4tt dJd llOI bal'lll)!o authot-
, Ity 10 ill I1M.-\lmc!Indra 10WiJIt
I With tliII c4wing 01 draIIlJ.
, Nkolu NllnuanD, oXeoutlve
: commltloe cbIIfiIIlaIl 0( tho NOI1bI Eastern tdolropoll~ Subllruo-
, ture, whlcl1 lJ\oludo. SlUldloaI Qnd i\lo)ll\ndla. laid nntWllli'
I could bQ 1101)0 unUl )IOWClrobid
I bIIondelegaWd.! "Onco thl' h.. be'll dono.

I All)){ wW 1moIllII" priority ""'*
lor tIul Ill1W IIXW ~lIthorily. Wo
1'I!.uso Ih4 atUWlOilItI ""11 ~! ou. but tI1MIlII nO_ \I'll can'
do,"IIIlA!NJd.
I Th$ Jukakel NVIll' Wltor qUll-
IllY ll\llWIgomenl lIil\lrlng coIn·

, --....------------------.-------- ...._----------- ....------ ....--------------------

mlIlee baa bIIM monllorlng !he
bacteria counls In Iho ;I""r In
\he pGtlyCtil'.

~ SMIlIOll, IIlId Alex.
Illdra Illunl'dJ)ll) 011lolAlt. a 1'Ilil'
reecnlalll'll u( the Dcl)lllilll.nt of
W"I«' I\/!alra lUlU " llnu 01 COlI'
dU, .Iilng onglnoel'l .orvo on tho
oollllllltlotl, whlch moot. on~'Il A
Illonth 10 dlJKn13a tho problolllJl.
1\ tullruport 111811uod ovel1 two

dlltercnoo In ilia alroOla where
UIO dralnJI ha"" boon cleared,
"Thoro I. no lonllor dlrl),.

smelly wltor running down U\O
8<!'1l4lJ. Wo lin) odurAUnlt peoPlo
011 II dOO(lollHloor bWilB lUlU ulJI.
IrlbuUng pamphlola 10 loacb
poqple how 10 UI10 1110001'\'100$
proporl,y. WeWlIllIIo 81)<)II ciClUl
cn\1.rolllnoot ~I wblcb we CAll all
be proud." Moro 1IIIld.

l1llIr'
P lr H~rmlne VlIll Oyk,

""h" oorvo. on Iho Qommlltoo.
laid: "Wo ara IIQ8IBllng aud
Ir",lnlng UIIQJlplo)'od youth.,
thI'Ilugb tho Work 10WIll pl'lljem.
on how 10 ciolll' and malntalli tlle
drain. end wa hava omWkod
on II moJor oauoaUon," cam.
)llIIgn IMelllng roe!dI!nl. nol II)
IIl10r lind poilu te line! nol \0

throw Ihlncs Into drA!nI. We
ntlCCl iliON tun.cUL11 to IJlIllU' oul
aU thO drtIIwI."

WOIl<: 10 Win ao·crdln.lor
MoallO Mol'll .Jld (undlng was It
proIllolII.

"Wo bave boon l!Il'\ln RI88 00()
by IhQ '!'MO, bUI If wW only last
lUI alx mOl\tha IIIId we baVQ only
beeu iIbI" 10 do II amaII socUOil
01 Allll(, i\IrOOdY we can SODtho

~-----------------
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