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sugpested, In America the rivers are not a8 urbid as in Southr Africa, so there are
fower concantrations of $5 onto 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 organie nitrogen are associated with the S8 and had
similar pollutgraphs.  Factors to determine the pollutagraph for each of these
pollutanis downsiream of a pollution source were caleulated and used in the
modeliing of these pollutants with WITQUAL, a water quality model developed by
the Water Systenis Researcht Group of the University of the Witwatersrand,

iv



ABSTRACT

South Africa, like many other developing countries, is faced with rapid urbanisation
with the associated increase in the poliution load. Much of this pollution is destined
for our watercourses, that eventualty run into storage teservoirs which may be used
for drinking water or recreational purposes. This pollution is ugually attributed to
human waste products which include nitrogenous wastes, phosphates, micro-
organisnts, organic material and litter,

A 6km stretch of the Jukskei river just downstream of Alexandra Township, was
used to determine the different biological, physical and chemical processes that
pollutants undergo during natural assimilation, their rates and efficiencies of
assimilation in rivers and their impact on the environment downsiream of the urban
area, "Grab® samples were taken over a period which included both jow-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 L1 to 1.5 mg/l O,
being recorded at Alexandra, A rapid rise in the concentration of faecal coliforms
hes been seen with a high of 31 million/100 ml being recorded at Alexandra tn
September, 1994, Sedimeniation at the Alexandra site is also a common occurrence
with a lot of adsorbed pollutants being effectively removed fom the water column
with the suspended solids,

The QUALZE water quality model, used by the EPA in the United Staes, was used
to model the reactions that the nutrients, BOD and DO undergo. BOD and DO
were modelled very well with ©* of 0,98 and 0,94 being calculated respectively,

QUALZE did not model the dissolved pollutants, dissolved phosphorus and
ammonia very well with the observed results showing a greater reduction in these
pollutants, A method by which these pollutanis adhere to SS and seftle out was

iid
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Most nutrients ave not toxic in high concentrations, except for the nitrogen
detivatives, ammonia and nitrite.

The largest source of nutrients is the particulate and dissolved nutrients
contained in the runoff from urban catchments. Inorganic nitrogen and
phosphofus are seldom present In high concentrations in natural surface waters,
This is because most of the nitrogen and phiosphorus is rapidly taken up by
aquatis plants from the water or from the sediments, and convered into
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 anaerobic conditions, denitrification i.e. the biologlcal
conversion of nitrates to nitrites and ther to molecular nitrogen, Is tiie most
important process occurring. Denitrification takes place at dissolved oxygen
concentrations of 1« 1.5 mg.1"%,

Sedimentation of nutrients s also an important process, At a poilution source,
more than 30% of nutrients are in particulate form and these settle out under
low flow conditions (Watertek.' 1995), Dissolved nutrients may also adsoth
onto suspended particulate materal and sediment out with the suspended
material, Most of inorganic phosphorus compounds settle out, so very liitle is
usually present in tha surface waters, Rigures 1.2 and 1.3 show the nutrt -at
cycles of nitrogen and phosphorus in natural surface waters,



AEROBIC BYOLOGICAL OXIDATION

BOD\ New Cells |

ik a

Organic Materlal + Bacteria +{ O,

L

Z :::: COz+ NHy+ H0 1

Figure 1,1  Acrobic 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 urganic matter
under rerobic conditions and is measured in the laboratory using a five day
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
differenice between these two values I3 the oxygen used by the bacteria during
that time or the BOD. ‘The COD 1s the amount of oxygen hat is required to
oxidise all oxldisable suvstances in a sample of water and Iz usually done in the
taboratory using a strong chemical oxidant,

1.3.6 Nuirients

Nutrients are any elements that are required for the normal growth and

reproduction of plants, The Inorganic forms of nitrogen and phosphorus are

usually concentrated on na they are responsible for eutrophication in streaims,
&



Most are chemically inert and are transported downsiream with an equilibrium
existing between the ions in the benthic layer and the ones in the river water,
They are conservative cotistituents l.e. the mass of the pollutant is not altered
by the chemical and biulugical processes ocourring in the surface water and once
they enter the river they may be diluted or dispersed but not shanged in
quantity,

These inert ingoluble forms of Inorganic ions often settle out and coat the bottom
of the river resulting in inhibition of benthic biological activity or cause
tuebldity. If the water Is turbid, it causes a deterioragion 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
exeit an oxygen demand, as oxygen in the water is used for the oxidation of the
sulphurous geld to sulphurie acid,

1.3.5 Organic pollutants

- Qrganie pollutanis are non-conservative varlables in that they undergo some
form of chemical or biological change, The major effect that organic pollutants
have on the aquatic system 13 the depletion of the store of dissolved oxygen in
the water due the numerous oxidation reactions taking place. The organic
pollutants are mainly oxidised by menns of various bacteria in the water, For
this, appropriate bacteria, nutrisnis and dissolved oxygen are needed with the
bacteria forming new cells while the rest is converted to stable products (Figure
1.1}, Other organic contaminants like pesticides are not ensily broken down and
are toxic to fish. These types of pollutants have an accumulative and lasting
effect rather than Blochemical Oxygen Demand (BOD) wlhtose effect on the
environment is immediately seen, Contaminants like oils form a surfacs layer
over the water causing a lower rate of reagration, no respiration can take place
and organisms begin to die, '



penetration, with an associated decrease in photosynthesis in aquatic plants
{Kirk,1985), Settling out of the suspended solids may smother aquatic plants
and animals Ieading to retardation of benthic activitles. 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

Conductivity is the measure of the ability of water w conduct an electrical
currant, This is closely linked to the concentratlon of total dissolved sotids
{TDS). In very dilute waters the conductivity is proportional to TDS, but this
changes as the concentration of dissolved organic material Increases, since
rissolved organic do not conduct an electeical current, For South Africa as a
whole, it hias been found by the Departmtent of Water Affairs and Forestry
(DWAF) personnel {Dallas & Day,1993) that

TDS (mg.l'l) e= gonductivity (mS.m'l) * 4,6,

fons most commonly found in natural waters are the cations calcium,
magnesium, sodium and potassium and the anons bicarbonate, carbonate,
chloride and sulphate, A small amount of inorganic material may be present ag
hydroxides (Dallas & Day, 1993), All these major ions were present in the
water samples taken from the Sukskel river,

- 1,34 Inorganic pollutants

Inorganic pollutants are mainly in the form of ions and their major effect is on
the pH and toxicity of certain materials like heavy metals (Krenkel & Novotny,
1980). At cartain pHs, the valence of the metal Is changed allowing it to be
taken up by flsh and other aquatfc animals and stored in their fat stores thus
ageutnulation 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 89% of the mean pollutant loads in the
river. A number of water quality varfables were chosen for investigation it this
study, with-the emphasis on those which were considered to have the most
severe impact o the river water quality. Table 3.2 has a list of the pollutants
montitored in the Jukskei River,

1.3.1 Temperature and pH

Temperature plays an Important role as it slgnificantly affects physicat, chemical
and biological processes. Temperature also affects microblal activity and hencs
the rate at which organic waste is broken ¢own by bacteria. It also affecty the
disselved oxygen concentration in water. As the temperature increases the
solubility of dissolved oxygen in water decreases, With the oxygen depletion
also being accelerated by the increased microbilal activity at high temperatures,
one of the most important Himiting 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 a3 a surrogate variablo for the general health of the
aquatic syster, (Thomann, 1987).

oH is important as it determines the chemieal species in which many molecules
a: 1 elements will be found in the water and thus the potentiu! toxicity of these
chemical species to aquatic organisms,(Dallas and Day, 1993), Examples of
this are aluminlum which forms 4e toxic AP fon at low pH ( <5 } and
ammonia which forms the toxic NH3 molecule at high pH.

1.3.2. Turbidity and suspeiided sollds

Turbidity can be described a5 a measure of the clarity of the water, Suspended
solids and the resulting turbidity may originate in wastewater discha - 55, as well
as frotn erosion processes, The solids may be of organic or inorganic natute,
Continuous high-level inputs of suspended sotids result In a reduction in light

3



1992), For this reason the nutrients, dissolved oxygen, Chemical Oxygen
Demand (COD), Biochemical Oxygen Demand (BOD) and faccal 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 & 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 ses if it is a viable
treatment option,

‘The aim of this study is thus to measute 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

"The major poliutants sampled were suspended solids, TDS, nitrogen,
phosphorus, pathopens, metals and oxygen demanding poliutants, Nutrient and
oxygen changes were concentrated on however, as most poltution in high-
densiiy developments tike the townships are organic in nature. Wimberley's
{1992) report on the porlution in Alexandra, clearly showed that the greatest
impact on the Jukskei was In the incrensed concentration of nutrients and oxygen
depletion arising from the discharge of organic material with a high oxygen
demand. The resuits alsa showed that the urban runoff from Alexandra was
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CHAPTER 1 : INTRODUCTION AND PROBLEM STATEMENT
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 Jukskei River flows through Alexandra Township dividing it into two parts.
Tie East Bank s comprised of mainly formal housing with one dwelling unit
per stand belng the most common type of accomodation seen. Un the West
Bank howaver, 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 infornial
settiements. Insufficient management of these services has resulted in pollution
discharging into the Jukskei River,

A number of at source and diversion treatment options are avaliable for the
weatment of pollution but all of these involve some sort of construction which is
expensive. A river, if it {3 able to cope with the pollutant load is a very cheap
altarnative for treating pollution and this Is important In low income areas like
the townships that cantnot afford the expensive engineering options. The main
aim of this study was thus to show that a river could be viable ag a treatment
option If there are no other solutions especially in areas where the economic
sltuation 13 such that expensive engincering 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 coliforms being seen (Wimberley,
1



Respiration - cellular respiration s the metabolic process whereby energy-
rich substrates are oxidised; respiration of animals is the
exchange of oxygen and carbon dioxide gases i.e, breathing,

Riparian - related to the river bank,

Salinity - the mass of dissolved inorganic solids in a kilogram of
water,

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

Sediments ~ the soft sands, silis and muds on the bottom of rivers and
lakes,

Suspended solids - Particles suspended in the water,

TDS - Total dissolved solids,

Trace element « an elenient occuring at < 1000 ppm In the earth's crust.

Turbidity - an expression of the optical ability of water that causes light

to be seattered and absorbed (murkiness).

Water quality - the value or usefulness of water, determined by the
combined offects of its physical attributes and its chemical
constituents, and varying from user to user,

Water quality

criterion - atiy 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 or on organisms inltabiting the water,

Water quality :

standard - 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,
Water quality
variables - any of those individual attributes or constituents of a given

sample of water (e.g. salinity, temperaturs) that vary in
magnitude and whose alteratlons atter water quality.
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Major ions - thoge ons (caleium, magnesium, sodium, potassium,
bicarbonate, carbonate, chioride and sulphate) that usually
form the bulk of the total dissolved solids in inland waters.

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

_ temperature,

Micro-nutrients - & tarm sometimes used for plant nutrients such as

phosphorus, nitrogen, potassium and others,

Microbes - mivro-otganisms such as bacteria and protozoans

Mineralisation « the release of inorganic ions fom oxidised organic material,

Nitrifieation « the aerobic oxidation of ammonia to nitrite and then to
nitrate by niirifying bacteria (Mitrosomonas and Nitrobacter
bacteria).

Nitrogen fixation - the process of converting N, gas to soluble forms (NQ,,
NO;} by bacteria,

NTU - Nephelometric turbidity unit: a measure of turbidity.

Nutrient - In aquatic biology usually & limiting nutrient; an element

whose scarcity can limit plant growth e.g. compounds of
nitrogen and phosphotus.

Periphyton - the “stime” of (usually) microscopic organims growing on

rocks and plants in the water.

pH - The negative log,, of the hydrogen ion activity: a measure
of acidity (pH <7) or alkalinity (pH>7)

Photosynthesls - the process whereby plants convert CO, and water into
large, energy-rich, organic compounds,

Pollutant - & substance that contaminates.

Pollution - defilement: unfavourable alteration of otr environment,

normally as a tesult of human actions; the presence of any
foreign substance that impalrs the usefulness of water,

Polyphenols « large, complex, acidic organic molecules, characterised by a
high proportion of phenot groups which often impart a dark
coiour to water,

Receiving waters - watery recejving effluents,

Receiviug water

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

Redox reactions - oxldation/reduction reactions.
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is thus also a measurs of the concentration of iong in the

water,

Decomposition - the decay and breakdown of organic material, iricluding the
dead remains of plants and animals,

Denitrification - the anaerobic conversion of nitrate to nitrite and ammonia
by fungi and bacterla,

Detritus - dfead and decomposing plants and animals.

Ecosystem - {nteraction of organisms and their environment,

Effluent - the outflow of water which is usually wastewater,

Eutrophication - the process, usually anthropogenic, in which an excess of
nutrients is added to water and an accumuasion results in the
rapid growth of plants.

Excreta - biological waste products: usually urine and faeces.

Fertllisers - these are chemical substances (composed of mainly
ntitrients) that are used to encourage the growth of plants.

Fleodplain - low gradient land onto which a river regularly overflows its
baks.

Geomorphology - the gross structure of land forins.

Gradient - the degree of slope.

Hardness - the combined concentration of calclum and magnesium in
vrater.

Headwater zone - the upper reaches of a river,

Heavy metal ~ metals with an atomic mass greater than calcium
(> 40,08 ). _

Heterotrophic - using organic compounds as sources of carbon ( fungi;

_ _ animals), This is in coutrast to autotrophic,
“Humic” substances- large, complex polyphenol-rich organic compounds derived
as leachates from decomposing vegetation,

In vitro « in the laboratory

n vivo « In the field _

Insecticide - o substance that kills insects.

Limnology - the study of the physical, chemical and biological properties
of infand waters.

Lower renches - the “mature” river with low gradient and usually with a soft
bottom.
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GLOSSARY OF TERMS AND ABBREVIATIONS

Adsorption - the physical adherence to the surface of a molecule or
particle

Aerobic - in the presence of oxygen

Algae - any of a group of chiefly aquatic non-vascular plants l.e.

those withthout roots, stems and leaves, (Many species of
phytoplankton, seaweeds and scums).

Alkalinity - it is water’s acid-neutralising ability and is obtained by
adding anions of weak bases, hydroxyl, carbonate and
bicarbonate ions,

Ambient « the surrounding environment e.g. the » nbient temperature is
the temperature of the surrounding air or svater,

Agmonification - the breakdown of organie nitrogen to ammonia

Aunaerobic - without oxygen

Anions - itegatively charged ions

Anthropogenic - caused by human activity

Autotrophic - using inorganic carbon (usually CO, ) as the principle
carbon source {plants and some bacteria); this contrasts with
heterotrophie.

Benthic - living on the river bottomn

Biocides - substances that kill living organisms,

Biomass - the mass of biological material,

Biota - the living organisms of a region or system.

BOD - BOD or the Biochemical Oxygen Demand is a measure of

the amount of oxygen consumed by bacteria whilst oxidizing
organic maiter under aerobic conditions,

Buffering capacity - the resistance to change in pH as a result of the presence in
water of weak aclds and their salts e.g. the carbonate system

Catchment ~ the land area from which a river is fed. Same as a drainage
basin or 8 watarshed,

Cations « positively charged tons.

COD - Chemical ™+ Demand: the amount of oxygen vsed to
oxidise all | le substances in a water sample with a
strong chemiu . w..idant,

Condurtivity - the abillty 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'Keaffe & Snaddon, 1594),

2.1.8 The Hennops River, Gauteng,

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

Routine sampling consisted of taking “grab” samples during daylight hours at
selected gites, Sampling frequency was bl-weekly during the dry season (April »
September) and weekly during the wet season (Qctober « March), Stormwater
sampling consisted of “grab” samples at selected sites.

The major source of pollution was found to be litter and faccel eontaminants, This
originated from deliberate pipe blockages in Tembisa, the high poputation ¢ v
and poor llving conditions in Ivory Park, The first flush effect was found b
seasonal with the greatest increase In polintant concentrations occurting after the
firat rains of the wet season, During base flow conditlons Centurion Lake acted as
a pollution reduction facility (Hoffmann, 1995) with mainly suspended sollds and
bacteria being removed, Microblologically Centrion Lake Is unacceptable and
direct recreational contact should not be allowed.

It was goncluded that the river water quality was unacceptable for use when
comtpated to the selected water quality guidelines of the various users,
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a rule relatively unpolluted but the low flows bave resulied in the sediments being
exposed, sediment and reed scouring, reed colonisation and reedbed colonisation by
woody riparian vegetation,

2.1.6 Great Berg River, Western Cape

This river provides water for Greater Cape Town as well a8 providing mainly
irrigation water to its own catchment, Degradation of this river has oceurred as a
result of irrigation return flows which has caused salinisation of the river, general
nuttient enrichment due to agriculturgl runoff, Increase in nutrients due to the
inflow of domestic sewage from urban areas but especially Wellington and Paarl,
industrlal and wine farm effluents, trout farm effluents, invasion by alien aquatic
and ripatian vegetation as well as aquatic animals and pollution (high concentrations
of nutrients, litter, decrease In dissolved oxygen) which Is typleal of informal
settlements (Davies, O'Keeffe & Snaddon, 1994),

2.1.7 'The Liesbeek, Cape Town

The Liesbeek River which {8 part of the Black River system int 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, Rondebosch and Mowbray,
before its confluence with the Black River, Just after passing through Kirstenbosch
Gardens it begins to show signs of severe degradation. The natural riparian
vegetation bas been removed and alien plants like pine and oaks have been planted,
Erosion of the channel has oceurred due to people altering the natural course of the
rivet. Two kilometres below Kirstenboseh the River has been canalised with
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2.1.4 - Mbashe River, Eastern Cape

The Mbashe River flows through subsistance agricultural land in central Transkel.
This river has not been utilised as a resource as it i3 remote from both industrial
and urban centres, There are af the present no large impoundments ot the river. A
11m welr was constructed at Collywobbles as a hydro-electric facility but floods
resulted in the complete sedimentation 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 rosulted
in increased erosion and the sediment load of the river has increased dramatically
with an estimation of 3 x 10°m® 2 (Davies, O'Keeffe & Snaddon, 1994),

2.1.5 Sabie River, Mpumnlanga,

Many of the rivers in the Kruger Natfonal Park are under threat and 4 years ago an
extensive research programme of all the rivers but mainly the pofluted Olifants, the
saverely degraded and once perrential Letaba, Luvuvhu and the Sable was
commsanced, The Sabie River is the niost important of these rivers as It has shown
the first signs of overexploitation relatively recently and is one of the most
biologically diverse river In South Afrlea (O'Keeffe & Davies, 1991,

The Sabie river Iis 3 nriority uses. The upper catchment flows through extensive
commercial forestry plantations of mainly Bucalyptus and Piue trees. The middle
catchment i3 comprised of & number of socatled “homelands” Including Gazankulu,
Lebowa and Kangwane, whife downstrezsm it provides water to the southern part of
the Kruger National Park. The river eventually flows east into Mozambique before
Jjoining the Komad tiver. Almost all the runoff Is derived from the upper
catchment. The demands of the growing populations of the ‘homelands' hos
resulied In increased use of water for domestic and irrigation needs, The river is as
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» Extensive agriculiure ocours 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 &
number of fish kills,

s  Coastal Forest oceurs just below Bridle Drift but the river is heavily polluted by
sewage In this sectiont from Mdantsane. The river runs through a deeply incised
gorge or valley which contains the suburban development of East London as
well as extensive agrieulture. (Davies, O'Keeffe & Snaddon, 1994 )

» Egtuary 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 place
and the river’s essential processes have become overloaded in parts of the river.
The section between Zwelitsha and the inlet to the Laing Reservoir is the biggest
problem due to organic and industrlal effluents that are a health hazard to the rural
users as well as to the fish in the river, A img." phosphate standard has been
applied by the South African Depariment of Water Affalrs and Forestry to all point-
soutce effluents in the catchment of the Laing Dam (Van der Marwe & Grobler,
1990), '
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river was found to be increasing salinity (Hall & Gorgens, 1978), caused by
irrigation runoff, The river has been modified to give a constant base flow of
between | to 5 m's* for the convenience of the irrigation farmers, This was found
to be the main cause of the salinity buildup as well a3 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 sectlons (Davies, O'Keeffe &
Snaddon, 19%4).

» Forest - the upper reaches of the river is in e Amatole mountains, This section
is important for water supply, commercial timber, nature conservation and
recreation (hiking and angling}.

¢ The upner middie renches which are important for agriculture (irrigated and
fertitised 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)

¢ Urban/Industria} which includes King Williams Town/Zwelitsha area. The
major problam appears in this portion of the river where sewage and industrial
affluent reduces the water quality to well below acceptable standards, During
low flow periods, this urban/Industrial portion acts a8 a closed loop because the
Laing Reservoir (the mainwater supply) is situated downstream of the towns and
consequently of their effluents, Algal blooms caused by Microcystis neruginnsa
in this portion of the river are also 4 problem although they oceur only
infrequently (R.W.Palmer & O'Keetfo, 1990),

14



Table 2,1 « Pollutant export coefficients for COD, TKN & Ortho-P for various
sources in Alexandra Township for the perlod August to November 1991,

Constituent Source | Export coefficlent
(kg/ha/anntim)

COD | Assumed Human Input 3 000 000

TKN Assumed Human Input | 600 000

Ortho-P Assumed Human Input 100 000

con Storm Plow 3 000

TKN Storm FIOW 200

Ortho-P Storm Flow 10

COoD Low Flow 1000

TKN Low Flow 180

Ortho-P 1 Low Flow 15

coD Sewage 5000

TKN | Sewage 400

Qitho-P Sewags 90

(Modified from: Wimberley 1992, Paimer Development Group and U.C.T Water

Research Group, 1992)

212 Great Figh River, Eastern Cape

This rlver serv » ey mpjor Industries or towns and Its main valug Is in agriculiure.
As u result thers IS no organic or industrinl pollution. The major problie with this
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Wimberley mainly concentrated on the mass balances of pollutien from Alexandra
‘Township, the type of poltution and the pollutants that were problematie, He algo
monitored two positions on the Juksket 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) aud 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
Township. The major proportion of the nutrient loading is washed off the
catchment during storm events.

Dissolved solids and heavy metals were continually washed off the catchment with |,
an increase being observed during storm events, The buildup of poliutants on the
catchment surface was seen as a worrying aspect due o tha 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 Afriza, It was
observed that dilution of pollutants did take place when pollutants entered the
Jukskel River. The pollutant mass balances showed that transportation 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 Townshlp, the eutrophication of the river and the litter problem
downstream, 'The greatest health risk is due to the large concentrations of faesal
coliforms which is an fudication of a large concentration of pathogens in the river,

The fate of the pollutants further downstream in the river were not determined.
Wimberley recomimended that u continuation In the monitoring exercise would be
beneficial.
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2.1.1 Jukskei River, Sandton (Gauteng)

A number of people have studied the pollution that is entering the Jukskei river
from Alexandra Township, Vaun 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 serfous problem however, is the high concentrations
of faecal coliforms that are found in the water (Van Veelen, 1994), This was also
observed by Wimberely (1992). He found that 56-89% of the total poliutant load
of the river came from the Alexandra which s only 10,1% of the total catchment
area, Wimberely also monitored a number of other water quality constituents:
heavy metals, suﬁpended solids (88), carbonaceous okygen demand (COD}, Total
Dissolved Salts {TDS}, pH, electrical conductlvity (EC), lead (Pb), iron (Fe),
Escherichia coll (E. colf), faccal coliforms (F.C.), ammonia (NH,*). ftitrate {(NOy),
nitrite (NO,), total nitrogen (T'N), soluble-PQ,, total PO,, ortho-PO,, suiphate (SO
), chloride (CT) and total Kjeldahi nitrogen (TKN) (Wimbetley, 1992). Storm flow
in the culvert from Alexandra was found to be simllar to raw sewage and dry
weather flow to settled sewage for + »me of the pollutants.

The sources of these poliutants were also detetmined, Bulk fall-out samples were
taken to measure the atmosphetic contribution to the pollution load. The
atmospheric contribution scemed to be malnly 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
englneering services, '

1}



21,1 JYukskei River, Sandton (Gauteny)

A number of people have studied the pollution that is entering the Juksket 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 mors serious problem however, is the high concentrations
of faecal coliforms that are found in the water (Van Veelen, 1994), This was also
observed by Wimberely (1992), He found that 56-89% of the total pollutant load
of the river carie from the Alexandra which is only 10,1% of the total catchment
area, Wimberely also mouitored a number of other water quality constituents:
heavy metals, suspended solids (5S), carbonaceous oxygen demand (COD), Total
Dissolved Salts (TDS), pH, & strical conductivity (EC), lead (Pb), iron (Fe),
Escherichia colt (E. coll), fascal coliforms (F.C.), ammonia (NH,*). nitrate (NOy),
nitrits (INQ,), total nitrogen (TN), soluble-PO,, total PO,, ortho-PO,, sulphate (80,*
), chioride (CI) and totat Kjeldah! nitrogen (TKN} (Wimberley, 1992}, Storm flow
in the culvert from Alexandra. was found to be similar to raw sewage and dry
woather flow to settled sewage for some of the pollutants,

The soutces of these pollutants were alse determined, Bulk fall-out samples were
taken to measure the atmospheric contribution to the pollution load, The
atmospheric contribution scemed to be mainly through washout by rainfall as well
a8 through dry deposition. Inadequate oleaning of streets and refuse removal
resulted in polluted surface runoff when rain fell, These pollutants were then
transported to the stormwaier culvert which eventually emptied into the Jukskei
River, Sewer overflows and the inadequate sewage removal from pottable or
bucket toilets had resulted in sewage flowing into the culvert which emptied into the
Jukskei River, Wimberley surntised that this problem was compounded by the high
population densitles in Alexandra, which lead to poot living standards and stressed
engineering services,
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CHAPTER 2 ;: LITEKATURE REVIEW

3.1  SOUTH AFRICAN WATER 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 expeci. Several of these studies have been undertaken in urban
argas of South Aftica (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
chosén and monitoring points selected, Water quality samples dre then taken at
specific intervals within the monitoring period and the flow of the rivers are aiso
often taken in ordet to determine the loading of the pollutants,

The water quality studies are then used to study the difference in pollution loads
between storinflow and low flow, the “first flush” of pollutants, how the
concentrations of pollutants compars to the recognised standards and which
pollutants pose serious probems, the aninual pollution load per hectare of catchment

- a8 well as the relationship between the amount of rainfall and the quantity ot

intensity of the ralnfall or runoff,

From the literature, a few examples of case studies were chogen 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 dissoived .
oxygen concentrations reflect the capacity of the river or siream 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 fur the decrease in the
dissolved oxygen reserves. The most important are the microbial nittogenous
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
repienish the oxygen reserves,

1.3.8 Microbiological pollutants

The primaty purpose of determining the faecal coliform bacteria concentration
in watér 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
Escherichia coli and Enterobacter 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 Jukskei (Wimberiey, 1992),
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However, due to the high demand and low availability of affordable housing in
the PWV area, people continued to move jnto the Alexandra area, and an
informal settlement has now sprung up which has no formal sanitation services,
The Alexandra . vn Councll has set up rudimentary services such as public
stand-pipes and portable toilets (Sithole, 1991) which are serviced on a daily
basis but many people living In areas like the Genisville squatter area (situated
tight on the banks of the Jukskel 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 4 major source of pollution.

3.3 LOCAL AND REGIONAL CONDITIONS

The upper fukskei River is about 23km long. The river reacu flowing through
Alexandra is 2300m, with the highest point at 1 535 m above mean sea level
(mamsl) and the lowest point at 1 315 mamsl. This gives an aversge slope of
7.4m/km. The slopes between the monitoring poinits on the Akm reach of the
Jukskei River from Alexandra to its confluence with the Modderfontein Spruit
used in this study were determined, It was calculated that the siope changed
from a 0.71% {1 In 140) slope near Alexandra, to 2 0.60% (1 in 165) slope
between Frankenwald and Buccleuch and eventually to & slope of 0.51% (1 in
197) slope from Buccleuch to the M sdderfontein Spruit. '

The river has a typical dry weather and stoxm flow regime. The river is a
typical perennial river in that it flows continuously during the dry winter montlis
as well ag between storm events, In the summer nionths, 2 high volume of
runoff flows into the river increasing the flow 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 m',s" and in 1995 the flow ranged from 5 to 7 w8 asa
cotwequence of tna greater rainfall that fell on the catchment during the 1995
summer petiod.

The sub-surface soil conditions in the Alexandra area were investigated in 1980

by Partridge, De Viltiers and assoclates (1980). Their rvport shows that the

area is underlain by highly weathered and decomposed rocks of the Archaen

granite type which forms the Johannesburg/Pretoria doms, Outerops of mediom
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CHAPTER 3 : DETAILS OF THE STUDY AREA

3.1 THE JUKSKEI RIVER

The Jukskei river is the largest of the thres rivers draining the northern and
north-eastern subuhs of the Witwatersrand (See Fig. 3.1). Its source is in the
Bezuldenhout valioy, east of Johannesburg, The Jukskei River then flows
dewnstream past Lombardy East, Alexandra Township, past northern residential
w o lke Kelvin and Buceleuch and then through more rural areas like
Waterval, Leeukop and Midraid, 1t is joined by the Modderfontein,
Braamfontein and Sand Spruits before its conflusnce with the Crocodile river,
which flows into the Hartebeespoort dam, The Jukskei River is an example of
an urban cateliment in which problems have arisen, as a result of rapid
urbanisation, due to the development of a squatter camp on the west bank of the
Jukskei viver in Alexandra Township. The catchmant covers an area of 800km*
and includes many of the highly industeialised and urbanised pars of
Johannashurg, (Fig 3.1}

3.2 DESCRIP‘I_'ION OF ALEXANDRA TOWNSHIP

32,1 History of Alexaudra Township

Deveiopment in the Alexandra ares began in 1905, Botween the years 1945 and
1948 there was o large influx of people to this area, This put a great strain on
the environment as no tformal sanitation services wers yet avallable. Over the
years a number of 1useitling policles have been hmplemented to try and 1imit the
number of people flocking to and staylng In this area (e Jagger, 1990).

Between the years 1987 and 1990 a different approach was taken with the
implementation of the Urban Renewal Plan, Full engloeering services.
including a water reticulation system, water<borne sewage, electrical reticulation
and on-stand ablution fagilities were provided to all dwelling unlts in the area,
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Identify the pollutants that were above acceptable water quality standards and
that may be a health risk to the people drifking and using the Jukskei River
water,

Determine the main methods of assimilation in the river for each pollutant;
Determine what factors affect the pollutant assimilation reactions;

Determine the rate constants for the various chemicai and biochemical
assimilation reactions;

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

How other mode! waste assimilation predictions compare to those obiserved in
the Jukskel River (QUALZE and Witqual);

Declde if waste discharge poses a threat to the ecosystem of the river;

Deeide if the rlver can cope with and improve the quality of the runoff and to
what extent, (The river may be a viable optlos for low cost treatment of
poliuted runoft). '
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23 CONCLUSIONS

ron the case studies it can be seen that a large difference in the type of pollutants
found in the recelving waters wers ouserved. One of the major factors affeeting the
type of poliutlon, is the type of development that that portion of the catchment is
utidergoing, Another factor that should be taken into aceount 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 biologically
available in the AI** form (at low pH) snd ammonia is lethal in the NH; form (at
high pH)). For example the waters on the highveld have a large concentration of
carbonates and these buffer the pH, keeping it in the pH 7 range,

Wimberley {1992) was one of the first to monitor the types and concentrations of
potiutants coming off an informal, high deasity developing area, It was decided to
further this study, and determing how these pollutants would be assimilated in the
tiver itself.

A number of people have studled the Jukskel River as it is typical of a river that has
bezn polluted as n result of rapid urbanisation. It was found that most of these
studies enly monitored the pollutants to find those that caused problems, with none
of them actually modefling the fate of these polfutants in the receiving waters, This
Is important as most of the pollution from rapidly developing urban areas ends up In
the receiving waters from non-point source runoff and the receiving waters have to
assimilate {t. This study aimed at determining how the river did this and how far
downstream it took for the pollutants to réach & stage where they no longer were at
uneceptable concentrations for the users.

THe maln objectives of this Jukskel River study were to:
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concentration was at a steady value. From 1970, it began Increasing and since
1974 it had risen to an annual mean concentration of 6.02 mg.]” with the average
Increase over the whole study period being 0.12 ing NON 1" per year, This
increase was slinllar to the increase that was observed in the nearby River Frome,
It was concluded that the addition of reruiser to the watereress beds did not have a
significant effect on the concentration of nitrates and it was thought that this was
due to the natural buffering effect of the chalk in the Bere stream,

22,5 The American and Sacramento Rivers, USA.

A coordinated water quality monitoring program was set up on the American and
the Sacramento Rivers in 1991 te detect the concentrations of toxic pollutants in the
waters as the Sacrametito River supplies more than 80% of the drinking water to

- both residents of the nocth and the south of California Sacramento (McEwen, et al,
1993), The American River provides drinking water to Sactamento City and
several districts in Sacramento County. The aim of this program was to determine
statewide water quality criterin for toxle pollutants. Field measuremonts of pH,
temperature, electrical conductivity and dissolved oxygen were used as standard
irdieators of watet quallty (McEwen ot al, 1991). A 24-hr composit sampling and
cross-sectional sampling was done at each of the gix gites chosen, both using a

perl  uc or diaphragm pump. The sampling bottles and tubing were placed it hot
§0% u.ric ncid for several days. The equipment was then rinsed in high purity
water and wrapped In polyethyleno bags, Only - acld-washed bottles thus came
Into contact with the water sample,

By using these sampling methods, muck lower concentrations of the trace metals
could Lie detected like chromium, copper, lead, nickel, arsenle, cadmium,
selenium, sitver and zinc could be detected in the Sucramento River,
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from the wastewater treatment plants did not contribute heavily to the faecal
coliform concentration, With heavy rainfall however, ant increase In faecal
coliforms wete seen. This indicated that nonpoint sources and system overflows
were responsible for the increase in faccal coliform concentrations. Higher
concentrations of colivorms at the Lake Houston Dam than further upstreatn
supgested that there was a possivility that there was upwelling of bottom wate: and
organisins in the benthic layer were being reintroduced into the upper water layers.

2.2.4 Bere Stream, Dorset, Great Britnin

This is an example of a chalk streamn that rises from aquifers, These streams are
generally rogarded ¢ stabls biological habitats with a ratio of <6:1 maximum to
minimum diseharge, which Is in contrast to mountain streams, that can hiave o ratio
greater than 40: 1. For this reason watercress beds are planied on these rivers, The
effects that these beds have on the nitrate concentration in the stream was
deternvned over a period of 20 years from 1966 by the Institute of Freshwater
Ecology in Dorset,

A Inrge proportion of the flow of the Bers Stream Is made up of the flow from tne
commereial watercress beds, The boreliole water that is used on the wateroress
beds usually has sufficient nitrate present for watereress nutritional requirements,
but does not supply enough phosphorus or potassium for optimal growth, These
clements are supplled by the addition of fert:Msers which includes nitrates, A study
on the effect that this hiad on the nitrate concentrations further dawnstream was
undertken (Cosoy, 1990).

Weekly samples were taken at the same site below the watercress beds from 1966 to
1986, From this the long-term trends and varlation In niirate concentration, over
the 21 years could bo determined, In the fist few years ol the study, the niteate
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monitoring points downstream of the point of discharge but was below this level at
the 1200m monitaring point.

All other parameters did not exceed the EPA standards aithough most of them
Increased a significant amount from the upstream values, The other parameters
remained relatively stable. A large decrease in BOD, faccal coliforms, faecal
streptococct and orthophosphate was seen at the 1 200m monitoring position. The
water quality at 1200m below the discharge point was the same as 400m above,
This indlcated an appatent natural recovery in water quality.

2.2.3 Cypress Creck, Texas, USA

Large 'concéntrations of faecal cofiforms wers detected in Lake Houston, which is
tihe major source of drinking watet for Houston, Texas. Tha source of the foecal
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 thiege plants, Symons, et al (1989), studied the effectiveness of these
nctlons by sarapling s soon as possible after a storm had occurred and continuing
daily untit the flow had returned to normal, “Grab” samples were coliected, put on
ice and taken to the Micrabivlogy Iaboratory at Rice University, Here faccal
coliform and Faecal streptocacei dengitles were determined,

- There are number of tributarles that flow inte Houston Lake, but Cypress Creek
was chiosen for sampling us all the wastewater treatiment works studled were
gitunted on it. Samples were also collected at the varjous wastewater treatment
plants,

It was coneludad that as a result of the enforcement by public heaith offleials to
malntain a chlorine residual in the effluent that flowed into the tributary, overflows
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Sedimentation: Tidal rivers and estuaries are natural traps of sediment because
the decrease in the velocity of the rlver 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
sedunentation is caused by urbanisation and farming. The Survey estimated that
the tidal Potomac River and the Estuaty receive about 250 000 tons of sediment
antnually from tributary streatny other than the Potomac River, This
sedimentation 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 50 years are now covered in sediment,

The change in the environment of the Potomac River and estuary bas had an
adverse effect on many of the living organisms Algal blooms, low dissolved
oxygen levels, fish kills, changes ir tish species, decrease in the number of
water fowl and a decline in submersed plants has oceurred in the last 30 to 50
years,

2:2.2 Rock Creek Stream, Tennessce, USA.

Hollon, et at (1982) determined the water quality in a stream that received effluent
from a 200-lot dairy farm which was monitored for a 22 month period. The station
{3 drained by Rock Creek, which originates 4.5km 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 (BOD), chlorides, dissolved oxygen,
faccnl coliforms, faccal sireptococel, nitrate nitrogen, nltrite nitrogen,
orthophosphate, total solids and pH. It was found that the permissible faccal
coliform value of 2000 coliforms/100mi was exceeded at thie 100 and 500m



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 majot water quality problems were .ientified:

» Nutrient enrichment; Excessive discharge of nutrients (inainly organic carbon,
phosphorus and nitrogen) from sewage treatment plants and nonpoint source
runoff, cansed low dissolved oxygen levels and blooms of blue-green algae to
ogeur. Most of the phosphorus and some of the nitrogen settled out of the water
Just below the point of discharge, Organic carbon compounds were convested to
carbon dioxide and water by bacterial processes. In 1980, the major sewage
treatment plant implemented an advanced wastewater treatment {n which
ammonia was converted to nitrates (nitrification) and excess pbosphorus and
carbon are removed. Sinee algae prefers ammoria to nitrates as a source of
nitrogen the rate of growth of the algae was re .uced,

»  Algal Blooms: The presence of blue-green algae resulted from of the enrichment
of the estuary and the rivetr with nutrients, Apart from covering the whole river
and estuary, the decornposition of dead alg as creates an oxygen demand that
reduces dissolved oxygen reserve,

¢ Dissolved Oxygen: Low concentrations of dissolved oxygen in the Potonsic
River and estuary resulted from the large quantities of waste entering the
system, Concentratiuns as low as 3mg. 1" have occurred during the hot season,
This has resulted in the river being unable to support a healthy fish population,

21



Zwartkops Village were found to yield little runoff, which was of good quality,
which had little impact on the water quality of the river (MacKay, 1994),

2.2 INTERNATIONAL WATER QUALITY STUDIES

There are many exatmples of water 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 Potomae River is the second largest tributary to the Chesapeake bay, It
extends from Its source in the mountains of West Virginia, USA, to lts 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 S-year _
interdisciplinary study was begun in the October of 1977, Its objectives were to
provide a basic understanding of the physical, chemicat and blological processes
that the major pollutants underwert, to develop flow and transport models to predict
tiie movement and fate of nutrients and algae as well as to daveldp efficient
tectiniques for the study of estuaries and rivers (Callender, et 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 Patomae
River snters Chesapeake Bay,

The concentrations of nitrogen, phosphorus, and silica were measured by taking
*grab” samples every week from five key sampling stations, while 21 intervening

20



2.1.9 Lower Swartknps River and Estuary, Chatty River, Motherwell Canal
and Markman Canal, Eastern Cape.

'The study area was defined as the Swartkops River and its catehment from Kruis
River to the estuary mouth as well a5 the Chatty River with its catchment, The
river flows through a number of townships, residential areas including Uitenhage,
Rosedale, MacNaughton township, Kwanobuhle township, Despatch, Perseverance,
Sumcay, Bar-None, Redhouse, Zwai kops Village, Amsterd..nhoek, 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 rapldly increasing population moving
into the area as speedily as possible (MacKay, 1994).

It was found that urban runoff was the most significant poltution threat facing the
estuary at present. Ever Increasing concentrations of phosphate-? in the upper
estuary and increasing levels of faecal coliforms 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 Motherwel]l Canal contribute the major
-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 stormwater reticulation systems and outfalls, Raw
sewage from sewer blockages was often found in the Kat Canal that carries runoff
from Rosedale and MacNauglhton townships, which ens, ies 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 residantial and commercial areas ks Redhouse and
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CHAPTER 4 : STEADY STATE RESULTS AND ANALYSIS

41 WATER QUALITY VARVADLES « RESULTS AND ANALYSIS

Water quality variables can be divided into physical, chemical and biolagical
somponents, Box-and-whisker plots were used to tepresent the water quality
variables' data.

The box~and-whisker plot is an effective way to display summnary statistics
grephically, By looking at the plot you can quickly determine the range of the
data with the central box covering the middie 50% of the values betwean the
25% and 95% percentiles. The “whiskers” extend out to the extremes
{minimum and maximun values), while the central line is the median, When
unusual values occur far away from the bulk of the datn, they are plotted as
separate points. The whiskets extend only to those poluts that ave within 1.8
times the interquartile raige.

42 = PHYSICAL WATER QUALITY VARIABLES

Conductivity, temperature and pH were monitored using the Checkmate figld
systemt at each site, See Appendix B for Photographs of the equipnent used,

4.2,1 Temperature aud pH

The temperature went from & fow of 2.7 {n July to o high of 28°C in January,
See Flgures 4.1 and 4.2,
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Table 3.4

Technical Specifications of the Checkntate System

Mode

Range

Accuracy

Resolution
pH 010 14 0,01 0,01
- Conductivity 0.00mS-19.99ms 0.01m3 - 0.5%
20,00mS-199.9ms 0.1m$
200m8-1999ms lms
_ 2,00mS-19,99m8 0.01mS
TDS 0,00-1¢,00mg. 1"} 0.01mg.1”! & 0.5%
10,00-100.0mg. "] 0.1mg.tt
100-1000mg. 1"} L mg,I"!
1.0-10.00 g.I"! 0.0t gl |
%03 0 - 200% 1% £ 1%
mail 0y 0 - 20.0 mg.!™* 1 0,1 mp "t 4 1%
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Table 3.3  Pollutants monitored in the Jukskel River
Type of Varfable Organic or Variables Analyses
Inorganie measured
Physleal/Physlco- pH Checkmate pi{
chemical sensor (In field),
” Temperature Checkmate
temperature probe
{In field).
Turbldlty CYDNA
5S CYDNA
Conductivity Checkmate
colAuctivity probe
(In fleld).
TDS Checkmate TDS
- _ | probe (In fleld),
Chemical Inorganic Chloride CYDNA
Sulphate ' CYDNA
Alkalinity as CYDNA
CaCO3 . _ :
Iead CYDNA
Iron CYDNA
Organio BOD M&L
COD CYDNA
Nutrients Kjeldah! Nitrogen | CYDNA _
Ammonia CYDNA
Niirite CYDNA
Nitrate CYDNA
Total P CYDNA
__ Ortho - P CYDNA
Dissolved Oxygen | Dissolved Oxygen | Checkmate DO
Probe (In field),
Microbiological Fagcal coliforms | CYDNA
E. coli CYDNA
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period of the Jukskei river, Wimberley (1992) also found the low flow value to

be in the range of 1 m/s.

The fiow went to a high of 1,84 m®.s™" after the rains on the 28th to the 31st of
October, The high flow period was taken as being aftet these dates, Table 3.2
gives the flow measurements recorded both by means of the welr rating curve

equation and those determined using o flow meter,

Tnﬁle 3.2  Flow measurements recorded on monitoring days at the Old
Alexandra Sewage Works welr,

DATE WEIR CALCULATED | FLOW (FLOW METER)
FLOW IN ms.s;‘1 | N m® 571
- 12/07/1994 ' 1,325
(3/08/1994 1,485 | 1,436
10/08/1994 0,931 1121
24/08/1994 1071 1,056
07/09/1994 1,441 1,389
21/07/1994 1.071 | 1.069
28/09/1994 | 1.433 1.244
12/10/1994 1.277 1,398
01/11/1994 1,843 1,802
09/11/1994 1,672 11,52
16/11/1994 1722 1,689
23/11/1994 1.275 1,329
07/12/1994 1.189 1,203
18/01/1995 1.734 1 1,693
01/02/1995 | 1,701 1,789
15/02/1995 1,345 1,279
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3.5.3 Flow Measurements

The flow was measured at two different sites (See 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 hias resulted in the formation of a broad-crested weir, This encased nipe
was used by Wimberlay (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
caleulated from the survey, . cross-section of the welr and the formula for a

broad-crested welr, which is &3 given below:

Q=C*p*y

whete Q = flow rate in m’/s over the weir
C = weir coefficlent which s 1.8 for a broag-crested weir,
B = width of the water over the welr inm
H == depth of flow over the weir in m

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

The monttoring of the Jukskei 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 1,35 m>.s” 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 m%s. This represents the low flow

37



KLIPFONTEI

.7

KLIPFONTEIN [2/IR.

MORDERFONTEIN DAM w
N N*4 pn ; :

(¢ /MODDERFONTHIN DAM

Ned
e R i
P Y MOROERFONTEIN DAM
MODDERFONTEIN 0 i
AGRICULTURAL KW ODDERFENTEIN
o.M » =
HOLDINGS Oo _
A2 000ERFONTELN DAM
N -
'
LOMBARDY E4ST - MODERFONTEIN

Figure 3.3 Monitoring and flow points on the Jukskel River.

{1 in 50 000)
36



Cliemical analyses of the water samples was undertaken by the Johantiesburg
Municipal laboratories (CYDNA) in Oaklands, while the 5-day BOD tests were
carrled out by M & L Laboratories in Doornfontein, Johannesburg. All chemieal
~ tests were carried out according te Standard Methods for the Examination of
Water and Wastewater (APHA, 1987).

Measurements of pH, conductivity, total dissolved solids, temperature and
dissolved oxygen were carrled out on a ‘grab' sample at each monitoring polnt
using the Mettler-Toledo Checkimate field system. It consists of a hand-held
meter madule to which different sensors can be attached. Table 3.4 gives the
technical specifications of the ibstrument.

Table 3,1  Monitoring points on “he Jukskei river

MONITORING FOINT DISTANCE FROM ALEXANDRA SEWAGE
WORKS IN ki

WEIR AT ULD ALEX4NDRA SEWAGE WORKS | 0.0

FRANKENWALD WEIR NEAR MARLBORO 21

DRIVE
(_GIBSON DRIVE BRIDGR 4.2
MODDERFONTEIN CONFLUBNCE - OPPOSITR | 5.8
|LEIVE ACRES PLACE
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Jukskei River, 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
erseted on top of these prid inlets, The shacks bullt on these grid inlets, the
network of tarred roads in Alexandra and the inadequate services all contribute
to high volumes of poliuted urban runoff discharging directly into the J ulcskei
River (Winberley, 1992},

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

The Jukskel River was chosen for this study as most of ths pollution comes in
straight from Alexandra Township and for 6 km after this there are no major
.discharges into the river. The natural assimilation ability of the river for each
pollutant fype and the factows affecting each of them were then determined.

- 3.5, DATA COLLECTION AND MONITORING POSITIONS
3.5.1 Maonitoring point positions

A reach of the Jukskel River, 6 km downstream of Alexandra townsitlp, (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, Frouw
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 rlver can be seen in Table. 3.3,

Autoclaved plass bottles were used to colleqt 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 wi.. left between the water and the cap,
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hazard was highiighted in March 1995 when soft soaking rains of 78mm washed
away shacks and left about 600 people homless.

A 90 ha area on the Bast Bank has been developed to cater for the middle o
high income earners. A 300 ha portion of land that extends up to the N3
highway, was allocated for formal housing but during 1995 squatters began an
informal sett'sment on this land, Aitempts to remove them have proved
unsuccessful,

The 1991 population estimate was 125 000 (235 peopie/ha)(Palmer

- Developnent Group, 1992), and in 1994 this has risen to over 320 000 people
over an ared of 4,9 km? which i3 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 unofficiaily 16.41 (Palmer Development

Group, 1991).

Five different housing types have been identified in Alexandra: informal
settlements (shacks), old for—al settlements, new formal setttements, hostels and
flats, There are over 50 000 residential units In Alexandra of which 30 000 are
shacks with an additional 9000 hostel beds (Palmer Development Group, 1995).
The services provided (street cleaning, refuse removal) are inadequate. Thres
commmunity based contractors provida a service combining kerbside and
commupal 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 inadequaie 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 or use stand
pipes for water and buckes latrines, These bucket latrines should be collected
everyday but due to political unrest, laok of funds, lack of maintenance and lack
of management, these bucket iatrines overflow straight into the Jukskei River or
are emptied into the river by residents, The south-western catchment has &
plped storm water reticulatlon system that discharges fo a sub-surface culvert,
which follows the flow of the natural valley and discharges directly into the -
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to coarse textured grey to pink granite rock occurs in the river bed and on
decomposing it forms a residual soir 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 4 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 the 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 fo the Depa tment 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 mainly 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 poltutants 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 AND HOUSING

The Jukskei River divides Alexandra Township into two sub-catchments: the
East and the West Bank, The total sub-catchnient 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 informa'
housing consists of mainly shacks and “make-shift" houses (Wimberley, - +12),
These informal settloments have developed on previously vacant land and in
areas demarcated as flood zores, More than 6000 people living in the
Genisville and the oid part of Alexandra are below the 50 year flood level and
hundreds are living on Jand that forms part of the river channel itself. This
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However, due to the high demand and low availabilicy of affordable housing in
the PWV area, people continued e 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 (Sithole, 1991} which are serviced on a dally
basis but many people living in areas like the Genisville squatter area (situated
right on the banks of the Jukskei river), discard their sewage and liter directly
into the river. Urban runoff from overflowing portable toilets, backyard
businesses, washing of clothas and daily chores is & major source of pollution.

3.3 LOCAL AND REGYONAX CONDITIONS

The upper Jukskel River is about 23km long, The river reach flowing through
Alexandra is 2300m, with the highest point at 1 535 nt above mean sea level
(mamsl) and the lowest point at 1 515 mamsl. This gives an average slope of
7.4m/km, The slopes between the monltoring points on the 6km reach of the
Jukskel River from Alexandra to its confiuence with the Modderfontein Spruit
used in this study were determined. It was calculated that the slo~e changed
froma 0,71% (4 in 140) slope near Alexandra, to 2 0.60% (1 in 165) slope
between Frankenwald and Buceleuch and eventually to a slope of 0.51% (1 in
197) slope from Burcleuch to the Modderfontein Spruit.

* The river has a typical dry weather and storm flow tegime, Tha river is a

typical perennial river in that it flows continuously during the dry winter months
a8 well as between storm events, In the summer months, & high volume of
runoff flows into the river Increasing the flow in the river, A difference in the
flow of the Jukskei River between the summer of 1994 and the swinmer of 1995
was observed due to there being more rain in 1995, The flow in 1994 was on
average around 2 m®.s" and in 1995 the flow ranged from 5 to 7 m’.s! asa
consequence of the greater rainfall that fell on the catchment during the 1995
suminer period.

The sub-surface soll conditions In the Alexandra atea were Investigated in 1980

"y Partridge, De Villlers and associates (1980). Their report shows that the

ares is underlaln by highly weathered and decomposed rocks of the Archaen

granite type which forms the Johannest - /Pretoria dome. Outcrops of medium
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All parameters except for the reaeration rate constant were known so the
equation was solved for r usin~ the Solve For function on Quattro Pro, Typical
reacration constants for stream. vary from 0,02 to 4 day™ . Values of 0.1 to 1
day® are common in rivers and steeams (Metealf & Eddy, 1979).

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

rr = rzox]-oz4a“zwa|nlﬁl'¢u-l 4-3

'_I'abie 4,5 The detem'l_ination of the reseration rate constants

Date Reach 1 Reach 2 ~ { Reach 3

_ r r r
03/08/94 {113 0,297 0.157
10/08/94 {1402 0,404 0.210
24/08/94 11,14 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 0,242
w1omd {1,193 0,353 0.192
01/11/94 1,72 __|L0.507 0.273
16/11/94 [ 1.334 0,414 [ 0.200

From the Table 4.5 it can be sesn that the reacration constant between the
Alexandra weir (JUK1) and Frankenwald (JUK2) is greater than in the other
reaches. The gradient of the river bed is greater in this portion of the river,
Several rapids in th.. reach cause an increase in turbulence, which leads to
greater cntrainment of oxygen. This results in an increase in the dissolved
oxygen concentration, The viver meanders and gradients are small In the reach
between the Gibson Drive buldge QUK3) and the Moddetrfonw.in confluence
(JUK4), This 15 refiected in the reaeration rate determined for reach 3 which is
around 0.2 day”,
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The reaeration rate constants for each reach were determined using the Streater-
Phelps cquation (Marjanovio, B, pers. commj, The Strester-Phelps equation
takes into account the decrease in the dissolved oxygen concentration due to
BOD as well as the increase in the dissolved OXygen concentration due to
reaeration, '

D.“%%fexp‘*‘ = OXP)HDOOXP 1 eaaviaiey 42

where: Dy = Dissolved oxygen deficit at time ¢t

Lo = BOD at time zero

Do = Dissolved oxygen deflcit at time zeto
k = BOD reaction rate constant

r = regeration constant

t = time
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Each of these parameters are unique to a specific water body althongh they may
fall within a certain range, The chiorophyll concentrations in the water were
determined at each of the monitoring positions (See Table 4.4),

Table 4.4  Chlorophyll concentrations in the Jukskei River,

Mnnltoriug Point B Chlorophyll Concentration (ﬁ gfl)
JUKL 32 | |

JUK?2 41

JUK3 _ |28

Chlorophyll concentrations are good indicators of algae concentrations in the
waters and thus an indirect indleator of resipration 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 Jukskei River,

The mean concensration of dissolved oxygen at the Alexandra weir site (JUK1)
~ is around 3.1 mg/l, On the 7th of September however, a very low DO of 1.5
g/l was recorded. 'This corresponds to an increase in BOD and putrients
which would cause a decrease in DO to aeour, For both the low flow and the
high flow petiod a recovery In the dissolved oxygen Is seen,

Apart from the oxidation of carboiaceous and nitrogenous organic matter,
reaeration is the most important process affecting the dissoived oxygen
concentratlon in 4 river, The Jukskei river has a rocky bottom which aliows for
reaeration by means of turbulence,
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the drop is most likely due to dilution of the lons as they flow towards JUK2,
During the low flow period, the concentration of CaCOy i3 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 & plateau and remained constant up to
JUK4,

The sulphate and chloride concentrations also showéd a drop between JUK1 and
JUK2Z, The concentrations of ions like sulphate and chloride and the metals lead
and iron did not change much between sampling days with the iron
concenteation always being around 0,4mg.1"! and lead around 0.01mg.l",

4.3.2 Dissolved Oxygen (DO)

While coliform bacteria is the surrogate variable for communicable discases,
DO is the surcogate variable for the general heaith of the aquatic ecosystem.

In a water body, the sources of DO are:
» Reacration from the atmosphere,

¢ Photosynthetic oxygen production,
» DO in Incoming tributaries,

The internal sinks of DO are:

» Qgidation «f carbonaceous waste material,
Oxidation of nitrogenous waste materials,
Oxygen demand of the sediments,

Use of oxygen for resplration by aquatic plants,

- & »

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

V%‘% = reagration - (photosynihiesis - respiration) - oxidation of CBOD , NBOD «~

SOD'i-Oxygen Inpul.i‘i‘.o.t"ygen Transpﬂnuvouolnn.ununuuunuu
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copper originate from anti-freeze and brake-luings in vehicles and zinc from oll
spills (Wimberley, 1992),

Many of the ions found in water can algo originate from the atmospheric
emissions from Industrial pleats and vehicles. 1t has been found that winds
blowing off the mine-dumps on the Witwatersrand can contain high
concentrations of suiphur and chioride (Coleman, 1991).
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of the clinnge of of the change of
alkalinlty with alkolinity with
distance during distance during

low flow {winter), high flow (summer),

The highest concentration of fons found were the bicarbonate jons, which were
in the range of 200-250 mg/! for the Alexandra welr siie (JUK1) and around

~ 150mg/! at the Modderfontein confluence sampling point (JUK2), At the pH
levals measured In the Juksiei river, the majority of the ions can be expented to
be in the blearbonate fon (M(20,) form with a maximum concentration of
bicarbonnte fong being found at a pH of 8.3,

A drop {n 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 lons routinely monitored for In the Jukskei river wera fluoride,
chloride, sulphate, bicarbonats lons In the form of CaCOs, and the metals lead
and iron. The Jukskel river is typical of a highveld river In that the most
cormmon ions #re bicarbonate, magnesium and calelum fons a3 were observed by
Dallas and Day (1993),

Sulphate found in the Jukskel river probably orlginates from the burning of litter
it the catchment and chloride concentrations may originate from the washing of

~ vehicles and clothes In Alexandra area (Wimberley, 1992), Most of the

carbonate lons found 1n the river have their source in the weatherlng of rocks
and the dissoiution of carbon dioxide from the atmosphere (Dailas & Day,
1993), Heavy metals like lend and cadmium are washed off the street surfaces
after deposition from vehicles' tyre wear (Wimberley, 1992). Other ions like
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Tabled4.3  Satucation indices for importaut solids

Sites Fluorapatite | Caleite | Hydvoxylapatite | Ca,(PO,).(betn)
UKL 0,224 02925 {7620 = |0.9648
JUK2 8.953 0,205 17.347 | 0.7821
JUK3 8,800 00891 {7.391 0.6752
JUR4 19311 1-0,0020 |8.002 1.0230

As you can see, if anything, supersaturation increases as you go from JUKI 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
oceurring between the two monitoring stations. There are a number of
agricultural smaliholdings on the east bank of the Jukskel River near JUK1
which would contribute to dilution of the river water. At Linbro there is also a
solid waste disposal site which has a small stream that flows into the Jukskei

~ river just before JUK2, There are alzo a number of running taps and
overflowing drains in Alexandra Townshlp which éventually run into the river,

All possible dilution points were Iooked at along the River banks and it was
concluded that the runoff from Linbro Landfill site would te the greatest source
of dilutinn 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 paraneters used in the GES computer model

Date Sampling | Flow in | pH Temp. in | Conductivity | TDS
Point | m'/s _ °C inmS/m

03/08/1994 | JUK1 | 149 1.6 14.2 75.3 EZ
JUK2 1,49 7.6 13.3 65.1 39
JUK3 1.49 7.8 14.3 60.8 o8
JUK4 149 179 13.6 60.4 310

Table 42  Anions and cations used in the GES computer model

Sampling | Chioride | Sulphate | Fluoride Alkhlinity Calcelum | Sodium

Point asClin | 0sSO in |as Fin ) as CaCO, |inmg/ll | inmg/l
mg/l mg/l mg/l inmg/l |

JUK1 61 |9 10 225 48 43

JUK2 |53 77 0 180 |47 36

JUK3 50 69 0  |160 46 30

IUK4 50 68 |0 160 TR
Potassiom Mg in Lead in | Iron in
inmg/l | mafl mg/} mg/l

JUK1 9,8 17 0,01 0.4

JUK2 8.2 17 0.01 0.4

JUK3 . |5.8 J1r ool 0.4

JUK4 6.2 16 0,01 0.5

48




aof 50
a0} t;] gof
70 ! 70}

S gof = - é gaﬂ )
sob- sat B é *
,4a: a0t IT' @ ? J
80 fromeeirpeoes s 20 Ersomsaspemsesnapimnsgomceer]

JUK JURE JUKS JUK4 JUKA JUKR JUKS UK
statlien

~ Figure 4,7 Box and whisker plot

statlon

Figure 4.8 Box and whisker plot

of the change of of the change of
conductivity with conductivity with
distance duving distance during

low flow (winter),

high flow (suxtimer),

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 significant, while the TDS difference during the dry season
was statistically significant, but at a low confidence leval. The results in this
study were compared to those measured by Wimberley (1992) and It was found
that very similar medians for JUKI for the dry and wet seasons wers obtained
(Wimberley got 402mg.I” compared to 420 mg.|” during the dry season and
279mg.I" compared to 289mg.I"! during the wet seagon),

Rough equilibrium caleulations were carried out on the data and at the measured
pH, couductivity and alkalinity concentrations it is very unfikely that
precipitation or any other chemical process would be occurring in the reach
between JUK1 and JUK2, To make certain, the results obtained on the 3td of
August 1994 were put through an exiensive chemical equilibrium model (GES).
See 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 sedimentauon to take place,
Both the high and low flow TSS dropped to around 10 mg.l at JUK4, the last
monitoring potnt,

4,2,3 Conductivity and Total Dissolved Solids (TDS).

Conductivity and TDS are conservative pollutants in that no change in their
concentration with time and distance is expected e, dC/dt = 0. Alarge
decrease in conductivity and TDS values, downstream of the first monitoring
site (JUK1) was observed however. See Figures 4.7 to 4,10, A plateau then
seemed to be reached after the second monitoring point at * ‘rankenwald (YUK2),
2%km downstream from the Alexandra weir (JUK1). As the conductivity
decreases a corresponding decrease in chioride, sulphate and atkalinity in the
form of CaCO; is seen, with each ion concentration reaching 2 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, 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 duz to the
process of sedimentation (Figure 4.5), Just below the Alexandra weir there is a
streteh of deep, meandering water which {s {deal for sedimeniation. 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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Water is not a good conductor of heat s¢. tha t~- perature remains relatively
constant duting winter and during the summer raonthis. 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 Jow 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:'40

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 tha 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 Jukskei River at the JUK1 site, ammonia made up 65% 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 ot
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 Ig lost to the atmosphere and sedimentation where nitrates adsorbed onto 88
sediment out, due to the fow flow of the river,
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of the nitrate of the mtrate
concentration with concentratlon with
distance during distance during

low flow (wintex), bigh flow (sunmer).

During the high flow period the total inorganic nitrogen decreased by 64 %.
Duririg high flow there is more turbulence so not as much sedimentation 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 sesms to reach a plateau before it decreases slightly at JUK4,
At high concentrations of ammonia, the nitrification reaction is taking place at
the highest rate. An increase In nitrates is thus observed, Once the
concentration of ammonia starts to decline however, as it does at JUK2, the
uptake of uitrates by plants is greater than the production of nitrates by the
nitrification pracess and & decrease in nitrates is observed,
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Figure 4.22 Box and whisker plot Figure 4,23 Box and whisker plot

of the nitvite of the nitiite
concenirasion with concentration with
distance during distance during

law flow (winter). high flow (summer).

The percentages that each inorganie nitrogen species makes up of the total
inorganic nitrogen at JUK1 and JUK2 were calculated, At JUK the mean total
Kjeldahi nitrogen was found to make up 92% of total inorganic nitrogen;
ammonia making up 65%; nitite 3% and nitrate 10%. The percentage nitrogen
for TKN then dropped to 62% at the JUK2 site, ammonia to 33 %, while alt ‘tes
remained at 3% and nitrates incrensed to 30%. See Figur. 4.26, Inun«
impacted waters which are well oxygenated, > 80% of the inorganic nitrogen
will be in 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 lorger reaction times betwesn stations which allows for greater
conversion of TKN and ammonia and the flow is [ess so more sedimentation of
particulate nitrogen and adsorbed nitrogen tukes place. The longer flow time
between stations also allows for the formation of a large colony of nitrifying
bacterig,
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of the Ammonin of the Ammonia
concentration with concentration with
distanee during distance during

low flow (winter). high flow (summer),

The concentration of n.irites In natural waters is never very high as the
conversion of nitrites to nitrates is very fast and not much fa accumulated. An
Increase in nitrite concentration is an Indication that nitrification and/or
denitrification 15 taking place. From the results an increase in nitrite
concentration {s observed. As the dissolved oxygen is always above the 1.0
mg.I"* timit for denitrification, the maln 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 equillbrium concentration, From
Figuras 4,19 and 4.20, the median for both the high flow and low flow perlods
are at their highest at TUK1, and drops to a constant value
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Nitrogen compounds ate related by means of 4 series of reactions known as the

nitrogen cycle, which regulates the flow of nitrogen from inorganic forms in

solt, air and water into living organisms and then back into Inorganic forms,

The six most Importans processes taking place are:

1, Nitrogen agsimilation (nitrates and ammonia) by plants;

2. Heterowophic conversion of organic nitrogen from one organism to the
next;

3. Ammonification, the breakdown of organic nitrogen into armmonia;

4, Nitrification, the aerobic oxidarion 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 fungiy

6, Nitrogen fixation, the biological fixatlon of molecular nitrogen to
produce ammonia, which is then converted to nitrogen compounds in
organisms,

Another reaction is the volatilisation of ammonla which ls then lost to the
atmosphere, This process occurs 4t high temperature and pH values. During this
process, the ammoniunt jotis are converted to the toxic un-fonised ammonia
form (NHs* -> NHMy) 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 and the
volatilisation of ammonia. The two most Important reactions under aerobie and
anaetobic conditions howaver, are the biological conversion between the
‘norganic forms of ammonia, nitrites and nitrates. During the high flow period,
the drop in TKN and ammonia followed exponential curves with a 0.98 and a4
0.99 correlation respectively. This corresponds to bacterlal conversion of TKN
and ammonia to nitrltes and nitrates, During the high flow perlod there 1s a lot
of entrainment of oxygen into the water due to turbulence, The dissolved
oxyget is thus always kept above the limiting DO value of 1 to 1.5mg.I"
erisuring that the main reaction taking place is nitrification by the Nitrobacter
and Nitrosomonas bacteris,

TKN = AMM - N ~>» NITRITE-N -» NITRATE-N

During the colder winter motths n greater decrease in T .N and ammonia is
seen between JUK] 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 geeat
enough for a significant change in the BOD values to be seen,

4.3.4 Nutrlents : Nitrogen and Phosphoiug

From Wimberley's (1992) report, it was found that the major source of high
nutrient ioads reachisng the Jukskei river, was human and animal faeces.
Sewage from blocked drains is flowing into the Jukskel river, or is washed off

the catchment during rainfall events, The majority of the organic pollutants are
thug In the form of proteins, carbohydrates and fats, or In the form of excretary
products such as ammonia, urea and uric acld. The organic products are broken
down by bacteria in the water Into nitrates and r ltrites, making them available to
the various plants in an inorganic forma  The abus reactions only occur under
aerobic conditions. If the dissolved oxygen concentration drops to below 1
mg/l, then dhe anactoble dentirifying bacteria take over and nitrites, nitrates and
ammonia are converted (o nitrogen gas (Ns) which is then lost to the

- atmosphiere, Changes In the ammonia or TKN concentration with Jistance

B

downstr:eam can be a useful indicator of the rate of conversion to nitrate-N,
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Figure 4.18 Box and whisker plot

| Figure 4.19 Box and whisker plot

of the TEN of the TKN
concentration with concentration with
distance during distance during

low flow (winter},
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28001994 |34 30 0.88

0l/11/1994 |55 130 | 0.55

16/11/1994 | 40 20 0.50

| 18/01/199%4 {51 20 0,39
Average 0.55

BOD:COD

JUK3 03/08/1994 {41 20 0.49
24081994 |65 60 0.92
07/09/19%4 |45 20 0,44

21/09/1994 | 120 130 0.25

28/09/199% |54 30 0,56

01/11/1994 1 40 30 o5

16/11/1994 | 30 110 0.33

i _l1soy1994 |36 20 0.56
Average 0.54
BOD:COD | |
JUK4 103081994 |71 10 10,14
24/08/1994 | 63 50  lom

07/09/1994 |50 R 0,60

21/09/1954 |70 50 0,71

1 28/09/1994 | 54 0 los6_

01/11/1994 |45 130 0.67

16/11/1094 |30 10 0,33

18/01/1994 |25 10 0.4

Averapge 048

BOD:COD

From the table it can be seen *hat the BOD:COD ratic decresses with distance
from Alexandra Township, The BOD;COD ratio 13 0.53 at the Alexandra
monitoring point which Is indicative of recent sewage pollution, At the first
monitoring point . 1 Alexandra the BOD concentration is much higher than at the
other monitoring points which indicares that sedimentation of some of the BOD
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dilution takes place and the concentrations are fess, 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 50 more of the oxidation reaction can take place and this is reflected in
the graphs above, A iwge decrease in the COD concentration is seen between
JUK 1 and JUK2 during the low flow period, The corresponding decrease in the
COD concentration during the high flow peried is much less noticeable as the
water is flowing so fast that only & small concentration of the material has been
oxidised by the time It passes JUK2,

For polluted watets contaminated with raw sewage a direct relationship between
COD and BOD can be eswablished (Hoffmann, 1995). Most domestic waste
waters have a BOD:COD ratio of 0.5:1, The ratios at each monitoting point

were determined. See Table 4.9,

‘Table 4.9  Ratios of BOD to COD for each monitoring point
Monitorlng | Date COD inmgN |BOD lamg/l | BOD:COD
' Point _ : ' _
JUKY 03/08/1994 | 100 50 108
24/08/1994 | 140 60 0,43
07/09/1994 | 225 | 100 044
| 21/09/1994 | 150 | 60 040
28/00/1994 | 88 60 0,68
12/10/1994 |60 10 0.50
011171994 | 60 60 1L00
16/11/1994 | 55 30. 0.55
18/01/1994 | 66 20 0.30
| Average | “ 10.53
BOD:COD
JUK2 03/08/1994 146 20 0,43
24/08/1994 160 40 10.67
07/09/1994 |45 30 0.67
20971994 |70 20 0.29
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Figure 4,15  Rate of change of BOD with time

COD 15 a measure of all the materfal {n 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
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Figure 4,16 Box and whisker plot Figure 4,17 Box and whisker plot

of the COD of the COD
concentration with concenteation with
distance during distance during

low flow (winter), high flow (stmuer).

The COD can be seen to be higher during the low flow period where preater
concentration of the materlal takes place, During the high flow periods mors
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repotted in literature. It has been reported that more than 60% of organic
matter can settle out. In our plots of BOD an exponentidl type curve is obtained
with a very steep decline in BOD between the first and the second monitoting
points. This and the high values of k obtained is indlcative 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
(Metoalf & Eddy,1979). k values have been found to range from 0.05 to
greater than 0.3,

Table4.8  Typical values of the carbonaceous rate constant, k.

Reference k (/day) Comments
Brown and Barnwell 0.02-~3.4
(1987) (QUAL2E) '
Thomann and Mueller 0304 Untreated municipal
(1987) _ _ wastewater _
Thomann and Mueller 0.1-03 Secondary effluent
(1987) _ _ e
Thomann and Mueller | 0.3 (HA2.44)°* for | H is water depth in m
(1987) 0<H<2,.44m

0.3 for H>»2.44m

Althongh the k values determined are high they can be used to prediet 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 the coticentration of
carbonaceous BOD which has to oxidised, BODs of 60 to 100 mg/l were
recorded during these periods with the BOD dropping to 10 to 3¢ mg/l during
the high flow perlod,
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L;%.exp‘”.......... 4.7
From the above equation after taking Logs we get

log(L) = log() - & logle) vevvvveses 48
which Is the equation of a straight line with y intercept == Log (L) and the
slope= -k Log(e}. Regression analysls was used to give us the equation

describing the straight ling. See Table 4.7 below for results.

Table 4.7 The determination of the carbonaceous rato constants for the

Jukskei river,
Date k - the carbonaceous v squared
oxidation rate constant,
day'l 3
03/08/1.994 B 1167 [ 0.8828
10/08/1994 11,659 0.8746
07/09/1994 | 6530 0.8296
21/09/1994 1,090 0.8618
28/09/199%4 {11796 0.6391
12/10/1994 10,97 0.6387
01/11/1994 12,282 00,6383
16/11/1994 ]13.696 0,9305
18/01/1995 13203 10.9411

In this study the 5.8 km stretch of river was seen as 4 closed, mixed reactor in
which organic matter measuted 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
settiing of organic matter So the decrease in the BOD that is observed is asa
direct result of oxidation of the organic matter by bacteria, Unfortunately in a
river settling of organic mattr i§ an tmportant process that results In the
‘decrease of organic matter and this can be seen in the values of k (BOD
oxidation constants) determined, Thiese values are much higher than those
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4,3.3 Biological Oxygen Demand (BOD) and Chemical Oxygen Demand
(COB)

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 oxidised to CO; and H,O, Hence it is a direct measurement of
the oxygen requirements and and an indirect measure of biodegradable organic
matter pollution.

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

L{ =L0exp-m ternaenny 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 " ~ence betwesn the ohserved values
and the value of the fitted cuive) must . rimum. Another method which {s
also often used is the Thomas method in whicn % is determined by plotting
(/BOD)' against t in days where k=2,61 slope/intercept (Metoalf & 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 mode! in the absence of other
information is the G Connor and Dabbins model, This uses the molecular
diffusivity, the mean velocity and the mean depth to calculate the reagtation
constant, '

(D u)O..S
K2="“""‘&m_}:‘3‘"“oallootdoa 404

where Dy, = molecuar diffusivity = 1.78 x 10" m*/day
u = Mean velocity, m/s
d = Mean depth, m

This method was compared to the Strester-Phelps method by determining the

reaeration constanfs by both methods, See Table 4.6

Table 4.6  Comparison of Reacration Constants detexmined by
' 0O*Connors and Dobbins’ equation and Streeter-Phelps

equation,
Monitoring Point O’Conuors.and Stréeter;-l'helps
_ _ Dobbis _
Marlboro L2400 2.5
Buccleuch 2,052 1,560

The cesults are similar but the Strester-Phelps equation underestimates the
rezeration values compared to the O' Connot/Debbins equation,

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

467
R = 2].5x~vi—......s.c. 405

HJ.&J

where; V = velocity of stream in ft/seq,
H = stream depth in ft
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organisms, Pathogenic organisms cause diseases like typhold, cholera,
dysentery and infectious hepatitls, All of these are of human otigin and may be
transmitted through water, An infectious disease it ong which can be
transmitted from one persoa to another, During the « wismission process, the
organisms may be exposed to the environment, and their passage to the body of
a new victim is then vuinerable to changes in the environment. By changing the
human environment, teduction or pravention of the transmission of these
diseases is possible.

In townships Hke Alexandra, people ate living at close quarters and the sanitary
conditions are bad, This an ideal environment for the spread of diseages
especially among the younger and the nlder members of the community as they
ate the weakest,

44,5 Faecal coliform die~off rate constants in the Jukskei River.

The die-off rate of faecal ccliforms in the water was calculated. Faecal cotiform
die-off is due to UV light, dilution, a hostile environment (1.e. in water and not
in the human or mammal gut), predation and possibly lack of food. The logs of
the coliform concentratlons were plotted against time and the slope of the

‘repression lines were determined, Using this the rate of bacterlal decay for sach

sampling day was determined, See Table 4,12 below,
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Figure 4,32 Box and whisker plot Figure 4,33 Box and whisker plot
of the logs of faecal of the logs of faccal
coliform coneentration coliform cone, with
with distance during distance during
low flow (winter), high flow (summer).

The faccal cofiforms follow an exponential decay curve with distance
downstream as expecied, The concentration of faceal coliforms decreases with
UV light and the foreign water environment.

The E, coll concentration is atways slightly lower than that of the faecal
eoliforms but follows the same pattern as they flow downstream.

The Faecal coliform congentrations at three monitoring positions were plotted
and a trend can be seen, During September just after the first summer rains a
large {ncreass in faccal coliform concentration was observed, which is due to the
“first flush” effect and afterwards a decrease wn the faccal coliform
concentration was observed which is due to ditution,
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By convention the most commonly used indicator organisms are the faecal
coliforms comprised mainly of Escherichia coli, which are 4 sub-group of the
faecal coliform group and occur almost entirely in faeces. Natural water
contains active plant and animal life and will contaln many bacteria (Cairneross
& Feachem, 1993) of which most pose o significant health risk to water users.

4.4.2 Datn collection and methodology

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

The tests were carried out agcording to the Standard Methods foe the
Examination of Water and Wastewater {APHA), (1989),

4.4.3 Results and analysls

Water samples were taken at al! four monitoring sites. A very lazge increase in
the concentratlon of coliforms and E. coll can be sean on the Tth of September,
This corresponds to shinilar Increases In most other water quality pnllutants, It
has been widely reported in the newspapers that the main cause of the rise in
coliforms is the blockage of sewerage drains and this raw sewage is flowlng
straight into the river (Star, Wed, 01/02/1995 (Appendix C)).
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Figure 4,30 Box and whisker plot Figure 4,31 Box and whisker plot

of the phosphiate of the phosphiate
concentration with concentration with
distanee during distance during

low flow (winter), high flow (summer),

44  MICROBIOLOGICAL ASPECTS

4.4,1 Introduction

The microbliological quality of water is typically expressed in terms of the
concentration of occurrence of particular spesies of bagteria., Poliuted water
“may contain pathogenic (disease-causing) bacteria, viruses or protozoa, The
detection of all of these compounds is impossible, so it is normal practice to
detect ‘indicator’ organisms, Thess are bacterla that are always excreted in
large numbers by warm-bioodad animals, irrespective of whether they are
healthy or slek, The presence of these Indicator otganisms In water is sherefore
Indicative of faecal contamination, If the water is facealty contaminated then

there may be a chance that it Wy contain a pathogen and this may be & health
hazard.
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1P

phosphates and are from the body wastes, bodies of dead aquatic animals and
food residues. 'The other category, has a considerably higher conicentration of
ortho-phosphatees and represents runoff comprised mostly of domestic and
industrial waste water discharges into the river and is an example of a polfuted
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 ortho-phosphates. Most of the
phosphorus was found to be In the orthe-phosphate form,

There is never a very high concentration of dissolved phosphates in water as
most are pacticulate In nature and are adsorbed onto suspended solids and
sediment out and due to P being the limiting nuttient, uptake by
algae/microfiora i3 rapid,
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Figure 4,28 Box and whisker plot Figure 428 Box and whisker plot

of the total phosphorus of the total P
concentration with concentration with
distan~e durin ; distance during

low finw fwinter), high fow (summer),

Most of the phosphorus is in the form of phosphates in water. These adsorb onto
suspended solids and precipltate out or are taken up by algas/microtlora.
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Table 4.10  Nitrification rate constants determined for the Jukskei river,

SAMPLING DATE KN determined by KN determined by
observed rate of change | using Warwick & Shetty
of TIKN species between | equation. (Equation 4.7)
monicoring points. (mg | (mg 02. L, day'l)
- 0z 1'%, day'h) .
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 2626
12/10/1994 20,90 14,48
01/11/1994 13.11 9,39
09/11/1994 9,98 71,35
16/11/1994 19,59 13,62
23/11/1994 12.32 8.88
07/12/1994 33,70 22,85
 18/01/1995 16,39 1154
01/02/1995 33.60 22,79

From the results in Table 4.10 it can clearly be seen that the nitrification rate
constants deterrained 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 ln an overestimation of the
rate of nitrification. Unlike direct caloulation of the rate of change of TKN,
Warwick and Shetty's method akes into account that the N species undergo a
number of other transformations, such as plant uptake and ammonlfication, and
not onily nitrification although nitrification is the major process taking place.

Phosphiorus {s usually in shorter supply thar nitrogen in aquatic environments
and it is often the limiting growth factors for plants, The most biologically
available forms of phosphorus are: orthophosphate (PO.*), hydrogen phosphate
(HPO4) and dihydrogen phosphate (H,PQ4). The relationship between ortho-
phosphate and total phosphate can be grouped into two categories (Hoffmann,
1995). Tiwe one category has a small concentration of ortho-phosphates which
represents flow from a natural catchment, Most of the phosphates are complex
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where Ky = actual, zero-order, nitrification rate,units of mg O, I day™;
ATKN = gbserved change in total Kjedahi nitrogen concentration
between monitoring points (mgN.1™) and
te == flow time between stations in days.

* Equation 4,9 was useqd to predict nitrification rate coefficients in streams having
average depth of flows of 0.66m. 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 ¢ross-sectional
areal units:

KN ::10'761‘7 (QTKN*E-;&?-) "'D-O.IﬁgOz.r?fz.ddy"luu.u 4:10
r .

whete Kn = Actual, zero-order, nitrification rate in mg Oy m2.day™
ATKN = observed change ih Kjeldahi nitrogen concentration
between monitoring points (mg N.i*) |
te = flow time between stat’ »ns in days and
D = depthinm

Nitrification is the most important process that ocours inder aeroblc conditions
and at a pH range of 7-8 nd is the major source of NBOD, Performing a
complete nitriflcation and oxygen mass balance, requires a larpe amount of data,
some of whinh may not be available, Equations 4.9 and 4,10 are thus of great
uss in the accurate and easy prediction of nitrification coefficients,

The Jukske river is a shallow, rocky stream. This promotes the entrainment of
oxygen in turbulent water flow. Thus sufficlent dissolved oxygen concentration
is available for the nitrification process to take place. The nitrification rate

coefficlents for each sampling day were determined, See Table 4,10 for results.
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the faboratory or in the field, followed zero-order kinetics at ammonia
concentrations greater than 2,5 mg.l™.

_ 3 N _._.._.'!.........y —-—4-—-—»
6 5
5
2
N, ¢——— N0
*"trogen Assimilation; _
. Heterotrophic conversions of oryaule nitrogen from otie organism to next:

3 Ammornification;
4, Nitrlfication {nerobic bacterlal oxidation of aumonls to nitraies);
5. Deuitrification (anseroble conversion of nitrate to ammonia by fungi and bacterin) and
6, Nitrogen fixation (biological fixation of molecutar nitroger to produce amesonla)

Figure 4,27 ‘The in-stream nitrogan cycle showing the various nitrogen
teansformations that take place.

Warwick and McDo el (1985) cotnpared the SNOAP computed coefficients
with the simple estimations based on the changes in varlous nitrogen species
with time and distance, They found that observed changes in TKN
concentrations gave the most aceurate predictlon 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,

Equations useds

Ky =0.69x[A

To estimaste the actual, zero~order, nitrification rate coafficlent;

mxiﬁi] +082mg Oy 17 day™ vvvaerers 49

!

€8




Ultimate NBOD reduction

This technique involves plotting ultimate nitrogenous BOD (NBODy) 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 NBODy,
The 20-day BOD boltle test duration, The 5-day BOD bottle test is of no
use because it takes 3-10 days for nitrifying bacteria to egtablish a colony
for efficient nitrification to take place.

3. The 1°C temperature used in the bottle test is below the optimum range
of 25-28°C for nitrifying bacteria (Warwick and Shetty, 1988),

Nitrogen specles transformations

The change in concentration of individual nitrogen species with time in the
downstream dicecticn can be caloulated. The nitrogen species which are used are
total Kjeldahl-N (organic + ammonia), ammonia-N, nitrate-N and niteite- plus
nitrate-nitrogen (Warwick & Shetty, 1988). 1t is difficult to decide on which
nitrogen species to use as many of the transformation rates for each of these
‘compounds ate not only depetidant on the nitrification process but undergo a
number of other processes in the nitrogen cycle, Examples arg nitrate, ammonia
and nitrite nitrogen speciés that are are also taken up by plants. See Figure 4.27,

The Stream Nitrogen and Dissolved Oxygen Analysis Program (SNOAFP)

This model was developed by Warwick and McDonnel (1985), It predicts in-
stream nitrifieation rates based on the observed changes in congentrations of &l
nitrogen species and in the dissolved oxygen concentration. The nitrogen mass
balance equations include the following transformation pathways:
ammoniflcation, nitrification, bacterial and aquatic plant nitrogen assimilation,
ammnonia exsolution and denitrification, Nitrification s seen as having zero-
~ order kinetics l.e, it I$ not dependent on ¢he concentration of substrate, Wild, et
al.(1971), Huang and Hudson (1974}, Finstein and Matulewich (1974) and
Curtis et al. (1975) all found that the nitrification process, whether studied in
67



The Parcentage of Inorganic nitrogen

farms of total mitretgen,

108 yod |

"™ 90 |

® #
£ . o
8 o o
g Lot 8

L L]
i- ——-
- L
I - -

o] "

. . - o

NOZ [
Blations

[ S0RY [ dxz |

Figure 4.26 Box plot of the percentages that each nitrogen species makes
of the total inorganic nitrogen concentration.

Nitrogenous Oxpgen Demand

The WBOQD value is the oxygen needed by nitrifying bacteria, Nitrosomonas and
Nitrobacter, in the biochemical oxidation of ammonia and nitrltes to the stable
nitrate form. It has lorig been recognised that tite nitrogenous binchemical
oxygen demand (NBOD) is a major sink in the oxygen balance of streams
(O'Connor and DiTorro, 197G}, It is thus important that the degree and rates of
nitrification are accucately assessed in order to determine the effect that NBOD
will have on the oxygen balance,

1t has been found that nitrification growth congtants for both Nitrosomonas and
~ Nitrobacter are around 0.5d" at 20°C (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 McDonnell,
1985) and unlike the above two methods “etormines 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]1 site, ammonia made up 65% of the inorganic
nitrogen with the nitrats concentration only making up 10%. This indlcates
recent pollution of the river,

The total inorganic vitrogen concentration available as amtnonia, 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 S8
sediment out, due to the low flow of the river.
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Figure 4.24 Box and whisker plot Figure 4.25 Box and whisker plot

of the nitrate of the nitrate
concentration with concentration with

- distance during distasice during _
low flow (winter), high flow (summer).

During the high flow period the total inorganic nitrogen decreased by 64%.
During high flow there is moré turbulence so not 43 much sedimentation can
take place.
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Table 5.2 Nitrogen coefficients used in the QUAL2EV modelilig of the
Jukskei River,
Date Org-N Org-N NH3-N [Denthal | NOZ-N
Hydrelysls | Setthing /day | Oxidntion Source Qxldation
/day /day mg/m2/day | /day
247087994 | 0.4 30 5 1 30
07/00/1994 [ 0.4 30 01 i 10
167117199 ) 0.4 30 0.3 1 20
— .
1870171995 | 0.4 5 3 i 10
QUALZE | (0:02:0.4) {0001 0,13 1 (0,1-1,0) Variole | (0.2-2.0)
| Range Varisble with | Varlable with | Variable with | Varigble
reachd temp, | reachid temp. | reach& temp, with reachd
temp,

53 THE PHOSPHORUS CYCLE

Crganic forms of phogphorus are generated by the death of algae, which Is then
convetted to the dissolved Inorganie state which is then available to the algae for

primary production. In QUALZEU the breakdown of organic phogphorus inito |
dissolved phospliates i taken into account, Setiting of organic phosphorus was seen

 to be important but the settling of dlssolved phosphorus adsorbed te suspended solids
i$ not taken into account in the QUALIEU model and the dissolved phosphorus was
not assimilated to the extent that was seen In-field. See Scatter plots 5.9 to 5,10 fot
the results. Figure 5.8 shows the reactlons and mechanisms modelled by
QUAL2EU,
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such reaction is the adsorption of aramonia onto suspended solids which settle out,
A large concentration of §S is s5en 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 calculated
that more than 13mg/l ammonia could be lost tu the atmwsphere by volatilisation, |
The ammonia simulated results only had an * of 0.17.

The organic nitrogen and nitrits followed the predicted values very well, The * for | }
all the nitcogen species can be seen in Table 5.1,

Table 5.1  Regression analyses of simufated and observed resulis

Water Quality Varinble 4
|"'f'f)rg-N 0,68
Ammonia - ' 0.7
[ Nitrite . " 0.86
Nirate " 0.38

Some organic nitrogen underwent hydrolysis with each day wonitored having a
hydrolysis constant of 0.4 per day, QUAL2EU gave a range of 0,001 10 0.1 per
day for orgahlc nirogen settling. In all cases this was found to be too little, and
greater settling values had (o be used in order to show the decrease in organic
nitrogen, See Flgure 5,2 for the coefficients used for the nitrogen modelling,
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Figure 5.7  Scatter plot of observed nnd simulated niteate with the caleulated
regression line,

Die to the high concentration of nutrients in the run-off from Alexandra Township,
the major changes observed were in the biological conversion of organic nitrogen

~ compounds and ammenia to nitrates. The QUAL2E model predicted the decrease in

the concentration of organic nitrogen with the corresponding increase in the
concentration of nitrates further downsteeam togethter with the slow recovery of the
conicenration of dissolved oxygen in the river, QUAL2EU did not model the sharp

- decrense in the concentration of ammonia. The ammouia decreased from a high of

27 rag/l on the 7th of September to & low of 7 mg/l. This trend was observed on all

the days that were monitored, The QUAL2EU predicted that the ammonta would

only decrease to A low of 26.94 with just nitrification and algal uptake being taken

Into aceount, The algal upiake was put to a maximum but this had little effect on the

change of ammonia concentration with distance downstream, Other mechanisms

must be happening which are not taken into account by the QUAL2EU model. One
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Figure 5.3  QUAL2EU modelling of nitropen species

522 Results of QUAL2EU nitrogen modeliing

Seatter plots of QUAL2EU simulated nitrogen species can be seen in i, 2ures 5.4 to
5.7, n
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Figure §u4  Scafter plot of observed and sirauiated organic nitragen with the

calewlated regresslon lne,
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52 THE NITROGEN CYCLE

5.2.1 Introduction

Nifrogen may undergo various transformations in the river enviroument, the most

important of which are: |

o assimiintion of NH;and NG, when utltised by plants and bacteria;

» npitvogen fixation by blue-green algae and bacteria through the use of nitrogen
gas as & nitrogen source in the absence of NHy and NO,,

« adsorption of especially NH, to inotganic and organic particufate and colloidal
matter;

+ ammonification, whicli is the mineralisation of arganic N to NHy;

« nitrification, which is the biochemical oxidation of NH, to NOy;

*  deniérification, the anacroblc conversion of NO; and NO, to nitrogen gas (Ny);

¢ sedimentation of nitrogen compounds adsorbed to inorganic particuiate matter
out of the water column; |

« volatilisation of nitrogen compounds from the water surface, such as NH4 at
high pH and N, formed during denltsification, |

In QUAL2EU, the main reaction for the assimilation of nitrogen is seen to be the
stepwise transformation of organic nitrogen from organic nitrogan to atmonia, to

-~ uitrites and eventally to nitrates witleh are the form in which algae and plants use to
photosynthesise. In QUALR2E, all four compounds and the reactions that they
nndergo ars modelled.

Sedimentation of organi¢ ni - ;gen as well as the assimilation of ammonia and
nitrates by algae are modelled, See Figure 5.3,
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written, In the materials balance, both teansport (Q.C) and dispersiot (A4 % -‘-;—5 )

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
sirtks such as benthic sources and biological transformations. (See Fig 5.2)

-Reach A

Computational
Element |

—

Flgwre 52 Discretised Stream Systemn
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A 6km reach of the Jukskei River was divided into six tkm computational elements.
A siream 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. $equential groups of these reactors which
have the same hydrogeometric properties, are defined as reaches.

The Jukskei River was divided into one reach and 6 computationzl elements, See
Figure 5.1,

L . MODDB‘RFEN'I‘SIN SPRUIT

~ \ _ . _ CONFLUBNCE

KELVIN § ks Hetsh of

1o Jukakei River,

MOCDERFONTEIN

AGRICULTUHAL

MARLBORY HOLBINGS

I *_If—“ji—:—+

P Fallulien
Jourar from Alexandra
Pewanhlp

N  ALEXANDRA WHIR
LOMBARDY BAST

Figure 5.1 Jukskel River Network of computationl 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 (Qx1), and the outflow (Qi) through the downstream face of the
element. Similarly , a materials balance for the pollutant heing modelled can be
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CHAPTER 5 MODELLING OF THE JUKSKEX RIVER 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 the dry and the
wet seasons, QUALZE, a steady-state water quality model was used to mode] the
impact of waste loads on instream water quality. QUALZ2E modelied the change of
dissolved oxygen and associated processes like the bacterjal conversion of ammonia
to nitrates. These results were then compared to the field observed rate of change of
thess poliutants,

51.1 QUAL2E Musdelling

The primary objective of any stream water quality mode! 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,

QUALZE is a versatile and comprehensive atream water quality model, It simulates

" up 1o 15 water quality constituents in any combination and is typlcally used for the
dstermination of the stream assimilative capacity and when used as a steady-state
inodel, QUAL2EU can be used to study the impact of waste Joads on instream water

Quatity,

The hydrogeometric properties taken into account are: stream siops, channel cross
seet'an, roughness, depth, flow and side slopes,



Table 4.12  Coliforta decay constants for the Jukskei river

Date | Kp, the decay rate r squared,
constant in day™, _ _ '
12000 36.0 0.895
03/08 54.5 | 0,974
1008 IR ~ logrs
24/08 32.4 | 10,920
07/09 45.4 0,917
21/09 | | 50,2 | 0.967
28/09 34,1 0.974
12/10 0.5 ~ju.883
1 01711 ] 29.0 10,813
1611 39,6 B 0,964
23111 8.6 | 0.853
072 410 0.902
18001 33.1 0.772
0102 40.1 __ 0.857

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

4.4,6 Conclusions

The conditions in Alexandra and In the Jukskei River are favourable for the
transmission of diseases, Human excreta has been shown to be present in the
discharge from the area (Wimberley,1992} The inadequate or unhygienic
disposal of human excreta as well as insuffioient personal hygiene makes
Alexandra at risk to the transmisslon of diseases, The only solution Is to
introduce sufficient sanitary facilities for the collection and disposal of human
excreta. This will greay decrease the concentration of fagcal coliforms being
discharped into the Jukskel River which also affeots the users further
downstream, Fortunately, the die-off rate of faecal coliforms is quite high so
that the nsers downstream are at less risk from the transmission of diseases.
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¢ leadasPb

s Suspended solids

¢ Dissolved Oxygen
* COD

» TKN

*  Ammonia

» Nitrite

» Nitrate

« Total Phosphorus
» Phosphate

» Faecal coliforms

For eaéh watar quality variable, the results of the storin everds are compared to the
winter and summer averages in Table 6,1,

Table 6.1  Comparison between storm events and the average winter and
| sumimet yater quality values
Somple | Wator | Winter | Summer | Stonn | Bonn | Stonm | Stonm
Point Quality | (uly~ {(Oct« |event event event avent
' Variable | Sept) Feh) @1/04y | (1910) | 20/11) | (29111)

"MarTboro | pHL KA T 76 |~ 7.5 76
Bridge |

o N — 1
Glbson | pH 7.9 8.3 7.9 " 7.8 1.8
Drive

IOi




CHAPTER 6 MODELLING OF STORM EVENTS IN THE JUKSKEL
RIVER

6.1 STORM EVENTS : RESULTS AND ANALYSES

Samples for a number of storm events were collected but most of these were from
thundetstorms in the late afiernoon and the security problem around Alexandra, made it
difficult to colleet & complets hydrograph, The Increase in a number of the pollutants
could be sean, however,

A complete hydrograph was collested on the 29th of November 1995, This storin
started at 940 in the morning and *grab” samples and flow readings were collected
rlyit through until 13:00, “Grob” samples were collected ot the Marlboro Bridge
which is just below. Alexandra Township and samples were also collected further
downstream (3.3 km) & Gibson Bridge in Buccleuch. The pollutographs at both of
these bridges could then be compared and the changes in the concentration of pollutants
and the processes that may be occurring, s they travelled between these two points
could be identified,

Four sepacate storm/raln events wers monitored, Water samples were monitored for
the following water quality variables:

« pH

» Conduetivity

» Alkalinity as CaCO,
¢ Sulphate a3 SO,

v [ronas Fe
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It has also been suggested that a pathway by which ammonia sediments out should
also be added to the mode! in order to model the significant decrease in ammonia
between the first and second monltoring points at Alexandra and Frankenwald,



5.6.4 Conclusions
The Vaal River

¢  Within 500 m of the affluent dischiarge point complete mixing
taken place.

+  Within 500 m maor losses of the PO, had taken place;

» Chemical equilibrium studies showed that adsorption to suspended solids,
followed by sedimentation, was likely to be the major PO; removal mechanism,
with precipitation/sedimentation mechanism a minor contributor to PO, removal;

o Lower flows are aeccompanied by higher PO, losses, |

o [t was thus sugpested that a pathway by whtich PO, is adsorbed to the bottom
sediments followed by settling out of the suspended solids, should be
incorporated into further models,

The Jukskel River

+  Within 2,1 km beiween the first and the second monitaring point of the Jukskei
Rlvera slgnificant decrease in PO, was seen. After this a steady concentration
of PO, was obsarved. This same pattern was seen In the Vaal River study,
e During the winter season when low flows were recorded a greater decrease in
PO, was seent, This correlated to & similar decrense in suspended solids.

It can be concluded that the phosphorus processes in the Jukskel River are similar to
ths Vaal River and that In order to calibeats the QUAL2E model, & pathway by
whicli PO, Is adsorbed onto suspended sediment and then sediments out, should be
Incorporated into the model,
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562 Sampling Sites and Data Analysis

The changes in the nutrient concentration below Sasol and Vanderbijipark effluents
were ggeertained by sampling surface, middie and bottom water samples at various
sites from Barrage to Lindequesdrift weir, Sampling was undertaken prior to the
winter effluent releases, one during the 15 m’ /s, two during the 25 m’ /s celoase and
one during the 40 m® /s,

The changes in PO, and ‘Total Phosphorus concentration along the reach were
analysed to detertnine the losses,

5463 Nutrient changes over distance

It was found that complete mixing of the efflucnt occurred approximately 3 km
downstream from the point of discharge. Mosi of the PO, losses seemed to otour
guickly, within 500 m of the polnt of discharge, This was also observed in the
Jukskel River study, it which the greatest loss was seen between the first and second
monttoring points and then lavelling out of the concentration occurred.

Tn order to determine if there was any relatlonship between PO, loss and flow, the
percentage reduction In nuirient concentration over the first 500m wes caleulated at
different flow rates,




parameters had to be calibrated outside of the aceeptable limits to account for these
losses, This is similar to what was observed In the Jukskei River callbration of the
QUALZE model, New coefficients had to be recalibrated for each release, which is
a disadvantage as it defeats the object of model calibration, It wis coneluded that
there was & need to develop an understanding of nutrient loss processes in a river in
- order to represent them accurately in a model, In order to cailbrate the modei,
further mvestigation into these 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 are:

Losses:

v assimilation, which is the uptake of PO, by plants;

¢ adsorption of PO, onto surfaces, such as iron (Fe), Aluminium (Al),
Manganese (Mn), caleium (Ca) and clay followed by sedimentation out of the
water soluman;

s precipitation with e.g. CaCOy,

Galnss

¢ resuspension of bottom sediment;

» reduction of iron (Fe), aluminium (Al), manganese (Mn) and caleium (Ca)
oxides In anasrobie conditions; | |

. desorption of PO, from the surface of sediment particles;

» mineralisation during decomposition of organic matter, involvln'g the
conversion of organic P to PO,

* inflows from tributaries and sutface washoff.

A fleld study that monitored the changes in nutrlent concentration downstream of

point sources at different flow rates was undertaken and the possible chemical and
physlcal processes that could happen were reviewed.
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55 CONCLUSIONS

QUALZE did not view settling as a major sink of a numbet of the pollutants and it
was found in the observed poliutant values that seitling played one of the major
roles, especially with oiganic nitrogen and BOD, as samples of the river bed showed
large concentrations of theae pollutants especially on the river bed at the first two
monitering points whete mwst of the decresse in the concentration of these polutats
was observed . Soutlt Africa has very turbulent rivers with a Jot of suspended solids
to which 4 large concenitration of pollutants like phosphorus ane ammonia can
adhere to and settle out, This was not modelled in QUAL2E and dlssolved
phosphorus and ammonia did not decrease as rapidly as observed in-field.
Volatilisation of ammonia was 150 not taken Into account In the QUALZE model
which ggain slowed down the sitoulated decrease in animonta, BOD and DO were
modelled very well with QUAL2E, with regression analyses giving 1 of (.98 and

. 0,94 bein, “alculated respectively, Most of the DO was taker up by the benthic

oxygen demand whicit supports the conclusion that a numbur of the pollutants sertle
out into the benthie layer whete the oxidation reactions can take place.

The results obtained tor the Jukskei River were compared to those that CSIR,
Watertek, obtained in their modelling of the Vaal River,

56 COMPARISON OF RESULTS WITH QUAL2E STUDY DONE ON
THE VAAL RIVER (WATERTEK, CSIR)

561 Introduction

Significant losses of nutrlents were observed below point sources, For example,
high ortho-phosphate concentrations 1 effluent released trom Sasol and
Vanderbijipark, wers not observed further downsiceam at Lindequesdrift,
Something was happening between thess two polne, Some of the QUALZE model
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Figure 5.14  Scatter plot of observed and simulated DO with the caleulated
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Table 54  BOD and DO coefficients used in the QUAL2E model.

Date BOD BOD SOD Rate | K2 Option | Reaeration
Deoxygenat | Settiing coefticient /
fon coefficient / | day

 coefficient / | day

day
[ 247871954 | 3.4 5 60 3 )
[07/09/1954 | 3.4 40 30 3 4
1671171994 | 2 20 30 3 4
8A1/1065 3.4 5 20 3 )

OUALZE | (0.023.4) | (-0.36~ Varfable (0-100)

Range Variable +0,36) with both Var'able
with reach | Varlable reach & with reach
& temp. with teach | temp. & temp.

' & temp.

Scatter plots for BOD and DO can be seen in figures 5,13 to 5,14,
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Figure 5.11 ~ QUAL2E modelling of BUL in the Jukskei River,

QUAL2E modelled the BOD of the Jukskei River very closely to the observed BOD
values, An 1 of 0,98 was calculated, The BOD coefficients except for BOD settling
were all within the QUAL2E range,

The Disgolved oxygen trends predicted by QUALZE wete also very close to the
obsorved 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 valuies wers much greater than the QUAL2E range given.

The oxygen halance in a stream system depends on the gapacity of the stream to
reaerate- itself, The mgjor sources of oxygen, in addition to atmospheric reaeration,
ate the oxygen produced by phuiosynthesis and the oxygen contalned In ince ming
flow, The sinks of dissolved oxygen include biochemical oxidation of carbonaceous

and nitrogenous organic matter, benthic oxygen demand and the oxygen utlised by

algae respiration, See Figure 5.12 for the sources and sinks of DO vsed in QUALZE
modelling of DO in the Jukskei River,
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Table 5.3  Phosphorus coefficients used in the QUAL2E modeiling of the

Jukskel River,

Date | Org-P Decay / day Oryg -P Seitling / day
24708/1994 0.7 45
07/0571994 ' 07 ' a5

16/1171954 0.7 45

180171995 167 T 15

QUALIEU Range | (0.01-0.7) Varlable with | (0,001-0.1) Variable with

reach & Temp.  reach & Temp,

It was'seen that the settling of organic phosphorus was much grester in-field than
what QUAL2EV predicted, Vaiues of 45 per day were used for thres of the days
monitoted

54  QUAL2E MODELLING OF DO AND BOD IN THE JUKSKE[
RIVER

The QUAL2E mexle] assumnes a first order reaction to describe deoxygenation of
uitimate BOD In the stream, The BOD functlon also takes into account additional
BOD removal due to sedimentation, scour and flocoulation, which do no. exert an
oxygen demand,

aL
-d-}-.“;ﬂKlL"KJLquuolaltlI 5¢1

where L~the concentration of ultimate carbonaceous BOD
K, = deoxygenation rate coefficient, temperature dependent, /day
Ky = the rate of loss of carbonaceous BOD dus to settling, temperature
dependent, day,
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A number of pollutants are associated with 8S and displayed similar trends and pattesng
28 they travelied downstreamt. These pollutants Include lead, iron, Total Kjeldahl
Nitrogen and Total Phosphorus {See Figures 6.3 to 6.6).

From the tesults It can be seen that [er.4 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 S fraction. They are effectively adsorbed onto other particles that form
part of the S8 fraction,

Organic phosphorus is often it particulate form and also forms part of the 85, TKN is
made up of organic nitrogen and ammonia. A large proportion of the TKN is
patticulate in nature and forms part of the 8§, This was also seen {n the steady state
results in which the Jecrease in the TKN concentrations followed the same trend as SS.

The pbllutant loads for the above pollutants were also caleulated and all increased from
Marlboro to Buccleuch, Lead and iron loads inceeased by 31% and 42%, respectively.
The Juksket River flows paralle! to the N3 highway, During the dry season, lead and
iron from the vehicles using the highway are deposited and when It ralns these
polluiants are washed off onto the banks of the river and eventually into the Jukskei
River itself, Some |ead and iton may be associated with the river bottom itself and
during rain events when the turbulence of the water increases, these pollutants could be
ontrained into the water, increasing the loads ini the water,

The greatest increases in the pollutant loads were found with TKN and Total
Phosptiorus, During steady state, a large decrease in TKN and Total Pliosphorus was
obsetved and it was postulated that a large concentration settles out onto the river bed,
During a storm avent this large concentration of deposited nitrogen and phosphotus
would be entrained back into the water,
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of 29/11/1995
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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,

Toble 6.2  Settling Times for different particle sizes in still water

Particle Diameter ((tm) Settling Times
- | 70 seconds
70 4 minutes
7~ clay 7 hours
1 -clay 25 hours
T G.2-cay T 29days

The suspended solid concentration at Martboro 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 the eventual runoff into the river, as well as greater turbulence in the river
cauging entralnment of S8 into the watet column,

The pollutant loads at Marlboro and Buccleuch ware calculated from the concentrations

utder the peaks of the pollutagraphs and the flows, It was found that the SS load at
Buccleuch was 11% ( Fig 6.2 ¢} greater than at Martboro.
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Flowinm3fs

Buccleuch. The lateral inflow off the catchment was calculated as 1,47 m¥/s, Runoff
fromn the roads at Buceleuch was seen flowing into the river (See Appendix B for
photographs), The hydrograph took 37.5 minutes from Mariboro to Buccleuch (See
Figure 6.1 for the plot of the hydrographs).
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Figure 6.1  Hydrogvaphs measured at Marlboro and Bucecleuch during the
storm event of 29/11/1995

6,22 Suspended Solids and associated pollutants during the storm event

The suspended sollds Is a measute of the portion of solids that are retained by a 0.5 m
fitter and is made up of a mixture of a number of pollutants including organie material
a5 well as Inorganic compounds, of which the majority is very fine clays from the
catchment sofls. Particles ke sile will seitle out relatively fast during steady state
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62 POLLUTANT ASSIMILATION DURING THE STORM EVENT OF
29/11/1995

Most studies just concentrate on the peak polfutant concentration found during a storm
event and not the actual changes In pollutants as they move with the hydrograph, [his
was done for the storm event on 29/11/1995,

The assimilation of the various potlutants between the Marlboro Bridge (Just below
Alexandrs) and the Gibson Drive Bridge in Buccleuch during the storm event of
29/11/1995 was ascertained, The Gibson Drive Bridge i3 3.3 km downstream of the
first monitoring point on Marfboro Bridge, Samples and flow readings were taken at
each bridge simultaneously. Samples and flow readings were taken every 15 minutes
durlng the base flow and when the flow was seen to be increasing this was increased to
every 5 minutes, The hydrographs and the pollutagraphs for each bridge were then
plotted and the changes compared. From these the assimilation and the possible
processes taking place could be ascertained,

6.2.1 Hydrographs recorded

The flow peak at the Gibson Drive Road in Buctleuch was slightly higher than the flow
recorded further upsiream at Marlboro, Alexandra, This was atiributed to (ateral inflow
fromn the catchmnent between Marlboro and Buccleueh, The catchment between these
two manitoring polnts 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 pesak
flow at Marfboro was 11,33 mYs and this Increased {0 a peak flow of 12.8 m’/s at
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The difference 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 increass In total phosphorus is seen whick is caused by enitainment
from the bed.

Tha grean.. - differsnce seen is in the concentration of S5, This inereased from a value
of 53.6 mg/l during the winter season to 2400 mg/1 during the storm event of _
29/11/1995. During storm events accumulated pollutants n silt are washed off the
catchment, Turbulent waters also causes entrainment of solids from the river bed. This
results in an increage in SS.

The ratals lead and iron also increase in concentration durlhg storm events, This can
be explained by the runoff from the catchment, Lead and iron are deposited on the
roads and surfaces of the catchment and during a storm event thess 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 coliforms are ex[iosed to very little sunlight during this period, so
less die-off takes place,

Hoffmann (1995}, also found that the concentrations of COD, total phosphatef, fascal
coliforms and suspended sollds for most of the storm events were higher than the winter
and summer values, This irend was also seen in the Jukskei River results but this could
be dus to the fact that the storm events that were monltored were close to the beginning
of the summer rains when a large quantity of these pollutants had collented on the
catchment surface and it would also depend on where in the catchment the storms fall,
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i 50, 77 514 | 120 (32 85 58
2 SO, 59.4 4t4 96 31 46 54
1 a 62.4 38.0 ) i1 16 8
2 Cl 513 [30.0 |49 10 21 2
1 Tron 0.4 0.4 1.6 6.4 4.2 44
2 Tron 0.4 0.4 1.9 85 |31 54
i Lead |0 0 1<0.05 |0.08 0.00 0.6
2 Tead |0 |0 20,05  [0.08 009 |0.82
I Faccal | 31000 | 18000 |- |- |- > 30000
coliforms | (x 1000 | (x 1000 {x 1000
/100 ml) | 7 100 ral) / 100 )
2 T Faccal | 2200 200 - - . 7> 30000
coliforms | (x 1000 | (x 1000 (x 1000
/ 100 mi) | / 100 ml) | / 100 m)

Condvctivity values during storm events decreased by nearly S0% from the wintsr and
sumener values. The most probable cause for this i dilution of the jons by the larger
volume of water that flows during storm events. Higher conductivity values are seen
dueing the winter season when the flow is low. The same trends were observed by
Hoffmann (1995) in their study of the Hennops River,

For the storm event of the 29/11/1995, a large increase in COD is observed, Tae COD
concentration increases by S00 % at the peak of the storm compared to winter COD
values, A large concentration of organic and inorganic compounds settle out and the
bed of the river has a large concentration of oxidisuble compounds, During storm
events, entrainment of these compounds from the river bed ocours.
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Bridge
(2}
1 Conductl | 76.2 57.5 83 - 131 a0
vity
{(mS/m)
2 Conducti | 61.1 47.5 67 - 37 a4
| vity
(mnS/m)
1 coD | 1327 | 47.0 100 |60 100 680
7 cob | 59.1 25 160 40 180 %00
1 TRN | 28.8 53 - 2.8 8.4 i
7 TRN |53 X - i4 78 G5
1 NH, 1.9 10.3 21 <05 (07 5.5
3 NH, 31 2.8 4.5 <05 | 1.7 7.3
T Nitrite | 0.86  |0.39 |6 (018 {07 01
2 Nittie | 0.34 0.34 0.3 0.18 0.6 2.8
T Nicaw 06 30 158 03 34 77
2 Nitrate | 2.34 2.52 69 | 1.8 44 6.6
1 TP 73 | 1.9 2.6 0.64 2.2 11
3 T 10.66 0,83 1.2 0.62 1.8 10
T Ortho-P | 2.73 {098 | LI 0.2 0.7 |2
12 OrilioP | 0.84 0.45 0.4 0.18 0.7 2.3
1 Allka- | 227.1 | 1467 |205 |35 68 110
linity
2 Alka- | 1514|1142  |185 |55 77 140
linity
1 S§ 33.6 1.2 &0 180 230 2400
2 SS 20,4 15.6 k7 180 280 2200
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pollutants ars 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 aitrites fo nitrates is
very fast, so that the majority of the sinall concentration of nitrites that is in the SOD Is
oxidised 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 downsiream
more and more nitrogen oxidation products are available for entrainment, During the
actuad storm event there is [iktds time for nitvification to take place as most of the
nitrogen compounds are swept downstream before any significant oxidation can take
place.

Qrganic nitrogen and ammonia are also released from the river bed but large

concentrations are washed off the catchment and so a greater incroase is scen between
_monitoring points,
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624 Nitrogen Pollutants

For both nitrates and nitrites it seems that the dilution is taking place, The
concentration versus time graphs show the same trends, With the increase in the flow a
deerease in nitrites and nitrates Jg seen and as the flow diminishes the nitrite ind nitrate
goncentration starts to increase (Flgures 6.11 and 6.12), This trend is seen at both the
Marlboro and the Buecleuch monitoring points, Before the hydroyraph has reached the
two monitoring points, the original steady state concentrations at Fucgleuch: are higher
than at Marlboro, From the graphs the steady stats concentration at Bugcleuch before
the hydrograph came through is greater than at MarTboro. This Is expected as during
steady state conditions, the nitrification process is taking piice between these two points
with nitrltes and nitrates belng the oxidation produets, Furher downstream greater
quantities of organie nirogen and ammonia have liesn converted to nitrites and nitrates.
From the stendy state studies it lins been shown that the nitrites remained constant while
the nlteates increased by 33% batwesn these two points, An inerease in nitrates at
Buceleuch is thug expected under normal conditions but the larger Increase seen is due
to the Increase in flow and turbulence which cuuses some niteates and nitrites to be
entrained from the river bed,

TKN incrensed by 69% (Flgure 6.5), compared to load Increases of 79%, 141% and
116% for mmnonia, nitites and nitrates respectively, This indicates greater o-ginie
nitrogen pollution coming off the catchment at Alexandra, This also confirms what was
seen in the poliutagraphs, that there was a greater inltinl concentration of nitr™ s and
nitrates further downstream due to the niteification of aminonia and organic nitrogen,

In the storm results no peak for nitrites was observed at Alexandra, with anly a peak

oceurring after 50 minutes. This indicates that there were no nitrites in the top sediment
sample that wag washed downstream with the hydrograph, Must of the deposited
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strongly to the particles in the soil. Sulphate is bound to & lesser extent and so is
released after only 60 minutes compared to 75 minutes and more for the other jons.

From Table 6,3, CaC0, forms the greatest concentration of pollutants on the river
bottom, With the increase in flow and thus turbulerice a large concentration of CaCQ,
is entrained into the water column, An increase of 52% was caleulated between
Marlboro and Buecleuch {Figure 6,9).
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little chang’ i he concentration of chiloride. 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 ydrograph went through, The
sulphate concentration seemed to stay constant at Buccleuch with variations only
oceurring between 48mg/! and 53mg/l, Between Marlboro and Buecleuch sulphate is
entrained from the river bed, as there is a large concentration of sulphate ont the river
bed (Table 6,3). The sulphate load 1s also increased by washoff from the catchment and
from dissolved sulphate in the rain,

The loads of sulphate and chioride increased by 15% and 10% respectively (Figures 6.7
and 6,9). These increases are not that large, This is expected as thers s {ittle industry
on the catchment which is the preatest producer of sulphate pollution, with most of the
sulphate originating from detergents used in the washing of cars and clothes in the
township,

Similér loadagraphs were seen for lead, iron, chloride and sulphate. In all the
loadagraphs, there was a fitst peak as the hydrograph passed and then after 60 to 75
minutes the concentrations began to increase again. Tho sulphate loadagraph had a
second peak after 60 minutes. The first peak was aitrlbuted 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 fact that after the initial hydrograph hag passed, the
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 the river bed
accurs and the indlvidual fons are released into the water, so a second peak is seen, The
mobilisatlon of the lons takes place at different rates as some lons are bound more

116



Table 6.3

Comparison of Pollutant Concentrations found on the river bed and

monitoring point which indicates that some diiutic

115

_ in the water of the Jukskei River
[ Water Quality Marlhoro Buccleuch
Variable (meg/ (mg/l)
Water River Bed Water River Bed
{ Chioride 61 280 [0 04
CaCo, 275 6144 160 13952
TKN T 768 3 2560
[ Nitrats 70.6 117.8 35 12.8
Ortho- 128 512 T a0
phosphate
Total 31 51.2 1.6 115
Phosphorus
Calcium 48 2560 46 a86h
Magnesium | 17 1256 I 384
Sodium 143 896 30 486
Potassium 9.8 602 5.8 384
[ Sulphate 02 5632 69 7552
"COD 100 6400 A 9600
6.2,3 Sulphate, Chloride and Alkalinity
Chlotide shows & decrease in concentration as th~* ~graph passed through the

ing place, After the
hydrograph has passed through the chloride concer aation increased, Chloride is an
example of & conservative pollutant in that du~iag steady state conditions, there is very




['he concentration of Tota! Phosphorus and TKN on the river bed compared to their
concentration in the water was caleulated 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 soll, the soil concentrations were converted from
mg.kg" to mg.I". A soil layer of 1 em by 1 cm and 10mm 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 this by the volume of thie soll slice used. The mag:
of the poflutant in the soil could then be determined by multiplying the concentration in
mg.ke" by the mass of soil. The porosity of the soil was assumed to be 0.4 {average
for a sandy soll) and from this the volume of the voids was calculated, The soil is
saturated in the river bed, so the void volume caleulated would be the valume of water
in the soil slice, The pollutant concentration In mg.I" was then calenlated by dividing
the mass of pollutant by the volume of water In the soil. |

From the table it can be seen that large concentrations of both TKN and phosphorus are
found on the river bed which is probably due to sedimentation of these pollutants during
the low flow perlods. Turbulent waters during rain storms would cause these deposited
pollutants to be entrained into the water ¢ausing the pollutant loads to incrense, The
increase in TKN and phogphorus 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 the catchment,
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steady state cotd'tions, During storm events, the major process oceurring is the
entrainmnent of pollutants from the river bed.

Oxidation reactions for nitrogen and carbonaceous w ' anis are also important but
significant changes wete only sean after some time ay <he reaction rates are slow, Most
of these reactions take place in the benthic layer of the river bed, A major portion of
the DO iy used for these oxidatlon reactions,

A comparison between the Jukskel River and similar studies in South Afriea was done
(Table 7.2), Very high concentrations of fead and iron compared to other studies were
seen, The faecal coliform concentrations were very sitnilar to those seen in other
similar areas, The high concenirations of faecal coliforms represent & henlth problem.
From the studies however, these coliforms were seen to decrease quite rapidly as they
are exposed to an allen environment in which there is Intense surilight and predatioi,
Just 6km downstream, the majority of the faccal coliforms have been assimilated,

The ammonia and sulphate concentrations were similar to those observed in the
Hennops River Valley study with the resultlng oxidation products belng similar to those
seen ln Khayelitsha, A high concentration of ammonia at Alexandra, where most of the
pollution i3 discharged into the river, is seen. This decreases rapidiy by nitrification to

“nitrates. The chloride concentrations were much Jower than those seen in other studies,
Many of these studies however, wete in areas that are closer to the sea whers high
chioride concentrations are expected,

The problems that could arise dug to the high concentration of nuirlents, BOD and low
DO concentrations are eutrophication of the waters, fish kills due to the low DO
concentrations and aesthetically displeasing benthic sludge on the bottom of the river.
‘There i3 no excess vegetatlon growing in the river itself and low corcentrations of
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factors that affected the assimilation of each pollutant and the processes by which each
were assimilated were determined, '

The results wete run on the QUAL2E model which Is used by the EPA 1o the USA,
From thess results, the possible processes of asslmilatlon of each pollytant were
determined as well as the possible reaction coefficients in the river.

Hydrographs and pollutographs were also collected during a storm event on
20/1171996. *Grab' samples were collected at 15 minute intervals increasing to 5
minute intervals as the hydrograph passed through the monitoring point, Two
monitoring points were chosen, One at the Marlboro Bridge about 500m downstream
of Alexandra Township and the other at the Gibson Bridgs in Buccleueh which is 4.4
km downstreant of Alexandra Township, The processes working during a storm event
couid then be determined, The 8S results were used in the WITQUAL model,

The objectives of this study were to determine the factors affecting the agsimilation of
pollutants in the Jukskel River and to model tham so that the waste assimilation in
similar watercourses could be predicted as accurately as possible.

72  CONCLUSIONS

From the results it was found that microbiological pollution, nutrients and litier, typical
of runoff from townships, were found to be the major pollutant problems. Seitling of &
number of the pollutants especially those adsorbed or corapiexed to the 88 (phosphates,
lead and Iron) or in particulate form (organic nitrogen and BOD In the form of organie

matter), was found to be a major removal process for non-point source pollution during
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CHAPTER 7 ¢ SUMMARY AND CONCLUSIONS

71 SUMMARY

The Jukskei River is the largess of three rivers draining the northern and north-eastern
suburbs of the Witwatersrand, Its source is in the Bezuidenhout valley, east of
Johantiesburg, The River then flows past Lombardy East, Alexandra Township, past
nocthern residential arcas like Kelvin and Buceleuch, and then throughh more rural areas
like Waterval, Leeukop and Midrand, 1t has its confluence with the Crocodile River
which eventuaily flows into the Fartebeespoort Dany,

A 6 km section of the Julsskel River just below Alexandra Township was ehosen for a
study into the assimilation of pollutants from Alexandra, It had been shown by
Wimberley in 1992, that a large proportion of the pollution in the river came from
Alexandra. A study on the fate of these pollutants In thie tiver was necessary to ses how
far downstream and by what processes these pollutanits were assimilated. This 6 km
reach was chosen, us it was 88 close to an ideal situation as possible In that the main
saurce of pollution was Alexandra Township and no further large sources of polistion
entered the system before the Moddecfontain Spruit, 6 km downstream.

"Grab’ samples were taken fortnightly in the dry and the wet seasons at four monitoring
points, The first monitoring point wag Just below the first shacks in Alexandra and the
Jst point was just before the confluence with the Modderfontein Sprult, The poliutants
concentrated on wete those that had been shown (Winberiay, 1992) to be of concarn,
These included he nutrients both phosphorus and nitrogen; faceal coliforms, lead, iron,
dissolved oxygen, blochemieal oxygen demand, chemical oxygen demand and S8, The
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the fraction associated with the S8 remained constant, This suggests that there ate only
a limited number of sites to which lead can compiex fo.
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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 organie nitrogen and during low flow
conditions a large pefcentage of thess particulates settle out onto the river bed, The
Inctease in the fctor of TKN from Marlboro to Buceleuch suggests that as the
hydrograph 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 §S loads
Increased, ‘This suggests that less iron than other particulates were entrained as the
hydrograph moved downstream, and a desrease in the factor was seen.
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downstream, The concentratioti of one of the above poliutants at a particular S8
concentration could be determined by multiplying the 8§ concentration by the factor.

Table 6.5 Factors for pollutants assoclated with 58 during storm events

Monitoring Point | Lead T eon THN

MatTooro 0,0003 10,0264 0.0092

Buccleuel 00003 10,0218 "0.0130

Average 0.0003 0.0241 0.0111
2500
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Figure 6,15 WITQUAL Simulation of S during the storm event of 20/11/1995

‘The fraction of {-.d nssewated with the 58 seems to stay vconstant between the two
monitoring poim.. Ay tie concentration of 53 increases, the lend load also increased but
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The net entrainment flux at the bed is given by

Net Ent = Cy (C, = C)

where C,, ( g/m®} is the equilibrium concentration for the flow condition in the stream
and C; (m/s) Is a mass wansfer coefficient at the bed which accounts for the erodability
-and avaliabllity of material in 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 underiakert and the majority of the
particles were found to be in the 1.2 mm fractions which ia typical of sand, Three

fractions were used it the mode! when modeiling §S {Table 6.4)

Table 6.4 Grading vsed to model S8

~Size of Partlcic (om) T Fraction

3 ~ 0,25
1.2 ' 0.65
043 0.1

The equation used was found to give a good correlation to the observed outflow of 88 at
Buccleuch especially at peak concentrations (Figurs 6.15).

"There ars a number of poliutants associated with S8 ag seen In 6.2,2, When modelling
thes poilutants it is possibie to use the same form of equation as used to model the §8
as they follow the same trend, The fraction of ench pollutant that is assoclated with the
SS were calculated (Table 6.5) and thess were used in the mode} to predict the
downstream pollutagraph of these pollutants, These factors can then be used in the
modelling of the above pollutants in order to postalate the Incresse in pollutants further
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The conclusion that a large majority of the pollutarits ars entrained from the river bed
was further supported by the analysis of the river bed which showed that there were
preater 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 this is
expected as during steady state conditions the concentrations of these pollutants are -
already larger than upsiteam due to nitrification taking place, Both nitrlte and nitrate
joadagraphs had very small peaks at Alexandra which further supports the above
conclusion,

63 WITQUAL MODELLING OF S8 AND ASSOCIATED POLLUTANTS

The WITQUAL model, developed by the Water Systems Research Group, University
of the Witwaterstand, was used to mode! S during a storm event. Plug flow routing is
used to route the particulates down a trapezoidal sloped channel. The kinematic flow
routing method with the matching of the actual and nume.ical diffyslon is used in the
model,

The continuity equation for the particulates used in WITQUAL is

d(4C) . dgQ)
— +mdx_ W Net Bniratnment)

where

A () is the cross sectional area of the flow;

C (g/m®) is the particulate concentration;

X () i distance;

£ {s) Is time; _

W 18 4 representative width from which the particulates are entruined or deposited;
Nest Enu'aiimnent (g/m?fs) 1s the net entrainment of particulates from the bed into the
flow.
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From the COD cbncentmtiom it seems that dilution fs taking piace. As tite hydrograph
passes, the COD concentration dips and recovers after the hydrograph has passed.

6.2.6 Faecal colifonms

Unfortunately, due to the cost of microbiological tests only & few samples could be
taken at each sampling time, The results showed that the concentration of faecal
coliforms at Mariboro and Buceleuch both reached peak concentrations of greater than 3
inillion faecal coliforms per 100m! water, The faecal collforms were thus carried
downstream with no changs oceurrinz, There Is no thme between monitoring points for
die-utf of the faceal coliforms to ¢ .our, During rain evenis thers is also less exposure
to sunlight.

6.2.7 Conclusions

For all of the poliutants, an increase in the pollutant loads between monitoring points
was observed, This is due to-entrainment of especially SS and assoclated pollutants like
lead, iron, TN and phosphates from the river bed. An increase in the flow between
monltoring points was also observed which 13 caused by lateral inflow off the
catchment. This inflow alse carries number of pollutants with it which is added to the
river, '

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

for any s’ 3nificant changes to be seen. Most pollutants are thus carried downstream
with more pollutants being entralned from the river bed by the rbulencs of the water,
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Hydrographs at Alexandra & Buccleuch
during storm event of 29/11/1895
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Figure 6.13  a) Hydrograph and b) DO poliatagraph during the storm event of
- 29111995

The DO concentration is seen to increase quite rapidly after the hydrograph had passed
which is due to greater turbulence and thus reaeration of the water, This causes riore
oxygen to be entralned into the v dar coluimn with the resulting increase in the DO
concenracion.
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6.2.5 DO and COD

As the hydrograph passed each taonitoring poin a dip in the Dissolved Oxygen (DO)
conceniration was seen. This is due the increase in the oxygen requiring pollutants, The
farge increase in the concentration of axidisable pollutants, pluts a greater demand on the
amount of oxygen that is needed for oxidation reactions to take place, Only a small
concentration of oxidisable poifutants will uridergo oxidation however, as the oxidation
«cactions ars slow and the river is flowing too quickly between the monitoring points for
& large difference to be seen.

An increase in COD is seen with the load increasing by 20% between Murlboro and
Bucclench, This increase is partly responsible for the decrease in dissolved oxygen that
~ Isseen, From Tabie 6.3, it can be seen tha: the concentration of COD on the river bed
i3 far greater than that in the water column, With the greater turbulence, this SOD
(Sediment Oxygen Demand or COD on the river ved) is entrained into the water
column and greater oxygen is ‘equired for oxidation to take placs, As a result an
increase in COD concentration between Marlboro and Buecleuch is seen,

The DO concentration at Buccleuch before the hydrograph passed through was greater
than at Marlboro, "This Is expected as during steady state conditions there is less COD
‘at the Buccleuch monitoting point as most hus settled out or been oxidised by bucter ia,
Less oxygen is thus required for oxidation reactions and an increase in DO [s 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 concentrations of COD axe carried with the
hydrograph which requires large concentrations of DOy,
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w Y. For the Jukskei River, thc water quality recovers quite rapidly with distance
but the water I still a health risk to the water users.

«  Diversion of pollution

Pond systems are ane of the most widely applicable and advastageous metods of
reducing pollution loads in hot elimates. Pond systems provide a site in which runoff
cart be contained for a period of tinte, During this retention time processes like settling,
oxidation of carbonaceous and nitrogenous waste, uptake of pollutants by algae and
plants, agration, and bacterial dig-off can tuke place which results in a decreass iv
pollutant concentrations, This water can then be safely added to the river, The river is
then able to cope relatively casily with this poliution load. The transmission of diseases
Is also lessened, as helminth eggs are removed by sedimentation In stabilisation ponds
(Crirncross & Feacham, 1993).

Vegetated infiliration systems like buffer strips, gtass swales and grass plots in which
the polluanis undergo some oxidation as well as some filtration are also Inexpensive
treatment options, The nuttients can be used by the grass for photosynthess.

Cliemical troatment systems could also be used and include disinfeetion of the runoff
with chiorine and other detivatives, metal chemical teatment and phosphate chemical
treatment but vofortunitely these methods have considerable ecologlcal effects on the
receiving stream,

Wetlands are beeoming more popular In the treatment of water, A wetland fliters the

water, retaing the water long enough that the oxidaticn reactions can sake place and uses
the nitrogen and carbon oxidation products as & source of nutclonts,
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Those of the excreta-related diseasus that are also water-based can be controlled, at least
partially, by improvements in water supply and hygiene and may also be affected by
improvement in excreta temoval, ranging from the construction or improvement of
toilets ¢ the cholee of methods for transport, treatment axd final disposal or re~use of
the excreta. The transmission of water/excreta transimitted diseases can also be lessened
by avolding faccal contamination of the areas around the latrines, However, if the
latrine i¢ badly maintained with an earth floor that becomes soiled, 1t can bacome a
focus for transmission, It Is impossible to get atl the Alexatdra resldents to Improve
thelr personal hygiene, a8 more and more peple enter the area dally with the
implemientation of basic water supplies and sanitatlon falling behind the large influx of
users. More awareness of the diseases that bad hiyglene can transmit, could be the
fnswer, with clincs In the ateas giving advice, The provision of enough toilets, excreta
teeatment prior to ra-use or discharge, healtl education, domestic water supply and
improved housing would all help in the reduction of the transmission of these diseases,

An ongolng removat of solld waste from the vatchment before it Iy washed off the
catchment into the river would significantly reduce the fittet problem, Contractors have
been called in but this has not been successul, Pressntly people are being employed to
remove litter from the river and surrounding areas as wel! as to unblock blocked dralns
and sewers,

Improve the sewage system ta incorporate the Informal settlements. This is o huge
undertaking as there is continuous inflow of squatters to the area and it is ditficult to

keep up with thiy influx. This can therefore only be seen as a long term goal.

Atother method, whtich is extensively used in other countries, is the fencing off of the
river so people ars prevented from using the water until it reaches a sultable water
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7.3 RECOMMENDATIONS

Tt Is recommended that further time and money should be spent in determining solutions
te she varlous pollutant problems that have been identified in this report, It has been
shown that the river itself can cope with most of the pollution which is added to it. At
Alexs=dra where the major pollution is seen, the river does not assimilate the waste
quickly enough for the effects on the aquatic life in the river as well as on the people in
Alexandra who use the river water tor drinking putposes, to be reduced, The greatest
benefits of using the river as a freatment option are seen o be for the water users further
downstream, In order for the Alexandra people to benefit a number of diversion or at -
gource pollution treatmient options would have to be implemented. Several possible
sofutions ate deialled in the following section,

7.3.1 Posstble pollution control methods
¢ At source solutions

In Alexandra, 8 number of the bucket tollats are very badly maintained with a large
volums of excreta overflowing into the river, Personal hygiene s alsa bad, with the
majerity of people not even using the bucket toilets, but instead urlnating and defecating
directly Into the river ltself, Tn order to solve the transmission of Paecél transmitted
diseases and to reducs the health risk to the people using the water further downstream,
elther for drinking water or recreational purposes, some sort of maintenance of the
bucket tollets has to be implemented, which would reduce the overflow into the river.
The blocked sewers should also be unblocked and maintained to prevent further
contamination to the river,
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Table 7.2 Comparicon between the Jukskei River stormwater quality and other South African Studies
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there are greater Initial concertrations of nitrites and nitrates further downstream |
clue to the nirification reactions that have taken place under steady state conditions,
These results were confivmed in the pollutographs in which a large peak of
amimonla occutred at Alexandra (which is further upstream) and no or very small
peaks were observed for nitrites and nitrates, Further downstream this pattern
changed, with peaks for nitrites and nitrates being observed,

¢ Nosignificant nitr'fication takes place between monitoring polnts during the storm
event as there is too little time for the reaction to take place.

o A large concentratlon of faecal coliforms was seen at both monitoring soints with
peaks of >>30 000 000 per 100 mi being seen, Faecal coliforms in runoff off the
catchment, as well as on the river bed, contributed to this increase in faecat coliform

" qoncentratlans,

7.24 WITQUAL Modeliing of S§ and associated pollutants

* The kinematic flow routing method with the actual and numerieal diffusion is used
in this model. _

¢ A good corcelation with the observed downstream S$ pollutograph was obtatned,

¢ The fraction of each pollutant that is assoclated with SS was calculated from the
storth event results and these were used in the modefling of lead, iron and organic
nitrogen, Good correlations were obtained for all the varlables studied,
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12.3 Storm Evenis in the Jukskei River

¢ The polfutants that made we Jsukskei River unfit for use during storm events were:
COD (Industry); S8 (Industry); Ammonia (Domestic & Aquatic life); Alkalinity
(Industry); Chioride (Industry); Iron (Domestic, Industry, Irrigation, Livestock and
Adgautic life); Ortho-phosphates (Reereation/eontact); Total Phosphiorus
(Regreation/contact); Lead (Domestic, Irrigation and Aquatic life) and Faecal
coliforms (Domestic, Recreation/contact and Livestock) {see Table 7,1).

s The concentrations of all the pollutants increased further downstream due to the
entrainment of poliutants from the river bed,

# The process of entrainment of pollutants was confivmed by the anzuysis of samples
from the river bed and water which showed that there was a mucl larger
concentration of pollutants on the viver bed., With the increase in the rbulence of
the river during a storm event, these pollutants are entralned into the water.

»  With the increase in COD, a corresponding decreass in DO was observed. The

' increase in DO after the hydrograph had passed was attributed to reaeration by the

turbulent waters,

o  Eroslon of the catchment and entrainment of benthic sediments due to greater

turbulence In the river resulted In the increase in $S that was seen,

¢ A number of pollutants were seen to be assoclated with S8, Organic nitrogen,

lead, iron and phosphiates all had iFentical pollutographs to SS but with different
ranges in concentrations, Thisy . d be expected as these pollutants form part of
the S8 measured, These observations support our theory postulated for the steady
state results, that many of the pollutants settle out on the eiver bed or adsorb onto
55 and gettle out.

» The greatest increases in loads were found to be of the nitrités and nitrates with

increases of 141% and 116% baing caleulated respectively, This is expected as
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were biochemlecal oxldation 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 organie nitrogen, nitrites and nitrates was found to be an iniportant
process,
Another pathway for ammonia is needed as the conversion of ammania te nitrates
i$ not fast ehough to account for the large decrease In ammonla between the first
and the second monitoring stations, Ammonla is usually in the dissolved stats and
does not adsorb otto S8 so It was postulated that somne ammonia may volatilise
from the water into the air, thus causing a dectease to bie seen. The amount of
ammonia that could disappear by volatilisation was caloulated and it was found to
be up to 13 mg/l aut of 22 mg/l aminonla, ‘
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, '
The large decresse In the concentration of phosphates between the fivst and the
“second ronitoring point was found to be due to the adsorption of phosphates onto
S and their subsequent sedimemation with the SS
Watertek, CSIR, modeiled 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 1o account for the losses In phosphates and nutrients that they
‘observed. Chemical equilibrium studies showed that adsorption to SS foliowed by
sedimenttation was most likely to be the major removal mechauism for phosphates.
This should be incorporated into other future models,
From the above results it was concluded that rivers in South Africa seem to be
more turbulent and to contain greater concenirations of 8§ which contribute to the
adsoiption and sedimentation of a number of pollutants, Settling out of pollutants
Is also an important process which should be taken Into account.

143



[ Nikte {mg/) 6 - - 100 [ 10 [ 060 [ 202 2.7
PONSSi’IJm 200 - - . " 9.8 - -

) _
'-golp‘aglm- . .03 " , - 273 | 098 | o |
phosphate
{mg/l}
Tol - 0.08 " " 23 | 1.9 | U
(1)

um (mg/l) | 100 S I N D T T
Sulphae 700 400 . 000 ] 1000 | 77 | 814 | 58
| (wgfl)
Micro-
constituents -
Tead (g | 0,05 0.2 6.1 | 0,009 a 0 1 0.6
Micvabdologle
al consthiventy .
Chiotophyll a 1 15 - M 3| 42 .
Faecdl 0 < 1000 . 1000 . 3ix | 18x | 30X
Coliforms w0t | 1wt | w0t
counts/100m! _

723 QUALZE Modlllng of the Jukskei River Steady State Results

» The settling process was not viewed as a major Sink of a number of pollutants In

QUAL2E,

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

s  BOD was modelled as a first order reaction to describe the deoxygenation of
ultimate BOD in the river, QUAL2E also takes into account additional BOD
retr;oval due to sedimentation, scour and Moceulation, '

v DO predicted by the QUALE model was very close to the observed change in DO

with distance and a ¢ of 0,94 was obtaned, QUAL2E sources of DO were

regoration, photosynthesis and incoming DQ from tributaries and the DO sinks
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Tabla 7.1 The Jukskei River water quality compared to selected water quality
guidelines of various water user geoups
“Water Water User Groups Jukskel River
Quality {Alexandra monltoring
Varlable _ . ___ Pomt)
Domestic | Recreatloin | Inda | Irelgation | Lives | Aquatic | DPry | Wet | Storm
[Contaet | -stry | Class } stock | Life Sea« | Seas | Event
_ son | son
[ Physical
Propextles . T . :
Conductivity 70 . 100 40 154 - 76.2 | 57,5 | 40
| {m3/m) . — —
Total 476 " 680 272 1950 . 434 | 323 -
Dissolved
Soli?ls; (YDS}
ng/ly .
'%.‘_henucu! " " %0 - - " 133 | & | 680 |
Oxygeit
Demand
| (COD) (ma/l) _ S
ms@!m 5 b - - - - 2!88 2147 3.3
?xysen DO
5050 | 658.5 | 7.0-1 6584 | = | 6080 [ 73 {77 | 76
5.0
. - 5 . " - 536 1 262 ] 2400
Solids (§9)
| (ma/l) - " -
Tuzbidity 1 5 - . . . 17 12 -
NI
Mucro-
. canstituents -
J\nn:_lmn!n- 1 - . . . 0.4 | 219 1 10,3 § 5.5
%]nhy . . 100 . . o | 227 | 147 | 110

. %fcium 150 - - - 1000 1000 | 48 43 -
| (/) . _ _ _

- | Chiloride 250 . 20 105 1500 [ 106 | 624 | 38 28
Fuorlde i . . 2 2 1| 04 102 .
g _ . -

Magussiom 70 . . 500 | 1000 | 17 | 16 -
KU ]
Nitrite (mg/) - - - - 10|~ | 086 1039 | 1I
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7.2.1 Steady state conditions

* The not-point source runoff from Alexandra Township pollutes the Jukskel River

throughout the year,
The pollution is predominantly of a mic: sslological nature with the corresponding
high concentrations of bacteria, nutrients and organics, The pollutants that were
cause for concetn were found to be the nutrients (TKN, ammonia, nitrites, nitrates
and phosphates); COD and the resulting decrease in DO and faecal coliforms,
Table 7.1 contaitis a comparison of the selected water quality variables of water
user groups dnd the average dry and wet season values in the Jukskei River at
Matlboro and Buccleuch, According to the table, the Jukskei River waser is unit
for use for certain water user groups, The water quality variables that exceeded the
guidelines were Conductivity (Irrigation and Domestic), TDS (Irrigation), COD
(Industry), DO (Domestic), SS (Industry), Turbldity (Domestic and
Reereation/Contast), Ammonia (Cromestic and Aqgautic life), Alkalinity (Industry),
Chiloride (Industry), Iron {Dormestic), Ortho-phosphate and Total Phagphorus
(Recreation/Contact), Chlorophyl! a (Domestic and Recreation/Contact) and Faecal
coliforms (Domastic, Recreatlon/Comact and Llvestock).
From Table 7.2 it can be se n that the pollution seen in the Jukskei River is typical
of ‘poliution coming off a catchient on which informal housing has developed.
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The soeial and economie 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 capltal - intensive degigns with a high degree of mechanisation and
automation, The prevailing ecortomies in developing countries iowever, are latour
Intangive, In addition financitig can be beyond the means of the population.

The main problem assoclated with non-point source pollution coming off catchments
such as Alexandra, is that costly at - source divetsion ireattnent processes would rot be
viable, as there is a constant influx of people to the area so thers is always a shortage of
amenities. The river may then be the only option available for treatment of the runoff
being discharged into it.

The main aim of this study as stated in Cheapter 1 was to find if the river could cope
with the large poliutant loads coming off the catchment and to see i the river could be
used as a treatinent option in communities such as Alexandra where cost Is of the utmast
importance,

The results Indicated that the majority of the poliutants that were a cause for concern are
naturally assimilated within a short distance by the river itsel! i.e. after approximately
4kim, Although the river assimifates the waste and thie water users downstream beneflt
from this, the peop' "n Alexandra get no benefit as the water still poses & health risk if
used either for drinking or for recreaticnal uses. The only solutlon 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 the facilities provided to minimise the amount of
sewage spllling into the Jukskei River.

The following conclusions may be drawn from each sectlon 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 {s seen along the banks of the rivar, Fish,
especially the catfish (Barbel} were ge<a in the river which indicates that some aquatic

lifie is stll possible, The biggest probiem however, seems to be the health threat to the
people downstream,

Latge concentrations of Ascaris eggs, which Is indicative of human sewage poliution,
were found down the wiole length of the 6km re h used for the study (van Deventer,
R, pers. comm). Ascaris eggs are used as indicators of the presetice of parasites In the
water as they are present in large concentrations in poliuted 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 organisme such as parasitic worms
(helminths and nematodes), which depend on squatic intermediate hosts to complets
tlielr life-gycles, bacteria and viruses, Parasitey liks tapeworm, trichuriasis
(whipworm), hookwortn and Schistosomiasis were detected in the Jukskei River water,
All the diseases in the fascal-oral catégory are caused by pathoguns transmittey in
human excreta, normally faeces. A rapid rise in the concentration of faccal coliforms at
the Alexandta Monitoring point has been seen with a high of 31 million/100 ml being
recorded at Alexandra in September, 1994, The presence of these faceal coliforms
indicate thrt there may be bacteria present that are transmitiers of various bacterial
diseases including a number of diarhoeas and dysenteries, enteritls, cholera, typhold as
‘well a3 a number of ofiier diseases. In ovder to combat these problems, various
treatment options would have to be implemented, A number of these treatment options
are detailed In the Recomimendations sect” . n this chapter,
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JURS 47 19 IE

JUK4 4.3 13 e

TABLE 6 - MICROBIOLOGICAL PROFILE OF THE JUKSKEI RIVER,

DATE | SAMPLEPOINT | COLIFORMS x 1000/ | E.colt x 1000 / 100mi
| _ | 100m B
2or JURL 1400 080
| UKz | w | 720
JUK? 710 50
| JUKE 3% <10
0308 | JUKI 1600 1600
o JUK2 : 800 320
UK3 w | w
uge | e 10
10/08 1 JUKL 1800 1300
UK | 1100 R
JUK3 _ 70 ™
UK 360 | 30
24108 JUKL 2000 E
- JUK2 440 140
JUK3 350 0
JUR# 70 | L
009 JUKI 11000 5400
' JUKS ! 3000 500
IUK3 (200 490
D JUKS % %
2109 UKL 11000 0
JUK2 3200 0
JUK3 ) 60
WRs | 0 90




1UK3 . 84 30

JURH . 54 30

12110 JUKI 2.5 ) 30
| uge 5.9 . 10

JUK3 59 . 10

| JUK4 5.7 . 0
01/ JUKY 2.6 & 60
K2 3.3 35 10

JUK3 4.4 40 30

| JUK4 1 43 kN
09/12 JUKL 2.6 30 .
SUKS 3.7 33 .
IUK3 3.5 15 -
JUR4 3.6 2% .

16711 JUKS 3.0 55 30
' JUK2 5.6 a0 20
JUK3 164 130 10

JUK# 4,8 30 10
2311 JUR! 3,0 20 .
JUK2 6.6 20 .
1 suxs 8,6 10 ;
JUKS 8.5 10 .
07712 JUKI 1.1 70 .
JuK? 2.7 B .
JUK3 4 g i| .
JUK4 4.8 a0 ]

18/01 JURL 1.2 66 | 20
JUK3 44 81 20

JUK3 3.7 2 20

JUKRd 5.2 36 10
01/02 UK 3.2 19 .
| JUR: 5.4 29 .




30 |13 0.8 22 12 {05
TABLE 5 « OXYGEN PROFILE OF THE JUXSKES RIVER
DATE SAMPLE POINT | DISSOLVED | CODTNmgl | BODIN mg/l
OXYGEN IN
miy/] .
12007 ' JUKL 5.4 157 .
JUK2 | 51 86 .
Juk: 8.5 | 25 .
JUK4 8.5 20 .
03/08 JUKI 1.7 1 100 50
' | JuK2 6.3 46 20
JUK3 8.0 4 20
JUR4 104 71 | 10
10/08 UKL 3.2 6 40
B JUK2 7.4 14 0
JUKS 8,0 54 30
JUK4 8.5 20 20
| 24008 JUK! 2, e 60
JUKS 5.6 80 10
JUK3 6t 65 60
| JUKd 68 65 50
07109 JUKL 1.8 8 100
JUK2 6.5 45 30
1UK3 7.9 a5 20
JUR4 Bl S 30
2109 IURI L3 150 60
JUK2 58 20 20
JUK3 6.8 120 30
_ JUK4 6.8 70 8
38/09 JUKIL 3 | o
JUK? . 34 130




| ks |52 a0 0.2 0.8 110 o8
12/10 | JUKI K 0.1 L1 20 |14
| JUK2 7.2 |58 0.4 11 10 fo7
JUK3 65 |65 0.8 L4 O

N ke |18 |0 1.3 113 {12 09
o JUK! 9 4o 0.8 2.6 |1 o2
JUK2 |72 |48 04 |11 0 {7

' ugs |28 |16 03 4.2 02 |0l
UEd |24 |10 0.3 37 02 |01

09/1 JURL  [9 |60 0.4 2,0 10 {0
JUks 180 |80 03 2.3 L0 |0

Jugs (30 |17 |03 2.5 22 |04

JURe  [26 [ LS 0.5 19 30 o4

1611 ke {17 | 07 1.9 | L4
| Juga | s2 a2 0.5 2.7 06 |03
JUK3 32 |18 0.6 21 {04 [0

| JURH a6 | LS 0.7 2.2 0.6 [04
i ke |2t u 0,05 2.4 50 |13
JUR2 (54 f24 | <008 4.4 0.5 | 0.6

JUK3 |86 |40 | <0.08 2.8 0 (09

JUKd (52 |40 <0.05 2.6 12 |09

G112 JUKL Moofns 0.3 {21 L6 |0
gz (92 |48 0.3 2l 08 |03

JUK3 120 [LS 103 2.1 loz |02

JUKe  [22 |18 0.3 1.9 04 |o0a

18101 N EEREL 0.9 3.6 4 |09
JUK2 THREE 10 4.0 00

Tougs  Jaa |1 14 5.4 0.5 |04

JURE (40 |08 1.2 5.6 0.8 |04

0103 JUKI TN 0.5 1.4 IECRE
JUK2 56 |14 0.8 EXS L0 |08

TN EEEE 0.8 EX L0 |08




JURE |52 |40 0.2 0.8 L0 {08

12110 JUKL 22 2 0.1 | Lt 40 L4

RS 7.2 |58 0.4 1.1 L0 |07

JUKS 65 |68 0.8 1.4 Le {07

UKt 10 |10 1.3 1.3 12 {08

0111 kL |9 |40 0.8 2,6 14 {02

R RN 0.4 11 Lo |07

' UKs a8 [ L6 0.3 4.2 loa  |oa

| Jugs |24 |10 03 31 02 |0l

W e |9 |60 0.4 120 YR

E2 {80 |50 03 23 L0 |06

JUK3 30 | 0.3 2.5 12 | o4

JUKs (a6 [ LS 0.5 1o 20 04

16711 JURL ou 0,7 19 24 |14

juke 152 |22 0.5 2.7 0.6 |03

KRS 32 {18 0.6 {2t 0t |0

JURE |26 |18 07 2.2 0.6 |04

2311 eI E <0,08 2.4 20 |13

Juk2 |54 |27 <0.08 44 08 |06

JUK3 56 |40 <0.08 2.8 10 |09

JUR4 52 |40 <0.08 2,6 13 |09

012 JUKL 4 |75 0.3 2.1 L6 |09

JUR2 |92 |a4S 9.3 2.2 08 |05

lauky a0 [ 0.3 2.1 02 {o0a

uke (23 |la | 03 L9 04 |02

180t L 0.9 3.6 L4 [0
| Juks 1 |6a JET) 4.0 Ll e

JUK3 44 |14 L4 3.4 0.5 |04

| TURE [0 [ 08 1.2 56 {os  foa

L0z JURL |18 oS 0.6 Ld 20 |13

IR 0.9 2.9 10 |08

ks (30 |13 0.8 2.4 L0 [0




Table ¢ « Nuteient concentrations In the Jukskei river

NITRATE

DATE SAMPLE | KN | AMMONIA | NITRITE TOY. | ORTHO
POINT |IN | DNmg Nmgl |Nmg! |P0,IN|-PO,IN

_ mgil _ myl | mgi

12107 | JUKL 19 1.7 0.5 24 |21
JUK2 13 0.6 2.1 IR

JUK3 4 0.4 3.1 08 |08

| JURE 4.0 04 2.8 21 |09
03/08 gL 19 s 0.6 3 {28
JUK2 It 0.8 3.8 LY |19
JUKR3 30 | o4 26 1 !

JURA EE 105 2,6 12 |12

10/08  |JURL 28 18 {08 29 |24
JUK2 120 0.1 6.0 06 |06
JUK3 2.5 0.2 50 07 |0

- FUKd 3.0 0.4 T2 YEREE
Ve |k |2 2 0.9 0.9 23 119
| uke  [as |23 0.3 2.2 0.6 |06
K3 |48 |28 0.3 | 33 06 |03

Jugd 160 |38 0.3 2.0 08 |07
IS IE: 0 1.0 60 |59
| 1ur2 50 |3l 0.4 2.2 J13 |13

K3 |60 |s0 0.3 16 9 |18

JUK4 78 |7 0.3 12 26 |23

W | IuK 4 | | «0.05 <.l 27 |ai
R 0.3 LS 0.6 |08

ks |60 |03 o9 {12 08 |04

| Rs |60 [0S 1.2 0.8 08 |04
28/09 JUKI 2 |16 D <0, 28 |20
JUK2 56 |4 103 (1 a7 |o7

JUKS |45 1§ 0.2 1.0 07 |07




0.2

20

< (.01

0.4

1210 | JUKt) 60
JUKZ| 49 6 | o2 170
Juks| 4 4 0.2 175
JURe| 49 | 44 | 03 180
ot/it Kl 45 | 025 | 0.8 1 1o
ke | 26 0 | 025 | o0l 0.9 110
uR| 4 | 026 | 004 | 08 %
uks| 2 46 | nas | oo | 09 %
09711 JURl| %0 2 | 02 N | 20
| AE 2 | 02 125
k| 30 | o0z 115
JURe | 2t B | a2 110
6/11 met] s ] o 1 ood 160
w2l 2 | @ | oa 120
_ Juk3| 28 B | 0l Uy
T JURe| 2 2 0t 1o
23/11 TUKI | 8 | ul
JUK2 58 | 0
IUK3 58 0
JUK4 58 0
012, JUKL| 33 48 0 140
. JUKa| 30 42 0 110
JURY | 25 40 0 95
JUR4| 25 4 0 93
18/01 UKL | 37 61 | 120
jugs | 35 53 118
IR 100
JUR4 | 28 2 100
01/02 JURL| % 62 150
juka| 2 56 10
EE 56 10
Juks| s | s 0 248




Tablo 3 - Concenteationy of Tons mosltored for routinely in the Jukskel river

ALKALINITY AS

DATE | SAMPLE | C'IN | SO,IN | FIN | PbEN | FeN
| POINT | mgh | oyl | mg | mgd | mgd | CaCOyINmyl
12107 JUKL[ 57 7 0 | <01 | 05 210
k2| 4 6 0 | <00t | o4 185
JURS | 50 62 | o | <oo1 | 08 155
wks| a1 | e 0 | <00l | 06 147
03/08 JUkL| 6t | @ a | <001 | o4 228
wral sl Mmoo <001 | 06 180
JUK3, 50 69 0 | <00t | o4 160
JUR4| 50 | 68 0 { <00t | o5 160
| tons wki| ss | 0 | <001 | Q5 240
k2| M 65 | 0 <001 { 04 130
JURS| 4 | s& | o | <001 | 04 150
TuRe| 46 | e 0 | <001 | o 150
24108 k1| s 8 o | <001 | 05 210
JUK2 | 46 66 0 | <001 | 04 10
IUK3 | 46 66 | o | <o | o4 130
JUKe| 47 51 | 0 <001 | 04 150
07/09 JUKL| 6 76 0 | <00t | 04 210
uR2| 8 64 0 | <00 | 08 160
I 8 ) 0 <00l | 04 170
JUK4 | 5 5 0 | <00t | o4 190
21109 wer] 5 [ om0 | <omn [ os 215
k2| 6 66 0 <0.01 145
T JUKY| e 38 0 <001 | 04 135
ks 70 57 0 <000 | 0.5 135
a9 kil | 0 2w | 04 [ <o 220
K| 4 | 04 160
JURI| 48 0 | 04 160
JURE| 30 19 | 04 170




518

JUK2 22 | 20 | 70 Y

JUK3 15 | 220 71 1.2 410

JUK4 B | 2 | 74 8.1 458
01/02 JURL 70 | 289 | 58 52 5

JUK2 60 | 230 | 69 4.8 46

JUK3 60 | 21 | 4 50 45

JUK4 20 | 22 | 1 4.8 46

TABLE 2 « Comparison of the cancentration of inorganie long In the soll of the river bed, the river

pank and in the water,
ANALYSIS | RIVER BANK SOIL | RIVER BED SO RIVESR WATER
SAMPLES (all volues | SAMPLES {all values
in mg/kg) (all values inmgg) | nmp/l)
Alex | Bugc-leuch | Alex Buge- Alex Bues-
Sewnge sewigework [ leuch sewnge leugh
works 8 welr works welr
welr,
CHLORIDE AS 200 1o 430 120 61 50
cl
* ALKALINITY AS | 2460 u80| 90 1540 225 (60
CnCO, - _ _ :
AsMONIA AS N 300 400 120 240 19 3
NITRATE A§ N <20 «20] <20 | <20 | 06 3.5
PHOSPHATE AS P 2 14 g M | 28 1.0
€OD ASO 1400 1500 [ 1000 1500 100 41
SULPHATEAS SO, | 840 teo | 880 920 02 69
CALCIUM AS Ca 820 760 400 520 48 a6
SODIUM AS Na 100 %] 140 70 43 30
POTASSIUM AS K 58 60 9 50 9.8 5.8
MAGNESIUM AS 80 60 40 40 Bt 17
Mg




JUK2 13 | 410 | 77 65 6

JUK3 30 | 40 | 80 6.0 67

_ TUK4 6 | 30 | 729 | 54 61
28/09 UKL s4 | s | 76 25 77
JuK2 8 | a0 | 79 7.7 60

Juks | 21 | 40 | 83 173 )

_ JUK4 27 | 3s0 [ 83 5.3 59
1210 | JUKI # | 40 | 748 3.7 78
TUK2 39 | 30 | 86 6.4 65
JUK3 5 | 590 | 88 6.0 61

JUK4 o] 30 | 85 3,9 64

ou1} JUKI P ED 7.5 10 a
JUK2 2 | 20 | 7.6 3.9 40

JUK3 2 | 20 | 79 2.7 38

R JUK4 2 | 0 | 78 4.1 38
09/11 JUKL 18 | 280 | W7 20 46
TUK2 | 20 | 80 15 49
JUK3 78 | M0 | &l il 44

Juge | 1 | we | 18 | 44

16 JUKI B | W | 19 13 58
JUKZ 9 280 8.2 67 48
JUK 6 | 260 | 84 6.5 43

| JUK4 9 w0 | 8 6.2 44
23/11 JUKL [ 390 | 7.9 10 74
. JUK2 2 | M40 | 86 7.3 57

JUK3 2 | 30 | a7 8.4 51
JURA 2 ] 30 | 3 8.1 54

o112 JUKI 00 | 7.4 16 a8
UKz 205 | 16 1 46
JUK3 2 7.8 1 at

JUK4 %0 | 7 88 4

1801 JURI wo| 1 | 68 15 529




APPENDIX A

JUK! : ALEXANDRA SEWAGE WORKS WEIR

- 0.0km

JUK2 ; FRANKENWALD WEIR, MARLBORO DRIVE - 2.1km

JUK3 : GRAYS "ON BRIDGE BUCCLEUCH

- 4,2km

JUK4 : BEFORE MODDERFONTEIN CONFLUENCE - §.8km

TABLE 1 - PHYSICAL PARAMETERS MEASURED IN THE JUKSKEI RIVER

DATE |SAMPLING [§% |TDS/ [pH | TURBIDITY | CONDUCTIVITY
POINT mgl | mgil INNTU IN mS/m
12/07 JURL 4 | 450 1.5 30 71
UKz o | 35 | s 16 66
ks | s o | 7.5 10 60
ugs | 4 204 | 1.8 6.1 58
03708 JUK! s | e | 76 12 5
JUK2 2 | s [ 16 48 65
UK 6 | 28 | 18 | 48 6l
JUK4 4 310 | 7.9 3.8 60
10/08 JUK! a0 | 3 | 77 2 67
JUK2 7} 301 | 77 44 60
JUK3 HECNEE 44 60
JUK4 4 30 | 7.8 53 60
Wos | Juki st | 40 | s 9.0 78
ke [ 12 | a0 | 78 8, 5
JUK3 | a0 | 80 53 60
JUK 3| a0 | 80 5.1 60
07109 JUK! % | 80 | 7.8 7.1 81
| ke I8 30 | 7.8 4.9 60
ks | 2 | | sl 7.9 61
JUK# ¥ | 40 | 8l 9.0 62
21109 JUKI o w0 | s 2 84




Helminth eggs can also be {imited by the heat of composting, or by prolonged storage
(Cairneross and Peacham, 1993),

The engineering solutions proposed in the above section would probably only be of
limited effectiveness in reducing the poliution load to the Jukskai River unless the social
problems in Alexandra are met. The improvement of the general standard of living and
reducing the overpopulation in the arga would have more positive vesults, |

| 7.3.2 Recommendations for furither research

Further research into the provision of fnexpensive treatment optlots to the townships
~ would be Invaluable for the reduction of poliution in the rivers, These would greatly
reduce the risk of the transmission of diseases for the water users,

Dus to the constant influx »f people to the townships there ig little chance that the
provision of water-borne sewerage can keep up with the ever increasing demand.
Diversion systerns liks ponds or wetlands could be implemented to collect the runoff
and treat it before It Is discharged into the water, Buffer strips and othet vegetated
Infiltration systems could also be built to teduce the pollution potential. Chemical
ireatinent systems like disinfection with chlorine and other derivatives could be used for
the rednetion of faecal coliforms, This would redtics the health risk to the downstream
water userd,

"Tue different treatment systems nsed could then be evaluated In terms of their cost of
building end malntaining the system, the potlution assimilative capacity of the treatment
system and the effect It has on the river to which it Is discharged. The ability of the
system to withstand vandalism would also have to be a priority.
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Water running off catchment huto the Jukskel River ot Buceleuch during the storm
event
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Culvert bn Linbro Landfill Site into which water runs which is then carvied t the
Jukskel River just below Alexandra Township

e



Monitoring potnt 4 (Tust before the Modderfontein Spruit Confluence) during the
storm cvent



Bucclench/Gibson Drive Bridge during the storin event
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Alexanden/Marlboro Bridge during the storm event
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Checkmate System used for the in-ficld measurement of DO, pi, Conductivity
and 'TDS



Monttoring Point 3 (JUK3) - (Gibson Drive/Biiccleuch)



Monitoring peint 2 (JUK2) - (Frankenwsld/Martbore Drive)



Squatters on the East Bank which is zoned for Formal Housing

JUKSKEI RIVER MONITORING POINTS DURING LOW FLOW
ULy - SEP;:‘EMB 1994)

e

Monitorhlg pot 1 GIUKlj .(Alexnndm Sewage Works Weh*)
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01/02. JUK1 5000 1500
| JUK2 140 100
JUK3 52 '’

— —




31000

28109 JUKL 3900
JUK2 7000 330
TUK3 2200 120

JUK4 1400 170

1210 JUK1 8000 1900
JUK2 400 110
JUK3 200 80
JUR4 100 40
outl JUK1 1600 6000
JUK? 950 650
JUK3 100 8
JUK4 160 2
09711 JURL . .
JUR3 . -
JUK4 . -
16/11 - JUKL 10000 2700
JUK2 1100 40
JUK3 80 4

_ JUR4 50 5
23/11 JUKI 9000 3000
JUK2 160 16
JUK3 60 i1
JUK4 35 57
07/12 JUKI 18000 8000
JUK2 1000 1000
UK 140 )
JURA 140 94
18/01 JUKi 1600 210
JUK2 3000 300
JUK3 150 16
TUKS ) 26
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AEPENDIX D

RIPARIAN VEGETATION ALONG THE JUKSKEI RIVER

o =X & a e

he iden

« Persicaria lapaihifolia

« Pereicaria lapathifolia

% & 2 are grasses. Where grass Is Inbelled on the maps these are most often
of the above species,

« Family Poaceae / Graminae |
Labelled as 3 or Reeds on the maps, It looks like reeds but is actually a
type of grass.

« Acqela mearnsii

. = Mirabilis jolapa

- Morus alba
- Argemone ochraleuca ssp. ochraleycy

- Bucalyptus comaldulensis

Labelled 8 or trees on the map,

All of the specimens, with the exception of the reeds/grass are exotic plants and not
indigenous,

The vegetation identified along portions of the Jukskei River banks from
Alexandra to Buceleuch are set out in the following 6 pages.
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